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Abstract

Our target in this paper is not the development of a new structured programming lan-

guage but the establishment of a new methodology in software engineering.
The core of this methodology is both the description of abstract algorithms and its trans-

lation to concrete grograms.

These algorithms written by an Algol-like high level language “Metal” manipulate

abstract data-structures. These structures are composed of a set of abstract data-units

which have information about relations and properties of themselves.

Abstract algorithms can not be executed directly because of their abstract characteristic;

so these are translated to concrete programs which manipulate concrete data-structures
such as arrays, linked lists, etc. by A PROGRAM SYNTHESIZER (APS).
Transformation rules for APS are generated automatically by A DATA OPERATION

GENERATOR (ADOG).

Some examples of the description and transformation of abstract algorithms are pre-

sented.
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a,Directed b, Binary ¢, Data =
IGra o Rebin = Unt NODE :=(( LSON RSON)LAF%'EerNUMBm)

a a LSNb « pao)
LSON/ \RSON aRSON¢ Instance

b [ clSONa (Cail nil )bO) ((; NcO)
LSON RSON c RSON &

0 e (Cnil nil 1d0) (il nil Je0)

Fig. 1 Some representations of an abstract data
structure.
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RECURSIVE INORDER NUMBERING METAPROCFDURE

LNODE := ( ( LSON RSON ) LABEL NUMBER )

begin
COUKRT := 13
INORDER ( ROOT )
end

Algorithms
Library

metaprocedure INORDER ( NODE ):
begin
if NODE = nilu then return;
INORDE® ( LSON ( NODE ) );
NUMBER ( NODE ) := COUNT;
COUNT := COUNT + 1 ;
INORDER ( RSON ( NODE ))
end

Fig. 2 An INORDER algorithm written
by Metal.
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Fig. 3 The FURNANCE system.
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i, Binary Tree Array (BTA)
1 a LABEL

2 0 NUMBER

3 b LABEL

4 0 NUMBER

5 c LABEL

6 0 NUMBER

7 nil LABEL

8 0 NUMBER

9 nil LABEL

10 0 NUMBER

11 d LABEL

12 (] NUMBER

13 e LABEL

14 0 NUMBER

ii. Listed Array (LAR)

LSON RSON LABEL NUMBER
1 2 3 a 0
2 nil nil b 0
3 4 5 c 0
4 nil nil d 0
5 nil nil e 0

i. Listed Single Array (LSA)

1 5 LSON
2 9 RSON
3 a LABEL
4 0 NUMBER
5 nil LSON
6 nil RSON
7 b LABEL
8 0 NUMBER
9 13 LSON
10 17 RSON
11 c LABEL
12 0 NUMBER
13 nil LSON
14 ni] RSON
15 LABEL
16 0 NUMBER
17 nil LSON
18 nil RSON
19 e LABEL
20 0 NUMBER

iv. Binary Tree for Lisp (BTR)

G0
LABEL NUMBER

i LSON 1 RSON

Fig. 4 Some concrete representations of abstract
data units.
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Fig. 5 Inputs and outputs of A DATA
OPERATION GENERATOR.
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Fig. 6 Transformation rules for binary tree array (BTA).
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C((LSON T1) (CAR (CAR T1)))
C{SETLSON T1 T2) (RPLACA (CAR Ti) T2))
((SUAPLSON T4 T2) (DE SUAPLSON
(71 T2)
(PROG (T)
(SET@ T (CAR (CAR T1)))
(RPLACA (CAR T1)
(CAR (CAR T2)))
{RPLACA (CAR T2) T))))
C(RSON T1) (CAR (CDR (CAR T1))))
((SETRSON T1 T2) (RPLACA (CDR (CAR T1))T2))
C(LABEL T1) (CAR (CDR T1)))
((éETLﬂIEL T4 T2) (RPLACA (CDR T1) T2))
C(NUMBER T1 ) (CAR (CDR (CDR T1))))
C((SETNUMBER T4 T2) (RPLACA (CDR (CDR T1)) T2))

((DELETENODE D) (FREE D 4.))
C(NULLNODE T1) (NULL T1)))

Fig. 7 Transformation rules for binary tree
structure (BTR).
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Fig. 8 Relationships between abstract and
concrete objects.
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(SETQ COUNT 1)

EDE INORDER (NODE?

R NIL
(PROG (COND ¢ (NULLNODE NODE) (RETURN)))
CINORDER (LSON NODE))
(SETNUMBER NODE COUNT)
(SETQ COUNT (ADD1 COUNT 3
CINORDER (RSON NODE)}))1

Fig. 9 An INORDER algorithm written by Lisp(l1.6).
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EDE INORDER-BTQ (NODE)
(PROG N

(COND C(OR (Z2EROP NODE)

(XGREAT NODE 40.))>(RETURN)})
(INORDER-BTA (PLUS NODE NODE 2. =1.3)
(STORE (BTANODE (ADD1 NODE))> COUNT)

(SETQ COUNT (ADD1 COUNT))
(INORDER-BTA (PLUS NODE NODE 2. 2. -1.)))1

Fig. 10 An INORDER program for binary
tree array (BTA).

(SETQ COUNT 1)
LCDE INORDER—BTR {NODE)

(PROG NIL
(COND (¢ (NULL NODE)> (RETURN)))
(INORDER-BTR (CAR (CAR NODE)))
(RPLACA (CDR (CDR NODE)) COUNT)
(SETQ COUNT (ADD1 COUNT))
(INORDER-BTR (CAR (CDR (CAR NODE)))))>1

Fig. 11 An INORDER program for binary tree
structure (BTR).
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