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The Ins and Outs of XML and DB2 for i15/0S

From the Redbook:

A

Extensible Markup Language (XML) represents a fundamental change in computing.
It allows applications to move away from proprietary file and data formats to a world
of open data interchange. XML has become ubiquitous not only because of its range
of applications, but also because of its ease of use.

Although XML solves many problems by providing a standard format for data
interchange, some challenges remain. In the real world, applications need reliable
services to store, retrieve, and manipulate data. These services have traditionally
been offered by DB2® for i5/0S® .

This Redbook deals with the challenges of representing XML hierarchies in the
relational database model. It will provide an in-depth explanation of the three most
popular approaches to bridge the hierarchy - relational model dichotomy:

- Programmatically process the XML documents and map their hierarchy into a
relational

database.
- Use database middleware to handle the XML parsing and XML-to-relational
mapping.
- Use XSL transformation to transform inbound XML documents directly to SQL
scripts.
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What you need to get started.:

A XML Editing tool(s)
I WDSC (IBM)
I XMLSpy (Altova)
I Stylus Studio (Progress Software Corporation)

A XML Reference(s)
I WDSC Step by Step (MC Press)
I XML for eServer i5 and iSeries (MC Press)
I Qshell for iSeries (MC Press)
i XSLT 2nd Edition (WROX)
|

T W3Schools Online Web Tutorials
(www.w3schools.org)
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What is XML?
I XML is short for Extensible Markup Language

Pros of XML?
I XML is flexible
I XML is self documenting
I XML can replace or extend legacy systems

Cons of XML?

I XML is verbose
I XML can significantly increases the size of your data

T XML works best with hierarchal data in a relational
data base
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There are three main components of XML

A XML Document
I Document containing data

A XML Document Type Definition (DTD)

I Document that defines the document structure of the
XML Document

A XML Schema Definition (XSD)

I Document that defines the document structure of the
XML Document in an XML-based alternative to DTD
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Structure of XML documents

A An XML document has a tree-like structure that
IS hierarchical

A The document must contain one and only one
root element

A An element is the parent of all the elements it
contains

A The elements that are inside a parent element
are called its children

A Similarly, the elements that have the same
parent element are called siblings
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¥ Altova XMLSpy - [StoreSales *]

Fle Edit Project XML DOTD/Schema Schema design XSLMXQuery Authenbc Conwvert View Browser Tools Window Help - 8

D SBRE HE@ & BP0 o8 ol Y Bcac fEE, 28T o= | o wom [T

1 <?xml version="1.0" encoding="UTF-8"7>
2 ] =StoreSales date="2006-04-06" xmins xsi="http/www. wi.org2001/XMLSchema-instance™ xsinoNamespaceSchemalocation="StoreSales xsd">
3 <Storeld>T</Storeld=
4 =}  =Transactions>
5 = <Transaction type="SALE™>
[ ) =Saleshem:
T <Brand name="Pepsi/=
8 <Name=Mt. Dew 20 oz.</Name>
L <Currency>=USD</Currency=
10 <Amount=1.19</Amount=
11 - </Saleskem=
12 =) <Salestem=
13 =Brand name="General Electric”/>
14 <Name=60 watt bulbs, 4 pk.</Name>
15 =Currency=USD<=/Currency=
16 <Ampunt=.98</Amount>
17 - =/Saleshem=
18 o </Transaction>
19 =) =Transaction type="RETURN"=
20 = <Saleshems
21 =Brand name="Bosch"/=
22 <Name>Drill/Name:=
23 <Currency>SD</Currency=
24 <Amount>39.95</Amounts
25 | </Saleshem»
26 | «<Transaction>
27 = «Transactions>
28 - «/StoreSales>
29
Text Gnd Schema/WSDL Authentic Browser

[ storesales 4 b
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@ File Edit Project XML DTD/Schema Schemadesign XSL/MQuery Authentic Convert \iew Browser Tools Window Help -5 X
DR B & ¥y o o AdSH D Ecl v S @M, - B e, B0y
= XML

