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Scenario—Based Implementation Synthesis for
Real-Time Object-Oriented Models

Saehwa Kim' - Jivong Park™ - Seongsoo Hong™

ABSTRACT

The demands of increasingly complicated software have led to the proliferation of object-oriented design methodologies in embedded
systems. To execute a system designed with objects in target hardware, a task set should be derived from the objects, representing how
many tasks reside in the system and which task processes which event arriving at an object. The derived task set greatly influences the
responsiveness of the system. Nevertheless, it is very difficult to derive an optimal task set due to the discrepancy between objects and
tasks. Therefore, the common method currently used by developers is to repetitively try various task sets. This paper proposes
Scenario-based Implementation Synthesis Architecture (SISA) to solve this problem. SISA encompasses a method for deriving a task set
from a system designed with objects as well as its supporting development tools and run-time system architecture. A system designed
with SISA not only consists of the smallest possible number of tasks, but also guarantees that the response time for each event in the
system is minimized. We have fully implemented SISA by extending the RoseRT development tool and applied it to an existing industrial
PBX system. The experimental results show that maximum response times were reduced 30.3% on average compared to when the task
set was derived by the best known existing methods.

Key Words : Object-oriented Real-time System Design, Embedded Software Development Methodology, Automated Multi-
tasking Code Synthesis, Object-Oriented Modeling Tools, Unified Modeling Language(UML)
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17 -<MC>
18 <refScenarioGroup refID = “1”/>
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message Active-Object-to-Thread Mapping Table
target object thread
—_— thread A
— thread B
message
queue
user level threads l l » l
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H/W interrupts
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system level threads
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Scenario-Group-to-Thread Mapping Table

message

scenario group

thread

(port, sigmal)

- ———* (ol.pl, ml) thread A

message
queue

user level threads | i

()N

(02.p3, m2) thread g

: il
il i

()N 5 )N
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v v

Scenario-to-Priority Mapping Table
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1 Sar-SEND (signal, data)

2 [»this corresponds to S3AP.

3 destinationPort <« connectedTo[this}

4 [» (port, signal) corresponds to a scenario group.

5 scenarioGroup <« (destinationPort, signal)

6 userThread < GETTHREAD (ScenarioGroup)

7 >» (scenario group, port, signal) corresponds to a scenario.

8 priority < GSTMESSAGEPRIORITY (scenarioGroup, destinationPort, signal)

9 [>Creates a new message.

10 message < (destinationPort, signal, data, priority, scenarioGroup)

11 ENQUELE (queue [userThread], message)

12 if userThread is idle

13 SETPrRIORTTY (userThread, priority)

14 else

15 SKTPRIORITY (UserThread, max (priority, priorityluserThread])
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MainLoor
forever

>A message with highest priority is dequeued.

D When there is no message in the gueue, thread is blocked.

[>this corresponds to a thread currently running.

message < DeQuUzGE (queue[this])

destinationObject < owner{destinationPort[message]]

SETPRIORITY (this, max (ceiling[destinationObject], ceiling[this}))

> State is changed, then an activity is selected and executed.
RUNFSM(this, message)

g e R - AT, BTV R

= o

SeETPRICRITY (this, (max(for all priorities of messages in queuelthis])

(38 12) ARBA £Z MY =M HAIX] XH2|E st 2E

PerT-SEND (signal, data)
D> this corresponds to a port object that is used to send a message.
destinationPort «— connectedTo[this]

priority < GETMESSAGEPRICRITY (ScenarioGroup, destinationPort, signal)

message - (destinationPort, signal, data, priority, scenarioGroup)

1

2

3

4 scenarioGroup < scenarioGroup|currentMessage|owner[this]]]
5

6

7 D currentThread refers to a thread currently running.

8

ENQUECE (queue [ currentThread), message}
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Time (ms’

Maximum Blocking Times of Call Request/Receive Scenarios
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Phone (Scenario Priority)
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Tree-Build-From-Activity-Node(r) .
P € Regular-Expression-For-Messages-Sent-Bylactivityln])
_ T . - P’ & Components-Without-Outermost-Junctions(P)
Em;‘lre;rfse‘fh eBselidé%)“ scenari Oiggsls the input model. iflP] =1 > only one message is sent out unconditionally.
1 Trees€ () ) then create message node n’ with message m € P’
childln] € n’

2 for cach p € SPPSIM] Tree-Build-From-Message-Node(n)

b= O 00 =] T U1 WO DD —

i do d{:)l;riziz tlfef ;ncommgMessages[p] elseif [P} = 0 [> one or more messages are sent out conditionally.
7 create message node 4 with message m then create junction node n' of type Outermost-Junction-Type(P}
8 rootl T1 € n 0 ?h’ld['”]h(_ ”E P

9 Tree—Build—From—Message—Node (1) or (iFC f)B Jd-From- ion-Node(r. )

10 Trees € TreesU { T} 1 doTree-Bui rom-Junction-Node(n, p

[> P is a regular expression for message sequence.

Tree~Build~From—Message ~Node(n) Tree-Build-From- Junction-Node(n, P)

1 A € MatchesActivities(n)

9 i 1Al =1 1 P € Components-Without-Outermost-Junctions(P)
i 1Al = . o . 2 ifIP1 =0 > no message is sent out.
3 then create act1v1ty node n’with activity a € A 3 then create flow final node n’
4 childnl € n 4 childin] ¢ 1’
d—-From— Actmty Node(n) e 1D = cage 1@ o B
5, Tree—Buil 5 elseif [P = 1 [> only one message is sent out unconditionally.
6 else create dls]unctlon node 7 6 then create message node n’” with message m € P’
7 childnl € n 7 childln) € n’
8 foreacha& A . o o 8 Tree-Build-From-Message-Node(n)
9 do ?r eate activity node 71 with activity 4 9 else [> One or more messages are sent out conditionally.
10 child(n] é a .. . 10 then create junction node n’ of type QOutermost—Junction-Type(P)
11 Tree—Build—From—Activity—Node(n ") 1 childln] € 7
12 for each p € P’
13 do Tree-Build-From-Junction-Node(r', p)
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