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Syllabus \ <]}

National Taipei University

Week Date Subject/Topics

1 2026/02/25 Introduction to Software Engineering

2 2026/03/04 Software Products and Project Management:
Software product management and prototyping with
Generative Al and Agentic Al

3 2026/03/11 Agile Software Engineering:
Agile methods, Scrum, and Extreme Programming

4 2026/03/18 Case Study on Software Engineering |
5 2026/03/25 Features, Scenarios, and Stories

6 2026/04/01 Software Architecture: Architectural design,
System decomposition, and Distribution architecture



Syllabus e

National Taipei University

Week Date Subject/Topics

7 2026/04/08 Cloud-Based Software: Virtualization and containers,
Everything as a service, Software as a service

8 2026/04/15 Midterm Project Report

9 2026/04/22 Cloud Computing and Cloud Software Architecture

10 2026/04/29 Microservices Architecture, RESTful services,
Service deployment

11 2026/05/06 Case Study on Software Engineering Il

12 2026/05/13 Security and Privacy; Reliable Programming;

Testing: Functional testing, Test automation,
Test-driven development, and Code reviews



Syllabus A<,

Cile 3 T
National Taipei University

Week Date Subject/Topics

13 2026/05/20 Industry Practices of Software Engineering

14 2026/05/27 DevOps and Code Management:
Code management and DevOps automation

15 2026/06/03 Final Project Report |
16 2026/06/10 Final Project Report I



Software
Architecture:

Architectural design,
System decomposition, and
Distribution architecture



Software Engineering
and
Project Management

(" N\ [ N ([ N\ ([ N\ ([ )
Analyze Design Build Test Deliver
Requirements > System and > Implementation > Integration > Operation

definition Software and and and
design unit testing system testing maintenance

. /L /L /L /L J

Project Management




Agentic Coding Software Development Lifecycle

1. Express intent

(Minutes)
cycle repeats TS
8.Learn and iterate 2. Agent understands
(Ongoing) - (Seconds)

7\ e auto fix:-- e reeeeeennnan, : \/

7. Monitoring and : 5 :
observabiﬁty Agent|c SDLC 3. Agent implements
(Continuous) Hours-Days percycle (Minutes)

6. Deploy and ship : 4. Agent tests + docs
(Minutes) qunck.reflne (Minutes)

5. Human review
(Min-Hours)

Source: Anthropic (2026), 2026 Agentic CodingTrends Report: How coding agents are reshaping software development, https://resources.anthropic.com/hubfs/2026%20Agentic%20Coding%20Trends%20Report.pdf



Information Management

Management
Information Systems (MIS)

Information Systems



Information Management (MIS)
Information Systems

Organizations Technology

Information
Systems

Management

Source: Kenneth C. Laudon & Jane P. Laudon (2014), Management Information Systems: Managing the Digital Firm, Thirteenth Edition, Pearson.



Fundamental MIS Concepts

Business

Business
Challenges
Management
Organization ,. Information
System
Technology

Solutions

Source: Kenneth C. Laudon & Jane P. Laudon (2014), Management Information Systems: Managing the Digital Firm, Thirteenth Edition, Pearson.
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Business Model

Key Customer
Activities Relationships
Key Value Customer
Partners Proposition Segments
Key Channels
Resources
9 Cost 5 Revenue
Structure Streams

Source: Alexander Osterwalder & Yves Pigneur, Business Model Generation: A Handbook for Visionaries, Game Changers, and Challengers, Wiley, 2010.
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Project-based software engineering

CUSTOMER

Problem

generates helps-with

implemented-by

CUSTOMER and DEVELOPER

DEVELOPER

Source: lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson.
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Product software engineering

DEVELOPER

®

inspires

Opportunity

realizes

implemented-by

Product
features

DEVELOPER DEVELOPER

Source: lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson.
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Software execution models

Stand-alone execution Hybrid execution Software as a service
User’s computer User’s computer User’s computer
User interface User interface User interf
Product functionality Partial functionality >Er INtertace

User data User data (browser or app)

Additional functionality
Product updates User data backups
Product updates

Product functionality
User data

Vendor’s servers Vendor’s servers Vendor’s servers

Source: lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson.