4 StoreSales

= date 2006-04-06

= xminsxsi  hitpdhwww w3 org2001XMLSchema-instance
= xsimoNam... StoreSakes x=sd

{} storeld 7

« Transactions

e

a8
Bra Mt. Dew 20 oz.
Brand 60 watt bulbs, 4 pk.
| —
-~

i

4
Tet Grid Schema/WSDL Authentic Browser
[=h Storesales




The Ins and Outs of XML and DB2 for i5/0S

© Remote System Explorer -

Store706.xml - IBM Rational Software Development Platform
File Edit Source Navigate Search Project Run Window Help

I -HB&|%-0-Q- |+ |8

IO sl B *Store706.xml X

R TR

£ || 5= outline 52

! <?xml version="1.0" encoding="UTF-8" 2>
<StoreSales date="2006-04-06"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema—-instance"”
¥xs1i:noNamespaceSchemaLlocation="StoreSales.xsd">
<Storeld>7</Storeld>
<Transactions>
<Transaction type="SALE">
<SalesItem>
<Brand name="Pepsi" />
<Naume>Nt. Dew 20 oz.</Name>
<Currency>USD</Currency>
<Amount>1.19</Amount>
</SaleslItem>
<SalesItem>
<Brand name="General Electric” />
<Namne>60 watt bulbs, 4 pk.</Name>
<Currency>USD</Currency>
<Amount>.98</ Amount>
</SaleslItem>
</Transaction>
<Transaction ctype="RETURN">
<SalesItem>
<Brand name="Bosch" />
<Name>Drill</Name>
<Currency>USD</Currency>
<Amount>39.95</ Amount>
</SalesItem>
</Transaction>
<Transaction type="SALE">
<SalesItem>
<Brand name="Pepsi” />
<Naure>Nt. Dew 20 oz.</Name>
<Currency>USD</Currency>
<Amount>1.19</Amount>

i 20

22 xml
= [e] StoreSales
[e] Storeld
= [e] Transactions
= [e] Transaction
= [e] SalesItem
(€] Brand
(€] Name
[e] Currency
(€] Amount
+ [e] SalesItem
[e] Transaction
1-[e] Transaction
1-[e] Transaction

(i

+- [+

+

QRemote System Details &3 Tasks iSeries Table View iSeries Commands Log

‘Writable

| Smart Insert 251

5

9
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Structure of DTD documents

A Contains the list of tags which are allowed within the
XML document and their types and attributes

A Defines how elements relate to one another within the
document's tree structure and specifies which attributes
may be used with which elements
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3 Altova XMLSpy - [StoreSales] E|E[g|
‘@ Ele Edt Project XML DID/Schema Schemadesign XSL/XQuery Authentic Convert View Growser Tools Window Help - & x
DM B0 & @ o o MAOS TCrcl o mwmen TR GEC[BE & B e mow o [d]EE] ]

1 =<7xmi version="1_0" encoding="UTF-8"7>
2 <!ELEMENT StoreSales (Storeld Transachions) =
3 <ATTLIST StoreSales
4 date CDATA #IMPLED
5 -
] <ELEMENT Storeld (#PCDATA)>
7 <ELEMENT Transaclions (Transaclion+) =
8
8 <ELEMENT Transaction (Sakesiems) =
10 <!ATTLIST Transaction
11 type CDATA ZMPLED
12 >
13 <ELEMENT Salesikem (Brand Name Currency. Amount) >
14 <ELEMENT Brand EMPTY>
15 <!ATTLIET Brand
16 name CDATA #IMPLED
17 >
18 <ELEMENT Name (#PCDATA)>
19 <ELEMENT Currency (#PCDATA)=
20 <ELEMENT Amount (#PCDATA)>
21
22

Text Grid Browser

[ Storesales qa
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X Altova XMLSpy - [StoreSales] [:”E [_zl
BE# Edit Project XML DTD/Schema Schema design XSL/XQuery Authentic Conwvert View Browser Tools Window Help -8 X
DR (& B o AR Ry ol L w0 B e i '
= ML

= wversion 1.0
= = encoding UTF-8
a StoreSales segquence of

Elm Storeld

At Name At Type At Values Rt Presence Aty Dafault
- 1 |date CDATA #IMPLIED
Elm Storeld #PCDATA

