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SOAP Server Design
1. Introduction
This document details the redesign of the National Digital Forecast Database (NDFD) Simple Object Access Protocol (SOAP) Service to exploit degrib’s new ability to output NDFD data in Digital Weather Markup Language (DWML).  The ability of degrib to output DWML was implemented to assist users who prefer to process XML.  The implication of the new DWML output format to the NDFD SOAP service is two fold.  First, users of the service who typically request data for many NDFD points now have the option to use degrib, running on their own hardware, to get the same DWML output that they previously had to obtain from the SOAP service.  This switch to degrib should reduce the load on the National Weather Service (NWS) web site and improve performance to the user.  The second ramification of the addition of DWML to the output formats supported by degrib is that the SOAP service can replace much of the slower PHP-based software with the faster C-based degrib.  This design describes how the NDFD SOAP service will use degrib to produce DWML.
2. High-Level Architecture
The architecture of the SOAP server essentially remains unchanged by the redesign effort.  The only difference involves the replacement of the PHP-based XML formatter with degrib serving as the XML formatter.  The service still uses SOAP as its encoding mechanism and HyperText Transfer Protocol (HTTP) to communicate with the user.
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Figure 1.  Redesigned NDFD SOAP Service Architecture

3. High-Level Requirements
Requirements for the redesigned NDFD SOAP service follow:

1. The SOAP service must continue to return valid DWML.
2. Changes in user input and service output resulting from using degrib, must be transparent to the user.

3. Execution performance (speed and memory usage) should not degrade NWS web site operations.

4. Pseudocode
The following pseudocode documents the sequence of processing that the new SOAP server will execute.  The SOAP server continues to be written in PHP to exploit the NuSOAP code currently providing HTTP and SOAP services.  A definition of interface parameters found in the pseudocode is provided in Table 2.
4.1. SOAP Service

Load NuSOAP

Instantiate SOAP server object

Configure SOAP Server using Web Service Description Document (WSDL)

Register function NDFDgen(latitude, longitude, product, startTime, endTime, weatherParameters)
Register function NDFDgenMultiPoint(lat_lon_list, product, startTime, endTime, weatherParameters)
Register function NDFDgenByDay(latitude, longitude, startDate, numDays, format)
Register function NDFDgenByDayMultiPoint(lat_lon_list, startDate, numDays, format)
Invoke SOAP server object passing to it the user’s input 
Execute the appropriate exposed function
Returns the DWML to the user using SOAP and HTTP
4.2. NDFDgen
Verify that the user provided point is on NDFD grid

Determine which NDFD sector contains the point



Degrib –Sector –pnt latitude,longitude ( sector[0]

If sector[0] is an empty string generate a SOAP fault “Point not on NDFD grid”
Verify that the user provided product is valid (“time-series” or “glance”)


If not, generate a SOAP fault “Product not valid for this service”
Define degrib’s –XML code using user supplied product
Convert user supplied ISO 8601-styled startTime and endTime (local time) to degrib’s UTC and “yyyy-mm-ddThh:mm:ss” format ( startTimeUTC and endTimeUTC
If product equals “time-series”

Convert user supplied weatherParameters to degrib –userVars input string

If product equals “glance”

Define –userVars 
If icons requested or product is “glance”, set command line option –icon iconValue to “1” otherwise set iconValue to “0”.

Call degrib to get an array containing the DMWL document
degrib cubePath –DP –pnt latitude,longitude –XML xmlType –ndfdConven 1      –ndfdVars userVar –icon iconValue –startTime startTime –endTime endTime      –geoData geodataPath ( xmlOut
If there is a degrib error, format a SOAP fault

Convert xmlOut array to a single string
Return xmlOutString to user

4.3. NDFDgenMultiPoint

Verify that the user provided points are on NDFD grid


For each of N latitude and longitude pairs



Determine which NDFD sector contains each point




Degrib –Sector –pnt latitudeX,longitudeX ( sector[0]


