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€ A critical issue in the design and construction
of any complex software system is its
architecture: that is, its gross organization as a V ‘
collection of interacting components. A good
architecture can help ensure that a system will Architecture | C _ oI Architecture
satisfy key requirements in such areas as tn an ADL in UML
performance, reliability, portability, D E
scalability, and interoperability. A bad
architecture can be disastrous. [David Garlan Code
2000]

€ Software architecture typically plays a key
role as a bridge between requirements and Figure 2: Software Architecture as a Bridge
implementation

Requirements

Path A-D is one in which an ADL is used as
the modeling language. Path B-E is one in
which UML i1s used as the modeling notation.
> SA < Path A-C-E, is one in which an architecture is
first represented in an ADL, but then
transformed into UML before producing an
implementation.

Figure 1: Software Architecture as a Bridge
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B 7 RE AL B 2E K (Intelligent Software Architecture, ISA),
i N TR BE(AD L GE P 2R (SA) &5 & 7= 2R ) —
R B R AN: DA o — B A R BE AR 2R

B AINISAZE & FEAWMIAL: Al for SAFISA for Al-
based System

AT EHEESERE5R
Rk EAI-RAZRAEIFR B FSTES
https://blog.csdn.net/weixin_45443931/article/details/98869387
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2.1 Al for SA:
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2.2 SA for Al-based System
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Special Issue Call for Papers:

Journal of Systems and Software
2020 Special Issue Call for Papers: Software Architecture and Artificial Intelligence

https://www.journals.elsevier.com/journal-of-systems-and-software/call-for-papers/software-
architecture-and-artificial-intelligence

Important dates

¢ Submission Deadline: 9 November 2020

Topics of interest include, but are not limited to:

® Quality attribute concerns for AI-based systems o Inifial Author Nofifications: § March 2021
® Patterns and tactics for Al-based systems o Initial Author Revisions Due: 10 May 2021
o EXp eriences deSigning and dep 1Oylng AI—based SyStemS o Author Notifications for First Revision: 5 July 2021

® Analysis techniques for uncovering architecture issues in Al-based systems
® Verifying and validating Al models as part of system architectures

® Deployment and maintenance of Al-based architectures

® Method and techniques for improving the architecting process of Al-based systems
® Data and related challenges in architecting Al-based systems

® Monitoring and sustaining Al-based systems architectures

® [terative and incremental architecting of Al-based systems

® Impact of infrastructure concerns in architecting Al-based systems

® The impact of different algorithms, Al approaches and architecture challenges

® Data for Al research towards improving architecture methods and techniques

® Use of Al to improve architecture, design, conformance and quality

® Architecting data/ML pipelines

o Final Author Revisions Due: 6 September 2021

# Final Author Notifications: 11 October 2021
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There are three outputs from

the process: an enumeration ﬂ/’:'“;i W/ - / S
' i Aliitty” 7 >
of functional requirements o —
made concrete by use cases, Bl i | e | |
. . iES!

an enumeration of specific 82

. . B3
architectural requirements, A4

and an enumeration of a
collection of quality
scenarios that provide
concrete tests for the T
architectural requirements.

%]6. A Scenario-Elicitation Matrix

BMQuality Scenarios

» Abstract Scenarios is the generic requirement of a family of systems.

» Quality-Specific Scenarios for making the quality requirements concrete.
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« Architectural Structures and Views

— Functional structure

— Code structure

— Concurrency structure

— Physical structure

— Developmental structure

Table 1: Views Useful for Different Qualities

Quality Usetul Structures
Performance Concurrency, Physical

Security Concurrency, Code

Reliability/ Concurrency, Physical
Availability

Modifiability/Maintainability | Functional, Code, Development




® AI+SAXHE{E

An architecture’s documentation 1s designed to support the needs of the
programmers and analysts. [t can be a tremendous vehicle for enhancing
communication among the stakeholders and for eliciting architectural

requirements from them.

Creating and maintaining the architectural documentation, as graphically
depicted 1n Figure 9, is a critical success factor in a long-lived software

architecture.

