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Abstract

source code SQL statements associated with the database cannot be performed properly. Thus finding a way to locate

Many software store information relies on database, while the database schema change will lead to some

the SQL statement code which needs modifying and to recommend possible changes to these programs is necessary. We
proposed a code evolution recommendation method for database schema changes, Firstly, the method detects software
system database schema change,and uses the program slicing technique to get source code fragments related to the ope-
ration of the database. Then it determines the program slicing impacted by the database schema change, and uses algo-
rithm for generating flowchart from source program to get program flowcharts. SQL statements may have some distinct
execution paths according to program flow branches condition. Finally, it uses figure mapping method for each SQL
statement to recommend executable SQL statements under the new database schema, In order to verify the feasibility of
the method, the article implemented a plug-in tool used to detect the database schema changes,and to recommend exe-
cutable SQL statement under new database schema.

Keywords Database schema, Evolution, SQL statements, Program slicing, Program flow chart
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(D AT E AL IRAUES 5 B PR AR S AR R 9 AUAD

O3 TR 28 SQL &4 (B if/else % 5%
B4y SOTE  ANAHE SQL B KR ERIT IR , AT H BY
RIF4D A R B SQL BAIINPITER?

(D SQL EMH—H PTG, AT 8 FF R A B
HELEARE?

SRt LB ST AT, A SCHR T — R [ 8 E R AR
EARBRARE T ERAETERBRHERE. RO E %
BEVRM NG REBEERRREWEE, RARF I
BARG H S BRI R UI 5 58 2 BIROE AR
AEEEMOBFIA G, IRRBEFRARBEEEERE
U BACH B RRE; RERFAREN Y XA MRH
SQL &) BT A AT BER BT BE 42 5 B SR P R BR B B 07 BE 3 48
SRR SQL IFATREE MEE Ml A BR R
FRIBATH SQL B . AT BRI BRI, & XEKART
— T B S BE R AR IR Y SQL BRI
HERBEEFETR,

EXFE2TFABT - ERRENREERETES
B ETEHRMR T ARG TR 5
3 TR R T A ORI R U Y T 1 e AR A B A AR
FCHEFE 35558 4 WA R T R R E B E L
WET B AR BIE TN RN AT 8 s WAAT
I A 1 B0 B A E RS AR R R T A 5
W TATEURBIRRE.

2 HWTH

FATUA—N 1R R G R B8 A =R B R 1)k 138 A R 14
Wi RPAENPR R E AR ARG B mE 1 BT
K. WIMRET, R H AR student_info FEAEEAEEABL HE
HA RS 43R BE ERERBWE 2 iR, EEF
MrBL, 8 T AR E A BB TUAR 3B % student_info H#
AR R 3 student 1 subject,

newschema

Table:student

oldschema std_id
Table:student_info name
e / subjectname
hame -
- ispass
subjectname
- score
ispass
score N
- Table:subject
subjectno
teacher subjectno

subjectname

A

teacher

B 1 SRR BB B A

11. public void GetInformation (String subjectname, String teacher,

String subjectno, String notinsub) {

12, Connection conn=null;

13. ResultSet rs=null;

14. int conditionNum=0;

15, String sql="select s, std_id, s. name, s. score, s. ispass, s.

teacher, s. subjectno from student_info s where 1=1";

16. if(!subjectname, equals("math")){

17. sql=sql+" and s. subjectname’’’ +subjectname+""""";

18. }

19, else(

20. sql = sql +" and s. subjectname like %’’’ subjectname
+1

21. }

22. conditionNum—++;

23. if(1teacher, equals(" # ")) {

24, sql=sql. concat(" and s. teacher=""")+teacher+'"""’;

25, conditionNum+++;

26. if(! subjectno. equals(" # ")) {

27. sql=sql+" and s. subjectno= "+ subjectno;

28. conditionNum++;

29, }

30, }

31, if(Inotinsub, equals(" # ")) {

32, sql=sql. concat(" order by ")+ notinsub +"asc";

33. conditionNum—++;

34, }

35, oty {

36. conn=DBUtils. getCénnection() ;

37. PreparedStatement ps=conn, prepareStatement(sql) ;

38, System. out. println(sgl);

39. rs=ps. executeQuery(sql);

41, while (rs. next()) {

42. System. out. print(rs. getString("std_id")+" ");

43, System, out, print(rs. getString("name"));

44, System. out. printin();

45, }

46. }

47, catch (Exception e){

48, e. printStackTrace() ;

49, }

50. finally

51, {

52. DBUtils. close(rs};

53. DBUtils. close(conn);

54, }

55. }

B2 RBEERBRH

student_info 324} X 3% student F1FE subject J5, & 2
AHRB A BABEE T, ERIERBIERHIT, TEEE
%8 15,17,20,24,27, 2 fTABP B KRB RBEMFREHN
newschematE X W B BT R B FIFE A .

