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Abstract: In mainframe mission-critical systems that have been maintained for many years (hereafter re-
ferred to as legacy systems), there are many procedural programs that process results obtained from data-
bases using control structures such as loops and conditional branches. When these programs are migrated
to a new programming language, degradation of runtime performance often occurs. To prevent such degra-
dation of runtime performance, programs are often rewritten for distributed processing, but this rewriting
process is not simple and requires a lot of time and effort. In this research, we support the rewriting of
programs that have been rewritten in a new programming language into a form that can be executed in
parallel. As an evaluation experiment, we applied the proposed method to 7,565 programs of 2 real legacy
systems. We confirmed that the behavior of the programs before and after the rewriting was maintained
by providing the same input data to the programs. We also confirmed the effectiveness of the proposed
method by evaluating the execution time of the programs before and after rewriting. By using this method,
we were able to rewrite 3,529 source codes of an actual legacy system, and improved the runtime perfor-
mance by 2 to 50 times compared with that before rewriting.
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5574

EmmID 5e.tH =
10001 |2021/01/02 | 200
10002 |2021/01/02 | 50
10002 |2021/01/05 | 500
10004 |2021/01/01 | 300
WIRFESR

EmmID 5c.LtH #HE | KEflg
10001 |2021/01/02 | 200| False
10002 |2021/01/05 | 500| True
10004 |2021/01/01 | 300| False

BM1 /Ny FRHEOAMIIE (Filter)
Fig. 1 Example of input/output for batch processing (Filter).

HEN 100 M EnFE ELI-Reshitl,
HEN 400 L LDIZETKE flglZz True (CI3

1: |READ ¢ t75—%

2: | PERFORM UNTIL 5&. EF—4EOF

3 IF 55.b7—%.8& >= 100 THEN
4: MOVE 55 t7—4 To HMHFER
5: IF 58.b57—%.#8& >= 400 THEN
6: MOVE True TO K=flg

7 ELSE

8: MOVE False TO K=Eflg
9: END-IF

10: WRITE FhHFER

11:| END-IF

12:| READ 55tb7—%

13:| END-PERFORM.

2 Ny FUETO 7T LOH (Filter)
Fig. 2 Example of a batch processing program (Filter).
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7 OFIH L Toii
Fig. 3 Flow from migration of legacy system programs to use of a

batch framework.
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*1 https://spring.io/projects/spring-batch

2 https://github.com/jberet /jsr352
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W Reader
|SELECT &I, 55tkH, #H& rroM 55EFT—4 wHERE FHE >= 100 |

W Processor
:|public Sale2 process(Sale item) throws Exception ({
Sale2 item2 = new Sale2(item);
if (item.#E => 400) {
item2. K&Eflg = True;
else(
item2. KE2Eflg = False;
}

return item2;

O @ oUW N

|}

m Writer

INSERT HIE#ER SET B@ID = 4 (5 L5 —%52.FEID)
55.LH = #(F%LET-52.5%EH)

HE = 4(FLT-52. 88

AREBflg = #{FEBLT—H2. KEf19)

B4 NvFT7L—LaT—2712%5%EE (Filter)
Fig. 4 Example of implementation using a batch framework (Fil-

ter).
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WO 77 AIKTEEZ S b5,
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T5.
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PERFORM UNTIL 5%5.t7—%EOF
IF 5%tET—4.#8& >= 100 THEN
WRITE SR
END-IF
READ e t7—%4
END-PERFORM.

5 [¥ 2 ® Reader {24 T H 0Ty
Fig. 5 Logic corresponding to the Reader portion of Fig. 2.

%1 Loop Idiom O—%
Table 1 List of Loop Idioms.

Loop Idiom | =Mk

Edit ETOITEEIT 5.
Filter MHEGRMC Yy F UIATREOEH T 5.
Grouping TEIN=TZCHELZNZNDEEEHE
3 5. fil: min/max
Join 2ODANT7 7 A NTEF=DRLITERHAELT
W32,
Difference RADZ 7 ANDOMTDT 7 A NVIZET %

TRMD RN AT N T 5.

Split S TAN 7 7 A VDT EEBOH N
77 A NZHET B,
Union 2DODANT 7 ANDETDITE 1 DDT7 7 4L
L LTHANT 3.
=R OV

521X 2 @ Reader 1274 T A0 v 7 HIRT.

3.2 Reader 9D SQL NDE#a

WIZHH I L 72 Reader #4712 7%4 35602 v 7 % SQL
BT 5.

