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Database application program interface development to the EBI-
MSD is a part of:

EU-TEMBLOR (New-generation bioinformatics) Project.
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Project description:

This project will develop an Application
Programming Interface (API) to the EBI-MSD
database consist of a series of functions that
external 3rd party software can use to allow their
systems to access the EBI-MSD database
Independently.



MSD API Infrastructure:
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MSD API Framework Design:

SOAP
- MSD API Framework

Web Services

Host Language Compiler Chemistry Layer

Data Layer
Object Files

Host Linker

Oracle
MSD Other

Distribution | Data Bases
Data Base

Application

On-Line/Off-Line to the EBI-MSD’s Host



MSD API Framework Implementation:
EBI- MSD’s APl Framework

User Layer gSOAP tools for Web Services

Wrappers

Scientific Lisp Library for C++
Chemistry Layer Other existing libraries

XLISP Evaluator

Data Layer

Data Template library
(Data + Meta Data)

XML for C++ library




Data Layer Data Template library

(Data + Meta Data) _
XML for C++ library

Data Layer: Data + Meta Data

Flexible API vs. rigid API

Data Warehouse is a Live DatBase and is changing not only
from the point of view of Data but also from the structural aspects
(because of producing and generating value added Data).

So we have to make API as dynamic and flexible to changes of data
model as possible.

APl includes Meta Data and Data model reading tools.



Data Layer technical:
Oracle, ODBC C++ Template Library (OTL):

To manipulate Oracle data or any other Data Bases such as MySQL,
PostgreSQL, DB2,... through Oracle native call interfaces or ODBC bridges by
SQL queries.

This library provides the following functionality:

Classes to design a scalable, shared server application that can support large
numbers of users securely SQL access functions, for managing database
access, processing SQL statements, calling stored procedures on an Oracle
database server. Datatype mapping and manipulation functions, for

manipulating data attributes of Oracle types with the best performance and
efficiency.



With just a handful of concrete classes:

otl_stream, otl connect, otl _exception, otl long_string,This library
gets expanded into direct database function calls, so it provides ultimate
performance, reliability and thread safety in multi-processor environments
as well as traditional batch programs. Its highly portable because is a
single header file.

OTL stream concept:

Any SQL statement, PL/SQL block or a stored procedure call is
characterized by its input / output [variables].



Xerces C++ Parser

Xerces-C++ is a validating XML parser written in a portable subset of C++.
Xerces-C++ makes it easy to give Data Layer the ability to read and write XML
data. A shared library is provided for parsing, generating, manipulating, and
validating XML documents.

This part of Data Layer has not been implemented yet an is subject of nex
stage in developing API.



Lisp Library for C++
Chemistry Layer Other existing libraries

XLISP Evaluator

Symbol based dynamic object and Data container.

Making on-the-fly combined result sets.
LISP Library in C++;

Implementation of Embedded Al sub-systems in C++
This will adds an Intelligent Agent part to MSD API Framework.

Supporting any application where dynamically typed objects are needed in
C++. Gives us more of a dynamic Lisp prototyping environment than
ordinary static C++.



XLISP Evaluator:

As built in LISP evaluator to load additional
existing or new developed LISP programs and
Scripts. This feature would be optional and for
the extended phase of development:

Putting Semantic and Ontologies to Work



The scripting language comparison chart below gives you an overview of the features
available in each of the most popular scripting languages today.
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¥ * Python notes:

Easy GUIs are achived by embedding Tcl/Tk into Python and using the Tk toolkit as
the Tkinter class.

Thread safety in Python is acheived with a single global lock around the bytecode
interpreter, which can have scaling problems on multiprocessors. Blocking I/O calls
are made outside the lock.



gSOAP tools for Web Services

User Layer

Wrappers

SOAP/XML Web Service and Client Applications in C and C++

SOAP(Simple Object Access Protocol):

Is a versatile,simple and light-weight message exchange format in
a distributed environment.

SOAP encapsulates RPC calls using the extensibility and flexibility
of XML.The XML-based protocol is language and platform neutral,
which means that information sharing relationships can be initiated
among disparate parties, across different platforms, languages
and programming environments.



SOAP is not a competitive technology to component systems and
object-request broker architectures such as the CORBA
component model and DCOM, but rather complements these
technologies.