If sector[0] is an empty string generate a SOAP fault “Point not on NDFD grid”

Verify that the user provided product is valid (“time-series” or “glance”)


If not, generate a SOAP fault “Product not valid for this service”

Define degrib’s –XML code using user supplied product

Convert user supplied ISO 8601-styled startTime and endTime (local time) to degrib’s UTC and “yyyy-mm-ddThh:mm:ss” format ( startTimeUTC and endTimeUTC
If product equals “time-series”

Convert user supplied weatherParameters to degrib –userVars input string

If product equals “glance”


Define –userVars

If icons requested or product is “glance”, set command line option –icon iconValue to “1” otherwise set iconValue to “0”.

Call degrib to get an array containing the DMWL document

degrib cubePath –DP –pnt latitude1,longitude1 … -pnt latitudeN,longitudeN        –XML xmlType –ndfdConven 1 –ndfdVars userVar –icon iconValue –startTime startTime –endTime endTime –geoData geodataPath ( xmlOut

If there is a degrib error, format a SOAP fault

Convert xmlOut array to a single string

Return xmlOutString to user

4.4. NDFDgenByDay
Verify that the user provided point is on the NDFD grid


Determine which NDFD sector contains the point



Degrib –Sector –pnt latitude,longitude ( sector[0]


If sector[0] is an empty string generate a SOAP fault

Verify that the user provided format is valid (“12 hourly” or “24 hourly”)


If not, generate a SOAP fault “Format not valid for this service”
Convert user supplied ISO 8601-styled startTime (local time) to degrib’s UTC and “yyyy-mm-ddThh:mm:ss” format ( startTimeUTC
Calculate degrib –endTime using the start date and numDays ( endTimeUTC
Define degrib –userVars
Define degrib –icon option to be “1”.

Call degrib to get an array containing the DMWL document

degrib cubePath –DP –pnt latitude,longitude –XML xmlType –ndfdConven 1      –ndfdVars userVar –icon 1 –startTime startTimeUTC –endTime endTimeUTC    –geoData geodataPath ( xmlOut
If there is a degrib error, format a SOAP fault

Convert xmlOut array to a single string

Return xmlOutString to user

4.5. NDFDgenByDayMultiPoint

Verify that the user-provided points are on the NDFD grid


For each of N latitude and longitude pairs



Determine which NDFD sector contains each point




Degrib –Sector –pnt latitudeX,longitudeX ( sector[0]

If sector[0] is an empty string generate a SOAP fault “Point not on NDFD grid”

Verify that the user provided format is valid (“12 hourly” or “24 hourly”)


If not, generate a SOAP fault “Format not valid for this service”
Convert user supplied ISO 8601-styled startTime (local time) to degrib’s UTC and “yyyy-mm-ddThh:mm:ss” format ( startTimeUTC
Calculate degrib –endTime using the start date and numDays ( endTimeUTC
Define degrib –userVars

Define degrib –icon option to be “1”.

Call degrib to get an array containing the DMWL document

degrib cubePath –DP –pnt latitude1,longitude1 … -pnt latitudeN,longitudeN        –XML xmlType –ndfdConven 1 –ndfdVars userVar –icon 1 –startTime startTimeUTC –endTime endTimeUTC –geoData geodataPath ( xmlOut

If there is a degrib error, format a SOAP fault

Convert xmlOut array to a single string

Return xmlOutString to user

5. Command Line Options for degrib
The application degrib uses command line options to control its behavior.  The following options are used by the web service:

