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ABSTRACT

The SAS/C® compiler provides a productive programming envi-
ronment for the development of efficient C programs. Together
with the IBM? products ISPF and DB2;" the appiicalion developer
has a powerful combination with which to deliver interactive user
dialoge and SGL™ database applications. For the future, SAS/C
and Systems Application Architecture™ {SAA) expand the poten-
tial of these products by enhancing the portability of applications
developed with them.

INTRODUCTION

The faliowing discussion includes:

= an ovetview of SAS/C language extensions useful for
implementing SPF and DB2 applications

« a description of building blocks for communicating -
betwesn C programs and ISPF and DB2

« saveral coding examples
« sglutions to soma potential problems.

The examples in the paper assume the following software levels:
Relsase 4.00 of the SAS/C compiler, Version 2.3 of ISPF, and
Version 1.3 of DB2, The distussion emphasizes SAS/C exten-
sions nacessary for using these versions of ISPF and DB2, which
do not support the C language. Note that Varsion 2 of DB2 &nd
Version 3 of ISPF do support C.

SAS/C FEATURES AND LANGUAGE EXTENSIONS

The SAS/C compiler provides sevaral features and extensions
that aid in calling ISPF and DBZ from the C environment, including
support for

+ cailing assembler reutinas from G

= loading modules dynamically

» galling programs in other high level languages from C
+ refgrencing C structures in an assembler routine

= converting assembler structures (DSECTs) to C
stuctures.

Calling assembler routines from C, such as those for ISPF and
DB2, involves declaring them as assembler and properly format-
ting thsir parameter fists. To declare an assembler function, use
the ___asm keyword. Then, to format its parameter [ist, use the
a cali-by-reference aperator to pass argument pointers rather
than values. This operator works similarly to the & operator, while
providing adddional suppor for passing constants and computed
expressions. Of course, when passing an array, C converts its
reference to a painter, so in general do not precede string argu-
ments to assembler programs with the a operator.

Dynamic leading, using the SAS/C toadm function, insulates your
program from future changes {o the ISPF and DB2 service rou-
tines. This function loads the requested module and initializes the
corresponding fenction pointer, However, declarations using the
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—asm keyword generate a special one word function pointer that
is incompatible with 1oadm, but you can initialize a standard G
function peinter and then assign its value to the __asm pointer.

Calling programs in other high lévcl languages from C is another

useful SAS/C extension, for Version 1 of DB2 does not support
C as a host language. However, the examples in'this paper focus
on using assembler as the host language. The advantages of
using assembiar are that the communication of structures
between the C main procedure and assembler routines is
straighttorward and that a SAS/C too! is avaliable for translating
assembier structures, known as DSECTs, to C structures.

Referencing C structures in an assembler routine invoives locat-
ing and addressing the structures. If you use the ext ern storage
class {0 declare structures of fixed size, such as those lor the
SQL Communication Area (SQLCA) and for DB2 host variables,
an assembler routine can access the structures through V-type
address constants. If your program must be reentrant, C environ-
ment intialization can aliccate the structures in the Pseudo-
Register Vector {PRV) if you compile the program with the
RENTExt option. In that case, the routine can access
them through Q-type address constants. if you use the malloc
tunction to allocate areas of arbitrary size. such as the SOL
Descriptor Area (SQLDA) and dynamic SQl. statements, then the
assembier routine can access them through pointers passed in
parametears from the C program. .

To convert an assembier DSECT 1o a C structure, use the SAS/C
DSECTZC program. For example, to convert the SQLCA and
SQLDA, preprocess and assemble the following shorl DB2 pro-
gram;

CRECT

EXEC SQL INCLUDE SQLDA
DSECT

EXEC SQL INCLUDE SQLChR
END

SQLCA

Direct the assembler listing to DSECT2C, requesting that it pro-
cess the SQOLCA, the SOLDA, and the SOLDA sub-structure
SQLVARN. Then, enhance the DSECT2C autput to parallet the
C structure definitions found in the DB2 Version 2 Application
Programming Guide. The edited results for the SOLCA look ke
this:

§if tdefimedj_CL2)

$define _CLE

typedef char CLEi8];

fendif

#if {defined:s CL7Q)
$defive _LL7G

typedet char CL7O(T0};
fondif

typedef stract
{

cLe s«qicaid;
iat sqlrabo;
int sqlcode;
short  sqlexemi;
CL}  sqlerem;
cLy sqlerrp:
ink sqlerrdifi;
CLS sqlwarm;
cLg agiext:

) spLea;



§if tdefined{SQLCACSE)
$define BQLGACSE sqica. /¥component selection erpreszicnds
$endif

$define SQLCODE
Jdefine SQLWARNG
{define SQLWARN}
jdefine SQLHARN2
jdefine SQLHARMI
jdefine EQLWARNY
{define SQLWARNS
tdefine BOLHARNE
$define SQLMARH?

