ICES SOAP data request using matlab

ICES provides a machiene-to-machine (M2M) API for their database with SOAP services, with 2 separate entries, for each of which a WDSL is available
that describes in xml-format the available web services requests.

® http://ocean.ices.dk/webservices/hydchem.asmx
® http://ecosystemdata.ices.dk/webservices/EcoSystemWebServices.asmx

SOAP is different than the OGC WxS services and OPeNDAP: SOAP-accepts request are not a simple key-word-pair (KVP) url, but are an xml file that
needs to be uploaded to the server. Matlab has the function cr eat eSoapMessage to construct this xml-message, cal | SoapSer vi ce to send it to the
SOAP server, and par seSoapResponse to transforms the xml-answer into a native Matlab data type. The input for cr eat eSoapMessage is so complex,
that Matlab provides a separate funtion cr eat eCl assFrom\Asd| to create a dedicated SOAP function using the WDSL meta-data on the SOAP services.
You have to call cr eat eCl assFromédl only once, and can then reuse the resulting function for each subsequent SOAP data request. Do not that when
the service is updated, you'll need to rerun cr eat eCl assFrom\Asdl again. Therefore it makes sense also to store the series of cr eat eCl assFr omAsdl
requests for reuse under version control. cr eat eCl assFr omédl turns this piece of descriptive xml

<wsdl : definitions targetNamespace="http://ocean.ices. dk/ webservi ces/">

<wsdl : docunent ati on>l CES Oceanogr aphi ¢ Web Servi ce</ wsdl : docunent ati on>

<wsdl : types>

<s:schema el ement For nDef aul t ="qual i fi ed" target Namespace="http://ocean.ices. dk/webservices/">

<s: el enent name="GCet | CEDat a" >

<s: conpl exType>

<s:sequence><s: el enent mi nCccurs="1" nmaxCccurs="1" name="Par anet er Code" type="t ns: Paranet er CodeEnunt'/ >

<s:elenent m nCccurs="1" maxCccurs="1" nanme="Fronv¥ear" type="s:int"/>
<s:elenment m nCccurs="1" maxCccurs="1" nane="ToYear" type="s:int"/>
<s:el enment m nCccurs="1" maxCccurs="1" nanme="From\bnt h" type="s:int"/>
<s:elenent m nCccurs="1" maxCccurs="1" nane="ToMont h" type="s:int"/>
<s:elenment m nCccurs="1" maxCccurs="1" nane="FronlLongitude" type="s:double"/>
<s:elenent m nCccurs="1" maxCccurs="1" nane="TolLongitude" type="s: doubl e"/ >
<s:elenent m nCccurs="1" maxCccurs="1" nane="FronlLatitude" type="s:double"/>
<s:el ement m nCccurs="1" maxCccurs="1" name="ToLatitude" type="s: doubl e"/ >
<s:elenent m nCccurs="1" maxCccurs="1" nane="FronPressure" type="s:double"/>
<s:elenent m nCccurs="1" maxCccurs="1" nane="ToPressure" type="s: doubl e"/ >

</ s: sequence>
</ s: conpl exType>
</ s: el enent >

</ s: schema>
</wsdl : types>

<wsdl : servi ce nane="1CES_x0020_Cceanogr aphi c_x0020_Web_x0020_Ser vi ce" >
</ wsdl : servi ce></wsdl : definitions>

into this piece of Matlab code
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function CGetl CEDat aResult = Get| CEDat a(obj , Par anet er Code, . . .
Fron¥ear, ToYear, Fronont h, ToMont h, . . .

FronlLongi t ude, ToLongi t ude, FronLati t ude, ToLati t ude, . ..
FronPressur e, ToPressure)

% Build up the argunent |ists.

val ues = {ParaneterCode, ... % what
Fr onYear, ToYear, From\ont h, ToMonth, ... % when
FromLongi t ude, ToLongi t ude, FronlLati t ude, ToLatitude,... % where

FronPr essur e, ToPressure};
nanes = {' ParaneterCode', ...
' Fromvyear',' ToYear',' From\onth',
' ToMont h' , ' FronmLongi tude', ' ToLongi tude', ' FronlLatitude',' ToLatitude',...
' FronPressure',' ToPressure'};
types = { ...
"{http://ocean.ices. dk/ webservi ces/} Par anet er CodeEnuni ,
"{http://ww.w3.org/ 2001/ XM_Schena}int"',
"{http://ww. w3. org/ 2001/ XM_Schema}int",
"{http://ww. w3. org/ 2001/ XM_Schena}int",
"{http://ww.w3.org/ 2001/ XM_Schena}int"',
"{http://ww. w3. org/ 2001/ XM_Schena} doubl e',
"{http://ww. w3. org/ 2001/ XM_Schena} doubl e',
"{http://ww.w3. org/ 2001/ XM_Scheng} doubl e' ,
"{http://ww. w3. org/ 2001/ XM_Schena} doubl e',
"{http://ww.w3. org/ 2001/ XM_Schenwa} doubl e' ,
"{http://ww.w3. org/ 2001/ XM_Scheng} doubl e' ,

H

% Create the message, make the call, and convert the response into a variable.
soapMessage = creat eSoapMessage(
"http://ocean.ices. dk/ webservices/"',
' CGet| CEData',
val ues, nanes, t ypes, ' docunment ') ;
soapResponse= cal | SoapServi ce(
obj . endpoi nt,
"http://ocean.ices. dk/ webservices/ Get| CEDat a' ,
soapMessage) ;
Get | CEDat aResul t = par seSoapResponse(soapResponse) ;