Product ma nagement concerns

Business
needs

Product
manager

Technology
constraints

Customer
experience

Source: lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson



Technical interactions of
product managers

Product
vision

_ management

Product
backlog

_ management

Acceptance
testing

Product

manager

\

User
interface
design

User stories
and
scenarios

Customer
testing

J/

Source: lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson.
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Software Development Life Cycle (sow)
The waterfall model

Requirements
definition
7y
System and
Software design
7'y
Implementation
and unit testing
7y
Integration and
system testing

‘ ﬂperation and
Kmaintenance

Source :lan Sommerville (2015), Software Engineering, 10th Edition, Pearson.
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Plan-based and Agile development

r _______________________________

Plan-based development

Requirements Requirements Design and
engineering specification implementation

Requirements change requests

Agile development

Requirements Design and
engineering mplementatlon

Source: lan Sommerville (2015), Software Engineering, 10th Edition, Pearson.
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The Continuum of Life Cycles

Frequency of Delivery

High

Low

A
Incremental Agile
Predictive Iterative
>
Low High

Degree of Change

Source: Project Management Institute (2017), Agile Practice Guide, Project Management Institute
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Predictive Life Cycle

[AnalyzeH Design H Build H Test H Deliver]

Source: Project Management Institute (2017), Agile Practice Guide, Project Management Institute
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Analyze

Prototype

Analyze
Design

Refine

7

Iterative Life Cycle

f

Build
Test

~\

Source: Project Management Institute (2017), Agile Practice Guide, Project Management Institute

Deliver
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A Life Cycle of

Varying-Sized Increments

Analyze
Design
Build
Test
Deliver

e

\_

Analyze
Design
Build
Test
Deliver

~

J

-

\_

Analyze
Design
Build
Test
Deliver

\

J

Source: Project Management Institute (2017), Agile Practice Guide, Project Management Institute
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Iteration-Based and Flow-Based
Agile Life Cycles

Iteration-Based Agile

4 Y Y Y Y Y Y )
Requirements | Requirements | Requirements | Requirements Requirements | Requirements
Analysis Analysis Analysis Analysis Repeat Analysis Analysis
Design Design Design Design as needed Design Design
Build Build Build Build Build Build
Test Test Test Test Test Test
. A A A A A A J

Flow-Based Agile
e Y Y Y Y Y N
Requirements |Requirements Requirements Requirements Requirements
Analysis Analysis Analysis Analysis Analysis
Design Design Design Design Design
Build Build Build as“::::l ; Build Build
Test Test Test Test Test
the number of |the number of the number of the number of the number of
features in the features in features in the WIP features in the| featuresin the WIP
WIP limit the WIP limit limit WIP limit limit
\_ A A AL A A _J

Source: Project Management Institute (2017), Agile Practice Guide, Project Management Institute
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From personas to features

0{ Personas | A way of representing users

inspire

Natural language descriptions of a user
interacting with a software product

Scenarios

3

inspire

are-developed-into
. Natural language
Stories descriptions of

O

[ Features

Fragments of product functionality

define

something that is
needed or wanted
by users

Source: lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson.
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Multi-tier client-server architecture

Application
Server

Client 1
<Client 2
Web
Server
<Client 3

<Client

Database
Server

Source :lan Sommerv ille (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson




Service-oriented Architecture

C

(o)

lient 1

C

(o)

lient 2

Web Service

C

(o)

Server gateway

lient 3

(o)

Client ...