SQLCACEE sglcaode

SQLLACSE sqlwarn[0}
EQLEACEE sqlwarn|$}
SQLCACSE sqlwarn{2}
SQLCACEE sgiwarn{3}
SQLCACSE sglwarn[#}
SQLCACSE sgiwarn(5}
SQLCACSE sylwazm[6]
SQLLCACSE sglwarnf?]

The resulte for the SQLDA look like this:

Fif ldefined{_LL8)
idefine _CL®
typadaf zhar CLE(&};
Jendif

{if tdefined({.CL30}
tdefine _CL3D

typafef ehar CLIG[IG];
fendif

Eypadef struct

[
[ 2
int

aqidaid;
gqldake;
short  sqinm;
short sqld;
struct SQLVAR

{
short sqliype;
shert sglien;
char veqidata;
short #aqlind;
skroet | short length: €130 data: ] $qlname;
] sqlvar[0j;
i SQLDA;

ydefine SDLDASIZE{a}
{sizeof{SOLOA} ¢ (nj¥*sizeci{struct BQLYAR})

BASIC BUILDING BLOCKS

This section develops SAS/C and assembiler buikling blocks for
« mapping C program variables into the iISPF function pool
s providing a VDEFINE exit
+ requesting servif;:e of DB2
» supporting WHENEVER statements in your C program

= dynamically loading the {SPF and DB2 sarvice routines.

Mapping C program variables into the 1SPF functian pool uses
the ISPF VDEFINE service. Table 1 describes the comespon-
dence of DB2 and C data types to ISPF formats. Note that for
Version 2 of DB2, support for embedding SQOL statements in C
requires that date, time, and timestamp fiedde end in a null termi-
nator. This is alsc true for character strings, for which DB2
defines a new type.
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DE2 datz type host data type ISPF format

code nazme nog-C € sop~& €

334,335 DATE char{tv] char{11} CERR  USER
384/389 TIKE char| B} charf §} CHAR  DEER
3327393 TIMESTAMP char|25] chaxidT: CHAR  USER
448/449 VARCHAR struct { short; char{n]; } USER TUSER
§54/553 CHAR char{n} chay LCHAR  CHAR
3607361 CHRR - charin+i] USER
580/48% FLAAT detible doudle USER  USER
ERO/485 DECIMAL packed - TSER  USER
5967497 INIEGEK long long FIXED FIXED
5007501 SMALLINT shott shert FIXED FIXED

Table 1 Cotrespondence of DB2 and host data types to
iSPF formais

The decimal data type is a spedial case, for C does not support
. Howaver, the SAS/C interlanguage Communication Feature
defines two macros, pdval and pdset, for converting between
decimal and floating point data. Altemnatively, you ¢can use the in-
fine machine code interface to perform operations directly on
decimal data fisids,

From the table, some usaful examples of #defines and typedafs
relating the various DBZ data types to C include:

tdefine TYPECQDE{code) § type == cade i1 type == codetl |
Hdefine type DAPE TYPECODE( 384)
jdefine type TIMNE TYFECQDE{ 13%)
$define type TIMESTAMP TYPRLODE{392)

§define type VARCHAR TYPECODE{4&3}
gdefine type CRAR TYFECQDE{ U%2})
fdefine type NULCHAR  TYPECODE(W6C})
¢define type FLOAT TYPECODE{ 340}
$define Lype DECIMAL  TYPECODE(AEL)
fdefine type INTEGER TYPECODE(U44)

¢define type SMALLINT TYPRCODE(500)

#define ispf VARCHAR 2 /* length field overhead */
jdefine ispf NULCHAR % /* nuoll terminator overhead #/

$4define ispf_FLOAT 28 /% ispf size for fleast */
jdefine ispf_INTEGER %1 /v ispf size for long */
jdefine ispf SMALLIFT 5 /* ispf size for unsigned skort #/

typedef shori HULLIKD, TYPE;
typedef char DATE|[18], TIME[8}, TIHESTAMF{26};
typedef __nocalignmenm struct )

{ shart len; char textid}; ] VARCHAE;
typedef double FLOAT;
typedef long INTEGER;
typedef unsigned short SMALLINT,

Providing a YDEFINE exit is necessary for data ifypes with the
ISPF format of "USER" in the table. In general, iSPF accesses
service exits, such as that for VDEFINE, using an address you
pass in a parameter when calling the senvice. By compiling the
source module with the INDep option, that address can point
diractiy to tha exit routine. The INDep option ensures that when
ISPF calls the exit, the C environment is available.