—fEHY1 1L Reader B ICRES A 0T v 7 I3 H
D, 23T 5 SQL b EMICH L. LarLikcrOTF
RO, FEY AT DIHEETHE L Oy FUE S
07 F 5@ Reader 125545 T A0 2 v 71X ¥o
H = THN=TEDLZEWPTHh o778, Reader ZB5
WM T ATy 7088 — 2 TEIZRIET S SQL * &
L UOHELTBE, T0SQLICERT 5.

T 1IZF A DR DT 72 Reader #0712 35 43 502 v 7
D8% — > (LI, Loop Idiom &IFE5) O—E %R,

5 & Filter @ Loop Idiom ®FI727%, Bl L CH
6 |2 Join ® Loop Idiom Ofl%/R9. ZOBITIEFE LT —
LT, b7 — % O ID & F U ID O/dh T —
YO E#EG LT 5.

F 7245 Loop Idiom & xfI59 % SQL ~DOZI #1313 2
DEBHNTHB.

FEEOY— 20— FTiE, &ERICPEZERED D
NCTWBEEDH B0, FOWEITHMERIZOWTTF—
¥ 7 u— RN, BT LR L, TONEE
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PERFORM UNTIL 5% tFT—#EOF
IF %74 .BRID == B®RT—4.ID THEN
WRITE 5o bE5¥fl2
READ % tT—%4
ELSE IF 58.b57—%.®&MID > BMm7—%.ID THEN
READ BT —%
ELSE
READ % tT—%4
END-IF.
END-PERFORM.

6 Loop idiom (Join)
Fig. 6 Loop Idiom (Join).

%2 Loop Idiom & 3xfI53 % SQL
Table 2 Loop Idioms and corresponding SQL.

Loop Idiom | SQL
Edit SELECT * FROM [A©17 7 1 )1]
Filter SELECT * FROM [AZ17 7 A4 1]
WHERE [WRITE X%&N®3 % 7 D5
Grouping SELECT * FROM [AJ17 7 4 V]
GROUP BY [WRITE XZN& T % 57IEXD
SRR D E M
Join SELECT * FROM [AH17 7 4 L 1]
JOIN [AS17 7 4 v 2]
ON [WRITE X% N®EF 27D
SR oJE
Difference SELECT FROM [A17 7 4 v 1]
EXCEPT SELECT FROM [AJ17 7 4 /L 2]
Split ¥ D SELECT * FROM [AF17 7 4 L]
WHERE [WRITE X% M3 % 575 D 5M4]
Union SELECT * FROM [Af17 7 4 v 1]
UNION SELECT * FROM [A17 7 4 )L 2]

12 SQL I 5.

3.3 Processor DE X Z
RIZ Processor #3 DF &z #4179 KRRFFLEOA
7 v 7 (1) [Reader #5; @4t ] Tl READ/WRITE 3
DFEITHE M2 JIES L HIEEICEH L7122, ZOATy
7T Z OB L 7250 I SCRe A SIS E H T 5
72l 2 XM 2 0FITIE, 447H D MOVE L (RASD) ®
5ATH2H 9THECTOIF 70y 7 3R L 7 572
TTORREMELTH Y, Processor IZFEi T H2HAETH 5.
AR, AT v 7 (1) TEH LR RALE
Z @ % % Processor (ZFLR S B 72T ENY, AT v T (2)
[Reader #53® SQL ~D %4 | THIM L 72 Loop Idiom %%
Grouping 725 7235513 LT D X 9 7 Reader H~DFEM %
BN 5.
() WAL OYA, Reader TZDEHK DAL
I— FOEZHEFT % SQL 2 &<
(I) 21 ZMEL T 2aH46 (B num = num +
1), Reader ® SQL TEM:4IZ COUNT % v %
(D) Z N OZEFOMEZ N L T 23545 (Bl total
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= total + num), Reader ® SQL TEM:%IZ SUM %
Hw5

IV)FEIEIOME LD b RKE W (b LIS W) BEOHE
WL T LG (B if(prev > now) prev =
now), Reader ® SQL T/E M 4% 12 MAX (b L < i
MIN) ZHw5

3.4 Writer 35D SQL NDZE

B2 Writer #47 % SQL 12423 5. WRITE X TH
TENDT 7 A IVIHET L T — T IV~ INSERT L%
Rk 5.

