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In Japanese Industrial Standard, four languages are used as host languages for embedding SQL host
programs. However, it is not easy for host programs to exchange data with SQL statements. This is
mainly because set type is not included in the specification of host languages. Thus, we decided to
use SOL, which is a set oriented language ve have been developed, as a host language of SQL, extended the
language specification of SOL and SQL, and developed their language processors. In this paper, the
extended specification of SOL and SQL, their language processors and example programs are shown.
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ACQUIRE DBSPACE " DROP SYNONYM

ALTER DBSPACE - ~#  TABLE
~#  TABLE ~#  VIEW
CLOSE*® EXPLAIN
COMMENT FETCH"
COMMIT® GRANT®
CONNECT INSERT"
CREATE INDEX LABEL

” SYNONYM LOCK

” TABLE® OPEN"

” VIEW® REVOKE
DECLARE-CURSOR® ROLLBACK"
DELETE* SELECT®
DROP DBSPACE UPDATE"
#  INDEX WHENEVER®
~ PROGRAM

SQLESOLEDHITIR, UTFOF - 5 BIZiRgE
MICE-> 7~ 7 DB UNTETH 50

sQlL SOL
SMALLINT, INTEGER <=> INT
DECIMAL (m, n), FLOAT < => REAL

CHAR(n), VARCIIAR(n), LONG VARCIAR < = > STR
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var intl : int;
strl : str;
tupl : tupleof( a : str; b : int );
EXEC SQL SELECT SNO.SNAMB.STATUS.CITY
INTO  :tupl, :intl, :strl
FROM S

WHERE SNO="S1";

COMOERRKRDO LI IR B,

tupl = [ S1,Smith ]
intl = 20
strl = London

HBITORREREBELEBCRAL. B¥ 26
ERIZRT .

sctof str;
EXEC SQL SELECT SNO
INTO  :setl
FROM S
WHERE CITY="London" ;
EXEC SQL SELECT SNO
APPEND :setl
FROM §
FHERE CITY="Paris’;

“var setl :

BYUIOS QLXT setl Offiid (S, S4} &b,
2BHHDS QLXT setl Offfiz (SI, S2. §3, S4)
&85,

WBFID SR ARFERIME EBERICRAT B
ENTE D, BIIERALEL, TORBMERE
ERT B0 REBMELDOLIRUEATRAT B0 E
INTO S B WTHIEES 2, P11k, BRI O SN0 I
%44 51855 SNAME, Bfftg ® SNO ixid B&H5 CITY
ERBESIRRATBIEEEHY 5, T, FlED
RbhiHBESEEELTO L. RAE. A1 0
INTO Hilt INTO <f(1)=2, g(1)=3> LEFTH 3,
Bl oRTHERERL LRT,
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var sno, sname, city
map f :

: sctof str;
sno — sname;
g : sno — city;
EXEC SQL SELECT SNO, SNAME, CITY
INTO  <f(SNO)=SNAME, g(SNO)=CITY>
FROM S
WHERE STATUS>20 ;

BFESSE  _SNO  SNAME CITY
$3  Blake Paris
S§5 Adams Athens
EfR~D  sname 7 f [ sno Jg [ city
AR | Blake ¢ 3 Y Paris
Adams ¢ S5 > Athens
1 #l1oREEREE/R~DRA

E+ - BHBTIOBEEM2 TR ¥, BiTH
RER2 IRt RBHEROEMIT APPEND % MM+
%o

(#21
var sp_no
qty :
map f : sp_no — qty;

: sctof tupleof( sno,pno : str):

setof int;

EXEC SQL SELECT SNO, PNO, QTY
INTO < f([SNo, PNO])=QTY >
FROM  SP
WHERE SNO="S§2" ;

SNO_PNO QTY
sz P! 300

$2 P2 400

sp_no = f p qty
[ sz2,p1) y 300
[ s2.p2] Y 400

REER Ef~0RARE

K2z #Hl2oREHREER~ORA

P, REEREHFERILLTRAT I bDTH
%,

L#3]
var sno : sctof str;
pno_set : sctofl sctofl str;

map f : sno — pno_set;

EXEC SQL SELECT SNO, PNO
INTO < f(SNO)={PNO} >
FROM  SP
WHERE QTY>200
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S1 Pl SNO__{ PNO
S1 P3 => st {PLP3)
s2 PI s¢ (P1L}
sS4 P4 S4 [ P4.P5 )
S4 PS
(a) RELER (b)) FEHILIhARERE
sno 1 f  pno_set
st > { P1,P3}
s2 y {P1}
S4 > { P4,P5 )
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SOLDWEK (inp_set) DEEMNAIETH 5,