Howaeaver, you cannot use the TNDep option if your program must
be reentrant, In that case, another mechanism is necessary to
restore the C environment prior to entering the exit. In the exam-
ple below, an assembler bridge provides this mechaniam by load-
ing the C Runtime Anchor Block (CRAB) peinter from the dats
address parameter passed in ihe initial call to the ISPF service.

ENTRY VDFEXITE
VDFEXITE D5 3

B BRINGE-*( H15}

LR

Dc ¥{VOVEXIT)
BRIDGE D5  OH
(123 -
L R1%,4(,R15}
L 212,0(812,E1)
L ®12,0{ R12}
ST R14,CRABUSR}
L R1%,8(,K15)
B1%,R15

data sddress parm offset
€ subrookine exit address

save register 12

foad data address offsat
load data address

load CRAR addresa

save return address

load exit roatine address
branck to exit routine



1A R¥4 , CRABUER1
RETORN {12}

restore register 1§
restore req 12 and return

The C mainline then initializes the VDEFINE exit data structure
to use the bridge

#inclede <code.h>
extern __asm int wdfemith();
struct [ —asm ist (svdFoxitb)(}; void scrab; | vdfexitd;

/* for _stregs() */

vafexitd.vdfexitb = vdfexitb;
vifexitd.crab = {void ¥} _stregs{R1Z};

Requesting serwvice of DB2 through SQL statements contrasts
with {SPF's function call mechanism, The example below illus-
yrates how to embed SQL in an assembler program, First, a
header identifies the program, associates base registers with the
coniro! and data structures, and declares those structures. Then,
for each SQL statement, entry code links it to the C caller and
joads the base registers nacessary to provide addressability fo
#he appropriate structures. After the statement, control returns
10 G..

EXAMPLE  CEECT
EQL3BCT ,
CREGS USING
USING SQLETHTD,ES
USING SQLDSECT,R3
USING SQLCA,RZ

Identify the program section
Save the secticn identifier
Asgociste base regs w/ C

and DB2 contrel stroctares

COFT DA include C contral structuras
COPY CEAB
BQLCA BSBCT Dafinitions for SQLCA
SQLDA DSECT - and SQLDA in C mainline
SQLESTWTO DSECT Dynamic gq1 statement
SOQLSTMT DS  HL2,CL1
SOLSECT REETORE Roscme program .section
SQLPREP CENTRY LASTREG=R6,BASE-R6 Enter assembler routine

LM H2,R3,«0i{SOLCA SQLDGECT} PRV offsats

AL B2, CBABERV Address the SQLCA

AL A3, CRABERY Address the SQLDSECT

i1 R4, 0¢,R1] Address tha SQLBR

OSING SQLDA, R4 Aggpciate base reg w/ SQLDA
L RS, % R} Address bhe 5QL stabement

EXEC 5QL PEEPARE SQLSTHT INTO SQLDA FROW SQUSTHE

CEXIT LASTREG=R6 RC={R15) Retorn to caller
To call tha above assembler ‘routine to execute the 5QL
PREFARE, issue the following statement:

sqlprep { sqida, sqistmt );

To support WHENEVER statements in your C program, dectare
these data fields and sdefine these SQL keywards:

$inclede <setjmp.h>

smpp_baf envii};

char sqlcondi3d} = { 9, &, & };
int whentype;

$define RXEC
gdefine 3QL

jdefine WHENEVER whentype »

§define FOURD

$define 0

$define GO goto

§define GOTG gote

jdefine FQLERROR  0; sglcend([0) = 1; A}
if { setijmpfenvi{li) < ¢ )

