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	Summary and the Purpose of the Document

The document provides empirical information to develop a list of synchronisation protocols among GISCs.  


1.  General status
(1) DAR Metadata synchronization tests with OAI
CMA, DWD, INMET and JMA are currently setting up OAI long term tests for DAR Metadata synchronization in cooperation with WMO Secretariat.  Purpose of the tests is to study OAI in an N-partner synchronisation scenario. Since the tests are currently in the preparation phase, any results are not available at this moment. However it is expected that informative results will be obtained in time, because start of long term OAI test is scheduled for 22nd of September 2010.
Furthermore CMA, DWD and JMA performed several tests (functional and performance) with OAI. In addition FTP is used as protocol for DAR Metadata synchronization.

(2) 24hour cache synchronization tests
As preceding successful attempts, DWD conducted several partial tests to evaluate possible protocols for GISC-to-GISC synchronisation in functional and performance views with individual partners such as CMA and INMET. Protocols used for the tests FTP, SFTP and Blog-based solution. Each test result is useful for further study on GISC synchronisation. The next section shows the results briefly.
2.  Empirical results of partial tests
(1)  Functional and performance tests of OAI
Tests were conducted by CMA and DWD in Sep 2009 and Mar 2010.  These figures are not representative because CMA and DWD have improved harvesting and providing solution afterward.  Remarkable point is the impact of the network, the case of GEANT connection as faster than the case of regular Internet.
       Table 1:  Result of functional and performance tests of OAI
	　
	Internet connection
	Data Size (MB)
	Time (sec)
	Performance (kB/sec)

	
	CMA
	DWD
	
	
	

	OAI (CMA Provider) 
	CSNET
	regular Internet
	986
	6745
	149.6907339

	OAI (CMA Provider) 
	CSNET
	GEANT
	1025
	4018
	261.2244898


(2) GISC-to-GISC synchronization tests for 24h cache data

CMA and DWD tested GISC-to-GISC synchronization by AFD with FTP and SFTP protocols and JMA Blog-based solution Sep and Oct 2009.  The result is shown in Table 2
In addition INMET and DWD conducted the comparison test between AFD and Moving Weather with FTP protocol.  Table 3 shows the result.
Table 2:  Result of GISC-to-GISC synchronization tests for 24h cache data between CMA and DWD
	
	Files delivered
	Avg. Transport                Time [sec]
	Highest delivery              Time [sec]
	Total Test Time [sec]
	Warnings [s]
	Files missing
	Checksum             failures
	Dataset

	Continuously Data Providing - 24 hour test

	Blog: tar (CMA Publisher, DWD Poller)
	108189
	1271
	4827
	　
	　
	2386
	0
	CMA

	Blog: tar (DWD Publisher, CMA Poller)
	182747
	28
	455
	　
	50,84,51
	131
	0
	DWD

	AFD: DWD push (FTP)
	182878
	34
	1468
	　
	3,3,3
	0
	0
	DWD

	AFD: CMA push (FTP)
	182878
	39
	521
	　
	3,3,4
	0
	12
	DWD

	AFD: DWD push (FTP), tar
	182878
	4
	1499
	　
	4,4,3
	0
	0
	DWD

	AFD: CMA push (FTP), tar
	182878
	5
	71
	　
	3,3,4
	0
	0
	DWD

	All at once

	AFD: CMA push (SFTP)
	182878
	6459
	13038
	13847
	5,5,5
	0
	0
	DWD

	AFD: DWD push (SFTP)
	182878
	7165
	14431
	15442
	6,5,5
	0
	0
	DWD

	AFD: CMA push (FTP), tar
	182878
	230
	4622
	5463
	4,4,4
	0
	0
	DWD


Table 3:  Result of GISC-to-GISC synchronization tests for 24h cache data between INMET and DWD
	
	Files delivered
	Avg. Transport Time [sec]
	Highest delivery Time [sec]
	Total Test Time [sec]
	Warnings [s]
	Maximum transfer rate

	All at once  DWD --> INMET

	MW (FTP)
	182878
	4309
	26819
	28154
	20,23,19,22
	34.1 KiB/s

	AFD (FTP)
	182878
	4631
	14271
	14724
	6,3,4,3
	63.6 KiB/s

	Continuously Data Providing - 24 hour test  DWD --> INMET

	MW (FTP)
	182878
	38
	1705
	86371
	23,26,26,30
	246.5 KiB/s

	AFD (FTP)
	182878
	63
	992
	86530
	5,3,2,3
	470.7 KiB/s


(3) DAR Metadata synchronization tests

For metadata synchronisation, CMA currently has about 120,000 records, including about 60,000 records generated from Volume C1, in their metadata repository.  One metadata record is about 24kbytes.  For harvesting, CMA has been testing with DWD and JMA.  The recent test results are as follows:
a)  Harvesting metadata from JMA OAI provider

- 0.01sec/record, not including the time for validating the metadata file and inserting it into database.