BT REA G A 7R, B ER G BB,
RGBT AR — BT, REBIEEERT R
Wik, IRBAH B SR 5 R B A B AR AL A
AR X TFHE 2 IRRABENIR AR EREAFRXAR
FHERF B SEREHLNHAE, FHERABIBRE
18 E 3, R ERRLE, BFE if/else BRI TEMH
SQL & SF Be NS, AMET I KA R EM& SQL 3557 E $
TR R RE X BRGT R, N T HEARK T
e,
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3 HEEBEEAXTEHRERLES

AN 4 R AR R S RS R T R
B BB AR K A SR A SRR R
FERBY A BFIA 28T REREK LR, URERF R
RBEHERRE,

3.1 FikifiiE

AR SCHR H B T 16 4 PR U S ) A AL M T R
BETXE—FEGR LR ER R E R, R F RS
HEATIE B B, 44 A R B R B PR S S, L
U5 i PR AR A5G, HBE1R B — LU B B L

BT R R SERE N AR EEB BT B B R R A AT —
AR B B AR AR Y AR AR B (B E R B B
KXEFEHA . MBRFEABHETREF SR8 58 EH
KEBRFI A, REREREERATEFBE MBI ZEWN
HARES B B RN SQL IBMRB I R A BRFRE
B FHRENXHMER, REFE S ZAEEMET SQL
BAIRAFERATIRR . X — 4 SQL iE 4 B4R E BT B
7, R B B B 7 B #EAT SQL BRI (L, S 1
ATRERY SQL IERIBR TR,

T [ 35048 PR SR B B (RS S AL A T IR B AR S ) 3
BiR. SRR R AR TG, S 44 R BUG B,
BERE NP, KL ARTBER X R
RLEPARRE SQLIBA. FXHAH TN REL BRI

%
: 3
ERRRATE
PG
Moy den
5 5 AT .95
Bk TR
SQLIEA#,
REREARATE AR
R B RS AR
ERBAGH R AR
) GHEABERET
RGFBERR RAXLHY
ERRERE
| I

B3 S A R RS R LR DT s T

3.2 ¥EEENTEN AR

B Sl B e = B 2 R B B R B
B AUEERESCIRIL, 2158508 8 FREF E 4R,
WHEIF G T ILME MR E R, ik 1 frsl.
SQL EMEMAGEEHER T IMNEE L B ASES
PP AL ERE RB 8 MBI ERRTR,

VTR R F R BRI R T E R R RE R F
P 2605 B 7 1 B PR R AT i — M RRRE &
B EWFHRBREE. R FVEAHZROBME LS
BB T R BB ARG R I DL B 45 1
WA ERGE A BT xml SO CHRTARAS B9 808 AR
% B304 CurrentDataBaseSchema. xml, $4E B ZAF H 2 8/
BE—AN R A 59 B8 2 B AR 3044 OldDataBaseSchema,
xml) o BX A xml SCHERY P 2% RE B BB P 38 R
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PIE g AR B AT — N SO TR — A U AR TR L 3
VAR R AR B 5 X N AT RS R OC R, B AR
TEES.

AR R EE B A T4H CR(oldtablename,
operating,oldattribute, newattribute, attributetab lename), H
/1 oldtablename F5 7R B8 A8 7548 6 4 O€ 1 38 ; operating 38
AR EM AT B operating {8 tablechange At R F
FHAYA eI FEE MRS ; operating {H % attributechange B
RRBNBEMEE, & operating AN “ 8”7, MR IRREH
RH:APEE ; oldattribute 7R JBE FE P B 4 ; newattribute
Xt R B 2 5 i R M 4 s attributetable R R B E 5 B
FEMEER. B 1 PHEERLINE 2.

