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» Requirements and specifications [Zave97]
R = requirements, S = specifications, W = world

WASFR

2 [Zave97] P. Zave and M. Jackson, “Four dark corners of requirements engineering”, Transactions on Software Engineering and
Methodology, 1997.
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» Requirements and specifications [Zave97]
R = requirements, S = specifications, W = world

WAS R

» VT T )7 b (software evolution):
R—R’ S—¢

WAS FR > WASKFR 2> WAS R
y BoiER AT L(self-adaptive systems):

WASER > WASKRS W AS R
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» BEEIGY AT L (self-adaptive systems) :
WASERS"WASKRS W AS IR
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Kramer, J., Magee, ].“Self-managed systems: an architectural challenge,” ICSE/ FOSE ‘07.
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Autonomic manager

Managed element

7 Kephart, J.O., Chess, D.M.*“The vision of autonomic computing,” Computer 36(1), pp. 41-50 (2003)
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W—->W' 5—5

WASEFR 2> WASFR>WAS FR

-> W(World), R (Requirements), S(Specification)®
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R: Requirements
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. X R / Field cleaned /
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AND-refinement \@

/ Dust reachable/ / Suitable cleaning /

method performed

OR-refinement
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H. Nakagawa, A. Ohsuga, S. Honiden,“A Goal Model Elaboration for Localizing Changes in Software
Evolution,” RE201 3, IEEE, 201 3.
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» Control loop/X\Z2—ITHED T
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Battery maintained/

/Dust disposed of

Dust reachable Battery charged /

Station reachable

Suitable cleaning
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Dust found
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Dust Dust
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Field cleaned

Collect
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and cleaning
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Approach

» Construct self-adaptive systems with multiple control loops
Embed or replace control loops for dealing with evolution

» REQ1 > Detect changes from requirements description
Identify the changes of control loops from updated goal model
Introduce goal model compiler to detect changes of control loops

» REQ2 = Introduce programming framework for supporting
dynamic evolution

provide APIs for changing control loops dynamically

?
T
Collect ﬁbﬁbﬁf detect changes = Changed Added
§ Updated
Decide goal model
[ Programming framework J Dynamlcally update on Programming framework

framework

4 H.Nakagawa, A. Ohsuga, S. Honiden, “Towards Dynamic Evolution of Self-adaptive Systems Based on Dynamic
Updating of Control Loops,” SASO 2012, IEEE, 2012.




Overview of our development process

Elaborated
Goal model
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Configuration generation

» Generate architectural configuration =

from goal model :
S5

j,,: :

Step1: Construct preliminary configuration Goai%;
according to Control loop pattern 7

Combine goals representing control loop ‘,

activities with components

Connect components according to the [ Goal model J

refinement links compiler
Step 2: Elaborate configuration "

Join components in accordance with the uses

labels

Replace the connections of Conditional Act

by eliminating intermediate Act System configuration

|6 H.Nakagawa, A. Ohsuga, S. Honiden, “gocc: A configuration compiler for self-adaptive systems using goal-
oriented requirements description”, SEAMS201 1, ACM, 201 1.
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Programming framework

g ﬁoArE)tlrE(])l loop execution environment: based on JADE framework
Concurrent control loop execution environment
APIs for implementing three types of components (AD, C, and A)

» Deployment command set
Dynamically deploy control loops
J

NEEEOR — )
[ AD-1 ][ AD-2 J

Deployment command set rmCL AD-2

Control loop execution environment 2ddCL AD3 SX)

Java+JADE

. J

.

r
&

19 [JADE] Telecom ltalia. JADE: Java agent development framework. http://jade.tilab.com/.




Demonstration:
Dynamic evolution of cleaning robot

» Evolution of cleaning robot

e S Initial version
Cleaning Simlator  Mati [orgnakclene opeimercap’ s Does not have the battery
e e L Maintenance function
'@ € | |® Battery level:
' & min=0, max=100
. W Load amount:
> | & i min =0, max=200
“ | i Add battery maintenance
| || @ function
|8 || |
vt o — Add load management and

obstacle avoidance functions

»  Dynamic evolution

Inject deployment command

20
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GUI Application
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Interface | Alternative Display
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26 S.Yamagata, H. Nakagawa, Y. Sei,Y.Tahara, A. Ohsuga, "A MAPE Loop Control Pattern for Heterogeneous
Client/Server Online Games", SEKE2014, 2014.
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