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COBOL Library Usage Pattern Mining

IDENTIFICATION DIVISION.
PROGRAM-ID. BARTHOL.
——LLLROMMEMT. DI TCTOMN

IDENTIFICATION DIVISION.
PROGRAM-ID. ACCMENU.
ENVIRONMENT DIVISION.
CONFIGURATION SECTION.
DATA DIVISION.
WORKING-STORAGE SECTION.
COPY TRANCTRL.
COPY ACCCTRL.
COPY SCREENIOV.
COPY ACCOUNT REPLACING ==:PREFIX:== BY ====,
COPY ACCOUNT REPLACING ==:PREFIX:== BY ==T-==,
COPY TRANL REPLACING ==:PREFIX:== BY
COPY TRAN REPLACING ==:PREFIX:== BY
01 M-MENU.
05 M-SELECTION PIC X(1) VALUE SPACES.
05 M-TITLE PIC X(40) VALUE

05 M-OPTION.
10 M-OPT1
15 M-OPT1-CODE PIC X VALUE
15 M-OPT1-TEXT PIC X(40) VALUE

10 M-OPT2
15 M-OPT1-CODE PIC X VALUE
15 M-OPT1-TEXT PIC X(40) VALUE

10 M-OPT3
15 M-OPT1-CODE PIC X VALUE
15 M-OPT1-TEXT PIC X(40) VALUE
10 M-OPT35
15 M-OPT1-CODE PIC X VALUE
15 M-OPT1-TEXT PIC X(40) VALUE

10 M-OPT4
15 M-OPT1-CODE PIC X VALUE
15 M-OPT1-TEXT PIC X(40) VALUE

10 M-OPT5
15 M-OPT1-CODE PIC X VALUE
15 M-OPT1-TEXT PIC X(40) VALUE

10 M-OPT6
15 M-OPT1-CODE PIC X VALUE SPACES.
15 M-OPT1-TEXT PIC X(40) VALUE SPACES.
10 M-OPT7
15 M-OPT1-CODE PIC X VALUE
15 M-OPT1-TEXT PIC X(40) VALUE
10 M-OPT99
15 M-OPT1-CODE PIC X VALUE LOW-VALUE.
15 M-OPT1-TEXT PIC X(40) VALUE LOW-VALUE.
©1 WRK-VARS.
05 WRK-INPUT-VAR PIC X(10).
05 W-ACC-ID PIC 9(5).
05 W-AMOUNT PIC -2ZZ9.99.
PROCEDURE DIVISION.
PERFORM INIT-WORK.
PERFORM MAIN-LOOP.
GOBACK.
INIT-WORK.

N Goal: Understand library usages
to estimate modernisation effort
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©1 WRK-VARS.
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05 W-ACC-ID PIC 9(5).
05 W-AMOUNT PIC -2ZZ9.99.
PROCEDURE DIVISION.
PERFORM INIT-WORK.
PERFORM MAIN-LOOP.
GOBACK.
INIT-WORK.

# Programs # KLOC

Case 1 305 662.2
Case 2 3926 22889

GRP-01 (Group) (1)

Library Usages

GRP-01 (Group) (1) WS (Group) (2)

DNI (Group) (1)

use use

rder

STOP PROGRAM (3)

DN2 (Group) (5)

STOPRUN (2) ;
rder

STOP PROGRAM (1)

prder

STOP RUN (7)
rder

STOPRUN (1)

ERROR-FLAG (Group) (2) SQESIRI-F-G-120 (Group) (1)  RECORDS-IN-ERROR (Group) (4) WRK-CS-09V00 (Group) (3)

STOPRUN (6)

TABLE-1 (Group) (1) IDNI (Group) @) TABLE? Group) ()

STOPRUN 4)

L1 Growp) (1) WS2 (Group) @) GRP01 (Group) )

e

STOPPROGRAM (4

Case

Time (s) # Groums  Avg. size

Max. size

Case 1
Case 2 (full)
Case 2 (limited)

43.8 273 244
1019 3925 4769
N/A 3573 125

4634
1217422
9644

COBOL Library Usage Pattern Mining

Goal: Understand library usages
to estimate modernisation effort
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Case

Time (s)

# Groums

Avg. size

Max. size

Case 1
Case 2 (full)
Case 2 (limited)