Transactions seguence of
:| Elm Transaction 1 or more
Transaction seguence of

:| Elm Salesitem 1 or more
a Transaction affribufe list

B Mame B Type B Valves A Prezence AL Dafaoult
| 1 |type CDATA #MPLIED
- Salesitemn seguence of

Elm Brand

= Hame
Currency

_ Elm Amount
Elm Brand EMPTY
4 Brand attribute list

e Name e Type A1z Valves A1 Presence At Default
L 1 |name CODATA #MPLIED
Elm Name #PCDATA
Elm Currency #PCDATA
Elm Amount #PCDATA

Teod Girid Browser
G storesales q4p
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Structure of XSD documents

A Contains the legal building blocks of an XML document
similar to DTD

A Defines how elements relate to one another within the
document's tree structure and specifies which attributes
may be used with which elements

A Schema supports all data types used in most
programming languages such as string, decimal, integer,
Boolean, date and time

A Supports complexType elements that allows you to
define an element type that can consist of sub-elements
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¥ Altova XMLSpy - [StoreSales.xsd]

@ File Edit Project XML DTDfSchema Schema design XSL/¥Query Authentic Convert  View Browser Tools Window  Help _ x
DR B & $F o~ O8Ol ¥ @ [ G RE 8 I s P o [FFEE]

1 =7l version="1.07 encoth'lg=“UIF-3"?h|
2 l? =xsdschema xmins: csd="hitp. ferarer w3 orgf2001 S0MLSchema™= T
3 [
4 9
5 [
[
Fi =xschelement ref="Transaclions"f>
g o P <ikstbsequences
-] I i =xsdatirinde name="cdate™ type="xsd date” use="required"s>
10 s <fesod complexTypes
11 = fxzckelements
12 =xsckelement name="Storeld” types“xsdinteger/=
13 = exsdelement name="Transactions">
14
15
16
17 -
18
19 -
20 =
1 ':Ef-
22 L=
23 L =xsdelement ref="Salesitem™ maxCOccurs="unbounded"i=
24 < st sequences
25 L | =xsdatiriude name="type” type="xsd:string” use="required"/=
26 [ <fesd complexTypes
27 [ =iksdelements
28 = wxsielement names"Salesikem®>
29 s complexTypes
30 | =xsdsequences
Eal
32 «xschelement ref="Name"/=
33 =xsdelement ref="Currency™f=
34 <xsdelement ref="Amount"f>
35 » i =fosdsequence=
36 - =fesdcomplexType=
a7 —  =fxsdelement= R |
38 -'.E:- =xsckelement name="Brand">
39 ) =xsccomplexType>
40 L =xsihatiribute name="name" type="xsd string" use="required"l=
41 |_ =fesd complexTypes=
42 <hesikelement>
43 =xsck element name="Name" type="xsd shring"/=
44 =xscelement name="Currency™ types="xsd string"/f=
45 & axschelement noames"Amo = b
Text Girid SchemaAWSDL Authentic Broveser

@ﬂamﬁal‘eﬁmﬂ 4 b
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¥ Altova XMLSpy - [StoreSales.xsd]
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- redrelement
= nane StoreSales
& xed:complexType
~ xggrsequence
xsd:element
j = ref Storeld
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Key Points to Remember

XML i1s Hierarchical

I Hierarchical data is stored where the order and
relationship of the elements is significant

I Elements are not related to one another by any key
structure or relationship

DB2 is Relational

I Relational data is stored in rows of two dimensional
tables where the physical order is insignificant

I Tables are related to one another by key
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Questions ?
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Let 0s explore 4 XML progr amm:

SQL compose of an XML document
I Compose a StoreSales XML document from 3 tables

RPG compose of an XML document

I Compose a StoreSales XML document from 3 tables using SQLRPGLE
& CGl

XSL & XSLT transform of an XML document to SQL script

I Transform a composed StoreSales XML document to SQL script to
populate 1 table

RPG decompose of an XML document

I Use V5R4 RPG to decompose a CorpSales XML document to populate
1 table
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Corporate
Sales
Database

S
o

% II Country Sales
XML Documents

% _I Store Sales
\ XML Documents
ﬁ % @ Store Sales

I Corporate Sales
- AML Document

Corporate
Staging
Database

Country
Database

Store

Database Archive

Database

ol &) @0 &b



The Ins and Outs of XML and DB2 for i15/0S

Stores Transactions Salesltem
PK | Storeld PK | Transactionld PK,FK1 | Transactionid