EXEC SQL SELECT SNAME
INTO  :ans_set
FROM S
WHERE CITY IN :inp_set :

#F /2. INSERT X @ VALUE Hilck\WT. AT %
BT AH LItk TDLEREELTF-Tn
AT HIENTE S, B, RD INSERT XD
KiTicih, R4 QOREEMDLEHRMDIOLS
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EXEC SQL [INSERT
INTO S(SNO, SNAME, CITY)
VALUES :setl ;

setl

[ S8, Tom, London ]

[ S9,Ken, Paris ] S8 Tom NULL London

S9 Ken NULL Paris
(b) BWAKR

S SNO SNAME STATUS CITY

(a) FARS
K4 #BEF—s0@A -

UPDATE-SET #ii. INSERT-INTO Hilcs\W T, SOL®
BLHELBERE->THEASATWAMEHGOT -5
2BETBELNTE 3, 2HEBOBRIT SELECT X
LEIHRTH B, :

DS QL XIZ UPDATE-SET Hiic Bt 2 RE&LER
DERPITH 5,

EXEC SQL UPDATE P SET <f(PNO)=WEIGHT>;

CORBR. K5 Q@WoF-5s%2bsiclLT. (D>
E—ELRETICEMNTE B,

~ sl 9f  s2
P1 > 5
P4 > 1
(a) BEf7¥-75
P _PNO_ WEIGHT P _PNO WEIGHT
P1 12 P1 5
P2 17 P2 17
P3 11 => P3 17
P4 14 P4 1
PS5 12 PS5 12
P6 18 P6 19
(b) EHER

KI5 UPDATE-SETHiic & 2 E#

&KDS QL Xk, INSERT-SET Hilc Bl 3 MA L ER
DERATES 5,

EXEC SQL INSERT INTO §
VALUES < f([SNO, SNAME])=STATUS,
g([SNO, SNAME]) =CITY > ;

COER. R6 (a) DERF— 22 D)D LS ic—1E
LTHATE 3,

s2 fr— sl =g — s3

88 [ S8.Tom ] > London

99 ¢ [ S9.Ken ] ? Paris
(a) BRF-75

S _SNO SNAME STATUS CITY
S8 Tom 88 London
S9 Ken 99 Paris
(b) AR
BI6 INSERT-INTO fiiic & 28 A

RDOS QLR EFLEREZHES —FEFATS 5,

EXEC SQL INSERT INTO SP
VALUES < f(SNO)={ [PNO,QTY] } > :

CORR. M7 (QOERT— 5 BIERIILEAT(D)
DEHiciBAEN B,

st fr— s2 SP _SNO PNO QTY
! { (p8.100] ) L
Y] > { [P17, 2001, S1 P8 100
[Pps, 300] } s2 P71 200

$2 P8 300
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STRING="DELETE FROM S WHERE STATUSCIO";
EXEC SQL EXECUTE IMMEDIATE :STRING:

"SELECT Xit. SQLDA(SQL Descriptor Area) Hilfi%
MALich—v A BT & > THMIZETT 5, SQLDA
DOEER8 I, #—V AMBOERER 9 oo

SQLDA

— SQLDAID CHAR(8)

—  SQLDABC BIN(31)

—  SQLN (=n) BIN(15)

—  SQLD BIN(15)

—  SQLVAR(1)

SQLTYPE BIN(15)
SQLLEN BIN(15)
SQLDATA BIN(31)
SQLIND BIN(31)
SQLNAME VAR CHAR(30)

—  SQLVAR(n).
K8 SQLDAODIEE

SQLDA $AE® 3 BT, MEEHRAEE LTHAT 50

it SQLN, SQLD, SQLVAR T 3, SOLN icid, RETE

DOFIHE s b4 B, SLVAR i3F| DB (SQLTYPE).
Flo4 4 X (SQLEN). 7~ & #HIED 7 KL X (SQLDA
TA)s NULLfOREF -2 28BWT27FL R (S
QLIND).%I% (SQLNAME) »sis#ah 3,

@ EXEC SQL PREPARE OBJ FROM :STRING;
@ SQLN=n; ALLOCATE SQLDA;
@ EXEC SQL DESCRIBE OBJ INTO SQLDA;
@ IF (SQLN<SQLD) THEN DO;
SQLN=SQLD: - ALLOCATE SQLDA:
EXEC SQL DESCRIBE OBJ INTO SQLDA;
~ END;
® D0 I=1 TO SQLD;
SQLDATA=....; SQLIND=....:
END: . .
.® EXEC SQL DECLARE C1 CURSOR FOR 0BJ:
EXEC SQL OPEN C1:
EXEC SQL FETCH C1 USING DESCRIPTOR SQLDA;
DO WHILE (SQLCODE=0) ;

