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A Study on Construction of Reverse Engineering Environment

in Forth Generation Language

Young Bea Jn ' Chang Jong Wang !

ABSTRACT

With the diversified and enlarged softwares, the issue of software maintenance became more
complex and difficult consequently, the cost of software maintenance took up the highest portion
in the software life cycle. At the same time, in order to develop or use software for general
computers the development environment will be changed to incorporate user-friendly 4GL
(Fourth generation Language). Therefore, it is required to take a closer look at the languages
such as COBOL, C, FORTRAN, PASCAL which have source code comprised of 4GL and inves-
tigate the method of analysis and reuse for program understanding since a lot of research has
been done with these languages in program maintenance. The purpose of this paper is to pro-
pose reverse engineering tool in 4GL and find an effective way of understanding and maintain-
ing the program by transforming source code comprised of 4GL to meta language and designing
and implementing Document Generator, Report Generator, Module Generator, Code Translator
for program understanding.
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(Table 1) Meta Language EBNF for Database definition

{external-def) ::={fun—def) ! {data-def> ! {schema-defl»

{schesa-def> iizgreate schems {schesa-element)

<{scheaa-element): : =(base-tabla—def> | {view-def} | {privilege-def>

<base-table—def}: i=create table <hase-table-name)
({base-tabledef>[, ]}*)

rizcreate view <{view—npamsd [({<colum) [,]*}] as
{query-specy [with chack eption]

{privilege—def> ::=grant <ivilegesd on <(table-name} to

{<grantee) [, 1}

(view-deD>
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{statement> ::=

{db-stated:

2 :=¢(c]lose-statemwent
<comnit-statement)
{deleta—state-pos)
{de{ete-state-sear)
{fetch-statement)
{insert-statesent’
{open-statement)
{rollback-statement)
{gelect-statesent)
{update-state-pos)
{update-state-seard

{db-state}

s:=dbclose {ewrsor

tiodhoommit  work

::=gbdeete from (table-named shere
current of <cursor>

{delete-state-sear> ::=dhdelete from <table-name}
[where <(search-cond>]

::=dbfetch {cursord into {<parameter}[,1}’

siodbinsert into <table-name)
[{{<columd[, 1}°)] {valves
{{insert-atond[.]})  <query-specd}

{open-statement) ii=dbopen <{cursor}

<rol lback-statewent): :=dbrol lback work

(select-statement’ ::= diselect [all | distinct]<selection
into{<paraneter>{, ]} <(table-exp}

t:=dbupdate (table-nawe) get {(assignd(,]}'
vhere current of {cursor)

<update-state—seard :i= dbupdate {table-nane)> set {<assig>[,1}"

[where <{search-cond>]
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{insert-statesent>

{update—state-pos)

AKCh ojoMel HZst #H 4 513

S 2F ZEm Q. 2= A4l
7|E9] Al <d4lx MAX, MIN, SUM%2] 9
I e BE 2#e
2to] 7HsEl3 HeolE <d4l2  from, where,
group-by, having$ 9] clauseZ FA1=le] H)o]
¥ A4g PSR Gk (E 3)o) Aold d@
EBNFeolt}.

(3 3) Eolof chif EBNF
{Table 3) EBNF for Query

{expressiod> 1:={general-exp> | {query-exp’
{query-expy ri={query-tera)
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<selection ::‘-{(scalar—m)[ W=
<table-exp> o= from-clause) [<u+\ere clause}]

[<group-by-clause}] [<having-clause}]
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(a) A1 Hiel&