Source :lan Sommerv ille (2019), Engineering Software Products: An Introduction to Modern Software Engineerin

Services

g, Pearson
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VM

Virtual Virtual
web server mail server
S — | (mm————————— )
| 1 1 |
. | Server ||| Server |!
| 1 1 |
| software L software |
| 1 1 |
| 1 1 |
| 1 1 |
! Guest I Guest !
! oS | oS |
| 1 1 |
S —— J o o o o e e e e e e J
Hypervisor
Host OS

Server Hardware

Container

User 1
Container 1

Application
software

Server
software

4 Il EEN EEN NN NN N N N S N S . -

User 2
Container 2

Application
software

Server
software

Container manager

Host OS

Server Hardware

Source: lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson.
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Everything as a service

Photo
editing

Cloud
management
Monitoring

Storage
Network

Software as a service
(Saa$)

Platform as a service
(PaaS)

Infrastructure as a service
(1aas)

Cloud data center

Logistics
management

Database
Software
development

Computing
Virtualization

Source :lan Sommerv ille (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson

28



Software as a service

Software
customers \ \ / /
SOftvf'are Software services
provider

Cloud
provider Cloud Infrastructure

Source :lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson. 29



Microservices architecture —
key designh questions

-

-

How should data
be distributed and

\_

~

shared?
Y,

" How should the )
microservices in
the system be

make up the system?
19X Up the system:)

What are the
microservices that

~

. coordinated?

I

Microservices
architecture
design

" How should

each other?

microservices
communicate with

\

J

" Howshould )
service failure be
detected, reported

. and managed?

Source: lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson.
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Types of security threat

An attacker attempts to An attacker attempts
deny access to the system to damage the
for legitimate users system or its data
Availability Integrity
PRODUCT
PROGRAM
Distributed denial of Virus
service (DDoS) attack DATA
Ransomware
Data theft T
Confidentiality
threats

An attacker tries to gain
access to private information
held by the system

Source: lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson.
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Software product quality attributes

2,

Availability

1

Reliability

3

Resilience

Software
product
quality

attributes

6

Usability

Maintainability

Responsiveness

Source :lan Sommerv ille (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson
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A refactoring process

0/\9

Start | | " ldentif
Identify code .y
, , refactoring
smell
strategy

A

Run automated
code tests

/

4, ©

Make small
improvement until
_strategy completed

s

Source : lan Sommerv ille (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson



Functional testing

Start

Unit
Testing

2\

Feature
Testing

e

Release
Testing

System
Testing

Source : lan Sommerv ille (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson
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Test-driven development (TDD)

5% Identify new
functionality

N

Identify partial implementation
of functionality

Write code stub
that will fail test

Y

Functionality Functionality

complete incomplete
Run all
automated test
Refactor code "
if required Implement code that should
cause failing test to pass
Test failure
Run all
All tests pass utomated test

Source: lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson.
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Multi-skilled DevOps team

Source :lan Sommerv ille (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson
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Code management and DevOps

DevOps automation

|

Continuous
integration

)

Continuous
deployment

)

Continuous
delivery

)

Infrastructure
as code

|

T Code management system *

4 . :
Branching and merging
R Save and
eco.ver Code .
version ) retrieve
information repository versions
S Transfer code to/from developer’s filestore

f DevOps measurement *

Data

Data
collection

analysis

J |

|

Report
generation

Source: lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson.
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Agentic Al for Software Engineering Architecture

Architectural Design )

Design Pattern
Suggestions

Technology Stack
Recommendation

Diagram Generation

Trade-Off Analysis

rSystem Decompositionw

Modulization Based on
Function

Automated
Component Design

Bottleneck Optimization

J

. J

(Distribution Architecture\

Designing
Scalable Systems

Supporting
Dynamic Scaling

Optimizing Performance

\. J

Key Benefits: Enhanced Efficiency, Data-Driven Decisions, Scalability

38



Harness Engineering

https://www.philschmid.de/agent-harness-2026

39
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Agentic Al Harness Engineering