EXEC SQL FETCH C1 USING DESCRIPTOR SQLDA;
. END; . .
EXEC SQL CLOSE C1;

‘ K9 SELECTX O®HIEITFM

Rigics Wt CEMAER STRING T LiF %7
5 SELECT XBRAEHhTWBEET 3, T+3&. H—
Y VEBIRIRD & S EiTa& N B, D PREPARE frdsic
&b k2 rDOXFEFIER STRING A >TW3SQ
LW+ 5EL2—0 0B) 24T 5, @ SQLDA
D SQLN HDFEETED f e, SQDA il % B)hY i< ik (R
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LDA 1182, @b L. RFES N BFIDOE(SAD) H T4
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B R LA UIRICRBEREM D B U8 S M0E

1o, XKoSQLXicx+2hilllo—r&.,
DORITIESS QL XFHOEKIRIETS 3,

EXEC SQL SELECT SNAME
INTO  :ans
FROM S
WHERE STATUS IN setl U set2;

B1ookdic L TERENILS QLX(STRING) .
I DFEMTHMICETEN S,

a—-F } STRING

(]
" SELECT SNAME FROM S [ SELECT SNAME
WHERE STATUS IN " % FROM S
STRING i8N 5 7. 0D WHERE STATUS

- F IN ]

X setlUset2 k¥t 3

a- FJY

ROf% STRING (B | [ SELECT SNAME

FTERBOI- K FROM $
WHERE STATUS

STRING £35S QL X% 1N (10, 30) ]
YEETRIEI & 0 KT

T5a3-F

RFEERELREER
ans IZ{RAT B HD
a— FH
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BRTRIETCHITTER VL DITIE COMIT X,

ROLLBACK 3. CONNECT 3. WHENEVER 3 # -V X
(DECLARE-CURSOR. OPEN. FETCH. CLOSE) »5% %,

COMMIT 3. ROLLBACK X7 4 —=<~ FEEEHL
TWBH, AT EILNTED, 2N
1A A TS COMMIT 3X. ROLLBACK X ffb b iz, #fic
HABELASQLXIETERITEAE 3,

CONNECT Xida—# 1 d&/,¢x7— FEICERER
itk MOICHIE ST B LMTE B, 2~
HHAA L CONNECT XD 22— id&se27—~ FE%
WMbH U, $EcHEBE L7 CONNECT XOBEMIRA
Lictk, RITZ1T 0

WHENEVER Xiz. S QL /DS /A LmRiE%ia
¥ 3, SQLXDEFTHIC SQLCODE ZI DM % T~
FOMIC LA > TRANEET S, :

H-v X, BNCABR S h N ETRIED A
-V AXICETERITEE 3, — KM -
VEERT B EETMRICT 20, HBEOWMET
BitoHh -V AW XBYLBETH 5,

3.3 ®2 bR BILRRIEOVIEE R

RS CRFERE T — » OBRUZ{E 5 UPDATE (INSERT)
X OETIZ. EFEICIE UPDATE (INSERT) XD DEL
EiTTH b, COld, BNEFTFSESQLIC/*5
A2%EBE, EDF A () KETHEEBIENS
EITEERVETHEEMS, AT hS QL X,
ROk, HOHRGTIERBEER SN 3,

(Bt — s B % S UPDATE XDOEFR]

EXEC SQL UPDATE SP
UPDATE SP => SET QTY=?
SET <f([SNO, PNO])=QTY>; WHERE SNO=?

AND PNO=?

[BEF -5 BR%E# S INSERT XOER]

EXEC SQL INSERT" INSERT
INTO SP(SNO, PNO) => [NTO SP(SNO, PNO)
VALUES :setl ; VALUES (2,?)

(BAGR 7 — 5 BRERE S INSERT X DER]

EXEC SQL INSERT INSERT
“INTO S => [INTO S(SNO.CITY)
VALUES <f(SNO)=CITY>: VALUES (2,?)