#1 FREOBEERAZTESRX

BREEEREEFA Operating 1€ EAl
AddTable g
DeleteTable tablechange il
RenameTable Ehtk4t
AddAtrribute KB
DeleteAtrribute . il 33
RenameAtrribute attributechange FoLBRL
ChangeAtrribute BHXAFE
AddPrimaryKey EVER
DeletePrimaryKey primarykeychange il
ChangePrimaryKey TEx4H
AddForigenKey 3w st
DeleteForigenKey forigenkeychange il gt 4
ChangeForigenKey T E s

#2 E1IEFEIDFCRTAME
ERHE

student_info

XE4

oldtablename

operating tablechange

oldattribute std_id, name, subjectname, ispass, score, subjectno, teacher
newattribute  std_id, name, subjectname, ispass, score, subjectno, teacher
student, student, student, student, student,

attributetable . . .
subject, subject , subject

3.3 HEEESEXHEFRRRT A

BEIR TEEERTROBR B 5EAMEAMHEXRM T
HigH), AXRATXRBIBRRNEF I BE# TR
B Y1 5 AN A& LG select, insert, update, delete
FRFER . BRIABIF IR B A UG HEN B
(LA TRIF U A, M T RRRE TR A R HHZ
BB A s MR B R B A TR A i1
MR FHIEA.

T U1 A B3R BURR B3l o A8 K 3t Bl (Program Depen-
dence Graph, PDG) (7% &t B KB X R ) R E RA R
& (System Dependence Graph, SDG) (F%2% &t #8 WK i, [\
A 35 pRO 2 MK 56 22D, #93E PDG 1 SDG 7 3R A 3C ik
(4 1Fr iR i FR BT AR M e R O B S B, LA 2 o
BT B R R B B AN R BRI AR, TR
BEANEFFERNKREE. 3 THE 2 IR ABA B, E
] String sql=“select s. std_id, s. name, s. score, s. ispass, s.
teacher, s. subjectno from student_info s where 1=1"BI5{]]
FET A A dr B 5 s SCN, AR P4 1 #E 1S,
select-++from)t1 , W2 FF ) R Gk it [ BO VT 48 B A 2 BT 7R
REBHEFY R A E 4 BUR,






AFBEEEATRARUEFERAN NN REMBEEF
BRI R FRBEFRZ MR REN WE T EE T
B SQL B4, R A K ER/EH SQL BRI EEAEP AR,
AEEEARME 7 R, STFE 14 oldshema X T
R IEE R .

select s. std_id, s. name, s, subjectname, s. ispass, s, core,
s. subjectno, s, score, s, teacher form student_info s where s.
name= #

WA, oldshema A5 & R, newshema B, & student_info
SHB AR student IR subject, AT SQL FHH) W] WL B ik
TER:

select stt. std_id, stt. name, stt. subjectname, stt. ispass,
stt, core, sut. subjectno, stt. score, sut. teacher form student
stt,subject sut where stt. name = # and stt. subjectname =
sut, subjectname

H A stt Fl sut RABIEE P4 BAYFE student F1FE subject
#1504 (FERIAI 2 M F 5 X5, 40 sttl \ste2 55),

Input: 5% SQL i&5]

Output : ;BE /G A SQL iE4]

Method GenRecommandSQLCode(SQL)
//HAb B

giit SQL &) B SRS

giit SQL B A R MBI ;

H IS KB AMIRLAY SqlNode 15 &, iC A853R nodelink; (&
A S AREAL flag, ZFR name, H| 44 aliasname, 35 S iT /& 3 table)
//RFA flag FRiE B4 K SqlNode,

For 883797 & SqlNode€ SQLiEH]

Case SqlNode. name& ﬁ‘%‘ﬁ‘%,(“s”,“(”,“)”,“="%ﬁ%)
flag B X 0 F/R SqlNode /S ;
Case SqiNode. name € SQL % & F £ & (“select”, “from”,
“where”, “and” & X4)
flag B& 1 %R SqlNode 2 SQL HH] R F;
Case SqlNode. name€ 3 EEE R %
flag B # 2 FR SqlNode HFEAF T;
Case SqlNode. name€ ¥41% T MRS S
flag B 3 TR SqlNode HENFE T # A JB1E, B SqlNode.
table {7 T;
Case SqlNode. name 5“7, B F —4% & H“select”
/ /b BEREE SQL iE4]
REUZIENIEH sqls;
GenRecommandSQLCode(sqls) ;
Case HEMWHLR
flag B # 4 FR node JH T HIA;
End Case

End For
/R FEER R E AN SQL ER
SE X 4G tableset;

For 483777 & SqlNode // select,insert, update i&4]