Building systems that transform the LLM into the new operating system

Harness

Everything else

MOdel ( Tools ][ Memory ] [ Cc.mtex.t ]
Intelligence 4 Engineering

=
[ Sandbox )E)rchestration [ Serving J
Layer
y

\ J

https://www.decodingai.com/p/agentic-harness-engineering
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Harness Engineering
Context Engineering, Prompt Engineering

Harness Engineering

The full infrastructure — tools, memory, sandboxes,
orchestration, serving, failure handling, verification

Context Engineering

What goes into the context window and when — )
retrieval, compression, assembly Increasing
scope

Prompt Engineering
Crafting instructions — what you tell the model

Each level encompasses the previous one.

https://www.decodingai.com/p/agentic-harness-engineering
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Validation BPB (lower is better)

Karpathy Autoresearc

Autoresearch Progress: 83 Experiments, 15 Kept Improvements

1.000 A

0.995 ~

0.990 A

0.985 A

0.980 -

0.975 A

o
S\

X

0o

Discarded

@ Kept
=~ Running best

20

40
Experiment #

https://github.com/karpathy/autoresearch

60

80

42


https://github.com/karpathy/autoresearch

Karpathy Autoresearch Architecture

prepare.py train.py

SRR palacidie Editable by Agent Agent Operating
i 3 ® Instructions
s . — Bg /
| Dataset Download Sharding
GPT model Optimizer M ‘
e g
i parameters i e
‘ ’ QR | program.md
: Attention :
Fixed constants constants o : | Markdown
MAX_SEQ_LEN = 100 Training loop | ,'

EVAL_TOKENS =10

____________________________

not implementation

Runs once, never modified. Editable by Agent

https://datasciencedojo.com/blog/karpathy-autoresearch-explained/

Defines research agenda,
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Karpathy Autoresearch: the Loop That improves Your work

Fixed Environment Mutable Zone Strategy Layer

e \a— e \— e \—

! prepare.py { train.py program.md

Constants & Data Prep e Model & Optimizer e Human-Written Instructions
Evaluation & Metrics * Hyperparameters
¢ Training Loop
a Frozen Metric: Bits per Byte * Agent Makes Changes

No Improvement?
Revert Changes

Improvement? »‘

Keep Change

v Modify Code i‘ Evaluate Result

Al Agent Run Experiment

Validation Bits per Byte

Automated Experiments: 100 Per Night

https://thecreatorsai.com/p/autoresearch-the-loop-that-improves
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Agentic Al Foundations

Agentic Al Foundations

i

Reinforcement Learning Goal-Oriented Architectures
Trial and Error Modular Structure
.~ ’ ) \ ' a X *
!
Adaptive Control Mechanisms ] Learning through interaction ] ' Managing complex objectives

I I

A ’ * ’

> . S .

Environmental Adaptation

Adjusting to changes for 1
optimal performance '

45



Agentic Al Workflow for Scientific Discovery

Research Planning &
Experiment Design

Report Writing &
Synthesis

46



Large Language Model (LLM) Based Agents

[ Perception ]

fa
ﬁ B ey
% ﬁ Brain

l e Storage

[ Environment ]

Look at the sky,
do you think it
will rain tomorrow?
If so, give the

Q brella t | |
>< umbrella to me. ‘ ‘

/ Reasoning from .' '. 4‘1\ N ——

4
the current weather | E( Summary "Recall Learn
conditions and the }

Memory

G

Knpwledge

;i!)mg

/ Transfer

Retrieve
y

-

Decision Making

eather reports on

- it i Planning
the internet, it is ent I : :
llkely to rain 9 Ag ‘ ACﬁOll / Reasonlng

b=
Gene

tomorrow. Here is |
\ your umbrella. O “.,\ OO0 Calling API ...

sool g =R
. { Embodiment H

XS

47



Large Multimodal Agents (LMAs)

(a) Type I: Closed-source LLMs as Planners w/o Longterm Memory.

