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Definition of the Test-Case for Concurrent Programs and
Prototype of Test-Case Generation System

TreTsuro KaTtavama,! Tosaryukr Komopa,! Zenco Furukawa®t and Kazuo Usaiymmat

In testing of software, test-cases, which specify test-data, play an important role for im-
proving the reliability of software. For sequential programs, we have practical methods
for generating test-cases. Test-cases for concurrent programs have been seldom studied.
Recently, concurrent programs are used for solving practical problems, therefore, it is nec-
essary to improve the quality of testing for concurrent programs. In this paper, we define
the test-case for concurrent programs. And we describe a test-case generation system
(TCgen) and report experience in using it. We use Event-Synchs-Graph (ESG) which
consists of Event Graph, which represents abstract control flows of a program unit, and of
Synchs, which represent a simultaneous execution among Event Graphs. We define that
test-cases of concurrent programs are Copaths on an ESG. We input an Ada concurrent
program to TCgen, and then we get Copaths of the program. The TCgen makes sufficient
test-cases and no overlapping. However, it is necessary to validate feasibility of them for
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deciding test-data.
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procedure dining.philosophers is

seats : constant :=5;
type seat.assignment is range 1 .. seats;

task type fork is
entry up;
entry down;
end fork;

forks : array (seat.assignment) of fork;

task body fork is
egin
loop
accept up;
accept down;
end loop;
~—1 end fork;

generic
N : in seat.assignment;

~ = active all fork tasks

RO
o

= = used to identify cach philosopher task
packaﬁ;e philosopher is
end philosopher;

package body philosopher is

eat, think ; constant := 10.0; - = seconds

task p;

task body p is
0 begin
1 loop
2 forks(N).up; ~ = acquire left fork ...
3 forks(N mod seats + 1).up; ~ ~and right fork
4 delay eat;
5 forks(N).down; = = put down left fork ...
6 forks(N mod seats + 1).down; = = and right fork
7 delay think;
8 end loop;
-1 end p;

F
end philosopher;

package Aquinas is new philosopher(1);
package Bonhoeffer is new philosopher(2);
package Kierkegaard is new philosopher(3);
package Schaeffer is new philosopher(4);
package Tilich is new philosopher(5);

0 begin

null;

—1 end dining_philosophers;

B 1 B Ada TEHEONL, GEEOAFHE 0s5 4
statement DEHEOES, WARSELERL, 0 11
BIAEA, ~1 RETHAEET

Fig. 1 A dining_philosopher program written in Ada
language.

The numbers in head of statements are node
numbers. ‘0’ denotes start node. ‘—1’ denotes
final node.
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fork(1) fork(2) philosopher(1) philosopher(2)
begiu begin begin begin
g A A I A
acgept up; accept up; fort(l).up fojk(z).up
accept down; accept down;é fo)k(?).up fork(1).up
end loop end loop fork(1).down fork(2).down

. fork(2).down fork(1).down
end end
end loop end loop
— —]

end

end
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Fig. 2 The Event Graphs for two philosophers.

A solid arrow denotes an edge. A dotted arrow

denotes a virtual exit from an infinite loop.
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Fig. 3 The ESG for two philosophers.
A solid arrow denotes an edge. A dash
arrow denotes a Synch.
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Philosopher(1)  Fork(1)

Fork(2)
begin begin
* l, begin
loop loop
loop
York().up =——- accept up;
Fork().up ¢—————t — e - accept up;
York().down-e—+accept down; Philosopher(2)
Fork()4(lown~~———* ~~~~~ +accept down;
end loop begin
end loop end loop
4 l Io!)p Joop
end loop
accept up; <+—a Fork().up
accept up; «-—-*———-w———’- Fork().up
accept down; <+ Fork().down
accept down;<——~#—-—~———-——— Fork().down
end loop
end loop end loop
4 Joop
Joop end
end
end

B4 AEEBZAOREOT X P —2 (Wil OF)
FERIETEF2ET. BREEPEEEL, Ak
WETENBC EAEKRT 5.

Fig. 4 A sample test-case for two philosophers.

A solid arrow denotes the execution order.
A dash arrow denotes a simultaneous
execution.
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[Test-Case1]
pr:0 - 0412341 -1
pr:l ~ 012341 -1
pr:2 - 01235681 -1
pr:3 - 01 -4
[Test-Case2]
pr:0-012341 -1
pr:1-012341~1
pr:2 - 01 -1

pri3 -01235681~1
[Test-Case3]
pr:0 ~ 012
pr:i - 012
pr:2 -~ 012
pr:3 - 012
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Fig. 6 The output for the dining_philosopher
program in TCgen.
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Table 1 Execution time of TCgen.

Program Tasks Statements Time (s)
producer_consumer 3 58 0.15
dining_philosopher 4 59 0.13

sieve 4 78 0.12
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Table 2 Execution time for construction of
concurrent state graph.

Philosophers Tasks States Edges Time (s)
2 4 19 28 2.4
3 6 84 186 2.8
4 8 375 1112 3.5
5 10 1653 6130 5.4
6 12 7282 32412 21.6
7 14 32063 166502 648
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Table 3 Execution time for construction of ESG.

Tasks Nodes Edges Synchs Time (s)
4 28 28 16 0.09
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