5.1. –DP 
Tells degrib to probe grid cubes.  The grid cube files are located on the NWS website data servers in the directory /www/ndfd/public/database/cube/{sector}/ where {sector} is one of the NDFD sectors (“alaska”, “conus”, “guam”, “hawaii”, and  “puertori”).  The cube file names follow the degrib naming convention 1 which involves an abbreviation of the NDFD element name followed by a “.dat” or “.ind” extension.  Table 1 has the list of NDFD elements and their respective cube and index name.
5.2. –pnt 
Provides the comma separated latitude and longitude values for the point being probed.  If data for more than one point is required, multiple “-pnt” command line options are entered.
5.3. –XML 
Indicates the type of XML to be output.  This is the product name (“time-series” or “glance”) for the DWMLgen() and DWMLgenMultiPoint() functions.  For the DWMLgenByDay() and DWMLgenByDayMultiPoint() functions, the –XML option is the format string (“12 hourly” or “24 hourly”).
5.4. –ndfdConven 
Defines the input data file naming convention.  A value of “1” indicates the naming convention found in Table 1.

5.5. –ndfdVars 
This defines the NDFD elements, in a comma delimited string, that degrib will format to create the user requested product/format/elements.
5.6. –icon 
This argument governs the formatting of the icon element.  If its value is “1” the icon element is formatted.  If its value is “0” no icon elements will appear in the output DWML.  The SOAP service will set this option based on user-supplied product/format/weatherParameters input

5.7. –startTime 
A string that holds the UTC time to start retrieving and formatting NDFD data.  The format for this string is “yyyy-mm-ddThh:mm:ss”.  User input, which is of the form yyyy-mm-ddThh:mm, and is in local time, must be converted to the degrib input style.

5.8. –endTime 
A string containing the UTC time to stop retrieving and formatting NDFD data.  The format for this string is “yyyy-mm-ddThh:mm:ss”.  User input, which is of the form yyyy-mm-ddThh:mm, and is in local time, must be converted to the degrib input style.

5.9. –geoData 
A path to files containing daylight savings time and time zone information.  The path is of the form /www/ndfd/public/database/cube/{sector}/geodata where “sector” is one of the NDFD sectors (“alaska”, “conus”, “guam”, “hawaii”, and  “puertori”).
6. Design Migration Steps

1. Format current product/format into degrib –XML option

2. Convert current product/format/weatherParameters into degrib –ndfdVars option

3. Convert current product/format/weatherParameters into degrib –icon option
4. Convert current local-time-based startTime, endTime, and startDate into UTC times and in the format “yyyy-mm-ddThh:mm:ss”

5. Convert current numDays and startDate (local time) into a UTC startTimeUTC and endTimeUTC in the format of “yyyy-mm-ddThh:mm:ss”

6. Add capability to input a list of latitude and longitude pairs and format them into a sequence of –pnt command line option entries

7. Replace PHP code ndfdXMLgen.inc and ndfdXMLgenByDay.inc with appropriate calls to degrib

8. Handle degrib error messages

7. Sample degrib Commands
7.1. Time Series Product (only maxt)
/www/html/mdl/survey/pgb_survey/dev/degrib/degrib1.77/bin/degrib_DP /www/ndfd/public/database/cube/conus –DP –pnt 38.99,-77.99 –XML “time-series” –ndfdConven 1           –ndfdVars maxt -startTime "2006-03-11T08:00:00" –endTime "2006-03-12T08:00:00" –geoData /www/ndfd/public/database/cube/conus/geodata
7.2. Time Series Product (multiple grid points)

/www/html/mdl/survey/pgb_survey/dev/degrib/degrib1.77/bin/degrib_DP /www/ndfd/public/database/cube/conus –DP –pnt 38.99,-77.99 –pnt 40.99,-80.99  –XML “time-series”      –ndfdConven 1 –ndfdVars maxt –startTime "2006-03-11T08:00:00" –endTime "2006-03-12T08:00:00"     –geoData /www/ndfd/public/database/cube/conus/geodata
7.3. Glance Product

/www/html/mdl/survey/pgb_survey/dev/degrib/degrib1.77/bin/degrib_DP /www/ndfd/public/database/cube/conus –DP –pnt 38.99,-77.99 –XML “glance” –ndfdConven 1 –ndfdVars maxt,mint,temp,sky,wspd,wx –startTime "2006-03-11T08:00:00" –endTime "2006-03-12T08:00:00"          -geoData /www/ndfd/public/database/cube/conus/geodata

