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EXECUTIVE SUMMARY 

MobiLink provides scalable, high-performance data synchronization between client databases and a 
central database (referred to as the consolidated database). Key factors in MobiLink synchronization 
performance are: the performance of the consolidated database for your synchronization scripts, the 
client processing speed and network bandwidth, the speed of the computer running MobiLink, a 
sufficient number of MobiLink database worker threads (each with a connection to the consolidated 
database), and a large enough cache and sufficient computer memory to avoid excessive swapping to 
disk. 

The performance of MobiLink synchronization can be summarized as follows: 

1. MobiLink has modest hardware requirements, and makes good use of multiple processors. For 
example, in our tests with a SQL Anywhere consolidated database, MobiLink requires less than half 
the processing required by the consolidated database. 

2. MobiLink scales very well with additional clients. 

3. Since downloads involve significant processing on the client, and little processing by MobiLink, 
download throughput is much more dependent on client speed than uploads. 

4. You must test to tune your synchronization scripts and determine the required cache size and 
optimal number of MobiLink database worker threads. For example, in our tests with a fully loaded 
server running the MobiLink server and consolidated database, the best throughput was obtained 
with ten to twenty MobiLink database worker threads and a cache large enough to prevent 
swapping (0.5 GB to 3.5 GB depending on the size of simultaneously uploaded data in our tests). 

5. There is some per-synchronization overhead, so throughput is lower for smaller-sized 
synchronizations. 

6. MobiLink does not maintain state information between connections, so you can use multiple 
MobiLink servers. For example, for high availability and scalability you could use multiple MobiLink 
servers with a third-party load-balancing system to make them appear as a single server. 

As an example of performance, here are the total times and synchronization rates for 10000 clients 
synchronizing 1000 92-byte rows each (for a total of 10 million rows being synchronized) with MobiLink 
and a SQL Anywhere consolidated database running on a Dell PowerEdge 2950 server with two Quad 
Core Intel Xeon 2.0 GHz processors and 16 GB of RAM: 

Download from consolidated: 120 s or 83 syncs/s 
Upload of inserts to consolidated: 151 s or 66 syncs/s 
Upload of deletes to consolidated: 254 s or 39 syncs/s 
Upload of updates (with conflict detection): 775 s or 13 syncs/s 

The rest of this whitepaper provides more details in support of the above information. 

INTRODUCTION 

Sybase iAnywhere developed MobiLink synchronization technology to enable efficient and scalable data 
synchronization between many client databases and a single central database (referred to as the 
consolidated database). MobiLink is included with Sybase SQL Anywhere Studio. It enables data 
synchronization between UltraLite or SQL Anywhere databases, and consolidated databases with ODBC 
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access, including SQL Anywhere, Adaptive Server Enterprise, Microsoft SQL Server, Oracle, and 
IBM DB2. 

The goal of this paper is to give you an understanding of MobiLink performance and to help you assess 
its applicability to your data synchronization needs. First, this paper describes the time-consuming steps 
in MobiLink synchronization, and presents results of performance testing of MobiLink synchronization 
technology, under different conditions. The tests were set up to stress the MobiLink server rather than 
the consolidated database or client databases. 

In version 10, a new threading architecture was adopted for the MobiLink server. The new architecture 
is an extension to the staged event-driven architecture (SEDA). Instead of a synchronization being 
assigned to a worker thread with a database connection for the duration of the synchronization, now a 
synchronization passes through different stages, with at least one thread performing each stage. The 
new architecture is designed to maximize synchronization throughput, by isolating network activity from 
database activity, and to minimize the time each synchronization requires a connection to the 
consolidated database. These tests are meant to characterize the performance of the new MobiLink 
server architecture. 

After a brief description of the testing methodology, this paper presents performance results and 
analysis for varying the following conditions: 

• the number of MobiLink database worker threads 

• the retry delay when synchronizing with large numbers of client databases 

• the number of client databases synchronizing simultaneously 

• the amount of data transferred in each synchronization 

We then give recommendations on how to get the best performance from MobiLink. 