43.8
1019
N/A

273
3925
3573

244
4769
125

4634
1217422
9644

Pattern Mining
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Library Usage Patterns

use use -7 RN
order - order order *
VI[C1] F----- > CANCEL V1[C1] }----- >C2b----- >{ GOBACK
use

use use
use
D4 (Group) D7 (Group)
GrouMiner* BigGroum

Compus  hine (min)  # P # Part. #P

Corpus 1  0.95 3 10.4 3 4
Corpus 2 121.8 7 618.2 1 0

Time (min)

Goal: Understand library usages
to estimate modernisation effort
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GRP-01 (Group) (1)
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!rder

STOP PROGRAM (3)

Pattern Mining

'WSI (Group) (2) DNI (Group) (1)

==T-==

GRP-01 (Group) (1)

DN2 (Group) (5)

!!rder

Library Usage Patterns

05 M-OPTION. STOPRUN (2)
10 M-OPT1
15 M-OPT1-CODE PIC X VALUE STOP PROGRAM (1) .’ order
15 M-OPT1-TEXT PIC X(40) VALUE P R
use -7 o
10 M-OPT2 b order order order
15 M-OPT1-CODE PIC X  VALUE Vi[C1] F----- > CANCEL V1[C1]f----- > C2F----- > GOBACK
15 M-OPT1-TEXT PIC X(40) VALUE STOPRUNG
eyt K ey use use
10 M-OPT3 use
15 M-OPT1-CODE PIC X VALUE D4 (Group) D6 (Group) D7 (Group)
15 M-OPT1-TEXT PIC X(40) VALUE
10 M-OPT35
15 M-OPT1-CODE PIC X VALUE
15 M-OPT1-TEXT PIC X(40) VALUE
10 M-OPT4
15 M-OPT1-CODE PIC X VALUE
15 M-OPT1-TEXT PIC X(40) VALUE
10 M-OPT5
15 M-OPT1-CODE PIC X VALUE
15 M-OPT1-TEXT PIC X(40) VALUE
10 M-OPT6
15 M-OPT1-CODE PIC X VALUE SPACES.
15 M-OPT1-TEXT PIC X(40) VALUE SPACES.
10 M-OPT7
15 M-OPT1-CODE PIC X VALUE . .
15 H-OPTL-TEXT PIC X(40) VALUE : : : GrouMiner* BigGroum
16 M-0PTOS Case Time (s) # Groums  Avg. size  Max. size
15 M-OPT1-CODE PIC X VALUE LOW-VALUE. Corpus
15 M-OPT1-TEXT PIC X(40) VALUE LOW-VALUE.

01 WRK-VARS.
05 WRK-INPUT-VAR PIC X(10).

Case 1 43.8 273 244 4634

Time (min) # P

Time (min) # Part. #P

05 W-ACC-ID PIC 9(5).
05 W-AMOUNT PIC -ZZZ9.99.
PROCEDURE DIVISION.
PERFORM INIT-WORK.
PERFORM MAIN-LOOP.

Case 2 (full)
Case 2 (limited)

1019
N/A

3925
3573

4769
125

1217422
9644

0.95 3
121.8 7

10.4 3 4
618.2 1 0

GOBACK.
INIT-WORK.

# KLOC

662.2
22389

# Programs

305
3926

Case 1
Case 2

Today

Goal: Understand library usages
to estimate modernisation effort




Groums for OO languages

use
<:£EE£:> > Collection.stream() | _ (::§£§dic§£§::>

S
N\

\
\

def order ', use
void my_method (List<String> 1lst) { )
return lst.stream() use Y
.filter(s => s.startsWith( )) * Stream » Stream.filter (Predicate)
.count(); e
; ,/ order def

/
I

Y

def
Stream.count () (< Stream
use

Java snippet using Collection API Graph-based object usage model




Groums for OO languages

- lerary calls i

use R
@ > Collection.stream() \(\" @dlC@
. . . | | ........ def /. onurnnnnmnnee E)‘rder Y : use
void my_method(List<String> 1lst) { Contr0| ﬂOW Vool
e \v V

return lst.stream() Tt use

IS
IS
%

&

.filter(s => s.startsWith( )) > Stream.filter (Predicate)