CORBA, DCOM, and Enterprise Java enable resource sharing
within a single organization while SOAP technology aims to bridge
the sharing of resources among disparate organizations possibly
located behind firewalls.

SOAP applications exploit a wire-protocol (typically HTTP) to
communicate with Web Services to retrieve dynamic content.

For example, This allows real-time ~“what-if"' scenarios and
enables the development of agents that access real-time
information. Other examples are control and visualization of large-
scale simulations from a desktop computer, the sharing of
laboratory results using cell phones, remote database access, and
science portals.



Interoperability

SOAP is a language- and platform-neutral RPC protocol that adopts XML as the
marshalling format. SOAP applications typically use the firewall-friendly HTTP
transport protocol.
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Ubiquity. The SOAP protocol and its industry-wide support
promises to make services available to users anywhere, e.g. in
cellphones, pocket PCs, PDAs, embedded systems, and
desktop applications.

Simplicity. SOAP is a light-weight protocol based on XML. An
example of a simple SOAP service is a sensor device that
responds to a request by sending an XML string containing the
sensor readout. This device requires limited computing
capabilities and can be easily incorporated into an embedded
system.

Services. SOAP Web Services are units of application logic
providing data and services to other applications over the
Internet or intranet. A Web Service can be as simple as a shell
or Perl script that uses the Common Gateway Interface (CGl) of
a Web server such as Apache. A web service can also be a
server-side ASP, JSP, or PHP script, or an executable CGI
application written in a programming language for which an off-
the-shelf XML parser is available.



Transport. A SOAP message can be sent using HTTP, SMTP, TCP, UDP, and so on. A
SOAP message can also be routed, meaning a server can receive a message, determine
that it is not the final destination, and route the message elsewhere. During the routing,
different transport protocols can be used.

Security. SOAP over HTTPS is secure. The entire HTTP message, including both the
headers and the body of the HTTP message, is encrypted using public asymmetric
encryption algorithms. SOAP extensions that include digital signatures are also available.
Single sign-on (authentication) and delegation mechanisms required for Grid computing can
be easily built on top of SOAP.

Firewalls. Firewalls can be configured to selectively allow SOAP messages to pass
through, because the intent of a SOAP message can be determined from the message
header.

Compression. HTTP1.1 supports gzipped transfer encodings, enabling compression of
SOAP messages on the fly.

Transactions. SOAP provides transaction-handling capabilities through the SOAP
message header part. The transaction-handling capabilities allow a state-full implementation
of a Web Service by a server-side solution utilizing local persistent storage media.

Exceptions. SOAP supports remote exception handling.



The possible disadvantages of SOAP are:

GC. The absence of mechanisms for distributed garbage collection (GC) and
the absence of objects-by-reference.

Floats. Floats and doubles are represented in decimal (text) form in XML,
which can possibly contribute to a loss of precision. Other SOAP encodings
such as hexBinary and Base64 can be used to encode e.g. IEEE 754 standard
floating point values, but this may hamper the interoperability of systems that
use other floating point representations.



Each message part is of some data type.
part Use XSD predefined types, e.g. xsd:int

“ o S

The input and output messages form an
Message operation. A collection of these
- 7 operations form a portType,

TTF request

MEEZage

F 1

SOAPMHTTP rezponze
message

client

HTTP GET request
mezzage

. port 2

B HTTP responze message

A binding specifies how operations
are accessed using a particular
protocol e g, SOAP or HTTP GET.



WSDL. The Web Service Description Language is an
XML format for describing network services as abstract
collections of communication endpoints capable of
exchanging structured information. The platform- and
language-neutral WSDL descriptions published by Web
Services enable the automatic generation of SOAP stubs
for the development of clients within a specific
programming environment. The language-specific stubs
can be used to invoke the remote methods of the Web
Service.

UDDI. The Universal Description, Discovery, and
Integration specification provides a universal service for
registry, lookup, discovery, and integration of world-wide
business services. WSDL descriptions complement
UDDI by providing the abstract interface to a service.



WSDL

SOAP

HTTP




Web services & WSDL

Discovery layer

Service layer

Information layer

Packaging layer

Protocol layer



The Conceptual Web Services Stack

WSFL Service Flow
Static —= UDDI
Direct —== UDDI
WSDL
SOAP
HTTP, FTP, email,
MQ, I1OP, etc.