A. Bi7To 5 A

CCTH. SQLE¥+2 +EEELLLEDT DY
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4.1 B|EF-s0THL

KDOSOLFTuvsr3 sk, TAAsh®8E (MW
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proc supplier;
var cityset, supplset : sctof str:
read(cityset); '
EXEC SQL SELECT SNAME
INTO  :supplset
FROM S
WHERE CITY IN :cityset:
writeln(supplset);
end.

o735 At AN E LT London”™, "Athens”
}25x3&, HH7& LT (Snith, Clark, Adams} 1§ 5
ha,.
CHEFUMEEEITS PL/I 70735 A%LTFIRR
o 727U, PL/1 TREESRINB WABIMHZIZ—D
FOANLBLTRESHE OV, £, HABROLN—
ftTc&inn, )

SUPPLIER : PROC OPTIONS(MAIN);
EXEC SQL INCLUDE SQLCA:
EXEC SQL BEGIN DECLARE SECTION:
DCL (CITYNAME, SUPPL) CHAR(20):
DCL NULLIND FIXED BiN:
EXEC SQL END  DECLARE SECTION:
EXEC SQL DECLARE C1 CURSOR FOR
" SELECT SNAME
FROM S
WHERE  CITY = :CITYNAME:
GET LIST(CITYNAME)
DO WHILE (CITYNAME "= ')
EXEC SQL OPEN Ci:
EXEC SQL FETCH C! INTO :SUPPL:NULLIND:
DO WHILE (SQLCODE=0):
IF NULLIND>=0 THEN
PUT SKIP EDIT(SUPPL) (A):
EXEC SQL FETCH C1 INTO :ANS:NULLIND;
END; ) '
EXEC SQL CLOSE C1;
CITYNAME="" ;
GET LIST(CITYNAME):
END:
END SUPPLIER;



PL/1 Tit. RFEHSMZE atom M T UMk 2 F A
KT CENTER N, EDLDH -V VAL LE
&3, $Rbb, A -V VEE. OPEN. FETCH. CLO
SEREDMBTH B, 7o, SQL & DW{5HUR (SQ
LCA) OEE. SQLCA fURD & X ¥ AZH SQLCODE i<
&£ % FETCH AAFI DS, $ & UZE NULLIND % »
7o NULL fHALERIS KM UBICI B,

4.2 MERGORA

ROSOL7ors5 sk [IBhisic. £ofiliicsd
SR BOTELEORPHICFEEIA TV IREOF
BE2RkH3) bDTH 3,

proc examl;
var ¢ : str;
city : setof str;
supplset, partset : sctof setol str;
map suppl : city -+ supplset;
parts : city — partset;
begin
EXEC SQL SELECT CITY, SNO
INTO  <suppl(CITY)=(SNO}>
FROM S :
partset « @ ;
EXEC SQL SELECT CITY, PNO
APPEND <patrs(CITY)={PNO}>
FROM P ;
forall ¢ € city do
writeln(c:10, suppl(c):12, parts(c))
od;
end.

CoFwrs5acid, BMERMEOSQLF—9%S
O LoMEE (CITY, SNO, PNO) &E{® (suppl. parts
) ERALTVWA, TITHRIE, XD L3135,

Athens { S5} NULL

London { 51,84} { PL.P4.P6 )
Paris { 52,83 ) { P2,P5 )
Rome NULL {P3}

PL/1 TRILABEITI T r5 8255835 &,
NV NVABESUMMBR To 563,
KROSOLTer5 a3 TAAIWEREES (M
BE) o<t B LTV ETRSE AT 3)
LDTH 5,

proc exam2;
var parts : str;
inset, supplset : sctofl str;
begin
read(inset) :
parts «— getel(inset);
EXEC SQL SELECT SNO
INTO  :supplset
FROM  SP
WHERE PNO=:parts;
forall parts € insct do
EXEC SQL SELECT $NO
INTO  :workset
FROM  SP
WHERE PNO=:parts;
supplset ¢« supplset {1 workset;
od;
writeln(supplset):
end.

SP XY 4 XANEVWEER, RDODT 25T
E LAmAERTE 3,

proc exam3;
var s : str;
inset, outset, supplno : sctofl str;
partset : sctofl sctof str:
map parts : supplno — partset;
begin
EXEC SQL SELECT SNO, PNO
INTO < parts(SNO)={PNO} >
FROM  SP; ’
read(inset) ;
outset « (s | s € supplno,
inset C parts(s)};
writeln(outset);
end.

exand D75 AR, FF SP RERESLER i
RAL. HavoRRRMNAREREMALTRLT
W3,

4.3 RIS

SQLXDATRMARTELWHMALLT, 8RB
BRENS 2, chit, TAhIhEERKOT<TD
VRMED 5T RTORKEGEE~<2) b0TSH
5, SOLIREBTO Y5 L2KICRT,



proc examd;
var parts :
partset,
begin
ansset+— ¢ ;
read(parts);
workset< (parts};
vhile ( workset# ¢ ) do
EXEC SQL SELECT MINOR_PNO
INTO :workset
FROM  COMPONENT
WIERE MAJOR_PNO IN :workset:
ansset < ansset U workset:
od;
writeln(parts:6, ansset);
end.