4— pK Salesitemld

StoreName TransactionTime

Street Type ltemName

City BrandName

PostalCode Currency

CountryName StoreXXX Amount

<?xml version="1.0" encoding="UTF-8"?>
<StoreSales date="2006-04-06" xmlns:xsi="http://www3.0rg/2001/XMLSchema-instance”
xsi:noNamespaceSchemal.ocation="StoreSales.xsd">
<Storeld>7</Storeld>
<Transactions>
<Transaction type="SALE">
<Salesltem>
<Brand name="Pepsi"/>
<Name>Mt. Dew 20 oz.</Name>
<Currency>USD</Currency>
<Amount>1.19</Amount>
</Salesltem>
</Transaction>
</Transactions>
</StoreSales>
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SQL Compose of an XML document
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Coding the SQL stored procedure

create procedure GenStoreXML
(IN dateval Char(10), IN storeval varchar(10))

language SQL

begin

declare string char(30000);
declare transid INTEGER;

declare libval varchar(50);
declare liblen integer;

set libval = 'Store' || storeval;

set liblen = (length(libval) + 18);

set string = 'call gsys/qcmdexc("CHGCURLIB CURLIB(' || libval || )", 00000000 || cast(liblen as decimal(15,5)) || ')";
prepare sl from string;

execute sl;

create table qtemp/outfile(charl char(1000));

insert into qtemp/outfile values('<?xml version="1.0" encoding="UTF-8"?>");

set string = '<StoreSales date="' || dateval || " xmlIns:xsi="http://www.w3.0rg/2001/XMLSchema-
instance"xsi:noNamespaceSchemal.ocation="StoreSales.xsd">";

insert into qtemp/outfile values(string);
set string = '<Storeld>' || storeval || '</Storeld>";

insert into qtemp/outfile values(string);
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Coding the SQL stored procedure (continued)

insert into qtemp/outfile values('<Transactions>');

FOR each_transaction AS cursorl CURSOR FOR
select Transactionld, Type from Transactions
where dateval = char(date(TransactionTime), ISO)

DO
set string = '<Transaction type=""|| Type || "">";
insert into qtemp/outfile values(string);

set transid = Transactionld;

FOR each_salesitem AS cursor2 CURSOR FOR
select ItemName, BrandName, Currency, Amount from Salesltem
where TransactionID = transid

DO
set string = '<SalesItem><Brand name=""|| replace(BrandName, '&', '&amp;')|| "' /><Name>' || [temName ||
'</Name><Currency>' | Currency || '</Currency><Amount>' || rtrim(char(Amount)) ||
‘</Amount></Salesltem>";
insert into qtemp/outfile values(string);

END FOR;
insert into qtemp/outfile values('</Transaction>");
END FOR;

insert into qtemp/outfile values('</Transactions>");
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Coding the SQL stored procedure (continued)

insert into qtemp/outfile values('</StoreSales>");

set liblen = (length(libval) + 147);

set string = 'call gsys/qcmdexc("CPYTOIMPF FROMFILE(QTEMP/OUTFILE)
TOSTME(""/XMLRedbook/Store XML/ || libval || substring(dateval,9,2) ||'.xmI"")
MBROPT(*REPLACE) STMFCODPAG(819) RCDDLM(*CRLF) DTAFMT(*FIXED)
STRDLM(*NONE)", 0000000' || cast(liblen as decimal(15,5)) || )’;

prepare s2 from string;

execute s2;

drop table qtemp/outfile;

end;
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Some considerations for SQL Composition

A SQL Stored Procedures contain two parts: a catalog
entry and a program object. These two items can exist
separate of each other but only work when both parts
are there at run time and are not as easy to implement
as using a SAVOBJ & RSTOBJ.

Work around for this limitation:

- Run the SQL Create Procedure statement on each box
they are to be used on to create the catalog entry and
program object
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RPG compose of an XML document
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Using RPG to compose XML

The ILE RPG Compiler as of the V5R4 release of i5/0S has no native operations
codes and built in functions that facilitate composition of an XML document.

