
AD-AU9I 187 STANFORU UNIV CA UEPT OF COMPUTER SCIENCE F/6 12/1
EXPRESSION PROCEDURES AND PROGRAM DERIVATION.(U)
AUG 80 W L SCHERLIS N00014-76-C-0687

UNCLASSIFIED STAN-CS-80-818 NL*2,flflfllllllll l
EIIIIEIIIEIII
EEIIIEEIIEIIEE
IIIIIIIEIIIIEE
EEEIIIEIIIIII
EIIIIIIIIIIIII
nmmihiEEiinilliE



Stanford Artificial Intelligence Laboratory August 1980
Memo AIM-341

Department of Computer Science
Report No. STAN-CS-80-818

EXPRESSION PROCEDURES AND PROGRAM DERIVATION
by

William L Scherlis

Research sponsored by -

National Science Foundation AWE

Office of Naval Research
United States Air Force

-COMPUTER SCIENCE DEPARTMENT
Stanford University

;Z L
__ .

' J N
e'

D _ 1_: ._ t

11-,ra FOR



UNCLASSIFTED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Fntered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
R DBEFORE COMPLETING FORM

1--R.POR bU BR2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

S1TAN-OS86:88,AIM-54l g _ __ _ _ _ _ _

4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED

Expression Procedures and Program Derivation, technical, August 1980

6. PERFORMING ORG. REPORT NUMBER

7 AUTHOR) TAN-CS-8o-818 (AIM-34Z)
k" 08. CONTRACT OR GRANT NUMBER(s)

Williami c h e r l i s  N0914-76-C-j6.. 687 ,

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

AREA & WORK UNIT NUMBERS

Department of Computer Science./'AE OKUI UBR

Stanford University .'-"h9
Stanford, California 94305 USA

11. CONTROLLING OFFICE NAME AND ADDRESS 
3. NU O P0E

Office of Naval Research 1T 8
Department of the Navy Ir ( 15. SECURITY CLASS. (of this report)

Arlington, Virginia 22217 Unclassified
14. MONITORING AGENCY NAME & ADDRESS (if diff. from Controlling Office)

ONE Representative - Philip Surra 15a.________________/DO NGRADIN

Durand Aeromautics Building, Room 165 SCHEDULE

Stanford University

16. DISTRIBUTION STATEMENT (of this report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from report)

an18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

20. ABSTRACT (Continue on reverse side if necessary and identify by block number)

(see other side)

DD JAN 731473 UNCLASSIFIED -
EDITION OF 1 NOV 65 IS OBSOLETE SECURITY CLASSIFICATION OF THIS PAGE (When Date Enle,ed(

1TIPr-W-



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

19. KEY WORDS (Continued) V

20 ABSTRACT (Continued)

- We explore techniques for systematically deriving programs from specifications.
The goal of this exploration is a better understanding of the development of
algorithms. Thus, the intention is not to develop a theory of programs, concerned with
the analysis of existing programs, but instead to develop a theory of programming,
dealing with the process of constructing new programs. Such a theory would have
practical benefits both for programming methodology and for automatic program
synthesis.

We investigate the derivation of programs by program transformation techniques.
By expanding an or"dinary language of recursion equations to include a generalized
procedure construct (the expression procedure), our ability to manipulate programs in
that language is greatly facilitated. The expression procedure provides a means of
expressing information not just about the properties of individual program elements,
but also about the way they relate to each other.

A set of three operations --- abstraction, application, and composition --- for
transforming programs in this extended language is presented. We prove using
operational semantics that these operations preserve the strong equivalence of
programs. The well-known systems of Burstall and Darlington and of Manna and
Waldinger are both based on an underlying rule system that does not have this
property.

Our transformation system is illustrated with several small examples, which are
examined in detail to give insight to the heuristic problems of program development.
A tactic of program specialization is shown to underlie many of these derivations.
While we present no implemented system, some consideration is given to issuesI related to the development of programming tools.

The practical value of our approach is demonstrated in the systematic development
of a partial family tree of parsing algorithms, similar in spirit to the treatment of
sorting by Darlington and by Green and Barstow. Several intricate parsing algorithms
(Earley's, Cocke-Younger-Kasami, and Top-Down) are derived in detail.

FORM 3A(ACK)D J JAN 7314'7 UNCLASSIFIED
EDITION OF 1 NOV 65 IS OBSOLETE SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

II



Stanford Artificial Intelligence Laboratory August 1980
Memo AIM-341

Department of Computer Science
Report No. STAN-CS-80-818

EXPRESSION PROCEDURES AND PROGRAM DERIVATION

by

William L. Scherlis

ABSTRACT

We explore techniques for systematically deriving programs from specifications.
The goal of this exploration is a better understanding of the development of
algorithms. Thus, the intention is not to develop a theory of programs, concerned with
the analysis of existing programs, but instead to develop a theory of programming,
dealing with the process of constructing new programs. Such a theory would have
practical benefits both for programming methodology and for automatic program
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We investigate the derivation of programs by program transformation techniques.
By expanding an ordinary language of recursion equations to include a generalized
procedure construct (the expression procedure), our ability to manipulate programs in
that language is greatly facilitated. The expression procedure provides a means of
expressing information not just about the properties of individual program elements,
but also about the way they relate to each other.

A set of three operations --- abstraction, application, and composition --- for
transforming programs in this extended language is presented. We prove using
operational semantics that these operations preserve the strong equivalence ofprograms. The well-known systems of Burstall and Darlington and of Manna and
Waldinger are both based on an underlying rule system that does not have this
property.

Our transformation system is illustrated with several small examples, which are
examined in detail to give insight to the heuristic problems of program development.

r A tactic of program specialization is shown to underlie many of these derivations.
While we present no implemented system, some consideration is given to issues
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The practical value of our approach is demonstrated in the systematic development
of a partial family tree of parsing algorithms, similar in spirit to the treatment of
sorting by Darlington and by Green and Barstow. Several intricate parsing algorithms
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