(a) EMP Table
AdA BAR] 9k A | F_F FADs
7369 |54 5| 4}1(1980/12/17] 800000 20
7499 o]« 4H o) 2] | 1981/09/20(1600000] 30
7521 |1 o)A} =) [ 1981/06/22 (1250000, 40
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[EMPNO | I EMENAME | !_TITLE l I srm'ra—f l SALARY l DEFTND
o [=] 6 D B N2
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N2 (=] NZ clo
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(Fig. 4) The structure of EMP-DEPT File
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¢ FHTA St T2ade AP e

e},

. SELECT 1

. EL EMF

- SELECT 2

. \BE &7

. JOIN ¥ITH EMP TD EMPDEFT FOR DEFTNO=EMP->DEFTNO

. USE EMPDEFT

. LIST FOR DNAME="4-7-" FIEIDS EMPNO, ENAME, TITLE, STARTDATE, SALARY
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CREATE VIEW EMPDEPT
AS SELFCT *
FROM EMP, DEPT
WHERE EMP_DEFTNO = DEPT. DEFTND:

SELECT EMPNO, ENAME, TITLE, STARTDATE, SALARY
FROM EMPDEFT

WHERE DNAME="¢13t4*
DROP VIEW EMPDEPT
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(Fig. 6) CSQL Language
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JOIN DEFTNO IN EMP TO DEFTNOG IN DEPT AS EMPUEPT
TABLE FILE BMP

FRINT EMPNO ENAME TITLE STARTUATE SALARY
WHERE INAKE EQ ‘¢34

END
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(Fig. 7) Example of FOCUS Program
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(1) Return-relationship
INPUT : {type){fun-id)({para-list>);
QUTPUT ; &4 (fun_id)x T {type)<]
g4 AsbE EHEd.
(2) Call-relationship
INPUT : {fun_id)({para-list>>};
QUTPUT : &4 (fun_id)= &< (caller)
o o8 T4
7ol &} (caller) AAZ 5 (funid)
£ 3 &§ e §0F ek



(3)

(4)

Have-id-relationship;

INPUT : {storage class) int (name);

OUTPUT : 43

class) @F| &3l |F

Subpart-relationship

Fz7 dolHE TS dioly el

QA= 4A dole thekdt W Adw

Ag AR oE 5 ¢yl gEel SUB-

TYPE 44& o|-45te bzl V3 A

Fpeieh.

INPUT : {(storage class) STRUCT
{identifier){

¥ (name)2 (storage

{struct-dec)

}
QUTPUT ; 7+24] (identifier)x= {struct_
dec)E9] ¥-E g2 E o]Fo]

[¢t32]21] Docuwent Generator

Input : Meta-language program
Output : Documentation contents
Method :

Document_Gen()

{

open(meta-language program);
while ((stmt <+ Next_Record()) = EOF)

{

4Kty eloiolme| Es}

2z {storage.class)H 2]
o]t}
(5) Value-para-relationship
INPUT : {declarator} ({type- spec) (identifi.
er));
OUTPUT : {type—spec)3 2] # {(identifi-
er)= &4 (declarator)ell 4 7t
Ag Qrolr}.
(6) Address-para-relationship
INPUT : {declarator)({type-spec)
{identifier));
QUTPUT : {type_spec)®8 &} #H (identifi-
er)= §F (declarator)el A F
A% Aol
ole} e Jfae] g Al YT EHFL
et 2.

(&)

A

stmt_type <« Analysis Stwt(stmt); /* QJeZ3 B4 F f¥Y=2 F52H(1°7) ¥ w/

switch(stmt_type)
{ casel :

/% <typed <{function_id>({type)> {identifierD): %/

Function_Relation(stmt, fun_type, fun_id, id_type, id):

"o

print("g ., fun_id, © &=

" fun_type, "8ele] QaANE BAETV):

print(id_type. "8 W id, " ¥4, fun_id, "ol iRt AL Aol ):

case 2

7% <typed> <function_id}({type> &({identifierd): */

Function_Relation(stmt, fun_type, fun_id, id_type, id):

"o

print("¥ 7, fun_id, © £

print(id_type, "% W4$" id, " ¥4,

case 3 @
Call_Relation(stmt, callee_id):
print("¥4 ", callee_id,

case 4

", fun_type, "Fefe] |4t ATE BEC):

fun_id, "o oyt ZIAY Aol

/% {function_id) (<parameter list}): */
v = 3k " fun_id, “of fjaf EEHT):