WHAT ARE THE TIME-CONSUMING STEPS IN MOBILINK 
SYNCHRONIZATION? 

To help you understand MobiLink performance, we first look at the steps in a single MobiLink 
synchronization, with an eye to how they contribute to the time taken for a synchronization. After that, 
we look at scaling to more clients and identifying potential bottlenecks. 

These are the main steps in a MobiLink synchronization: 

1. The MobiLink client initiates the synchronization and transfers the upload stream to the MobiLink 
server. 

2. The MobiLink server processes the upload stream, creating commands to run against the 
consolidated database. 

3. The synchronization is assigned to a database worker thread and a database connection. 

4. The upload data is applied to the consolidated database. 

5. The rows to be downloaded are fetched from the consolidated database. 

6. The database worker thread and database connection are released (unless blocking download 
acknowledgement is enabled). 
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7. The MobiLink server prepares the download stream and transfers it to the MobiLink client, which 
applies it to the client database. This is the last step of a synchronization, using the default of no 
download acknowledgement. 

8. If download acknowledgement is enabled, the MobiLink client sends an acknowledgement to the 
MobiLink server. With a non-blocking download acknowledgement, the synchronization is again 
assigned to a database worker thread and a database connection, to process the acknowledgement. 

9. If either type of download acknowledgement is enabled, the database worker thread and database 
connection are released. 

INITIATION 

A MobiLink synchronization is typically initiated by the client creating a network connection with the 
MobiLink server. Server-initiated synchronization is also an option, but it differs only in providing a 
mechanism to notify a client to start a synchronization. Depending on whether the client is an UltraLite 
database or SQL Anywhere database, the order of events is slightly different. An UltraLite client 
establishes the network connection with MobiLink first and then builds the upload stream as it sends it, 
whereas a SQL Anywhere client builds the upload stream before establishing a network connection. 
(The difference in constructing the upload stream allows UltraLite clients to work with very limited 
memory.) 

The client first makes a network connection with the MobiLink server. Prior to version 10 of the 
MobiLink server, the operating system was used to buffer upload streams from the network until a 
worker thread with a database connection was available. As of version 10, the MobiLink server uses a 
network-stage thread to immediately accept the network connection, or refuse it if the connection limit 
is reached. 

By default, the MobiLink server accepts up to 1024 network connections (-nc option), but operating 
system settings may cause network errors before that limit is reached. If the MobiLink server’s limit is 
reached, additional synchronization requests are rejected, resulting in a network error for the client. 
Clients that experience rejected synchronizations must retry later. You can lower the network 
connection limit if you prefer to have synchronizations rejected instead of queued when the MobiLink 
server is busy, even though throughput might be reduced. Note that a client must recreate either the 
first part (for UltraLite clients) or all (for SQL Anywhere clients) of the upload stream to retry a 
synchronization. 

UPLOAD PROCESSING 

The network-stage thread is also used to read the bytes of the upload stream from the network into the 
MobiLink server’s in-memory cache. The speed of the client-to-MobiLink network connection and the 
size of the upload stream are the main influences on the time taken to transfer the upload stream. 

For an UltraLite client, the upload phase also includes some client processing time to determine what 
data it needs to upload (data that is new or has changed since the last synchronization). This is 
normally a small amount of processing; it is much less than the client processing required in the 
download phase. 

For a SQL Anywhere client, the upload stream is created before the client connects to MobiLink, so the 
time taken to create the upload stream occurs before the connection to MobiLink. 

In the MobiLink server, the stream-stage thread is used to decode the uploaded bytes into MobiLink 
protocol commands. This stage includes uncompressing the stream, if compression is enabled, and 
decrypting the stream, if encryption is enabled. If enabled, compression and encryption add to the 

www.sybase.com/iAnywhere  3 



Copyright © 2009 iAnywhere Solutions, Inc. 

processing time required, though stream compression reduces the network transfer time by reducing 
the number of bytes transferred. The MobiLink protocol commands created in this stage are added to a 
command queue. 