§define NOT i; sqleondft) = §;

if { setjmpi{envii]) == 100 3

sqicondid] = 1; A\

if ( setimpienvid]) » ¢ 11 %
SOLEARRY == W' }

§define SQLWARMING 2;
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#define CONTIRUE 1 sqlicond|whentype| = 0:

Then, write a macro that calis an SQL routine and tests the sql-
code.

fdefine EMECSQL(sgifumc) { sqifumc,

{({sqicond {0t £4 SQLCODE <« By A

(sqicond{1} t& SQLCODE == 100} i
(sqicomd{%; && {SQLCODE > § || SQUWAENQ =a 'W')}} ? kS
longimp(envi{{sqicond[03 && SQLCODE < D}  ? @ 3 3
{sqicondfi} §& SQLCODE == %0G} 7 1 : 2) %

1, SGLCODE) @ (voidjd )

Finaily, issue WHENEVER stalements in the program to identily
the branch-to focation for handling a condition.

do |
BXEC SQL WHENEVER SQLEWROR GOTO label; break;
Jabel:
/+ pravent racaggion if 5q: routine here faila */
EXEC SQL WHEWEVER 3QLERROR CONTIHUE;
7% put =q1 error bandling code here =/
] while{1i;

Dynamically loading the {SPF and DB2 service routines pra-
vides an alternative to linking them with your program. To per-
form the loading, declare each routine with a function pointer.

#define TSPEXEC{bauffar} 1
{ {*ispexec) ¢ astrlen { buffer j, buffer ) }

fdefine YIPLIMK ¢#isplink}
{define DSHALI frdscali;
fdefine DSWALY  §%dscblil}
fdefine DSHTIAR ¢vdsntiar)
extern __asm int ¢*ispexec)(y;
extern _asm int {SPLINE{Y;
extern __asm int DSNALI(};
extern __asm int GENRLI(};
extern _ asm int DSWTIAR{};

Then call 1eadm to initialize the pointers.

#include <«dynam.b>
int {*fp[5]){i; /* ane e¢jement per inadm'ed moduie ¢/

loadm ( ~TSPEAEC», 3ip[G] };
ispexec = *¥(__asm jot (v¥*§i)jeipily;

By using the in-line machine code interface, you can even issue
the inad directiy.

finclude «<svc.h>

fdefine LOADiname} {.ldregs{RO+R1, name ), _ossvo({l), &
{—asm int {*3{))_stregs{RD)}

#define DELETE(name) {_ldregs{RO name), _@ssvc{d), NULL}

.

ispexec = LOAD { *ISPEXEBC = j§;

To use the dynamically loaded DBZ2 servica routing involves a litte
trick. Since the DB2 preprocessar expansion of an executable
SQL statement assumes that a routine named DSNHL! is link-
edited with the caller, dynamic linking fails. However, by including
a bridge with the name DSNHL), the statement calis it instead.
The bridge can then locate the dynamically kaded DSNHL] and
branch to it. For exampie, if the C mainfine initializes the
{"dsnhkZ)}) Tunction pointer by loading OSNHLI, you can use the
following simple assembler bridge:

ENTRY DSNHLI

DSNHLE B5 1]

USIRG * R1G

L Ri5,=Q(DSHHLI2) load PRV offset of dsnhliz

AL Ri% CRABFRY add FRV pajintar from CRAB

L RI5, 8¢ R15) load dsphli pojoter frem PRV

BR :§¢1 branch to dsmhii



DSNRLI2Z O0XP A —aswm fgne ptr deciared in €

Of course, a compiex bridge involving tha call attachment facility
is also possible.

jinclude <eeode. b
pdefine BOCOEMECT 0300C1D20%

£+ for _stregs{i */

int dsnhii ( void *sqlpiist }
t

int xc = 9;

i ( dsmali == NULL }
{
dsnali « LOAD { *DEBALI « j;
dsphli2 » LORD { *DSWALIZ » );
¥t { rc = DSBALI { "CFEN »,*DB2 4 “FLAR = )1

i

sglplist = NULL;

-DINALY .{ =TRANSLATE *, dsglca j;

if | —stregs{RO) == BOCONHRC? j re = NOCOMNRCT:

H

i

if ¢ sqlplist I= NULL j
EXECSUL { T¢ = DSMELYI ( sqlplist ) };

else
i
if { Tc =x @ } DSHALI [ »CLDSE
dsphli2 = DELETE { "DSWELIZ v );
dsnali = DELEBTE { *DSNALI =~ }:

- #f { ¥t == NOCOHHECT ) '

v, *STHCx )5

{
‘prinkf { =@nrecognized db2 comnection fatlurer 3;
sxit ¢ 12 1;
1
i

Tatorn { tc };

H

EXAMPLES

To demonstrate the principles outlined in the preceding sections,
the following examples include:

« a-VDEFINE exit t0 ilustrate how fo use an ISPF exit
+ a code fragmant 1o issue a DB2 message

= a set of routines 1o execute an SCL varying-ist select
statemant and to copy the results to an ISPF table.