/

k

(Action

O O
AL

>

ExecuteT lResuIt

L

Plan
IR

Result
_

<

Generate @ Perception

||

Planner

\

4

Act
Result

Task
Feedback

Environment

Multi-Modality

ad -

o,

AR

(>

Use prompt techniques
to guide closed-source
LLMs in decision-
making

and planning to
complete tasks without
long memory.
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Large Multimodal Agents (LMAs)

(b) Type llI: Finetuned LLMs as Planners w/o long-term Memory.

/ " Action
D»O.

_eRF
(DR

D

Planner
Execute PIanV
\ @Perceptlon j
Task
Result Feedback
. Multi-Modality
Environment ~IE s

Use action-related data
to finetune existing
open-source large
models,

enabling them to achieve
decision-making,
planning, and tool
invocation capabilities
comparable

to closed-source LLMs
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Large Multimodal Agents (LMAs)

(c) Type llI: Planners with Indirect Long-term Memory

/

\_

(Actlon

oo

.

ExecuteT lResuIt

Result
.@EP. AN

Save

Long Memory

—_—

Recall

- <€

R

Plan Generate ..,

||

Planner

<> Perception /

A

\

Act
Result

Task
Feedback

_ Multi-Modality
Environment ~

AR

=<, &

|

Introduce indirect
long-term memory
functions,

further enhancing their
generalization and
adaptation abilities in
environments closer to
the real world.
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Large Multimodal Agents (LMAs)

(d) Type IV: Planners with Native Long-term Memory

K (Action

o)
oo

=

Plan
N iy

Execute T lResuIt

Result
e

<

h &

Long Memory

cass

CEEn “

Recall l T Save

||

Planner
Generate ..
@Perciption J

\

Act
Result

Task

Feedback

{ Environment

Multi-Modality

ad (= «, B3

RSN

(>4

J

Introduce native
long-term memory
functions,

further enhancing their
generalization and
adaptation abilities in
environments closer to
the real world.
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Multi-Agent Frameworks

-

[Action

\.

<:??Perception

@Perception \ /

) <:§:>Perception

@Perception 0

2

Long Memory

. @ . Action e @ . -
— - L | = &
<—|Bl — PI=am T boa <—IBI - PIZn = " = %+2
el g heent2 L ¥ne ) a1 g heet2
| \ l / TvPerceptlon \ l / \T, percntor
PPerception U @Perception é —
| Agent 4 Agept 3 j \ ] Agentd  Agent 3 j
l Act Task l Act Task
Result Feedback Result Feedback
: Multi-Modality . Multi-Modality
[ Environment @{‘ i H S ] { Environment @“ { H 2 ]
(@) (b)



Applications of Large Multimodal Agents (LMAs)

)
— m— = Audio
e TR e Editing&Generation
b | | o — . MusicAgent
S e 4 ot 1 ot Complex Visual Wav. Joﬁgmey
T T T v R;asoning Tasks Copilot U
e ———— Wovicicior e JPEIGHT AudioGPT o
Visual Chatgpt Gpra740s
HuggingGPT Llava-plus
MM-BEACE S A SSistGPT Embodied Al
:\:nhanr\;le;? onl M3 &Robotics
chAe. | bpcoy STEVE EMMA
Garma e CLOVA Octopus GRID
‘ JARVIS-1 MP5 DEPS
il Video DiscussNav
.SMARTPLAY . Visual Generation
VisualWebArena .. Understanding & Editing
posisionT / LLaVA-Interactive
DORAEMONGPT MM-ReAct
ChatVideo
Autonomous = Mutan
Driving o BT Ul-assistants
GPT-Driver - ENTAes Mobile-Agent
DLAH . @ MM-Navigator ASSISTGUI
- r* ~| WebWISE DroidBot-GPT
=m .eé AutoDroid Auto-UlI
B % AppAgent Os-copilo

s gt b ) e 87 s

MemoDroid Openagents '
GPT-4V-Act
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®
0)

®

Example

Fmd the sum of the reciprocals of the roots of
$XA2-13x+4=08.