The Matlab function will create a soapMessage request that looks like this

<?xm version="1.0" encodi ng="utf-8"?>
<soap: Envel ope xnl ns: soap="http://schemas. xm soap. or g/ soap/ envel ope/" xml ns: soapenc="http://schemas. xnl soap. org
/ soap/ encodi ng/" xm ns: xs="http://ww. w3. or g/ 2001/ XM_.Schema" xm ns: xsi ="htt p: // ww. w3. or g/ 2001/ XM_Schena-
i nstance" >
<soap: Body soap: encodi ngStyl e="http://schemas. xnm soap. or g/ soap/ encodi ng/ ">
<Get | CEDat a xm ns="http://ocean.ices. dk/webservices/">
<Par anet er Code>PSAL</ Par anet er Code>

<Fr onvear xsi:type="xs:int">2009</ Fr onvYear >
<ToYear xsi:type="xs:int">2010</ ToYear >
<Fr om\vbnt h xsi :type="xs:int">1</ FromVont h>
<ToMont h Xsi :type="xs:int">1</ ToMont h>

<FronLongi t ude xsi:type="xs: doubl e">-2</FronlLongi t ude>
<ToLongi t ude Xsi : type="xs: doubl e">9</ ToLongi t ude>
<FronlLatitude xsi:type="xs:doubl e">49</FronLatitude>
<TolLat it ude xsi : type="xs: doubl e">57</ ToLat i t ude>
<FronPressure xsi:type="xs: doubl e">0</FronPressure>
<ToPressure xsi : type="xs: doubl e">100000</ ToPr essur e>
</ Get | CEDat a>
</ soap: Body>
</ soap: Envel ope>

send it to the ICES server and receive and xml-encoded answer soapResponse that will look like this



<?xm version="1.0" encodi ng="utf-8"?>
<soap: Envel ope xnl ns: soap="http://schemas. xm soap. or g/ soap/ envel ope/" xml ns: xsi ="http://ww. w3. or g/ 2001
/ XMLSchena-i nstance" xnl ns: xsd="http://ww. w3. or g/ 2001/ XM_Schena" >
<soap: Body>
<Get | CEDat aResponse xmi ns="http://ocean.ices. dk/ webservi ces/">
<Get | CEDat aResul t >
<| CEDat a>
<Longi t ude>- 0. 81470000743865967</ Longi t ude>
<Latitude>49. 693500518798828</ Lat i t ude>
<Dat eTi me>2009- 01- 16T22: 48: 00</ Dat eTi ne>
<Pr essur e>1</ Pr essur e>
<Val ue>34. 94</ Val ue>
</ | CEDat a>
<| CEDat a>
<Longi t ude>- 0. 81470000743865967</ Longi t ude>
<Latitude>49. 693500518798828</ Lat i t ude>
<Dat eTi ne>2009- 01- 16T22: 48: 00</ Dat eTi me>
<Pr essur e>10. 9</ Pressur e><Val ue>34. 97</ Val ue>
</ | CEDat a>

</ Get | CEDat aResul t >
</ Get | CEDat aResponse>
</ soap: Body></ soap: Envel ope>

In OpenEarthTools we made an ICES Matlab toolbox to do this for you under the hood. It is free, but you need to register first to get it. The first function cr
eat ei cesservi ces is 'hidden' from the contents.m, because you do not need it, we already ran it once and provide the resulting SOAP message
constructors. We made a set of wrappers for each ICES function, that calls the trio cr eat eSoapMessage, cal | SoapSer vi ce and par seSoapResponse
. The result will be ready-to-use Matlab structs. As a check, it optionally plots the data in kml for ready viewing in Google Earth.

[D, A] = getl CESdat a(' Paraneter Code',' PSAL','t0', datenun{ 2009, 1,1),'t1', datenun(2010,1,1),...
"lon',[-2 9],... %Ilongitude boundi ng box
"lat',[49 57],... % latitude bounding box
'p' ,[0 1le5],'km ' ,'salinity.knm")

This will result in Matlab array of struct (tuples) as popular with database-minded users

D =
5225x1 struct array with fields:
Longi t ude
Latitude
Dat eTi ne
Pressure
Val ue
dat enum
name
units

but optionally also in the computationally more efficient struct of arrays, that can readily be plotted, as popular with Matlab-minded users
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code: ' PSAL'
name: 'Salinity'
units: 'psu'

Longi tude: [1x5225 doubl e]
Latitude: [1x5225 doubl e]
Pressure: [1x5225 doubl e]

Val ue: [1x5225 doubl e]
dat enum [ 1x5225 doubl e]
scatter (A Longitude, A Latitude, 20, A Val ue)
title ([Anane, ' [',Aunits,']"'])
axi sl at (A. Longi tude(1))
tickmap('I1")

This code takes about 75 s to run to get order 5000 data points, estimated by Matlabs pr of i | e.

SOAP function profile
time

cr eat eSoapMessage  0.03 s
cal | SoapService 0.8s

par seSoapResponse 70 s

This timing example illustrates that xml is not a very efficient method of transporting large data over the web. The data takes less then a second to go from
the from the ICES server to the client (you, behind Matlab) but then Matlab needs over 1 minute to turn the xml stream soapResponse into numeric
matrices. SOAP was designed for processes were small amounts of data need to be transported safely over the web e.g. (purchasing something with a
credit card, booking a train or plane ticket), but it performs not so well when large amounts of data (or even 'relatively' largish, only 5000 in this case) that
do not even require much in term of safety (this ICES data is open anyway). The biggest time consumer of parsing the xml into data is actually the line of
Matlab code that searches for ":" to check for xml-namespaces. The xml parser of the Python equivalent is twice as fast, which leads to double
performance due to the dominant role of xml parsing performance in the overall timing.

See also: ICES SOAP data request using Python,NOAA CO-OPS SOAP services as implemented in DelftDashBoard
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