IBM through the Client Technology Center (CTC) has provided an open source
solution for Web development, via an HLL, based on the Common Gateway
Interface (CGl) language. While the main focus of the CGl functionality is to
provide Web access to an HLL, in this example we have used the CGl toolkit to
produce an XML document using RPG.

The biggest advantage of using the CGI toolkit is that the complexity of building
an HTML interface, or in our case, an XML document and publishing it is
removed. One service program supplied in the toolkit does all the work for us and
provides simple procedure interfaces to access the features supplied by CGl.
The developer can just concentrate on business logic required to generate an
XML document.
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Stores Transactions Salesltem
PK | Storeld PK | Transactionld PK,FK1 | Transactionid

4— pK Salesitemld

StoreName TransactionTime

Street Type ltemName

City BrandName

PostalCode Currency

CountryName StoreXXX Amount

<?xml version="1.0" encoding="UTF-8"?>
<StoreSales date="2006-04-06" xmlns:xsi ="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:noNamespaceSchemal ocation="StoreSales.xsd">
<Storeld>7</Storeld>
<Transactions>
<Transaction type="SALE">
<Salesltem>
<Brand name="Pepsi"/>
<Name>Mt. Dew 20 oz.</Name>
<Currency>USD</Currency>
<Amount>1.19</Amount>
</Salesltem>
</Transaction>
</Transactions>
</StoreSales>
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CMD Interface

CMD PROMPT('StoreSales XML Compose')
PARM  KWD(INPUT) TYPE(INPUT) MIN(1) PROMPT('Input')

INPUT: ELEM  TYPE(*NAME) MIN(1) PROMPT('Schema')
ELEM  TYPE(*CHAR) LEN(10) MIN(1) +
CHOICE('YYYY-MM-DD') PROMPT('Sales Date')
ELEM  TYPE(*CHAR) LEN(10) MIN(1) PROMPT('Store Id")

PARM  KWD(OUTPUT) TYPE(OUTPUT) MIN(1) +
PROMPT('Output')

OUTPUT: ELEM  TYPE(*CHAR) LEN(80) MIN(1) CASE(*MIXED) +
PROMPT('Directory")
ELEM  TYPE(*CHAR) LEN(80) MIN(1) CASE(*MIXED) +
PROMPT('Document')

PARM  KWD(CODEPAGE) TYPE(*DEC) LEN(5) DFT(819) +
RANGE(1 32767) PMTCTL(*PMTRQS) +
PROMPT('Code page')

PARM  KWD(DEBUG) TYPE(*CHAR) LEN(4) RSTD(*YES) +
DFT(*NO) VALUES(*NO *YES) PMTCTL(*PMTRQS) +
PROMPT('Debug')
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Coding the CGI XML template

/$Header 1
<?xml version="1.0" encoding="UTF-8"?>

/$StoreSales

<StoreSales date="/%salesdate%/" xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:noNamespaceSchemal.ocation="StoreSales.xsd">

<Storeld>/%storeid%o/</Storeld>

<Transactions>

/$Transaction
<Transaction type="/%type%/">

/$Salesltem

<Salesltem>

<Brand name="/%brand%/"/>
<Name>/%name%/</Name>
<Currency>/%currency%/</Currency>
<Amount>/%amount%/</Amount>
</Salesltem>

/$EndTransaction
</Transaction>

/$Trailer
</Transactions>
</StoreSales>
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Coding the SQLRPGLE program

/I STRSLSGENR CMD parms prototype

D STRSLSGENR  pr extpgm('STRSLSGENR")

D Input 33 Schema/Date/Store

D Output 163 Directory/Document
D CodePage 50 Codepage

D Debug 4 Debug function

// STRSLSGENR CMD parms procedure interface
D STRSLSGENR  pi

D Input 33 Schema/Date/Store
D Output 163 Directory/Document
D CodePage 50 Codepage
D Debug 4 Debug function
/I CGI Prototypes
/Copy cgidev2/qrpglesrc,PrototypeB CGI prototypes

/I Error data structure
/Copy cgidev2/qrpglesrc,usec CGI error codes

/I Execute SQL prototype
D ExecuteSql PR 10i 0 Execute SQL procedure
D 5000 value