The queued commands are carried out by a pool of threads in the command-processor stage. Many 
commands are executed directly, but ones that require the consolidated database are collected into 
per-synchronization lists. Once the list is complete for a synchronization, the synchronization is assigned 
to a command processor thread that becomes a database worker thread, by getting a database 
connection, until that synchronization’s list of database commands is completed. 

At most, only half of the command-processor threads can be database worker threads at once. The size 
of the command-processor thread pool is twice the maximum number of database worker threads 
specified by the -w option for the MobiLink server. Depending on the load on the MobiLink server, there 
may be fewer than -w command-process threads acting as database worker threads. 

DATABASE CONNECTION 

Unlike earlier versions of the MobiLink server, a database connection is not created or assigned to a 
synchronization until the synchronization has reached the stage where database access is needed. 

MobiLink maintains a pool of connections to the consolidated database for the use of database worker 
threads, as well as one shared connection for reading synchronization scripts from the MobiLink system 
tables and other administrative tasks. The rest of the database connections are created as needed by 
the database worker threads; one is dedicated to a database worker thread until the database 
command list is completed, and then it is returned to the database connection pool. You can specify a 
larger number of database connections than the number of database worker threads, but the most that 
will be used at once is one per database worker thread, plus the shared connection. 

There are two cases where MobiLink will close a database connection and open a new one. The first 
case is if an error occurs. The second case is if the client requests a synchronization script version, and 
none of the available connections have already used that synchronization script version. If you have 
more than one synchronization script version, you may want to set the maximum number of pooled 
connections to be larger than the number of database worker threads (which is the default number). 
Then MobiLink will not need to close and open a new database connection each time a different 
synchronization version is requested. 

To help minimize the time taken to create new database connections, you can do the following: 

• Use a small number of database worker threads (-w option). You should not use more database 
worker threads than the optimal number of simultaneous high-load connections to your 
consolidated database. (Choosing an optimal number of database worker threads for throughput is 
discussed in more detail later.) 

• Set the maximum number of pooled MobiLink database connections (-cn option) to be your number 
of synchronization script versions multiplied by the number of MobiLink database worker threads, 
plus one (for the shared connection). This avoids the need to create new database connections, 
since a connection for each version would be available for every database worker thread. 

APPLYING UPLOAD 

Once a synchronization has been assigned to a database worker thread, the database worker thread 
carries out the database commands from the command queue. First, a simple query is used to check 
that the database connection is still active, and then it performs authentication using the uploaded 
client user name and password. 
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The MobiLink database worker thread then performs the upload database commands in the command 
queue. It uses its database connection to apply the uploaded rows to the consolidated database, using 
the upload scripts. For this, MobiLink database worker threads have the same performance issues as 
any other clients transacting with the consolidated database, including simultaneous connections, size 
of transactions, concurrency issues, and, if the consolidated database is on a different computer than 
MobiLink, the network speed. In addition, if your upload scripts incorporate conflict detection, MobiLink 
fetches each row to be updated from the consolidated database before applying an uploaded update, to 
check for a conflict. Additional processing is also required for any detected conflicts. Thus the 
synchronization of an update with conflict detection takes significantly longer than an update without 
conflict detection; typically more than double the time without conflict detection. 

When the list of upload database commands in the command queue has been completed, the database 
worker thread starts on the download database commands. 

DOWNLOAD 

The MobiLink database worker thread executes the download database commands for the 
synchronization. These commands execute the download scripts in the consolidated database, fetching 
the rows to be downloaded to the MobiLink client. The fetched rows are stored in the MobiLink server’s 
cache, and any data conversion, such as character-set translation, is performed. As with uploads, 
MobiLink database worker threads have the same performance issues as any other heavy-load 
database client applications when executing the download scripts. 