/% {storage_class) int {identifier): #*/

Have_ld_Relation(stmt, st_class, id):

print("H4 W4T, id,

case 5

"=* st _class,

ATl &3k eolt):

/% {storage_class> STRUCT <{tag> { {struct_dec) }: #*/

Subpart_Relation(stmt, st_class, tag, struct_dec):

print("£FA] “, tag,

. st_class,

" & 7, struct_dec, "E2 HEYPoT FHH ",
Y HFe] HeolTt):
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e el
Fun_ld l Return_Type ‘ Para_List J Sub Ligt } Rext l
i)
Fun_Pr [ —1— Fun\ale} i >
o i
1 |—>Pmnlcr 1p Funetion Table
Sub_Pte
Sym N;“t j) Fun_‘aoe l Z
T »Pajnter to Symbol Table
Parz_Ptr
- 71X ejolE

| Name I Type l Value I Value_Type l Scope [ heact J

- dleje{slelA eol

1 Nase i Field | Function ] nil
1
Db_Ptr
e e
|
T l——)Pﬂintur to Function Table
Sub_Pir
[ Tom Lien | (5 o [
I‘Iield_Ptr

(28 9) wal HE| AR TE
(Fig. 9) Data structure of Parsing Information

[QEE]E-Z] Report Generator
Input

Qutput :
Method :

struct Function_Table Tag { /%
char  #*Fun_Id:
char  *Return_Type:
struct Para_List Tag
struct Fun_List _Tag
struct Function Table Tag

%Para_List:
#Sub_List:
#Next: }:

struct Symbol_Table Tag { /%
char  #Name:
char  *Type;
int Value:
char  Value Type:
char  #Scope:
struct Symbol_Table Tag  *Next: }
struct Db_Table Tag { /%
char *Name:
struct Field_List_Tag
struct Fun_List_Tag
struct Db Table_Tag

*Field:
=Function:
«Next: }

struct Fun_List Tag { /%
struct Function_Table Tag  *Fun_Name:
struct Fun_List Tag #=Next: }:

struct Para List_Tag { /%
struct Symbol _Table Tag  *Sym_Name:
struct Para_List_Tag sNext: }:

: Meta-language statements, Parsing information(Symbol,
Variable list, Function list, Database list,

ez} SlAEE

5.2 1AM M4

ByA AA7E 57 (2% 8)3 Z& A
of oj& 449 Aol 14 ZEIYS dEkd]
AZ (BT o PAsE F4 FRE o4t
z2oa Aea] AHE A 2 A9 d@p A
B, g5 AR, doleels st W7 AHY,
A&# A AR 5 £ WE 447k
Bwa 4477} 2o AEE A7) k]
AgEts sal ARE ol (23 9)9 Zel
ol B ARE BAIE T el
(Function Table), 423 g FEE H=3)
% 715 Hlo]Z(Symbol Table) @ #lo]E o]

> #E ABE A& deo|Hyela HelE
(Database Table) 2 FAiEich. o=l #HA A
BERE 2o HRE WA= B3 447
=3 %ﬂﬂ%zi gdsd [SmeF2]et 2ok

Function, Database table)
Input. /Qutput value

e HolgY 4

/% Fh ®/
re g .1 Ry 8 v
/2 1=} |l AE %/

/% %_Ei.'l%‘ YAE  #/

A% EHeolEe 4 =/

/5 A3 %/
/% A58 ®/
Lo AR */
1 ARG BRI FL) v
/e AT g %/

glolel# o)A wlo]Ee] 4 */

% djolEHio] X~ 3 B3 %/
/% dolElmo]A0] WERAE 2/
/% PR 3y ALE W

Bmsowm dAEE N ARZE ¥/

/% 3= HlolBel tidl EUEH #/

AR ABRE ¥
/x NE dolzel Uy ElEl
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struct Field_List Tag { /% Database2] g AEF 93t AlRTE #/
char  *Name: /e YA */
char  *Type: /= Hexlgy */
int Length: : /2 WEREHe] A7) %/

struct Field List_Tag #Next: }

struct Symbol_Table Tag Symbol Table, *Sym_Ptr;
struct Function_Table_Tag Function Table, *Fun_ Ptr:
struct Db Table Tag Db_Table, *Db_Ptr:

struct Fun List_Tag #*Sub Ptr;

struct Para_List_Tag *Para Ptr:

struct Field List_Tag *Field Ptr:

