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Measurement Specifications and Their Applications for
Development of Concurrent Self-measurement Programs

YUSUKE NONAKA,#? JINGDE CHENG°0 and KAzZUuO USHIJIMAtt

Large-scale and highly reliable concurrent systems are more required and it is indispens-
able for them to keep on measuring and monitoring in order to ensure their reliability. The
self-measurement principle can be deduced from wholeness and uncertainness which are be-
havioral characteristics of concurrent systems. According to it, any concurrent system has
to include some function to measure itself for acculate monitoring and measuring. The mea-
surement specifications are used for systematic development of concurrent systems including
measurement functions. In the measurement specifications, we can describe requirements for
monitoring and measuring a subject. As a concrete example of them, we decided on the spec-
ification of the measurement specifications for Ada. And we designed and implemented a tool
which can understand the measurement specifications for Ada and support development of
self-measurement programs based on them. As examples of practical applications, we showed
sample functions for tasking deadlock detection, creating a tasking execution history, and
monitoring buffering function.
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Fig.1 The architecture of the supporting tool with

measurement specifications.
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Table 1 Some of queries for the measurement
specifications.
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Table 2 Pragmas for the measurement specifications.
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Fig.2 The supporting tool for development of self-

measurement systems.
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Fig.3 Tasking deadlock detector.
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-- History View 000000 O0O0OO

with Ada.Task_Identification; use Ada.Task_Identification;

with Global_Types; use Global_Types;

with Ada.Calendar; use Ada.Calendar;

with Renderer;

package History_View_Spec is
pragma Designate_Subject("all", "-map",
"-map.busstop.view"); ...(a )

function Task_Activation_Start(Now :

Task_ID; Block_Name :

(B

procedure Procedure_Call(Now :

Time;

Parent_Task : String)

return Boolean;

Time;

Full_Subprogram_Name : String);

procedure Procedure_Call_Completion(Now : Time);

procedure Function_Call(Now : Time;

Full_Subprogram_Name : String);

procedure Function_Call_Completion(Now : Time);

procedure Protected_Procedure_Call(Now : Time;

Full_Subprogram_Name : String);

procedure Protected_Procedure_Call_Completion
(Now : Time);

procedure Protected_Function_Call(Now : Time;

Full_Subprogram_Name : String);

procedure Protected_Function_Call_Completion
(Now : Time);

procedure Protected_Entry_Call(Now : Time;

Full_Subprogram_Name : String);

procedure Protected_Entry_Call_Completion(Now : Time);

procedure Block_Execution_Completion(Now :
This_Unit_Class : Unit_Class);

-- 000000 main procedure 0 OO0O0O0

pragma Designate_Subject("main"); ...(y )

Time;

function Block_Elaboration_Start(Now :

Block_Name :

Time;
String) return Boolean;
end History_View_Spec;

0 6 History_View_Spec 00000
Fig.6 The measurement specifications of
History_View_Spec.
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Fig.7 Monitor for buffer.

oobooboooboooooooboobooooooboooo
gooboooooooooooboboboooonooon

gooooo1obo00ooboooodoooooooo

0000o00o000o0oooU0ooooooooooo
ooooooooobo0oOoooooooooooooo
00000000000ooooooooooogo
oooooooooooooo

O0oo00oooooooooooooooooog
O000000000000000 Designate_Subject
O000o0oooooOooooooooUOooooo
O0000000o00oo0oO0oOMs Buffer0i000
goo0oooOoooOo0ooUooooooooooO
goo0ooo0ooUooU0oUOoooooooooo
000000o0o0o0oo0ooo0oooOooooooo
ooo

00000000000oo0o 200000000
000000000000 ooooooooooog
oooooOoooOooooooOooooOoo

6. 0D 004

ooooooooooooooooooooooon
goooooo11b0o0o0bbobobo0oooooooo
goooooooooooboobooooooDooo
gbooobooboooooooobobooooboobo
goooobooooooooobooooogoooo
goooooooooboooooooboooboooboo
goooooooooooocbooboobobobobo
gbooobooooodoooboobooooooooooo
gbbodooooooooooooboooooboooo
ooboobooobooocoooobooooooooo
gboooooooooooocooboooooooooo
gbooooooboobooooooboobooboboooo
goooooooooooboboooooobooDo

Mar. 2002

goboooboooooooobooooboooboooboo
gbbobodoooooooooobooOooooboobooo
gbooooooooooooooooobobooo
gbooooooooo

gooobooboooooooboooooboooon
goooooooooboOooooobooooooboobo
ooooooboooooooboboobooooooobo
goboboooooooooooboooobooboooon
gooboobooooooboooooooooooao
goooooooooooboooobooobooooooo
goboooooooooooboocoooobooooo
goooooocooOobOoboboOooobobooooon
gboooooooooooooobooooboooooo
gboooooooobooooobooooboooooon
gooooooooooocoocoooooboooboo
gooobooooooooooooboooboboDboon
gooooooooooooooooooooooo
goboooooooooooooooa

goosobobooooooooooooooooo
gbooooooooooooooooooooood
gooooboooooooooobooboobooboooo
goooooooooobooocoobooobooooooo
gooboooboooooooooooooooobooo
gobooboooooooooooobooboooooon
gooooooooooooooooooboooaoo
ooobooo

g o o o

1) Barnes, J.: Programming in Ada 95, p.702,
Addison-Wesley (1995).