3.5 Loop Idiom DfAAEHE

ARETIX 120Ny FUH 71T 75 412 Loop Idiom %%
1O TEEIFNAHEIZOVTH L7225, EBOL A
V=V ATFATELIODONNy FL T T ST AHEBO
Loop Idiom 2& A2 &b L\wv. T k) s, #*
1 T/R L7z Loop Idiom O#lAEHLEE L TALT I LT,
Reader #5550 SQL \ZEHd 5 2 LN TE 5.

72l 2, 120Ny FAE T T 7T L HIZ Filter &
Join D 7 A3 & £ M T W2 A, Filter ICH KT 5
WHERE 4] &, Join IZH13K$ % JOIN ON fJ D )7 % $50
SQL &9 5. 7272L, A7a Y7 FTRTFTEOPRT
TN T DR Do 7z,

4. FHMZEER

FEBEOLH Y =Y AF LD AT LAHHEETOY 27 b
D—BRELT, LHY—YATL0TUT T LKL,
RETHE% AT Loop Idiom O &ExfIit$51) 77 2
5) v T HEORREIT, ZORKRICHE S TAFTY
T H) TR TN i, FNENOFED Loop
Idiom #5707 7 4% 1 D9 OFERNL, Fiho#EHFE
2 X 5 THB L OMHREIC O W T O IERZ 1T /2.

4.1 EBEHE
FEBRIZAWY — 20— Rk, E—F&EVPET L%
TEBIETHELZIToTWA LT Y=Y AT 422001
DTHDB., ZYVATLDOTAT 4 =V ERIIIRT
LAY =V AFAD7T0Y T AIE$ T COBOL Tit
RENTWT2DS, FEEREAT ) BSHMAR Y — V2 HwT
Java [ZZ L TBY, FEEIZIE Java (I8RO 7O 7 5
LEFHL TN,
FTINEDLH V=T AT 20Ny FHUET O 7T A
\2ED X9 7% Loop Idiom 28 ENTEFH 5 Dh % ER L 72
V=) WA 5.
I Loop Idiom % 1 2723 &L 70 75 LD\ T
X, $RXTCAFTYV I 7280 T %47H. TOK )
T oA TEREIE, VT sy ) OG0 Ta
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K3 HEOLF =Y ATL0707 4 =)
Table 3 Profile of the target legacy systems.

SATL | ¥E | J71ILE LOC
A Bl 6,550 | 14.8M
B TRER 1,015 | 2.3M
# Y—Za—F Edit
1|Statement st = connection.createStatement();
2|String sql = "SELECT @& 51D, 55 £ H, #& FROM 5t L7 — %", |O
3|ResultSet rs = st.executeQuery(sql); O
4|rs.next(); @)
5|while(!rs.isLast()){ O
6| Saleitem = toSale(rs); REAR
7| Sale2 item2 = new Sale2(item); REAR
8| if(item.24 & => 400){ REAR
9| item2.KEflg = True; REANR
10| }elsef REAR
11| item2.k&®flg = False; REAR
12] } REAR
13| sql = "INSERT #H#ER SET @&ID = " + item2.7%ID ©)
14 +"5%EH ="+ item2.5%5 LR O
15 +"HE ="+ item2. HE O
16 + " K&Eflg ="+ item2. K&Eflg; @]
17| st.executeUpdate(sql); O
18| rs.next(); O
19} O

7 T 778 TEBEICHIRS LW
Fig. 7 Example of information to be presented to the refactoring

implementers.
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e CPU : Intel Core i5 1.4 GHz
o M CPUIT%:8
e Memory - 16 GB
OS : RedHat Enterprise Linux 7.5
e /NNy F 7L —A"—7 ! Spring Batch 4.3.3
DBMS : MySQL 8.0.24
V7728 Y THIBEOW T, DBIZEMEINTWwS
BTF—TNDEXF—ELDATIIA YTy 7 A%ME L
2. FNLHDO DB Fa—=FIE) 7728 v TR
EBIZERL TR\,

F727U T AETHRICLE R AN T =513 Te s T
AW T — 5 IRICEDE TR L2 I —F— % %
7z, Edit/Filter/Grouping/Split (& Z L €4 124 5 L
I—FOF—%, Joinld 124 AL I — FDF— % & 400
La— K267 57 —%, Difference (3124 T LI — FD
T—=% 12375V 3= F967% %7 —%, Union & 124 )7
La—FKOF—%tL 124 FLa—KpbhbT—9%%Fh
TRV,

¥ 724 A1 DBMS I MySQL # ¥ L 7272 %, EX-
CEPT # i T& Zeh o7z, T D729, Difference |ZHE
3 % SQL Tt EXCEPT ® 4 V) |12 [LEFT JOIN] &
[IS NULL| Z MW CEXHZ 217 7.