After the fetching and data conversion is completed, the list of database commands has been 
completed. Unless blocking download acknowledgement is being used, the download transaction is 
committed, any end synchronization scripts are executed and committed, the database connection is 
released, and the thread (which was the database worker thread) is returned to the pool of command 
processing threads. 

Command processor threads then perform the remaining download commands for the synchronization, 
packing the rows to be downloaded into the download stream format. When the download stream has 
been created in memory, the network thread is used to transfer it to the MobiLink client. 

Typically the download phase involves much less processing, for both the MobiLink server and the 
consolidated database, than for the upload phase. 

The time taken to transfer the download stream to the client depends on the size of the download, the 
network bandwidth, and possibly the client’s processing speed (for UltraLite clients or SQL Anywhere 
clients where the download does not entirely fit in the download buffer). 

Unlike the MobiLink server, the client does more processing in the download phase than in the upload 
phase. UltraLite clients process the download stream as it is received, whereas SQL Anywhere MobiLink 
clients buffer the download stream and then process it. When the download stream is processed, rows 
to be removed are deleted, new rows are inserted, changed rows are updated, indices are updated, 
and referential integrity is checked. This processing may take significant time with clients that have 
slow processors. 

If download acknowledgement has been enabled for the client, then once the client has received, 
processed, and committed the download stream, it sends a download acknowledgement to the 
MobiLink server. If the server is configured to use non-blocking download acknowledgement (-nba+ 
option), then a database worker thread is acquired to run the non-blocking download acknowledgement 
script. With blocking download acknowledgement, the synchronization still has a database worker 
thread that is used to commit the download transaction and run any end synchronization scripts. 
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The best throughput and scalability is achieved when download acknowledgement is not enabled, which 
is the default. Throughput and scalability are almost as good with non-blocking download 
acknowledgement, but are much worse with blocking download acknowledgement. 

SCALING UP TO MORE CLIENTS 

Now that we have examined the time-consuming steps in a single synchronization, let us consider the 
case of multiple clients simultaneously synchronizing. 

The maximum number of simultaneous synchronizations for a MobiLink server is set by the network 
connection limit (-nc option), since each synchronization requires a network connection for the whole 
duration of a synchronization. When the server has the maximum number of network connections, any 
additional synchronization connection requests will be refused. The default value of 1024 is quite high, 
because with slow client computers or networks, the best throughput may require having many 
synchronizations simultaneously in network transfer stages. Having too high a value should not 
adversely affect throughput, though higher values than the default may require changing operating 
system network settings. 

The maximum number of active synchronizations that can simultaneously be in database stages is set 
by the maximum number of database worker threads (-w option). The optimal value depends on your 
consolidated database: it corresponds to the optimal number of database connections that can 
constantly run your synchronization scripts. In practice this number is lower than for other common 
database applications, because MobiLink synchronization is concentrating the work done over a long 
time on many client databases into short, simultaneous synchronizations. 

While databases can support many simultaneous connections, the optimal number of busy connections 
is typically much smaller. For example, with a CPU-bound database load, the best performance would 
come when the number of connections supplying that load matched (or slightly exceeded) the number 
of CPU cores. 

Consider the analogy of an old-fashioned bank, where each teller has to visit the bank's vault to deposit 
or withdraw cash for a customer. The customer is like a synchronization, the teller is like a MobiLink 
server's database worker thread, and the vault is like the consolidated database. With more tellers, 
more customers can be served at once, but too many tellers in the vault will get in each other's way, 
ultimately limiting the rate of transactions to less than the rate if a smaller number of tellers were in the 
vault. 

The bank can get a bigger vault, but each vault will have an optimum number of tellers. Having 
significantly more or less tellers in the vault than the vault's optimum number would reduce the 
transaction rate, by underutilizing the vault or overcrowding it. 