The Ins and Outs of XML and DB2 for i15/0S

Coding the SQLRPGLE program (continued)

// Data structure for STORESALES cursor fields

Dvl ds ds dim(1000) qualified
Dtransid 9 0

Dtranstime zZ

Dtranstype 30 varying
Dstrtransid 9b 0

Dsalesitemid 9 0

Ditemname 80 varying
Dbrandname 30 varying
Dcurrency 30 varying

Damount 9p 2

Dvl null ds  ds dim(1000) qualified

D vl null value 51 0 dim(4)
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Coding the SQLRPGLE program (continued)

/I Set SQL table parameter(s)

schema = %subst(input:3:10);
date = %subst(input:13:10);
store = %subst(input:23:10);

// Set IFS parmeter(s)

ifs folder = %subst(output:3:80);
ifs_file = %subst(output:83:80);
ifs code page = CodePage;

/I Check if user included ending / in folder
//,-1f not included, insert when building IFS document location
var_len = %len(ifs folder);

if %subst(ifs_folder:var len:1) <> '/

ifs_document = %trim(ifs_folder) +'/' + %trim(ifs_file);
else;

ifs document = %trim(ifs folder) + %trim(ifs_file);
endif;
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Coding the SQLRPGLE program (continued)

/I Clear HTML Buffer
ClrHtmIBufter();

// Load external XML template to memory buffer
CallP  GetHtmI('QXMLSRC"'XMLREDBOOK'"'STRSLSGENR");

/I Set SQL statement to drop previous alias over input schema/table and execute
SqlStm = 'drop alias qtemp/TRANS alias'’;
eval sqlcod = ExecuteSql(SqlStm);

SqlStm = 'drop alias qtemp/SALES alias";
eval sqlcod = ExecuteSql(SqlStm);

/I Set SQL statement to create alias over input tables and execute

SqlStm = 'create alias qtemp/TRANS alias for ' +
%trim(schema) + '/TRANS00001";

eval sqlcod = ExecuteSql(SqlStm);

SqlStm = 'create alias qtemp/SALES alias for ' +
%trim(schema) + '/SALESITEM';
eval sqlcod = ExecuteSql(SqlStm);
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Coding the SQLRPGLE program (continued)

// Declare Cursor for STORESALES
Clexec sql

C+ declare STORESALES cursor for

C+ select *

C+ from ( TRANS alias left outer join

C+ SALES alias

C+ on TRANS alias.trans00001 =

C+ SALES alias.trans00001 )

C+  where :date = char(date(TRANS alias.TransactionTime), ISO)
C/end-exec

// Open Cursor for STORESALES
Clexec sql
C+ open STORESALES
C/end-exec

/free
//,Do all rows in STORESALES
dow sqlstt ="'00000";

// Fetch a block of rows from STORESALES cursor
Clexec sql
C+ fetch next
C+ from STORESALES
C+ for 1000 rows
ct+into :vl ds:vl null ds
C/end-exec
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Coding the SQLRPGLE program (continued)

// Loop through multi occurrence DS for rows fetched
foril =1 to sqler3;

// Check if Header section has been written
// -If not done write Header section

if header done = *off;
eval header done = *on;

// Output Header section
Callp WrtSection('Header');

// ' Update StoreSales variable(s)
CallP UpdHTML Var('salesdate': date);
CallP UpdHTMLVar('storeid'": store);

// Output StoreSales section
Callp WrtSection('StoreSales');
endif;

// Check if Transaction Id changed
// -If changed, handle Transaction processing
if vl _ds(il).transid <> sv_transid;

// Check if saved Transaction Id populated

// -If not populate (not 1st time), output End Transaction section
if sv_transid <> *zeros;
Callp WrtSection('"EndTransaction');
endif;
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Coding the SQLRPGLE program (continued)

// Save Transaction Id
eval sv_transid = vl _ds(il).transid;

// ' Update Transaction variable(s)
CallP UpdHTMLVar('type' : vl_ds(il).transtype);

// Output Transaction section
Callp WrtSection("Transaction');
endif;

// Update Salesltem variable(s)

// Check if brandname contains a &

endif;