~Hierarchy
= . top a7
8 [E] dornain #1 28
LE| hinlogical_daormain #1 20
LE| infarmatics_domain #1
(€] organisation_domain #1 30
L] publishing_domain #1 31
8 [E] domain_concept #1 32
g hininformatics_domain_concept #1
B |E] biological_domain_concept #1
hinlogical_abstract_structure #1
biological_collection #1 1
hinlogical_maodifier_concept #1 ChemIStry Layer
=] hiological_physical_structure #1

26

= hinchemical_phwsical_structure #1
nucleic_acid_structure #1
arganic_macromolecule #1
= organic_molecular_residue #1

= arganic_palymer_subunit #1
amino_acid_residue #1
= nucleotide_residue #1
deoxribonucleotide_residue #1
rihonucleotide_residue #1
protein_dormain #1
(] jprotein_falding_unit#1
= small_organic_maolecule #1
amino_acid_molecule #1
oligonucleatide_malecule #1
B [2] purine_molecule #1
adenaosine_malecule #1

Ontologies

2lass MSDResiduseChain
i

pubhlic:
char® nsgoe;
char?* dsap:

Lisp Library for C++
Other existing libraries
XLISP Evaluator

i} o

char¥ res nsme;
seq id;
int chain id;
float =:
float wv:
float =

== M3DLink

guanine_maolecule #1 E1=

pyrimidine_molecule #1 49

[E] biological_(structural)_hormologue #1 50

hiological_cell #1

@ hiological_cellular_compaonent #1 51

B [c] organism #1 5
E elkaryote_organism #1

5 [E] rulticeliular_eukaryote_organistn #1 =k

= [E] animal #1 54

B [5] metazoan_animal #1 cc

1]

57

e

5o

public:
char* resl:
char®* res2:
char* type:
}:
cla=ss M3DEzidueleighbhours
i
public:
int residues id;
int entry id;
float radiu=:;



Find Entry ID's where Glucose (3-letter-code = GLC) has
GLC hbond LINK to ARG
and GLC hbond LINK to ASN
and GLC "ring" interacting with "ring" of a TRP
and ARG at Terminus of a STRAND
and ASN notin a HELIX
Then
For each Entry_ID get list of Residue_ID's that are
within 10Ang of the centre_of_gravity of the GLC molecule
in the Entry
Then

Foreach Entry_ID and foreach Residue_ID get ATOM properties
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class M3DResidueChain
{
pubrlic:
char* nsne;
char?* dssp:
int ztrand id;
int sSeq num;
b
clas=s M3DAtom
{
pubrlic:
char® res name:
int seq id;
int chain id;
float x:
float v:
float =:

b
class M3DLink
{
pubblic:
char* resl:;
char® resi:
char* type:
b
clazs M3DREsiduslNeighbhours
{
pubblic:
int residus id;
int entry id;
float radius;
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1 #include "soapH.h™

2 #inelude "msd_dw_soap_service.nsmap"”

3

4 const char msd_dw_soap_service[] = "http://parrot.ehi.ac.uk:8099/cgi—hin/msd_dw_soap_service.cgi";
)

5 int mainiint argc, char **argv)

7 i struct soap Fsoap:

=] Soap= sSoap_new():

9 if (! soap)

10 {

11 printf [("\nCan not allocate enviromment for Web services.W'n'™):
12 return (1):

13 H

14 int result:

15 char* logstr="whouss/vhousslmsdtrnsdr;

16 char* logs;

17 logs = (char¥)soap mallocisoap, sStrlenilogstr)+l);

18 strepyilogs, logstr):

L]

char® sgl:;
char* statement="select / ¥+ INDEX COMEINE (component component id) */ * from component where ™
"component_id == f<int> and component_id <= 50000*:f<int>";

]

sgl = (char*imalloc (strlen(statement) +1) ;
stropyisgl, statement) !