- 0.945sec/record, including the time for validating the metadata file and inserting it into database.

b)  Harvesting metadata from DWD OAI provider

- 0.059sec/record, not including the time for validating the metadata file and inserting it into database.

- 1.01sec/record, including the time for validating the metadata file and inserting it into database.

CMA supports FTP harvesting and providing.
Also DWD supports DAR Metadata synchronisation for all protocols (e.g. FTP, SFTP ...) supported by AFD (http://www.dwd.de/AFD/). DWD has tested successfully FTP DAR Metadata providing via Internet and GTS with EUMETSAT.

3.  Findings: key factors for protocol listing
There have been a number of proposals and experiments for standardization of communication protocols in WIS, including inter-GISC data and metadata synchronization.  Although recent efforts of the authors are mostly dedicated for demonstrating and fostering interoperability of parallel-developed implementations and standards, rather than complete comparison of protocols, following findings seem to have more general usefulness.
(1) IP-level latency limits per-connection bandwidth of TCP
Throughput of a single TCP connection has theoretically limited to RWIN/RTT, where RWIN is receive window size and RTT is round-trip time of IP packet.  It is not rare to observe 300 millisecond of RTT for intercontinental connection over public Internet.  That means a single TCP connection cannot achieve throughput more than 1.7 Mbps if typical RWIN of 64 kbyte is used.  This issue is getting relevant because the bandwidth is increasing while RTT is limited by the speed of light.
One approach is to tune TCP parameters to enhance throughput. However this approach has the disadvantage that it is very complex, requires highly sophisticated skills and a lot of coordination across the involved centres.

Another approach is to use parallel connections which is easy to implement and setup.

INMET, JMA and DWD achieved with the approach of parallel connections a throughput of more than 450 KiB/s.

A third approach is not to use TCP but another protocol like SCTP (Stream Control Transmission Protocol), etc. But the disadvantage is that it requires highly sophisticated skills and all applications need to be changed.
(2) This may affect selection of protocol, since some protocols depends on single connection between two centres. GTS Socket and batch FTP has transmission sequence number and request for repetition.  It is difficult to extend existing MSS implementation because the requested sequence number becomes ambiguous if there are multiple connections between given two centres.Number of TCP connections used
The use of multiple connections has advantages like to overcome the TCP latency problem mention above and to use the complete bandwidth. The disadvantage is that your application could be too greedy and discriminate others.

The reason to use multiple connections is to use the bandwidth more efficiently during the communication of a new dataset. The communication is done e.g. by FTP by closing the data connection. So further in-depth studies of different protocols are recommended.   

(3) Polling or batching and transfer delay
Batching improves throughput but worsens delay of delivery.  Sender has to wait for some number of messages arrive before sending a batch, and that causes delay.  Similar issue lies in polling-based (i.e. pull) protocols where a delivery of a message may be delayed by polling interval in the worst case.
Some of information synchronised among GISCs require very low delay for operation-critical purposes.  That of course affects protocol selection.  But that is not the only criterion, since latency is often trade-off with efficiency and/or ease of implementation and management, thus analysis or rough estimation of requirements should be done in interaction with technical tasks i.e. list-up and selection of protocol.
(4) Protocol overhead

Further studies of the GISC-to-GISC communication has to consider the control communication information for synchronization in comparison to the net-value of data/products. In other words the protocol overhead caused by the synchronization should not be higher as the data/products being send – esp. because in WMO community the average size of messages is 1kB. 

(5) Robustness against looping
Topology of inter-GISC connexions is a unique feature of WIS.  In other words, robustness against looping is a key issue of protocol selection in operational sense, as well as in current GTS.

In general IT context, the looping is often avoided by employing non-cyclic network topology, in which information is basically collected into single centre, and then distributed to all other nodes through tree-like network.  But this does not fit with WIS project plan.  There is no “central GISC” and every GISC may have new information, both data and metadata, to be synchronised among all GISCs.
In cyclic topology, it is essential to have quick identification of a message to detect and suppress its looping.  Internet protocols designed for such topology, e.g. NNTP or SMTP has unique message identifier that is never used again for different message.

For more meteorological example, if file transfer uses WMO filename convention, the filename works as identifier, i.e. there is no need to send two files with the same name again.  In a file-transfer network where filename does not have conventions, we can checksum the content of files, since we can trust the content of files are unchanged.
Different approach is used for OAI-PMH.  Current practice reuses file identifier for updated metadata records, and the protocol does not seem to have mechanism to handle cyclic topology.  The authors are experimenting using OAI-PMH “set” feature to simulate non-cyclic network, as discussed in ET-WISC-VI.
(5) Sections (1) to (4) indicate a need for further clarification on the mechanisms for the Inter-GISC synchronisation. It is proposed that GISC-Providers continue to collaborate in this matter - i.e. to specify relevant test-scenarios and conduct appropriate tests – under coordination of ET WISC.