Extending the analogy, the number of customers allowed in the bank is like the MobiLink network 
connection limit. Since each customer needs to take time to fill out a deposit or withdrawal slip, and 
handle any transaction record or withdrawn cash, it makes sense to allow more customers than tellers 
in the bank. 

POTENTIAL BOTTLENECKS 

The overall performance of any system, including throughput for MobiLink synchronization, is usually 
limited by a bottleneck at one point in the system. For MobiLink synchronization, the following might be 
the bottlenecks limiting synchronization throughput: 

• The performance of the consolidated database. Of particular importance for MobiLink is the speed 
at which the consolidated database can execute MobiLink scripts simultaneously, on as many 
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connections as the number of MobiLink database worker threads, at the same time as any other 
database load. For best throughput, you will likely need a lot of testing and skilled tuning to reduce 
database contention for your synchronization scripts. This is by far the most common bottleneck for 
MobiLink performance, since few other applications can generate as concentrated a load on the 
consolidated database. 

• The bandwidth for client-to-MobiLink server communications. For slow connections, such as those 
over cellular or dial-up networks, the network may cause MobiLink clients and the MobiLink server 
to wait for data to be transferred. 

• The bandwidth for communication between MobiLink and the consolidated database. This is unlikely 
to be a bottleneck if both the MobiLink server and the consolidated database are running on the 
same computer, or if they are on separate computers connected by a high-speed network. 

• The speed of the computer running the MobiLink server. This is more important when you are using 
.NET or Java synchronization scripts, since they run on the MobiLink server computer whereas SQL 
synchronization scripts run on the consolidated database computer. 

• The number of MobiLink database worker threads (and hence the number of simultaneously active 
connections to the consolidated database). While a smaller number of database worker threads 
incurs fewer database connections, less chance of contention in the consolidated database, and less 
operating system overhead, too small a number may leave clients waiting for a free database 
worker thread, or underutilize the consolidated database. The number that gives the best 
throughput must be determined by performance testing. 

• The client processing speed. This is more likely to be a bottleneck in downloads than uploads, since 
downloads involve more client processing. Unless blocking download acknowledgement is enabled, 
the MobiLink server does not need to wait for the client after sending the download. 

The potential bottlenecks that are not specific to MobiLink are beyond the scope of this whitepaper. For 
example, we do not consider the effect of network bandwidth or general client-server performance of 
the consolidated database. 

PERFORMANCE TESTING 

The goal of the tests for this whitepaper was to measure the performance characteristics of MobiLink 
synchronizations, so that you can gain insight into the scalability of the MobiLink server. In particular, 
we sought to determine the following: 

• The performance of MobiLink with a large number clients synchronizing simultaneously. 

• The optimal number of MobiLink database worker threads to maximize throughput. 

• The optimal retry delay when synchronization requests exceed the network connection limit. 

• The effect of varying the number of clients synchronizing simultaneously. 

• The effect of varying the amount of data transferred in each synchronization. 

• The hardware requirements for a MobiLink server, relative to those for the consolidated database. 

To make the results easier to interpret, our testing methodology employed the following principles: 

• Vary only one parameter at a time. Since there are many variables that affect MobiLink 
synchronization throughput, we took care to vary only one variable at a time as much as possible. 
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Often we would vary one parameter until optimal throughput was achieved, fix that parameter, and 
then vary another one. 

• Stress the MobiLink server. Since we are concentrating on MobiLink server performance, we wanted 
to make sure it was being stressed, and made choices to minimize the load on the consolidated 
database. In general, we ran the MobiLink server and the consolidated database server on the same 
computer, with clients on separate computers, with enough simultaneous synchronizations to keep 
the server CPU utilization close to 100%. MobiLink and the consolidated database were run on the 
same computer so that the relative CPU utilization of each could be used to infer their relative 
hardware requirements. 

• Keep it simple. In order to concentrate on the inherent performance of the MobiLink server, the 
synchronization scripts, the client application, and the database schema were all kept very simple. 
More complex schema and synchronization scripts would increase the load on the consolidated 
database, so by keeping them simple we maximized the relative workload of the MobiLink server. 