.count(); T T Ty -
} 4
;‘ order
II
def L4
Stream.count () (< Stream

Java snippet using Collection API Graph-based object usage model




Groums for OO languages

- Data flow e use
- @* > Collection.stream() | _ @di‘:@

N
e,
o,
b,
&,
“ay
b,

~
N\

N\
N\

\

order °, use
void my_method (List<String> 1lst) { )
return lst.stream() use Y
.filter(s => s.startsWith( )) > Stream.filter (Predicate)
.count(); e

} ““““““ ’
Data ............ ,/ order def
II
- def Y
Stream.count () (< Stream
..lll-y use

Java snippet using Collection API Graph-based object usage model




COBOL Primer

IDENTIFICATION DIVISION.

PROGRAM-ID. exc.
PROCEDURE DIVISION.
PO.

DISPLAY

CALL

PERFORM P1 THRU P3.

PZ.
CALL
DISPLAY
STOP RUN.
P3.
CALL

P1.
CALL
GO TO P3.
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IDENTIFICATION DIVISION.
PROGRAM-ID. exc.
PROCEDURE DIVISION.
PO.

DISPLAY

CALL .

PERFORM P1 THRU P3.

PZ.
CALL
DISPLAY
STOP RUN.

CALL
GO TO P3.




COBOL Primer

IDENTIFICATION DIVISION.

PROGRAM-ID. exc.
Call statement PROCEDURE DIVISION. Perform statement
PO. -
Calls aQ e.Xtemal p'})gram' _______ DISPLAY Jump to P1, execute until
Library call” [ >CALL . P3, jump back
- ~ PERFORM P1 THRU P3, <" '

PZ.

s CALL
DISPLAY
STOP RUN. Go to statement
e Jump to P3 and continue
execution
PL.. T F
CALL "loggerA'. e

GO TO P3. «



COBOL Primer

IDENTIFICATION DIVISION.

PROGRAM-ID. exc.
PROCEDURE DIVISION.
PO.:

: DISPLAY

: CALL :

YPERFORM P1 THRU P3.

Pz
R : CALL
i : DISPLAY
Y YSTOP RUN.

" : CALL
e, wGO TO P3.

Jumping leads to
complex control flow
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Groums for COBOL

IDENTIFICATION DIVISION. S|ng|e paragraph (often)
PROGRAM-ID. exc. tOO Sma"
PROCEDURE DIVISION. .
PO.
DISPLAY .
CALL . ’U‘
PERFORM P1 THRU P3.
Inter-paragraph Groums \
PZ. o o
CALL .
DISPLAY . ’U‘
STOP RUN.
P3. Inter-paragraph control ﬂow\
CALL | . *
Pl.
CALL

GO TO P3.
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PROGRAM-ID. exc.
PROCEDURE DIVISION.
PO.

DISPLAY
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PERFORM P1 THRU P3.

PZ.
CALL
DISPLAY
STOP RUN.
P3.
CALL

P1.
CALL
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Groums for COBOL

Single paragraph (often)
too small

U

Inter-paragraph Groums \
|

Inter-paragraph control ﬂow\
|

~ Graphinlining \

Other challenges

- Definition of library calls
- Absence of “def” edges
- Iteration through jumps
- Exit calls




Phase 1: Intermediate Groum Construction
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Phase 1: Intermediate Groum Construction

logger

IDENTIFICATION DIVISION.
PROGRAM-ID. exc.
PROCEDURE DIVISION.

:order
4
PERFORM P1 THRU P3

DISPLAY
CALL .
PERFORM P1 THRU P3.

_______ Yo ___
iGO TO After PO

PZ.
CALL
DISPLAY
STOP RUN.
P3.
CALL

P1.
CALL
GO TO P3.



Phase 1: Intermediate Groum Construction

logger
IDENTIFICATION DIVISION. |
PROGRAM-ID. exc. | lococer?
PROCEDURE DIVISION. ;Order g%
PO. '
|
CTSpLAY PERFORM ﬁl THRU P3 ¢order
CALL .  ord
PERFORM P1 THRU P3. y-or er STOP RUN

iGO TO After PO

CALL
DISPLAY

L
L
|
s®
st
at®
al®
pnut®
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llllllllllllllllllllllllllllllllllllllllll

| STOP RUN.
P3.

CALL
P1.

CALL

GO TO P3.