A VDEFINE exit depends on several pieces of information: where
the program data field is, what data type i is, whether the data
is null, and where o posilion iISPF cufput, One technique for mak-
ing this information readily accessible is to preformat it inte an
arsa ngar the data field. For axample, by using this area layout

struct { short nullind, db2type;
char cdatajDATASIZE), ispidata[ISPFSIZE|; |:

the exit routine listed below identifies the data type and, if neces-
sary, interprets the null indicator by examining the twa fields prior
to the C data. For numeric types, the exit formats 1SPF output
after the data field.

int wdfezit { char *udata, long *srvcode chac *namestr,
long *deflen, char 3defarea, lvag *spfdlen,
char #'sptdataq ¥

f

int ien, type = *#{IVPR *)[defarea-sizecf{TYPE}};

char *end, fitarea|ispfi FLOAT+1);

if { *arvcade 3} /% write reguest - copy frem ISPF to € */
{
#f { ttypelt £l *spfdlen »= 0 }
#{NULLIND *} /% zet nuli indicator */
{defarea -~ 3ize0f{TYER) ~ sigeaf{NULLIND}} = -4
eise

{
if (typedt)

S{NULLIRD*) /*% set nuli indicator */
idefarea - gigzeot{lype} - sizeaf{mmllind}} = 4;
if { tYPO.VARCHAN }
H
len = *deflan < sgpfdlen 7 *deflen : #spidien;
memcpy { {{VARCEAR %)defarea)->text, »spfdatap,
{short}lea j;
¢{VARCHAR *idefareaj-»lan = len;

slte if { GYPE NULCHAR )

{

len = *deflen ¢ *spidlen ? *deflen : *spfdlen;
momcpy ( defarea, sspfdatap, [short)len j;
s(defareas+len) = 0; 7¢ npll Lerminate %/

B

else il ( type_FLGAT }
{
Ien = ispf_¥LOAT < ¥spidlea ? ispf_FLOAT : #spidian;
mamepy { fitarea, *spfdatap, {rharjlea };
*(fltarea+ien) = 0; #% pull Lerminate »/
+{PLOAT ¥)defarea = siriod { fitarpa, fend };
H

aelse /% read request - copy frem € te ISPF 7

if { (typesl} $& /% type supports puil #/
#{NULLIND ¥} /% test null .indicator v/
- {defarsa ~ sizeof{TYPE) - staecf{NULLIND}) < ¢ }

{

vspidlen = 0;
]

else if ( type VARCHAR }
{
sgpfdatap « {{VARCHAR %)defarea)->text;
¥spfdléen = ((VARCHAR *jdefarea)->lem;

H
else if { type NULCHAE )
(
tspfdatap = defarea;
*spfdien = strlen ( defarea j;
i
else if { type FLOAT |
{
s#spidatap = defarsa + sizeof{PLOAT);
sprintf { [ltarea, wX+*.%en, 1sp[_FLOAT,
igpE _PLOAT-F, #{PLOAT *)defarsa };
mencpy { *spfdatap, fltarea K ispf FILORT j;
#gpidien = igpf_FLOAT:
}
!
rabuyn { 9 §:
H

Jssuing a DB2 message is usefui when handling an SQL error.