7.4. DWMLgenByDay (12-hourly)

/www/html/mdl/survey/pgb_survey/dev/degrib/degrib1.77/bin/degrib_DP /www/ndfd/public/database/cube/conus –DP –pnt 38.99,-77.99 –XML “12 hourly” –ndfdConven 1             –ndfdVars maxt,mint,pop12,sky,wdir,wspd,wx –icon 1 –startTime "2006-03-11T08:00:00" –endTime "2006-03-12T08:00:00" –geoData /www/ndfd/public/database/cube/conus/geodata

7.5. DWMLgenByDay (24-hourly)

/www/html/mdl/survey/pgb_survey/dev/degrib/degrib1.77/bin/degrib_DP /www/ndfd/public/database/cube/conus –DP –pnt 38.99,-77.99 –XML “24 hourly” –ndfdConven 1             –ndfdVars maxt,mint,pop12,sky,wdir,wspd,wx –icon 1 –startTime "2006-03-11T08:00:00" –endTime "2006-03-12T08:00:00" –geoData /www/ndfd/public/database/cube/conus/geodata

8. Detecting degrib Errors

If degrib returns a value other than zero (0), the SOAP service will format a SOAP fault and return the content of the error to the user.

9. Future Development

We will evaluate the value and feasibility of making the SOAP service an Apache module.

Table 1.  NDFD Elements and Cube Names

	NDFD Element/Geodata
	Cube/Index File Name

	Maximum Temperature
	maxt.dat/maxt.ind

	Minimum Temperature
	mint.dat/mint.ind

	Hourly Temperature
	temp.dat/temp.ind

	Sky Cover
	sky.dat/temp.ind

	Wind Speed
	wspd.dat/wspd.ind

	Weather
	wx.dat/wx.ind

	Dewpoint Temperature
	td.dat/td/ind

	12 hour POP
	pop12.dat/pop12.ind

	QPF
	qpf.dat/qpf.ind

	Snowfall Amount
	snow.dat/snow.ind

	Wind Direction
	wdir.dat/wdir.ind

	Relative Humidity
	rhm.dat/wdir.ind

	Apparent Temperature
	apt.dat/apt.ind

	Daylight Saving Time
	conusdaylight.flt/conusdaylight.ind

	Time Zone
	conustimezone.flt/conustimezone.ind


Table 2.  Definition of Interface Variables

	Variable
	Type
	Description

	latitude
	Decimal
	The latitude of the point being formatted (ex. 39.31).  Positive values are North latitudes.

	longitude
	Decimal
	The longitude of the point being formatted (ex. -77.07).  Negative values are West longitude.

	lat_lon_list
	String
	Contains a list of space separated latitude and longitude pairs (ex. 38.00,-77.00 40.00,-79.00)

	product
	String
	A “time-series” product is a sequence of data for one NDFD element at various times.  The DWML output will contain one or more time-series.  The “glance” product yields DWML output containing a preset grouping of time series (ex. maxt, mint, sky, wx, and icons)

	startTime
	String
	The local date and time value that the user wants the service to start returning data for.
(ex. 2006-03-11T00:00:00)

	endTime
	String
	The local date time value that the user wants the service to stop returning data for.

(ex. 2006-03-12T00:00:00)

	weatherParameters
	Array of Booleans
	Indicates which NDFD elements the user wants output in the DWML document.

	startDate
	String
	Contains date to the user wants the service to start returning data for (ex. 2006-03-11)

	numDays
	Integer
	The number of days worth of data that the user wants the DWML document to contain.

	format
	String
	The “12 hourly” format yields a DWML document with data summarized in 12 hour time periods.  This format contains a predetermined grouping of NDFD elements (ex. maxt, mint, pop12, wx, and icons).  The “24 hourly” format has the same set of NDFD elements by is summarized over a full 24 hour period.
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