The following sections describe specific aspects of the performance tests. 

DATABASE SCHEMA 

All of the tests are based on synchronizing the data in a single table. The column types were chosen so 
that several popular data types would be used. The following SQL statement shows the table definition: 

CREATE TABLE Purchase ( 
    emp_id      INT           NOT NULL, 
    purch_id    INT           NOT NULL, 
    cust_id     INT           NOT NULL, 
    cost        NUMERIC(30,6) NOT NULL, 
    order_date  TIMESTAMP     NOT NULL, 
    notes       VARCHAR(64), 
    PRIMARY KEY ( emp_id, purch_id ) 
); 

A compound primary key was used to simplify partitioning the data among the clients; the first column 
indicates which client the row is associated with. Not sharing rows between clients avoided database 
contention, which helped to minimize the load on the database server and increase the relative 
workload of the MobiLink server. 

VALUES 

The data values that are used to fill the Purchase table are generated in either the client or 

consolidated database. The algorithms to generate the values ensure that large values are used for 
integer data, so that the packing scheme did not shrink the data when it was transferred to or from the 
client. The initial value for cost was 123456789.12 for all rows, and each update increments the 

cost value by one. All values used for the notes column are exactly sixty-four characters long. This 

was done to ensure that a constant number of bytes would be transferred for each row; in this case 
each row transferred used 92 bytes. 

TIMING FRAMEWORK 

To conduct the performance tests, we developed a framework for timing MobiLink synchronizations. 
The components of the framework are the following: 

• Extra tables in the consolidated database. There is one table to hold information on the tests 
to be performed, such as the number of runs, number of clients per run, and what every client 
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should do. There is another table to hold the timing information, which holds four timestamps for 
each synchronization: the start and end time as recorded on both the client and the consolidated 
database. Another table is used to keep track of the next data to download to each client. There are 
also some temporary tables and views related to the run information and timings. 

• The MobiLink synchronization scripts. Several synchronization versions, or sets of scripts, are 
employed. Each version has a corresponding publication defined in the client database. Two 
versions control the setup: one is for timed synchronizations, and one is for the clients to send their 
timings to the consolidated database at the end of the run. For the timed synchronizations, the 
following scripts are defined: 
 
begin_connection – defines connection-level variables used by other scripts 
begin_synchronization – records the server start time 
end_synchronization – records the server end time 
download_cursor – controls the number of rows to be downloaded 
upload_delete – defines how uploaded deletes will be applied 
upload_insert – defines how uploaded inserts will be applied 
upload_update – defines how uploaded updates will be applied 
upload_fetch – for conflict detection when synchronizing updates 
upload_old_row_insert – for conflict handling (never used in our tests) 
upload_new_row_insert – for conflict handling (never used in our tests) 
resolve_conflict – called if a conflict is detected (never used in our tests) 

• The client application. Since we want to stress MobiLink with a lot of simultaneously-
synchronizing clients, we need a small, efficient client program that can have multiple instances run 
simultaneously on one or more computers. So that each instance of the client would have a small 
memory footprint, we chose to use UltraLite clients. For efficiency, we chose to implement the client 
in C, using the embedded SQL interface to UltraLite. To avoid slowing the clients with disk access, 
we used a special version of the UltraLite runtime library where explicit flushing to disk at the 
beginning of synchronization was disabled. For ease of multiprocessing, we created a Windows 
console program that can spawn multiple instances of itself. The first instance is used as a master 
process, and it spawns child processes that act as clients. This application also has an option to 
retry, after a specified delay, any synchronizations that fail from communication errors. 

• A supervisor application. This coordinates clients running on different computers. 