Report_Gen()
{ )
/% programoll A AHE-E A W PP EBH ¥/
print("----- Global variable ----- ")
Sym_Ptr + Symbol_Table:
while(Sym Ptr 2 NULL)
{

if (Sym Pir->Scope = "global”)  then

print(*  Symbol name : 7, Sym_Ptr->Name):
Sym_ptr <+ Sym Ptr->Next!:

}

/% prograpolid] AMER A9 M4 ARCASE @ HMd H4E) Y #/
print{"-———- Local variable ----- K

Sym_ptr <+ Symbol_Table:

while(Sym_ptr = NULL})

{
if (Sym_Ptr->Scope =% "global”) then
print(”  Symbol neme : ", Sym ptr->Name, “Scope : ¥  Sym ptr->Scope});
Sym ptr <+ Sym_ptr->Next:
}-

/% progranol A AFSE o= Py (e, NE Y, A AR AED) &9
Fun_ptr + Function Table:
while(Fun_ptr =2 NULL)
{ s g uksE xpRy EY %/

print(“Function Name : "7, Fun Ptr->Fun Id, "return type 7,

Fun Ptr->Return_Type):
Para Ptr « Fun Ptr->Para List:
vhile(Para Ptr = NULL)

{ r¢ Q=) 2laE Q ARy EH ¥/
print(” parameter variable : ", (Para_Ptr->Sym_name)->Name):
print(” type  : ". (Para_Ptr->Sym_name)->Type):
Para_Ptr < Para_Ptr-DNext:
}
Fun_Ptr +« Fun_Ptr->Next:
}
/% progranel ] A8 TloleiMol AR R %/
/% (dojejuioj2r, W=y, Yy, Y237, ALY H43) 29 &/

Db_Ptr «— Db_Table:
while(Db_Ptr = NULL)
{

print(“Database file : ", Db_Ptr-)Name): /% uwo|elyelLmEA] 2/

519
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Field Ptr « Db Ptr-D>Field:
vhile(Field Ptr = NULL)

{
print(” Field name : ", Field Ptr-D>Neme): /x W= xy
print(” type ", Field Ptr->Type): /% Wed %y
print(” length : 7, Field_Ptir->Length): /= H=57] %/
Field Ptr « Field_Ptr->Next:

}

print(” Opernning Function : "):

Sub_Ptr « Db Ptr->Function:

while(Sub_Ptr = NULL)

{ /% 3 databasel APR-3F TF w/
print(” Function name : 7, (Sub_Ptr-)FunName)->Fun_Id):
Sub_Ptr <« Sub_Ptr->Next:

}

Db_Ptr < Db_Ptr->Next:

} .

/% program’del o &Y Fx &9

open(meta-language program);

while((stmt « Next_Record()) = EOF)

{

stmt_type < Analysis Stmt(stmt): /* ¢JFEI} B T oadwym 3yLgl uid} o
/2 1lor2: P A B3} ®/
/w6 JEE, 7@ &YE

switch(stot_type)

{
case 1 or 2 : /= [/0E& *}&3 Pl 29 2/
Function Relation(stmt, fun_type, fun_id, id type, id):
print("I/0 inforpation of function : ”, fun_id):
case 6 : = AY 3 2 Za 29 v
I0_Relation(stmt, io_value_list): /# I0_Relation() : I/0E —1-:’-*] I o/
7% M 2| AE(jo_value list) 213 2/
while(io_value_list = NULL)
{ print(" Input variable : ", io_value_list->name):
io_value_list « io_value_list-Dnext):
IE
case 7 : rx 5 F3 24 Az 29w
10_Relation(stmt, io_value_list):
while(io_value_list = NULL)
{ print(" Input variable : ”, jo_value_list->name);
io_value_list + io_value_list-Dnext):
}:
}