The exampie below uses the DSNTIAR routine supplied with DB2
to format an emror message. By using VDEFINE to map the mes-

" sage area to an ISPF dynamic area variabie, the routine directly

formats the area for panet display.

skruct | long widih, depth;
struct | shart Ien; chir textiSCRHSIZE]; ] area;
| screen;

gcreen.area.ien = screen.width * screen.depth;
dantiar = LOAD { vOSHTIARR = };

LISNTIAR { ¥sqlea, @screem.area, dscreen,width i,
dsntiar = DELYTE ( *DSNTIAR = };

Executing an SQL varying-list select statement requires the fol-
lowing four steps:

1. Prapare the SQL statement into an SQLDA.
2. Aliocate an area for data fields and null indicators.

3. Assign locations in the area to SQLDA pointers.



4, Map 1o ISPF each data field and nu!i indicator,

The example below parforms each of these staps, then feichies

the DB2 rows and capies them to an I1SPF table.

it { sqglda = prepars { sqlstmt } 1}

(

if { datap = allocate( sqQldx j }

{

assign { sqlda, datap };

names = map2spf { zqlda };

ISELIKE { "TBCREATE",~TABLE = » = names, "NOWRITE+ }

sqlopen { sqlda §: % open
while { SQLCODE == { }

{

sqifteh | sqlda ); /* fetch

if { SQLCODE == € }

ISFEXEC { *TBAOU TABLE= );

)

sqlemit { ); #% commit

ISPEXRC ( "TBEND TAB1En }:
18PLINK ( *VDELEIE", mames };
free { nazes };

free { datap };

7% clean up

i
free §{ sqlda );

i

static SQLOA *prepare

{ VARCERR *zqlstat }

i
EQLDE #sqglda, sgidal;

sqidad.gqldabe = SQLDASXZE { sqidaf.sqin = 0 };
sqlprep ¢ §2qldal, sqlstmbt-};

sqlda = malioc { SQLDASIZE { sgldab.sqld } );

memcpyY { sqida-rzqidaid, ~3QLDA

sqlda->sqldabc =

L H

SQLDASTZE ( vglda->sglo = sqldaC.sqlid };

sqlprep { #qlda, sgistmt }:

return ( gqlda §;
L

¥

static char *alloeake { SQLDA #sqlda |

f

int i, type, datal ~ 0;

for { i = 0; i < sqida->sqld; ++i }

{

type = sqlda-»>9qivar{i).sqltype;
datal += aqida->sqlvarii].sgilen +

it

{type&l} * sizacf{WULLIND};

{ type.VARCHAR }
datal += sizeof (TYPE} + ispf_VARCHAR;

wlge if { type HWOLCHAR }

datal += gizedf (TYPL} + iSpI_NULCHAR;

else if { type FLOAT 3}

i
retoyn { datal ? malloc. ( datai j :

j

data)l += 5izaof (TYPE} + iSPI_FLOAT +
sireof {FLOAT) - sqlda-»sqlvar|i].sqilen;

NOLL §;

static void assign { SQLDA *sqida, char *datap }

i

int i, type;

for { i = 0; 1 < sqlda->sqld; +ai )

type « sqlda-»sglvar(ij.sqitype;
if { typsgl ) .

F¢ null indicater */
[ ..

sgldz->sqivariil.sqlind = (NULLIND %}datap;

datap 4= sizeof{WULLIND}:

i

#f { typa.VARCHRER |} type BULCHAR ii type FLOAT }

{
*{TYFE #idatap = sqida~>3qlvaxii].sgltype;

1

*/

*/

*/
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],

datap = sizecf{TYPE);
i

sqlda->sgivar{il.sqldata = datap;

if

. { type VARCHAR } datap += ispf_VARCHAR;

else 3£ { typs_NULCHRR } datap 4= igpf.HULCHAR;
else if [ type_FLOAT )

{
memset § datap, O, sizecf{FLOAT) i;
datap += iypf_FLOAT +
sizeof (FLOAT) ~ sqlda->sqlvarjil.sgllen;

datap +» sqida->sqlvariij.sqllen;

)

statir char vmapZspf { SQLDA #sgida )

!

iot i, type;
char *name, *names:

names
Dame
¥names+ = ‘(';

= malloc { sqlda->sqld#16 + 2 }; /+ 2 far ‘f)' */
= pames;

for { i = 0; i « sqQlda->sqid: ¢4i }

(

type = sqida->sqlvarfi|.sqliype;.

if

sprintf ( name, »3QLVL.3d v, i j;
ISPLIRK ( "VDEFINE®

[ typest }

{

sprintf ( mame, °SRLIL.3d *, % );

ISPLIMR { *VDEFIME», pame, sqida->sqlvarii].sqlind,
rFILED=  asizeof (NULLIND) };

name += 8

]

f* nall iodicakor »/

H
, bame,
sqtda->sqlvar{i].sqidata,
{ { tYpa DATE 1| type TIME i}
type TIMESTAMF |! type CHAR } ? sCHAhR<
{ type_INTEGER 14 type_SMALLINT ; ? *PINEDv ;
#USEa" },