Assistant:

To find the sum of the reciprocals of the roots
of the quadratic equation $xA2-13x+4=0$ [...]
<execute>

import sympy

X = sympy.Symbol('x")

roots = sympy.solve(x**2 - 13xx + 4)
print(1l/roots[@] + 1/roots[1])

</execute>

Env:

1/(3*sqrt(17)/2 +13/2) + 1/(13/2 - 3*sqrt(17)/2)
Assistant:

The roots obtained are in symbolic form, which
makes it difficult to evaluate the sum directly.
Let's use the quadratic formula to explicitly
find the numerical values of the roots first.

]

CodeActAgent:
General Agent Multi-turn Interaction Framework

CodeAct @) Action Conversation "
unified action space e in Natural Language
b /N
Environment -
Software Interface (API) @ mm—k
Interface for Computer
Information Seeking ’
@ (e.g., Web search, Browsing) @ Plallnmg v
-+ Software Package (Tool)
X=' (eg, Calculate, lk)wn]rgd. Visualize) ? A t + Chain-of-thought ‘ User estart
External Memory e |! gen + Self-Reflection )
P AN n““ha‘“;'j'a"m « Improving Action from
Interface for Physical World Prior Qbservation
Robots 9 |
(e.g., Household Robots, Automated Lab) ¥ i
() Initiate Interaction
Outcome , . Conversation
Eg, Executionresults, "~ @ Observation E.g, Natural Language
Automated error feedback Instruction or Feedback
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Software architecture

* To create a reliable, secure and efficient product, you need
to pay attention to architectural design which includes:

* its overall organization,
* how the software is decomposed into components,
* the server organization

* the technologies that you use to build the software. The
architecture of a software product affects its
performance, usability, security, reliability and
maintainability.

Source :lan Sommerv ille (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson
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Software architecture

*There are many different interpretations of the
term ‘software architecture’.

*Some focus on ‘architecture’ as a noun
- the structure of a system
and others consider ‘architecture’ to be a verb
- the process of defining these structures.

Source :lan Sommerv ille (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson
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The IEEE definition of
software architecture

* Architecture is the
fundamental organization of a software system
embodied in its components, their relationships to
each other and
to the environment, and
the principles guiding its design and evolution.

SSSSSS : lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson.
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Software architecture and
components

* A component is an element that implements a coherent set of
functionality or features.

* Software component can be considered as a collection of one or
more services that may be used by other components.

* When desighing software architecture, you don’t have to decide
how an architectural element or component is to be
implemented.

* Rather, you design the component interface and leave the
implementation of that interface to a later stage of the
development process.

Source :lan Sommerv ille (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson
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Access to services provided by
software components

Services accessed directly
by other components

]
| T

S1 S2 S3

Component 1

Services accessed through
the component API

-

API

\4 \ 4 Y

S4 S5 S6

Component 2

Source: lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson.
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Why is architecture important?

* Architecture is important because the architecture of a
system has a fundamental influence on the non-
functional system properties.

* Architectural design involves understanding the issues
that affect the architecture of your product and creating
an architectural description that shows the critical
components and their relationships.

* Minimizing complexity should be an important goal for
architectural designers.

Source :lan Sommerv ille (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson. 60



Non-functional system quality attributes

* Responsiveness
Does the system return results to users in a reasonable time?

* Reliability
Do the system features behave as expected by both developers
and users?

* Availability
Can the system deliver its services when requested by users?

* Security

Does the system protect itself and users’ data from unauthorized
attacks and intrusions?

Source :lan Sommerv ille (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson
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Non-functional system quality attributes

e Usability
Can system users access the features that they need and use
them quickly and without errors?

* Maintainability
Can the system be readily updated and new features added
without undue costs?

* Resilience
Can the system continue to deliver user services in the event of
partial failure or external attack?
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Centralized security architectures

* The benefits of a centralized security architecture are that
it is easier to design and build protection and that the
protected information can be accessed more efficiently.