2) Cheng, J. and Ushijima, K.: Partial Order
Transparency as a Tool to Reduce Interference
in Monitoring Concurrent Systems, Distributed
Environments, Ohno, Y. (Ed.), pp.156-171
Springer-Verlag, (1991).

3) Cheng, J. and Ushijima, K.: Tasking Dead-
locks in Ada 95 Programs and Their Detec-
tion, Reliable Software Technologies — Ada-
Europe ’96, Strohmeier, A. (Ed.), Lecture
Notes in Computer Science, Vol.1088, pp.135—
146, Springer-Verlag (1996).

4) Cheng, J.: The Self-Measurement Principle:
A Design Principle for Large-scale, Long-lived,
and Highly Reliable Concurrent Systems, Proc.
1998 IEEE-SMC Annual Int. Conf. on Sys-
tems, Man, and Cybernetics, Vol.4, pp.4010-
4015 (1998).

5) Cheng, J.: The Wholeness Principle of Con-
current Systems and the Uncertainty Princi-



Vol. 43 No. 3 gooooooocO0ooooooooOooobOOooOoOoOooOobobOOoOObOOO 753

ple in Measuring Concurrent Systems, Proc.
Int. Sympo. on Future Software Technology 98,
pp-311-314 (1998).

6) Colket, C., et al.: Architecture of ASIS: A tool
to Support Code Analysis of Complex Systems,
ACM Ada Letters, Vol.XVII, No.1, pp.35-40
(1997).

7) Cooper, C.D.: ASIS-Based Code Analysis Au-
tomation, ACM Ada Letters, Vol.XVII, No.6,
pp.65-69 (1997).

8) Heath, M.T. and Finger, J.E.: ParaGraph:
A Tool for Visualizing Performance of Paral-
lel Programs, Technical Report Oak Ridge Na-
tional Lab (Sept. 1993).

9) Institute of Electrical and Electronic En-
gineers: Information Technology — Portable
Operating Systems Interface — Part 1: Sys-
tem Application Program Interface (API) —
Amendment 2: Threads Extensions [C Lan-
guage] (1995).

10) International Organization for Standardiza-
tion: Information Technology — Program-
ming Language — Ada, ISO/IEC 8652:1995(E)
(1995).

11) International Organization for Standardiza-
tion: Information Technology — Programming
languages — Ada Semantic Interface Specifica-
tion (ASIS) ISO/IEC 15291:1999 (1999).

12) Nonaka, Y., Cheng, J. and Ushijima, K.: A
Tasking Deadlock Detector for Ada 95 Pro-
grams, Ada User Journal, Vol.20, No.1, pp.79-
92 (1999).

13) Nonaka, Y., Cheng, J. and Ushijima, K.:
A Supporting Tool for Development of Self-
Measurement Ada Programs, Proc. Ada-FEurope
2000, Lecture Notes in Computer Science,
Vol.1845, pp.69-81, Springer-Verlag (2000).

14) Nonaka, Y., Cheng, J. and Ushijima, K.:
Monitoring Facilities in Languages Supporting
Development of Concurrent Self-Measurement
Programs, Proc. 7th Asia-Pacific Software En-
gineering Conference, pp.92-99 (2000).

15) Rybin, S., Strohmeier, A. and Zueff, E.: ASIS
for GNAT: Goals, Problems and Implemen-
tation Strategy, ACM Ada Letters, Vol.XVI,
No.2, pp.39-49 (1996).

16) Schonberg, E. and Banner, B.: The GNAT
Project: A GNU-Ada 9X Compiler, Ada Eu-
rope News, No.20, pp.10-19 (1995).

17) Waheed, A. and Rover, D.T.: Instrumenta-
tion Systems for Parallel Tools, Chapter 3

in the book Modeling and Simulation of Ad-
vanced Computer Systems, pp.35-54, Gordon
and Breach Publishers (1996).

18) Zhao, Q.A. and Stasko, J.T.: Visualizing the
Execution of Threads-based Parallel Programs,
Technical Report GIT-GVU-95-01, College of
Computing, Georgia Institute of Technology
(1995).

(0D 130 30 12000)
(00 130 120 18000)

o0 0boDbooDboo
19750001999 0000000
gooooooooooooooon
,'_:: gooooboooooobo 4000
‘v. gooooboooooooobooooo
a gooooocoobooooooboo

OO0O0O0O0O0O0OIEEE-CSOOO

g ooooooo

m 19820000000000000
Sy goooomsoooooooon
,;,'_. goooooooocoooooon
;M gooooboobolegopopoooon
oboo001991 0000001996
goooooooooooboboooooobobo
ooogonooooooooooooooooa
goboooooooooooooooooooooo
gbooobodoobooboboooooooboOoooooo

000000000000 IEEE-CSOACMO AAAT
good

o0 ooooooo
19370001961 0000000
= =’ gooooooboooooooon
— gde3 ooouooooonoono
f . 1977000001996 0000000
e goooooooooooobooo
200104000 ISITOOO0DOOCOOCOOOOOO
gbobooobooooboobooooooooboooo
goooooobooooobooooooooooboa

gboobooooooooboobooooooooood
goooooo