#{longisqida~>sqlvar{i).sqllea, » v, 3svdfexitd };

name 4% B:

)

Mmame = )Y

return { mames );

]

+ acquiring storage in an exit thai the main procedure frees
at termination

« opening a file in an exit that the main procedure closes

* issuing DB2 services in both the main precedure and the
exit,

SOLUTIONS TO SOME POTENTIAL PROBLEMS

Several problems may occur a$ you develop an ISPF application.
One irvolves the “LIST type VDEFINE that requires program date
fieids 10 be contiguous. Since structure element alignment may
cause gaps, declare the C data structure and any embedded
structures with the __noalignmem keyword.

Two types of errors may occur when uging 1SPF exits. The first
typs may causa an exit to fail if it is part of a program to which
the linkage editor assigned addressing mode (AMODE}is 24. This
is because ISPF passes controf to exits in-31-bit mode. There-
fora, be sure 1o set the program’s AMODE to 31, Another acca-
sionally tricky type of error rasulis from the MVS task structure,
if you invoke a program by using the 1ISPF SELECT CMD service
or by using the DSN command processor, ISPF exits run under
a saparate task from the main procedure. Therefora, tha main
procedure and the exit cannot share system services that expect
10 be called under the same task. Examples of when such shating
may cause an error include:



To avoid such errors, invoke the program with the PGM sub-
command of the ISPF SELECT service.

CONCLUSION

The SAS/C compiler offars a productive programming environ-
ment for daveloping ISPF and DB2 applications. For the future,
the SAA Common Programming interface leverages the pro-
gramming invastment across a numher of environments. You can
take severa! steps now to get ready for SAA. For dislog applica-
tions, @ major change is in the call interface. SAA uses the ISPCH
function, which expects a command string, so that using
ISPEXEC now to call diakog services wilt aase that transition. For
database applications, Varsion 2 of DB2 already supports C as
a host language, so that you can sasily migrate your C based
applications to SAA. Therafors, as you examine your choices for
SAA application development languages, consider the potental
that C and the SAS/C praduct offer to your future programming
mvestment.

REFERENCES

The following references offer additional guidance in deveioping
C, ISPF, DB2, and SAA applications:

SAS Institute Inc. (1988}, SAS,/C Compiler and Library User's
Guide, Cary, NC,

SAS institute inc. (19883, SAS/C Ubrary Reference Volume 1,
Cary, NC.

SAS Institute inc. (1988}, SAS/C Library Reference Valume 2,
Cary, NC. T

SAS Institute inc. {1989), SAS Technical Report C-106, Changes
and Enhancements to the SAS/C Compiler, Rolease 4,00, Cary,
NC.

SAS Institute Inc. {1989), SAS/C Compiier interianguage Commu-
nicafion Fealure User's Quide, Cary, NC.

663

{8M Corp. {1987), imteractive System Produclivity Facility Version
2 ARelease 3 for MVS Dialog Management Guide, SC34-4112,
Cary, NC.

{BM Corp. {1987), Interactive System Productivity Facility Version
2 Release 3 for MVS Dialog Management Services and Exam-
ples, 5C34-4113, Cary, NC. .

IBM Corp. {1987}, DATABASE 2 Application Frogramming Guide,
5C26-4293, San Jose, CA.

IBM Corp. {1987), DATABASE 2 Advancad Appiication Pragram-
ming Guide, 5C26-4292, San Josa, CA.

IBM Corp. {198B), DATABASE 2 Version 2 Application Program-
ming Guide 5C26-4377, San Jose, CA.

IBM Corp. {1987), Systems Application Architecture Commen Pro-
gramming Interface Digiog Reference, SC26-4358, San Jose,
CA. .

{EM Corp. (1987), Systems Application Architecture Common Pro-
gramming interfece Database Reference, SC26-4348, San Jose,
ChA.

You may also call SAS Institute Technical Support for help with
specific guestions.

ACKNOWLEDGMENTS

Special thanks to Mark Gass and Bob Patten of SAS Institute for
assistance in developing ihis paper.

SAS/C is a ragistared trademark of SAS Institute Inc., Cary, NC,
USA.

iBM is a registered trademark of International Business
Machines Corporation.

DB2, 8QL, and Systems Application Architecture are trtademarks
of International Business Machines Corporation.