Communication among

Analysis ——

Stakeholders —

[N

Architecture
Documentation

Archite_ctu re
Analysis

&9, Zeky et

17



Zf41: Software Architecture Documentation: The Road Ahead

DC s proposed by Requirement
-tite b ——_ ——————— _>-req_id
-subject dentifies -req_descr . Non-functional Requirement
i ioton @====@0 0F-—————-——-——-_" -is_propose
_;:l;s:acnptmn DLis_prop = -qual_attrribute_measures
T AN
-relation
-creator
. . : and other QAs
-contributor Functional Requirement| dualis_related_to Usabhrrrey
-date -qual_is_related_to | % )| Efficter i
-format -depends_on |
—|den:1|f:er . -req_is_related_to devends o :
| I : -realized_by — L pends- | Decision
i 1 — .I'I _________________ M = = =
relau?n_aupelrcede | -dEPTS_G“ — | “|-design_decision
———= | | | | results_in | -decision_issue
|
: | req_is_related_to, : ———————————————— v — — — {-arguments
| identifies __ | | I satisfies | -results_in
e e e e e e e e — I | I
| e e e e e e
|
i AN
Architecture Structure| ------ Architecture Component
-arch_structure_name V[ satisfies ~N -component_id
-arch_style - _ -component_descr
-comprises_of : compriade _af 7

K10. A lightweight ontology for indexing knowledge in requirements and
architecture design documents

Antony Tang, Peng Liang, Hans van Vliet Software Architecture Documentation: The Road Ahead. 2011

Ninth Working IEEE/IFIP Conference on Software Architecture(WICSA 2011), 20-24 June 2011. 18



2Zf52: Consistency Checking BTW SA and SAD

* An overview of our plan to
realize our 1dea 1s depicted in
Fig. 11 and can be divided into
three major parts:

* (I) creation of a knowledge
base,

e (IT a) pre-processing of the
input SAD texts followed by

* (II b) the main processing to
generate a thorough
understanding of the text, and

e (III) checking the consistency
between the input documents
and the system’s architecture
in the post-processing step.

: Software System
Domain Knowledge

Architecture Knowledge

L
N
)
.gg-
?)
aseq
af pajmoury

B

‘U' ¥y
. NL Understanding i T R
Pre-processing, :::, E> Checks 2
(Il a) (ILb) (IID)

Fig. 11. Overview of planned approach

Jan Keim, Anne Koziolek. Towards Consistency Checking between Software Architecture and Informal

Documentation ICSA 2019
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Z I3 : A Combined Method for Usage of NLP Libraries
Towards Analyzing Software Documents

a. Document-level Selection of MLP library : b. Sentence-level Overwriting
[ |
i pEEsasnmmEe O ptimization
. "
s ' P emeskEas .
- ' i - -
o T
: g (] . .
- ; i v . \ J
! spacy ' . / f E / Combined :
: ; i 7 A Final Results
Document - ' : . method

y

wiie | i f—=/ 7 7 B T 1
-..-openmp [ 7 B 7 5

Calculating
rdegree of nuerlap:

-----------------

B L T LR Crutputs of primary Ijbrarr--'

Fig.12. Overall framework of the combined method

Xinyun Cheng, Xianglong Kong, Li Liao, Bixin Li. 4 Combined Method for Usage of NLP
Libraries Towards Analyzing Software Documents, CAiSE 2020: 515-529.
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ﬂzg‘g@g%ﬁbﬁ'ﬁx == e HERE 17
= Asairf;  [EEAE
N\ N it _ TR 7
E:rﬁ'nﬁ é%t.u QTAM ST A i i 73
Tradeoff Analysis
Method
| S A 45 R
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— Stakeholders

Fig. 13. Z&R 0 A AIPEA

— Qutside evaluators
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2/51: Semantic Architecture Workbench

* Aproposed Semantic == { Automated Architecture Analysis }"ﬂ
Architecture Workbench 3 |
(SAW) for automated, E P |
ontology-based architectural sl
analysis is depicted in Figure : 1)

Semantic Architecture Waorkbench (SAW)
Query

Engines

14. It uses a triple store as a
database for storing software
architecture axioms and facts
as well as other metadata such
as annotations. It integrates a
set of semantic processing
tools to manipulate, infer, and
render ontological knowledge.
The triple store can be
implemented with either
conventional relational
databases or more modern

NoSQL technologies such as -
graph or columnar databases. E— %ﬂ‘
Design Artifacts Runtime

System

Editors Reasoners

Triple Store

Axioms and Facts

Architecture Validation and Refinement
Architectural Verification and Adaptation

Fig.14. Semantic Architecture Workbench
22



What is in the Triple Store?