str;

ansset, workset : sctofl str;

BlLE%: PL/I CTHRBLASOBKRD T s 5 4
THB, ST, MhcHRvRLIck AR
BERDTWVWE,

EXAM4 : PROC OPTIONS(MAIN);
EXEC SQL INCLUDE SQLCA;
DCL IN_PNO CHAR(6):

GET EDIT(IN_PNO) (A(6));
CALL RECURSION(IN_PNO);

RECURSION : PROC(UPPER_PNO) RECURSIVE:
EXEC SQL BEGIN DECLARE SECTION;
DCL UPPER_PNO CHAR(6):
DCL MAX_PNO BIN FIXED;
DCL FETCHED_PNO CHAR(E);
EXEC SQL END  DECLARE SECTION;
DCL CNT FIXED,
LOWER_PNO(MAX_PNO) CHAR(6) CONTROLLED;
EXEC SQL DECLARE C CURSOR FOR
SELECT MINOR_PNO
FROM  COMPONENT
WHERE MAJOR_PNO=:UPPER_PNO
ORDER BY MINOR_PNO ;

PUT SKIP EDIT(UPPER_PNO) (A);
EXEC SQL SELECT COUNT(MINOR_PNO)

INTO :MAX_PNO

FROM COMPONENT

WHERE MAJOR_PNO=:UPPER_PNO;
IF MAX_PNO=0 THEN RETURN;

ALLOCATE LOWER_PNO:

EXEC SQL OPEN C;

LOOP1: DO CNT=1 TO MAX_PNO;
EXEC SQL FETCH C INTO :FETCHED_PNO;
LOWER_PNO (CNT) =FETCHED_PNO;

END LOOP1:

EXEC SQL CLOSE C;

LOOPZ: DO CNT=1 TO MAX_PNO;
CALL RECURS 10N (LOWER_PNO(CNT)):
END LOOPZ;
FREE LOWER_PNO;
END RECURSION:
END EXAM4;
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SKRIPHEERTH . BT S (SN0) . (¥ HZ
(SNAME) . KMEH (STATUS) . PRTEIBRR (CITY) %2 &L, P
RBBIRTHH . WRES (PNO) . #BS G (PNAME) .
5 (COLOR) . ER (WEIGHT) . REBAT(CITY) 23T, S
PRRIMARTH D, HLEE SN HIBE(PNO)Z EN
EHQIWHMALTWE»ERLTWSE, COMPON
ENTRIZ, MAIOHWKMFZEERL T, HIB&HE(
MAJOR_PNO) 5 F 8555 (MINOR_PNO) % & 4172 3 (QUANTITY

YEATWAENERL TWA,

S SNO  SNAME  STATUS  CITY
S1 Smith 20 London
S2 Jones 10 Paris
S3 Blake 30 Paris
S4 Clark 20 London
S5 Adams 30 Athens

P PNO  PNAME  COLOR  WEIGHT CITY
P1 Nut Red 12 London
P2 Bolt Green 17 Paris
P3 Screw  Blue 17 Rome
P4 Screv  Red 14 London
P5 Cam Blue 12 Paris
P6 Cog Red ‘19 London

SP

COMPONENT MAJOR_PNO

SNO

Sl
S1
S1
S1
1
S1
S2
S2
§3
S4
N
S4

S

PNO  QTY

P1 300
P2 200
P3 400
P4 200
P5 100
P6 100
P1 300
P2 400
P2 200
P2 200
P4 300
P§ 400

MINOR_PNO  QUANTITY

P1 P2
Pl P4
P§ P3
P3 P6
P6 P1
P§ P6
P2 P4
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BHIEITS 5SS QL XICIBINT 3,
SELECTUAMAA D S QL X2 WNEITT %,
Bi—4§7 SELECT X %BHIEFTL. #ER%
tiffity, 7 riciB 5%,

hiflvy 7 r DRFHER» S, 5245
HOEREMOHL, 25 v 7 ik,
WIEIT SELECT X2WMIETL. #£R %
iy 7 7ici§ B,
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OPEN XD EFo

FETCH X @D F{T,

CLOSE XD EfTo

COMMIT WORK XD E{To

ROLLBACK WORK XD %E{To

PIA NI E DL E,

SQLCODE D ffiic & » AIAMIDEFT S0
PIAMIRDS do XEFTFTOWDY 5 >
- F,

CONNECT X DE{To

PIFEMI D 7 — 5 BIRELES UPDATE X
DEITo

FAEMDOF— s BRELES INSERT X
DE{To

MEFENI D7 — 5 ZEEMS INSERT X
DEITo