* However, if your security is breached, you lose everything.

* If you distribute information, it takes longer to access all
of the information and costs more to protect it.

* If security is breached in one location, you only lose the
information that you have stored there.
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Shared database architecture

User interface
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Multiple database architecture

User interface

i i

Cl C2

{ §

C1 database C2 database

P

C3

Database reconciliation

SSSSSS :lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson.




Maintainability and performance

 Shared database architecture:

» system with two components (C1 and C2) that share a common
database.

 Multiple database architecture:

* each component has its own copy of the parts of the database that it
needs.

* If one component needs to change the database organization, this does
not affect the other component.

* A multi-database architecture may run more slowly and may cost more to
implement and change.

* A multi-database architecture needs a mechanism
(component C3) to ensure that the data shared by C1 and C2 is kept
consistent when it is changed.
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Issues that influence
architectural decisions
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The importance of

o architectural design issues

* Nonfunctional product characteristics
Nonfunctional product characteristics such as security and
performance affect all users.
If you get these wrong,
your product will is unlikely to be a commercial success.

Unfortunately, some characteristics are opposing,
so you can only optimize the most important.
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The importance of

0 architectural design issues

* Product lifetime
If you anticipate a long product lifetime, you will need to

create regular product revisions. You therefore need an
architecture that is evolvable, so that it can be adapted to
accommodate new features and technology.
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The importance of

o architectural design issues

e Software reuse
You can save a lot of time and effort, if you can reuse large

components from other products or open-source software.
However, this constrains your architectural choices because

you must fit your design around the software that is being
reused.
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The importance of
o architectural design issues

* Number of users
If you are developing consumer software delivered over

the Internet, the number of users can change very quickly.

This can lead to serious performance degradation unless
you design your architecture so that your system can be
quickly scaled up and down.
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The importance of

6 architectural design issues

* Software compatibility
For some products, it is important to maintain

compatibility with other software so that users can adopt
your product and use data prepared using a different
system. This may limit architectural choices, such as the
database software that you can use.
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Trade off:
Maintainability vs performance

e System maintainability is an attribute that reflects how difficult and
expensive it is to make changes to a system after it has been released to
customers.

* You improve maintainability by building a system from small self-contained
parts, each of which can be replaced or enhanced if changes are required.

* In architectural terms, this means that the system should be
decomposed into fine-grain components, each of which does one thing
and one thing only.

* However, it takes time for components to communicate with each other.

Consequently, if many components are involved in implementing a product
feature, the software will be slower.
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Trade off:

Security vs usability
* You can achieve security by designing the system protection as a
series of layers.

* An attacker has to penetrate all of those layers before the system
is compromised.

e Layers might include system authentication layers, a separate
critical feature authentication layer, an encryption layer and so on.

* Architecturally, you can implement each of these layers as
separate components so that if one of these components is
compromised by an attacker, then the other layers remain intact.
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Authentication layers

IP authentication

Application authentication

Feature authentication

Encryption

Protect asset such as a
database of user’s credit card
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Usability issues

* A layered approach to security affects the usability of the software.

* Users have to remember information, like passwords, that is needed to
penetrate a security layer.
Their interaction with the system is inevitably slowed down by its
security features.

* Many users find this irritating and often look for work-arounds so that
they do not have to re-authenticate to access system features or data.

* To avoid this, you need an architecture:
* that doesn’t have too many security layers
* that doesn’t enforce unnecessary security

* that provides helper components that reduce the load on users



An architectural model of a
document retrieval system
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Examples of

component relationships

C1is part of C2 C1 uses C2
C1
c2 l calls
C1
C2

C1 is-located-with C2

C1 shared-data-with C2

C1

C2

Cl [ Data || C2

Source: lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson

78



Architectural design guidelines

Separation of concerns
Organize your architecture
into components that
focus on a single concern

Design
guidelines
Stable interfaces Implement once

Design component interfaces Avoid duplicating

that are coherent and functionality at different
that changes slowly places in your architecture
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Cross-cutting concerns

User interface
Application
Infrastructure
Operating System

Hardware

Security Performance Reliability

.