The SAW also serves as a powerful
environment for architectural knowledge
reuse and collaboration. As shown in Fig.
15, a project does not need to define its
architectural ontologies from scratch, but
can import community and domain-specific

ontologies already available from elsewhere.

For example, the project can import an
ontology for the C2 architecture style and
a domain ontology on TCP/IP networks
before starting to model a distributed
system, the same way a Java programmer
imports 3rd party packages in their code.
Overtime, the triple store is enriched with
inferred knowledge from reasoners as well
as extracted facts from design artifacts and
running software, keeping the ontology
repository up to date with the evolving
system.

Community
Ontologies

[
|

Domain
Ontologies

import

L

-

Project
Ontologies

Inferred
axioms

Extracted facts from design
artifacts and running system

Fig.15. What’s in the Triple Store?

23



Architectuoral 1
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A

| UML Model
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AT

Evaluation Resulis

Simulation <::

Execution

NI
Simulatio

Model

Generation

Use Cases. Scenarios
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Model !
Configuration ! ||
Construction W

A

Configuration Model

d |
P |
Simulation Maodel

o ¥
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' 2

L8] '[EET apnet_sequeenced
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Z=f51: HiRec: API Recommendation using Hierarchical Context

Hierarchy
inference model

Basic
context Y
Software Call graph | | |/ Hierarchical Training & | _|Candidate
Project Extraction | context Recommendation List
Project- Hierarchical
specific Structure
code Extraction

LS Fa J (1 v
& § Y Y
A. Basic [Information B. Hierarchical Cantext C. APl Recommendation
Extraction Generation

Fig.18: Overall framework of HiRec

Rensong Xie, Xianglong Kong, Lulu Wang, Ying Zhou, Bixin Li: HiRec: API Recommendation using
Hierarchical Context. ISSRE 2019: 369-379
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Z=f2: Analysis of Correctness for API Recommendation

Matched .l Traditional
APls Correctness

oo |
P Improved
Hecg;ﬁ:dl&d Matﬁcl‘Iu'ng Functional l ™ Cormrectness
equivalence |
| Contribution

|
|
|
|
‘ UHTF:]CShEC ] of Unmatched
] APls
|
|
|

|

|
Functional ]
similarity |
|

|

Functional Correlatio

= ———— — —_—

API
Ground-truth Kn(w.'lv(}‘(_;(‘ API Doc¢
Rasults Gr
raph

\

Fig 19. The overall framework of the evaluation of correctness
based on API functional correlation

Xianglong Kong, Weina Han, Li Liao & Bixin Li. An Analysis of Correctness for API Recommendation:

Are the Unmatched Results Useless? SCIENCE CHINA Information Sciences, 2020. 28
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2.2 SA for Al-based System

- SAEHBEBEHEE, [
SANIZZVEZ—E
AIUITEESD:
— RHBE
— F3JBE
— JEEIEEE
— Fgesd
— ;;%/\ﬁbjj

BRAMISAEG : (1) PFRBEREG.

B —: SAZH —LLEFek (f
WAgent) ARG, tHmEE A
(component) . EEA
(connector) #i e gefk, HA
ZE%D )L FEFL TR R g
HE

B SAAESITEAR G A2
Haefls, HSAH WA GeF
(SAIasistant) SAlasistantfH 24

ZRRN, BEARGN. 2. HfE
fi ToAn e K Be 77, {HEE 2R
P ITACLT- B 5K

‘%%E{ rI%/JELI»E/J/tb =

HiEt. BiEE. BNHEEE

N EEJT! (self-adaptive software architecture); (2) Optimal SA
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1
Driver Assisied Paﬂia! : Cnndil:in_rml Highl Full .
only automation | j jautomation | {automation| |automation
I
1
]
0 1 2 i 3 4 SAE
] i I ‘I : (| |
| B N 2 & - 3 4  NHTsA
Li 1 |

Fig.24. Level 0-5 from no to fully autonomous car with no driver in loop

oLEVEL-2 | w o LEVEL-4 w

* LEVEL-3 * 2028-2045 * LEVEL-5
* 2022-2028 * 2045-2100+

+2012-2022

Fig.25. Vehicular intelligence pathway will lead to less human intervention in coming years.
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