4.2 Loop Idiom DFEHFER

LAY =Y AT ANIZE NS Loop Idiom O A5 5
ERA4OLEBHVTHL. [MAaGbE] THEHED Loop
Idiom 312D 7 7 A MIZHFAEL T2 Z L2 FRL T
5.

FERICHWIZE Y AT AIBWTL, MlAAEDE TR
Loop Idiom 28440k < % 56 T4, %72 Loop Idiom @
FEFIC L > THIEICIES DX 2H 2 2 Ea%nl, ¥
50 Y AT 4 b Edit/Filter/Join/Split @ Hi B A% <,
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%+ 4 Loop Idiom O FHFAEF

Table 4 Loop Idiom survey results.

Loop Idiom A DRAT L BYRATL
Edit 1,093 (16.7%) | 123 (12.1%)
Filter 809 (12.4%) | 144 (14.2%)

Grouping 226 (3.5%) 9 (0.9%)
Join 473 (7.2%) | 56 (5.5%)
Difference 49 (0.7%) 2 (0.2%)
Split 369 (5.6%) | 119 (11.7%)
Union 57 (0.9%) 0 (0%)
HAaEE 3,474 (53.0%) | 562 (55.4%)

F5 REFEOAMLIZ) 77275 vV IHOZ
Table 5 Difference in refactoring man-days with and without the

proposed method.

Loop Idiom | FE#EEL (AB) | F&E8D (AB)
Edit 5 3 (60%)
Filter 10 5 (50%)

Grouping 15 5 (33%)
Join 15 8 (53%)

Difference 12 5 (42%)
Split 5 5 (100%)
Union 3 3 (100%)

Difference/Union (13 & A EHBLL W2 &b 55000 72,
T/, TRTCOTA 75 21E 7THED Loop Idiom 721
ZOMMAEDLETRITE .

KT7OT 27 FTIE 12D Loop Idiom 72 A& F N5
TOT T ADTRT 352 RKIZONT, VT77 7507
BLXUTAMEITo7. — /T, #HED Loop Idiom 7357
IN5H4036 KROTOATTLIZONWTRY) 770 5) 0T
AT TR\,

4.3 REFECLZVI7742)TIHOE

WREFHEOFEICLL) 777 50) v FTHEDENIIER
50BN THA.

Split X Union TRLEFHEOFET THOEITEND
DD, FNLHD Loop Idiom 2BV TiFW§Fh b A%
FHEICLDFERY) DI DLEIVNELL hoTWD, K
|2 Filter/Grouping/Difference (22> TILLIAY 50% 2> &5
66% FEE F THIR S L TB Y, THEIHBORRIKE .

4.4 UT7IRVTICLDMENRERER

V77780 7L B ERBUEFEO/RIIR6D LB
D CTHDH. [ERRT] 1E Java ~OEWMEW S 7 S 772
o707 7 AOFATRERTHY), [1AH]] BLO (8L
W BREFEERHCC) 7725 ) ¥ & ftolz7a s
T LDFEITHRERTD 5.

WD Loop Idiom IZBWTH ) 7727 7)) ¥ 7 El
BOTATZILDIEIN) T2y ) Y IRTL D L FEFTRE
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x6 [hRREUCERR

Table 6 Performance improvement results.

Loop Idiom | ] (s) 1 165 (s) 8 A% (s)
Edit 51.9 | 42.6 (1.2 f%) | 10.8 (4.8 f%)
Filter 57.6 | 41.2 (1.4 %) | 8.9 (6.5 %)

Grouping 46.3 | 2.9 (16.0 f%) | 0.7 (66.1 1)
Join 54.1 | 40.4 (1.3 f%) | 27.3 (2.0 %)
Difference 97.7 | 4.6 (21.2 %) | 1.9 (51.4 f%)
Split 59.6 | 45.8 (1.3 f%) | 10.1 (5.9 f&)
Union 102.1 | 86.7 (1.2 f%) | 14.6 (7.0 fi%)

PREASCE SN D 2 EAMER I Nz, T IEHIE
125 81 L5 EFETREURPUHFEINLZ LD,
WHNFEATHRY RGN TN D Z EDTh 5.

¥ |2 Grouping & Difference |2 2 W T X, Al @ Loop
Idiom & FLBE L CUFNE 1 12B\TH B ICHERED TS S
N5,

5. EX
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