int nowtsbs=35;
printf("Content-type: text/htmlirin\rin<html><hZ>Client for M3D APTI Framework methods from %s</hiZzx<prez\n", msd dw so
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if i(soap call ns o mwsd conninit (scap, wsd dv soap service, "urnimsd dw Scap servicefc-msd-conninit®,0,result)== SC0LP
o { printf ("™\nConnection to the MSD initialized...in"j:
31 H
A else
33 { printf ("Connection failed to the MSD... [(Error %d) “n", result):
34 Soap_print fault(soap, stderr):
35 soap_print_ fault location(soap, stderr):
36 H
37
38 if igoap call ns o msd server attach(soap, msd dw soap service, "urn:imsd dv soap servicefo-msd-server-attach”,0, "med
] { printf ([("Successfull Attach to the M3D...Yn"™):
40 H
41 else
2 {
43 printf [("Server not attached. (Error 3d) o™, result):
44 goap_print_ fault(soap, stderr);
45 Zoap print fault location(Soap, sStderr):
465 H
47 if (soap_call ns o msd session begin(soap, msd_dv_soap service, "urn:msd_dw_snap_service#c—msd—session—begin",D,"wha
45 { printf ("3ucceszsfull login to the M3D...'nSeszion hegin...\n"):
49 H
S0 else

51 { printf ("Login failed to the M3D...(Error %d) “n", result):



#include "soapH.h"

#ifndef _ MSD_DW _USER H

#include "msd dv user.h"

Hendif

#include "msd dw_soap sService.nsmap”
f#idefine LEASETERM &0

ginclude <iostream:

f#include <sys/stat.h> // for openf()
using namespace std;

const char msd dv soap serviece[] = "http://parrot.ebi.ac.uk:5099/cgi-bin/msd dv soap service.ogi':

int mainiint arge, char **argy)
i

int m, s:

STruct Soap Soap:

N3DConnect conn;

soap_init (&soap):

soap.user = [(wvold®) Lconn; £ associate factory with run-time
soap.accept timeout = LEASETERM: // term hefore leases runs out iz used a3 & rate to purge chjects
| soap.cookie_domain = "http://parrot.ebhi.ac.uk:3099";
soap.cookie path = "~/apache/cgi-kin/": // the path which is used to filter/set cookies with this destination

int cookie_max =64;
if (argc < 3)
i
Soap_getenv cookies(&soap) // CGI app: grab cookies from 'HTTP_COOKIE' env var
Soap_servei&soap) ; ff run as CGI application over the Webh

¥

glse // run as stand-slone server on wachine given by argv[l] listening to port argv[Z]

{ m = soap bind(&soap, argv[l], atoifargv[Z]), 100);
if (m < 0)
{ soap print fault|&soap, stderr):
exit (-1 ;
i
fprintf (stderr, "Socket conhection successful: master socket = 3dyn™, m):

for (int i = 1; ; 1i+4+4)
{ & = Soap accept(Lsoap)!
if (s < 0O)

{ Zoap print faulrc (&scap, stderr);
exiti(-1);
i

fprintf (stderr, "%d: accepted connection from IP = %d.%d.%d.%d socket = 3d ... ",

soap Serve(&soap): // process regquest

fprintf (stderr, "reguest servedin™):

soap destroy(&scap): // delete class instances

soap_end (&soap) ; £ mlean up everything and close socket

[int) (soap.ip>>24) &0xFF,

[int) (soap.ip>>16) &0xFF,

soap free cookies(&soap): // remove all old cookies from datsbase sSo no interference occurs with the arrival of new cookies

H
soap_destroy(&soap) ;
Soap end(&soap) ;

/i freei&soap) ;
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retcurn 0:

int ns ¢ wsd create conhect ohj(satruct soap *soap, int ConID, int &fresult)d
result = ¢ msd create connect obj (ConlD);

return SOLP OK;

¥

int ns o mwsd select atomw data(struct soap *soap, int ConlD, int 3glID, char®* whereclause, int &result)d
result = ¢ msd select atom data(ConlID, 3glID, whereclause]:

return S0AP OK;

E

int n® c mad initialize(struct Zoap "soap, int ConlD, int &result){
result = c msd initialize (ConlD):

recurn Z0APF OK;

¥

int ns ¢ mw3d conninit (3truct 3oap *Soap, int ConlD, int &result)

MaDConnect®* poconn = (M3DConnect ¥)soap->user: A4 get handle from gI30OLP environment
if |[!soap-rheader)
Soap-rheader = (struct 3J0LP ENV Header¥)soap malloc(soap, sizeof(struct SOAP ENV  Header) ) ;

if (soap-rheader)
i
poonn->M3DInitc (Conll) ;

result =0;