If SqlNode. name A& SQL XHF from
# SqlNode. table /il AB] tableset;

else if SqlNode. name & SQL X8 from
FRA 37 | R P X B PRI B X BT S 2R » A A, from F4) 5
R R G RESIMEER X R, BH AR where ZM4-F4);
HFiE AT R IEAR where Z/5;
HHEEET S
23 tableset £45;
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End If
else if SqlNode. name HEAF THEM A
WP IR R R R R B ST TR 2 &, B E SqlNode. name
{8 . SqlNode. aliasname {8 1 SqiNode. table &, F H* SqiNode.
aliasname (B AR #E46 & B AL
End If
End If
End For
//H % SQL &4
3 77 8 nodelink #R A MAEE Z FH SQL &4 ;
End

B 7 SQLIBmAEAEHR

T RIS ISR AR S B A SQL B EE A K
AT S HERPE, AU RS I T — 4951, X F AP R
8t (OBAEERAER & XA AR MR SQL 1EH), AREME A
Hibemate SHESEE LB LAY SQL 154]; (2) REHAREH
BTk Z 8] A TE 3 V8 F LA 3B G 7E ik Z R AR B S R A
LSRRI IS, T A B B,BIEA C,CiEMAH A;(3)SQL
BAXBET . FE . BUYEFERES BIL LB, B4 SE-
LECT attributeparam FROM tableparam F B Z fFEZH
S8, AT E L tableparam M ER L 15 HEFRE R,
REARE, FERBWRAE AR IE 8 iR,
input; RS pE12 Path, 38 FE F 2 4 User fIFFH Pass
output: $#& FER A EA X MR F U, EEA K SQL FAES
//RBEAEERFER
Method compareQOldschemaAndNewschema(Path, User, Pass)
begin

B newschema R (E BT NewTree, T currentData-
BaseSchema. xml 3045
{28t OldDataBaseSchema. xm] Py 574 T# OldTree;
compare OldTree and NewTree, 4 ¥ {2 % CR THESH CR-
Set;
£ 14 CurrentDataBaseSchema. xml;
CurrentDataBaseSchema. xm! B #7454 # OldDataBaseSchema. xml;
end;
Method programSlicing()// B4 A
begin
W EARGRPABLEH codeblock, 2 £~ CodeNode 4 AL ; (F 7 &
FABAREEM line, BEW REIRBIEN flag, W RBIKFE A table)
ERFABEFEE select, insert, update, delete 252 IRAAAK T ¥,
H R T B4 methodSet;
St methodset Hp ) 7 B b B 1R B 4K B , 3F AR “select++« from” £8
HENHTBER;
B HHNBFTAFEA codeblockSet;
end; //ZBAE G K SQL iBMEHLRIP AR
Method showResult(codeblockSet)
begin
B UFAESE R FIEY resultSet;
for 8 codeblock € codeblockSet
begin

KRBT R BB B codeblock 7% L B P 2

B F;

B F PRys s A mS g EEEARMAY K188 SF;

PR AR S5 T B B oR 18 SF H B2 4EA pathSet;

for @ % path€ pathSet

begin



AT path B B2 % SQL iE4], IR SQL IFATHR AR S
PAT AR SQL IBM M &RME X
A GenRecommandSQLCode (SQL) 7= 4 #f #9 SQL & 4] New-
SQL;
# NewSQL il A3 resultSet;
end
end;
BRA Y resultSet £ 5,

end;

H 8 AIUFEMBEREEEME

4 THRHI|SXE

KT BAEA S EHERE SQL iEmABE T BA T,
FHT —4 Eclipse . ZBAERAT BHEBHAER R
FIZI B TR NI E A P 2 MEBENEA . B
AT E 308 O B B A R A T, B
2R EE XA E R W S H B, FEK T AR A B
LG H SQLIBRIEERFARGHP AR, B THEME
W 9 Fia, B FEQ SR ERXEERBRBURR
(Extracting schema change information) . #& 4] B ## (Pro-
gram Slicing) JEACBEE 1k 072 FF A2 B B B (Transforming
code to program flow chart) fIZE 5 SQL i 4)4# 3k (Changing
SQL statement),

Datat Extracting sch Change record
Sch hange information, information
lio;ect source | ( Program Slicing ) , |Program slicing

Program flow chart mnsformmg code to
and all SQL paths flow chart

SQL statement Changing SQL
change result statement
I | Input/output file ] ( Execution component ) I

B9 TREH

TRRE TR —MEELERXEHAERRE, KR
SREWEERNRET 4 KEE, H38—MEEEEAN
FE, HAHEEEATENREEAEEIE#ERE—K
B PR R T R R AR, FEHEE AT BB 8 SQL B A1 AR
B. Wt EIEERR R schemal, RE RBEWE 1 PE
PWHERLR, oldschema FT7R .