All clients are kept in step through the use of gates. At a gate, each client waits for all the others to 
reach the same point before proceeding, like the starting gate at a race. For efficiency, the gate 
implementation uses operating system primitives (Windows event objects are used to wait for clients on 
the same computer, and Windows named pipes 6are used for waiting across computers). The gate 
implementation is very efficient; after a gate, all clients start up within few seconds. 

The clients use gates before and after each timed synchronization. The gate before the synchronization 
ensures that all clients try to start synchronizing at the same time. The gate after synchronization 
ensures that no other client processing occurs until all client synchronizations are completed. 

For synchronizations that are timed, the following steps occur: 
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Timing a synchronization 
  Client MobiLink 
 1 Prepare for synchronization.  
 2 Wait for all other clients (via “gate”)  
 3 Record client start time  

 4 Start synchronization, via 
ULSynchronize() 

 

 5  Record server start time (in 
begin_synchronization script) 

 6 Perform synchronization Perform synchronization 
 7  Record server end time (in 

end_synchronization script) 
 8 Record client end time  
 9 Wait for all other clients (via “gate”)  

Table 1: Steps in a timed synchronization. 

In the above table, the icons denote extra steps associated with the timing. These either involve 
recording a timestamp (denoted with ) or waiting for all other clients at a gate (denoted with ). 

The client times are recorded in the memory of the clients, and then the times are sent to the 
consolidated database after all the timed synchronizations. The server times are recorded directly into 
the consolidated database. 

In discussing the timing results, we refer to the following quantities derived from the recorded 
timestamp values: 

client sync time  =  client end time – client start time 

server sync time  =  server end time – server start time 

total server time  =  last server end time – first server start time 

If each client does more than one synchronization, these are grouped into sets of simultaneous 
synchronizations. All synchronizations in a set are initiated at the same time, and the next set does not 
start until after they have all completed. In this case we use the following formula to calculate the total 
server time: 

total server time  =  ∑
i = 1

# of sets
 total server time for set i 

In other words, even if there are multiple sets of simultaneous synchronizations, we only count the 
times spent between the gates. 

In the test results, the total server time will be reported instead of a direct throughput measure, such 
as the number of synchronizations divided by the total server time. Time is reported rather than rate, 
so that the longest values will be most prominent in the graphs, and minimizing the longest operations 
is most important for obtaining the best throughput. The discussions may refer to either maximizing 
throughput or minimizing total server time, since they are equivalent. 

TESTING ENVIRONMENT 

The timing tests were performed with the following software and hardware: 
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The tested software was SQL Anywhere 10.0.1. The SQL Anywhere network database server was used 
as the consolidated database, the MobiLink server was used for synchronization, and the clients 
(described above) used the UltraLite embedded SQL interface to UltraLite databases. In general, default 
options were used for MobiLink and SQL Anywhere, though cache sizes were adjusted to make better 
use of available RAM. For the MobiLink server, the cache size (-cm option) was set large enough to 
avoid warnings about cache pages being swapped to disk: 500 MB for tests with the default connection 
limit, 3 GB for tests with a connection limit raised to 10000, and 3500 MB for tests varying the number 
of rows per synchronization. The tests used the TCP/IP communication protocol, without encryption or 
compression. To improve the reproducibility of tests, the SQL Anywhere database was configured with 
a large checkpoint threshold, so that checkpoints would not occur until after the tests. 

The MobiLink server and SQL Anywhere ran on a Dell PowerEdge 2950 server computer. This computer 
had two Quad Core Intel Xeon E5405 2.0 GHz processors and 16 GB of RAM. It also had the database 
log file on one dedicated SAS 15K RPM hard drive, and all other files on a RAID 0 array of five SAS 15K 
RPM hard drives. The operating system was 64-bit Windows Server 2003, with the following registry 
settings defined to allow more simultaneous network connections: 

HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Services\Tcpip\Parameters 
 MaxUserPort 65534 
 MaxHashTableSize 65536 

HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Services\AFD\Parameters 
 EnableDynamicBacklog 1 
 MinimumDynamicBacklog 100 
 MaximumDynamicBacklog 20000 
 DynamicBacklogGrowthDelta 100 

The 64-bit versions of the MobiLink server and SQL Anywhere database server were used. These are 
the defaults for 64-bit Windows. This enabled the programs to use more than 3 GB of RAM. 