H
else

result = 1;
return SOAP ORK;
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msd_dw_main.c

Priogesk::

Module:

M3D APTI Framework
Sample of main program for calling api

To build:

make

-f msd api fw.wk buildc++ NAMNE=m=sd dv main

La=t updated: 18 April 2002 10:15
S3. Sobhany

#include
H#include
ginclude
Hinclude

<stdlib.h>
<stdio.h>
<time.h>
"med dw uzer.h”

int mwain(int arge, char® arogv[]) |

doubhle
time_t
time_t

int cre=

difs:;
starts:
ends;
1:

int i=1:

woild®
int
double
char
int

WOETLECLE?

iparam=0; A% dinteger parameter )
dparam=0; S double parameter

Sparam[16]="" A% atring parawmeter

fparam=0; /% boolean flag */

int =xargo:!

char+ ™«

XArogv;

crhar® nasern=Fuhinnasits



while [(argc > 0)4

printt [(*argv):

printf [("hn'™);

arov++;

argo-—-—;

¥
starts = time ([(NULL):
c mad lisp init (xargc, Xargv):
c mad lisp load("xlisp.lsp"):

printf ["Process starts...hn™):
if (c msd conhinit (0)==0]
i
printf [("\nConnection to the MID initislized.Byn™):
I
if [c msSd server attach(0, "msdtrnsd’)==0]
i
printf [("™wnittached to 'madtrnsd' server successfullvy.'n™):
¥
if (c msd session begin(0,un, pass)==0]
i
printf [("wnLogin to 'ma3dtrnsd'’ successfully.hn™)
¥
=gl = [(char¥)mwalloc(strlenistatement) +1) ;

SLrcpy(3gl, =Statement) ;
¢ mwsd =sglinic (0,0, sql):
¢ mwsd setcriteria(0,0,7i",1);
¢ mwsd mwakerecord(0,0) ;
while [(c mwsd gethits(0,0)<3)
i
¢ msd getnext (0,0] ;
¥

printf [("Zecond SQL initializing...Wwn™):



a http://parrot.ebi.ac.uk:8099/cgi-bin/msd_dw soap_client - Microsoft Internet Explorer

| File Edit “iew Favorites Tools  Help

| wBack ~ = - (£ 'ﬁ'| ““Links &]Customize Links  &]Free Hotmal &1 Windows Media & ]Windows (1) Realone Player

| Address @ http: ) fparrok. ebi, ac, uk: 8099/ cgi-binfmsd_dw_soap_client

| G{}l'lglﬁ‘vl '-'l fhSearch wWeb @3/ Search Siks | PageRiank € page Info - Egup - 4 Hiohlighe

Client for MSD API Framework methods from http://parrot.ebi.ac.uk:8099/cgi-

bin/msd_dw_soap_ service.cgi

Connection to the MAD initialized...

Sucocessfull
Successfull

Attach to the M3D...
login to the M3D...

Session begin. ..

Successfull

Sucocezsfull

Sucocezsfull

Successfull

Successfull

230L initialization...

TogoEEss:

delete of connect obhject...

cetting Felations...

cetting Data HModel...



EBI-MSD'=z APT Framework 1 .00. 17 Januarv 2002

Common LISPE Compatibility module loaded.FProcess starts. ..

Connection to the MSD initialized.
Attached to 'medtrnsd' serwver =successfully.

Login to 'madtrnsd' successfully.
COMPONENT_ID

2478

ENGINEEERED

YES

MUTANT FLAG

FRAGHENT_ FLAG
TYROSINE KINASE DOMATN
MUOTATION_STRING
¥

SYNTHETIC

N

PREV_ID

0

NEET ID

0

PARENT _EWTITY ID

9506

CHAIN_ID

2110

DEF _ID

2013

ACCESSION CODE
lagw

AUTH ID

ALA

AUTH SEQ

51z

AUTH IHSEET CODE

FDE_ID
ALA

FDE_SEQ

512

PDE_INSERT CODE



Supporting platforms

and compilers:

g++ gcc 3.x on Unix, Linux
all platforms and cygwin for
Windows 32

Sun OS 5.0 and Compag
Tru64 Native compilers