N
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A generic layered architecture for a
web-based application

Browser-based or mobile user interface

Authentication and user interaction management

Application-specific functionality

Basic shared services

Transaction and database management
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A layered architectural model of
the iLearn system
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Distribution architecture

* The distribution architecture of a software system defines the
servers in the system and the allocation of components to these
servers.

* Client-server architectures are a type of distribution architecture
that is suited to applications where clients access a shared
database and business logic operations on that data.

* In this architecture, the user interface is implemented on the
user’s own computer or mobile device.

* Functionality is distributed between the client and one or
more server computers.
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Client-server architecture
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The Model-View-Controller (MVC)
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Mobile Web App
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MVC Framework of Mobile Apps
(HTMLS5, CSS3, JavaScript)
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Multi-tier client-server architecture
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Service-oriented Architecture

* Services in a service-oriented architecture are
stateless components, which means that they can
be replicated and can migrate from one computer to
another.

* Many servers may be involved in providing services

* A service-oriented architecture is usually easier to
scale as demand increases and is resilient to failure.
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Service-oriented Architecture
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Issues in architectural choice

* Data type and data updates
* Change frequency

* The system execution platform

n Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson
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Issues in architectural choice

* Data type and data updates

* If you are mostly using structured data that may be
updated by different system features, it is usually best to
have a single shared database that provides locking and
transaction management. If data is distributed across
services, you need a way to keep it consistent and this
adds overhead to your system.
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Issues in architectural choice

* Change frequency

* If you anticipate that system components will be regularly
changed or replaced, then isolating these components as
separate services simplifies those changes.
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Issues in architectural choice

* The system execution platform

* If you plan to run your system on the cloud with users
accessing it over the Internet, it is usually best to
implement it as a service-oriented architecture because
scaling the system is simpler.

* If your product is a business system that runs on local
servers, a multi-tier architecture may be more
appropriate.

Source :lan Sommerv ille (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson
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Technology choices

* Database
Should you use a relational SQL database or an unstructured NOSQL database?

* Platform
Should you deliver your product on a mobile app and/or a web platform?

* Server

Should you use dedicated in-house servers or design your system to run on a public
cloud? If a public cloud, should you use Amazon, Google, Microsoft, or some other
option?

* Open source

Are there suitable open-source components that you could incorporate into your
products?

* Development tools

Do your development tools embed architectural assumptions about the software being
developed that limit your architectural choices

Source: lan Sommerville (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson.
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Summary

* Software architecture is the fundamental organization of a
system embodied in its components, their relationships to
each other, and to the environment, and the principles
guiding its design and evolution.

* The architecture of a software system has a significant
influence on non-functional system properties such as
reliability, efficiency and security.

* Architectural design involves understanding the issues that
are critical for your product and creating system descriptions
that shows components and their relationships.
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Summary

* The principal role of architectural descriptions is to provide
a basis for the development team to discuss the system
organization. Informal architectural diagrams are effective
in architectural description because they are fast and easy
to draw and share.

* System decomposition involves analyzing architectural
components and representing them as a set of finer-grain
components.
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Summary

* To minimize complexity, you should separate concerns,
avoid functional duplication and focus on component
interfaces.

* Web-based systems often have a common layered structure
including user interface layers, application-specific layers
and a database layer.

* The distribution architecture in a system defines the
organization of the servers in that system and the
allocation of components to these servers.
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Summary

* Multi-tier client-server and
service-oriented architectures are the most commonly used
architectures for web-based systems.

* Making decisions on technologies such as database and
cloud technologies are an important part of the
architectural design process.

Source :lan Sommerv ille (2019), Engineering Software Products: An Introduction to Modern Software Engineering, Pearson
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