FIFIHT 4 KBEEELTENGFEE. TRELIAME
RERRPSHENBS IR REMBITFTEBRLN
R E AR T SQLIEFEAHEFNAE.

#3 BEEEATERE RGN

REXR KERERN
EFBHM  schema? T student_info 3 ¥ B subjectno 79 teacher
EX g schema3 T % student_info 2 #% 4 % student f2& subject
£3 L schemad T # student  # 4 ¥ % student_info
kFBEXE schemaS T subject & J& ¥ F & teacher & E

sub_teacher, £ ¥ H X E M 3 SQLEANEE

7E schema? A T EF T EN,SQL EMEEEZNE
10 iR . HAEHIEEBER R schema3 B, SQL iFHA HEHS
Rm@E 1 frw, TERBEAEENRRBNAE 12 FFx.
% student_info 43 A3 student 1 subject, LRI T
6 RTWEMIN SQL EHITHE MBS REMERTE

%% SQL IBEAPATHI R E &, U R PIT R A MHEER
B, FEELE T, schemad T student A4 N F student_
info,schema5 T % subject i) J& 1 B% teacher A8 % 3 sub_
teacher, 35 ] 18 i BABA RO SEALHERERTS . B, AU T 7
—ERE AR EMTEEUOAE, BRE BB
BFRBEZE  REPITREERRD, FB T4 AR H
BREFNBEESN, BRI EEPHE.

£ 1MUBHR

64,0 String sql="insert into student_info(std_id, name, subjectname,
ispass,score) values (?7,7,7,7,7)";

661 conn=DBUltils. getConnection() ;

W I K NN KK

insert into student_info ( std_id, name, subjectname, ispass, score)

B4 1 AEfE SQL AVEH#EENT
insert into student_info (std_id, name, ispass, score, teacher, subject-

no, subjectname ) values ( 7,7,?,7,7,7,7 )
& 10 schema2 = SQL iBRIEHLER
% 1B

140 String sql="select s. std_id, s. name, s, score, s. ispass, s. tea-
cher,s. subjectno from student_info s where 1=1";

15,1 if (! subjectname. equals("math")){

16:2 sql=sql+" and s. subjectname="""+subjectname+""""";
17:3 }

18:4 else{

19.5 sql=sql+" and s. subjectname like %'’ subjectname+'"""";
20:6 }

21,7 if(1teacher. equals(" # ")) {

22,8 sql=sql. concat(" and s. teacher="""+teacher+'''"’;

23.9 if(1 subjectno. equals(" # ")) {

2410 sql=sql+" and s. subjectno="-+subjectno;

25:11}

26:12}

27.13 if(1notinsub. equals(" # ")) {

2814 sql=sql. concat(" and s, ispass not in('N')");

29:15 }

31,16 conn=DBUtils. getConnection() ;

R KRR HHNHHNR

B2 1 AEE SQLAREENT

B2 4T %M 1 subjectname. equals("math")=true AND ! teacher.
equals(" # ") =true AND !subjectno. equals(" # ") =true

select stt, std_id, stt. name, stt. score, stt. ispass, stt. teacher, sut. sub-
jectno from student stt, subject sut where stt. subjectname= sut. sub-
jectname and 1=1 and stt. subjectname= # and stt. teacher=# and
sut. subjectno=

Btz 2 A E )5 SQL ANEHEEWT

B2 &4l ; Y subjectname. equals( " math") = true AND 1teacher.
equals(" # ") =true

select stt, std_id, stt. name, stt, score, stt. ispass, stt. teacher, sut, sub-
jectno from student stt, subject sut where stt. subjectname=sut, sub-
jectname and 1=1 and stt. subjectname= # and stt. teacher= #
Btz 3 AE T SQL AUE MR T

B 12047 &4t ; 1 subjectname, equals("math")=true

select stt. std_id, stt. name, stt. score, stt, ispass, stt. teacher, sut, sub-
jectno from student stt, subject sut where stt. subjectname=sut. sub-
jectname and 1=1 and stt. subjectname== #

Bef 4 WEJG SQL RBIFEMNT
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