Phase 1: Intermediate Groum Construction

logger
IDENTIFICATION DIVISION. |
PROGRAM-ID. exc. | lococer?
PROCEDURE DIVISION. ¢order g%
PO. |
I
DISPLAY PERFORM ﬁl THRU P3 ¢order
CALL :  ord
PERFORM P1 THRU P3. ]'Or =r >TOP RUN
7. 60 TO After_Po,
CALL
DISPLAY
STOP RUN.
P3.
CALL
PL. Y
CALL

/GO TO After_P3;

GO TO P3.




Phase 1: Intermediate Groum Construction

IDENTIFICATION DIVISION.
PROGRAM-ID. exc.
PROCEDURE DIVISION.
PO.

DISPLAY

CALL

PERFORM P1 THRU P3.

PZ.
CALL
DISPLAY
STOP RUN.
P3.
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P1.
CALL
GO TO P3.

logger
Eorder loggerZ
Y I
PERFORM P1 THRU P3 :order
| Y
order STOP RUN
_______ Yo __
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loggerA

. :order
_______ L 2 | 4
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________________
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Next Steps: Mining, Visualisation

GRP-

GRP-01 (Group) (1)

rder
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STOPRUN (1)

ERROR-FL

Groums
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0070 024 045 013  ClassinstanceCreation
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0026 006 006 043  ClassinstanceCreation
0016 009 010 044 ClassinstanceCreation
0018 009 010 044 ClassinstanceCreation
0023 009 010 044 ClassinstanceCreation
0003 006 009 044 ClassinstanceCreation
0019 008 009 044 ClassinstanceCreation
0024 008 009 044 ClassinstanceCreation
0027 008 009 044 ClassinstanceCreation
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'type=SimpleType
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anonymousClassDeclaration=Anonymoust
anonymousClassDeclaration=Anonymoust
anonymousClassDeclaration=Anonymoust
anonymousClassDeclaration=Anonymous(
anonymousClassDeclaration=Anonymoust
anonymousClassDeclaration=Anonymoust

'type=SimpleType
"type=SimpleType
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'type=SimpleType
'type=SimpleType
'type=SimpleType

Future

'type=SimpleType
'type=SimpleType

lassDec

anonymousClassDeclaration=Anonymoust
anonymousClassDeclaration=Anonymoust
anonymousClassDeclaration=Anonymous(

anonymousClassDeclaration=Anonymoust
anonymousClassDeclaration=Anonymoust
anonymousClassDeclaration=Anonymous(
anonymousClassDeclaration=Anonymoust
anonymousClassDeclaration=Anonymoust
anonymousClassDeclaration=Anonymous(
anonymousClassDeclaration=Anonymoust

anonymousClassDeclaration=Anonymous(
anonymousClassDeclaration=Anonymoust

SimpType

SimpName
n

AbstUndoEdit

EGTree EGSource Pattern Graph Raw Meta

SimpName Block

ClasInstCrea
|

AnonClasDecl
|

MethDecl MethDecl
| |
SimpName Block
| n |
a ExprStat redo ExprStat
[} [ | | O [ |

SupeMethinvo

SimpName SimpName
u

undo redo

SupeMethlnvo

D3 (Group)

use

A

y

Library Usage
Patterns

use -

V1[C1] [ ----->CANCEL V1[C1] F-----> C2 r-----> GOBACK

order

use

D4 (Group)

Visualisation Tool

use

D6 (Group)

D7 (Group)

12



Conclusion

COBOL Library Usage Pattern Mining

Library USagES

Library Usage Patterns

Pattern Mining

Case Time (s) # Groums  Avg. size Max. size Corpus GrouMiner* BigGroum

Case 1 43.8 273 244 P Time (min) #P  Time (min) # Part. #P
Case 2 (full) 1019 3925 4769 Corpus 1 0.95 3 104 3 4
Case 2 (limited) N/A 3573 125 Corpus 2 1218 7 6182 1 0

# Programs  # KLOC

Case 1 305

Case 2 3926

662.2
22889

Goal: Understand library usages

Today

‘ to estimate modernisation effort

Phase 1: Intermediate Groum Construction

IDENTIFICATION DIVISION.
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5
Groums for COBOL
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o1, U
CALL : —
GO To P3. Graph inlining
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Phase 2: Groum Inlining
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