53 2E 247| A5p=d] 9lel /;}1%'6] 4% =72 49

2E A7l 229 geld AW B4E Ao MRtk YRE Aels) 4w FE R
9 5%2/75% ¥A AuE FEee 44y T FEH7) gt 2E 2A/E [FueE3)
G 28 £ 6 AR T o] 3} 2ol 524904 ST B ok Az
o 45 AR ARE §4 M4} 2ade dold AuE $4ach



[Y32]&3] Module Generator
Input : Parsing information(¥=r
Output :
Method :
struct Function_Table_Tag {
char *Fun_Id:
char  #Return_Type:
struct Para_List_Tag
struct Fun_List Tag
struct Function_Table_Tag

*Para_List:
*#Sub List:
#Next: }:

struct Symbol_Table_Tag { /%
char  #Name:
char *Tvpe:
int Value:
char Value Type:
char  *Scope:
struct Symbol_Table Tag  #Next: }

struct Fun_List_Tag { /%
struct Function_Table Tag  *Fun_Name:
struct Fun_List Tag #Next: }:

struct Para_List_Tag { /%
struct Symbol_Table Tag  #Sym Name:
struct Para_List_Tag #Next: }:

struct Function_Table_Tag Function_Table,

*5ub Ptr:
*Para_Ptr:

struct Fun_List_Tag
struct Para List_Tag

Module Gen( )

RO glAEE

o];q. AES

4L HOjti A HEE BHE FA

golg, 71X wolE)

Cross reference information(Calling function :

Called function)

/% Fap Hlolgo g #/

/% Y #/
/5 o] Wk Ry w
/% gla} glAE *

fE TN gl AT 2/

7% ol ge] 74 #/

/& 33 */
/% A E Y
/2 Rk =/
= AR (W eL) W
/& ddg P4 */

A3 ARTE 2/
/e B4 HolRel] T XAH 2/

A BT 2/
¢ 1% ol dol thyt T #/

*Fun_Ptr:

{ /% AT BZ(cross reference) FR(FIZIWUY : BEFTIW) S &/

Fun Ptr « Function_Table:
while(Fun_Ptr->Fun_Id = NULL)
{
print(“Main-program :
Sub_Ptr <« Fun_Ptr->»Sub_List:
while(Sub_Ptr =2 NULL)

{ L
", (Sub_Ptr->Fun_Name)->Fun_Id);:

print{"Sub-program :
Sub_Ptr <« Sub_Ptr->Next:
}
Fun Ptr « Fun_Ptr->Next:

54 Z= HHT|

1A ALD dedele A ZE 449
dolg MRY ¢ =% TES 25T A3
Hez o deiciolZ THY FREL 44
GE Qe wBsE Ae 19 o9A @
sepelels) E4Fe] A% 44 A9 BAe

", Fun_Ptr->Fun_Id):

/% FTEZIONRE B8 »/

Huogod 2E w/

= i 52 gz daEw Do olAe
LE N Tl_q GHF FHPoloE T B EA
S ohew 2o Wy FAL A4 4 o

{{db-state)} —— {Database Definition}
{{query-exp)} —— {Database Operation}

{{write&position-state)} — {screen de-
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sign}

{{buffering & write-state)} —— {Report Gen-
eration}

{(others statements)} —— {another procedur-
al statements}

oY oW 94 229 sedelze Ww
%, thAl 2ol 44 Aol WL 7 AL
9 94X 2=} YAHN g SE U =

§ = 8 2L 8§ (5, 8,5 0w zTE)
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T F= Udok. a2y olRde A¥ T8 ¢k
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