The clients were run on a rack of up to twelve Dell PowerEdge 750 computers, running 32-bit 
Windows Server 2003. Each computer had a 3.2 GHz Pentium 4 processor with hyperthreading and 
1 GB of RAM. These were networked to the server using a 1 Gbps network switch. The network was 
isolated for timing runs. For all tests, ten of the PowerEdge 750 computers were used to run the clients. 

TESTS PERFORMED 

In order to assess the performance and scalability characteristics of MobiLink, we used the timing 
framework to perform the following tests: 

• Vary the number of database worker threads to determine the optimal number to maximize 
throughput. This was done using 1000 clients synchronizing simultaneously. 

• Vary the delay between client retry attempts when the number of clients exceeds the MobiLink 
server network connection limit. 

• Vary the number of clients synchronizing simultaneously, to see if throughput drops off with more 
clients. 

• Vary the size of synchronizations, to see the effect on throughput. 

In each case, four types of synchronization were measured: 

• New data (insertions) downloaded from the consolidated database. 

• Updates uploaded from the client databases, with conflict detection enabled. 
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• Deletions uploaded from the client database. 

• Insertions uploaded from the client database. 

All the timing runs follow the same steps. First, a new consolidated database is created and filled with 
enough data for the downloads. Then each client does one empty synchronization, to set up the client 
names in the MobiLink user table and to make sure that MobiLink has established all database 
connections with the right synchronization script version. Then the timed synchronizations are 
performed, in the following order: downloads, updates, deletes, and then inserts. This exercises four 
types of synchronization. The order ensures that the consolidated database ends up with the same 
number of rows as it started with, and the UltraLite databases do not have more rows than those 
downloaded to it. 

Downloads of updates and downloads of deletes were not tested. In downloads, there is no difference 
between downloading inserts and updates. The MobiLink server simply downloads the rows that are 
selected by your download_cursor script, and the client database uses an efficient internal “upsert” to 
apply the downloaded rows. Downloads of deletes would likely be faster, assuming your 
download_delete_cursor script only includes the primary key columns. 

The details of these tests, including results and analysis, are described in the following sections. 

TEST 1: OPTIMAL NUMBER OF MOBILINK DATABASE WORKER THREADS 

In this test, we chose to use one thousand simultaneously synchronizing clients while varying the 
number of MobiLink database worker threads (and hence the number of simultaneously active 
connections to the consolidated database). We chose this large number of clients to ensure that 
MobiLink was stressed and so that we might hit any point of diminishing throughput before running out 
of clients. Also, we wanted to be below the default MobiLink limit of 1024 network connections. The 
following were kept constant: 

• 1000 clients on 10 computers with Pentium 4 3.2GHz processors 

• 1000 rows per client synchronization (with 92 bytes per row) 

• 10 sets of synchronizations for each client 

• Total of 10 thousand synchronizations and 10 million rows 

The results are shown in the following graphs (overview and detail) and table. 
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Total server time vs. number of database worker threads 
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Figure 1: Total server time vs. number of MobiLink database worker threads for 1000 clients each 
synchronizing 1000 rows of 92 bytes 10 times, for a total or 10 million rows. 

Detailed view of total server time vs. number of database worker threads 
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Figure 2: Zoomed-in view of Figure 1. 
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DB 
Workers Download Update Delete Insert Sum 

1 162.5 3334.1 986.3 596.3 5080.2 
2 182.5 2075.1 622.0 386.9 3268.5 
5 158.5 1035.5 352.8 224.6 1776.4 
8 130.8 856.5 299.4 195.8 1490.5 
10 124.1 819.9 290.8 194.4 1439.2 
12 124.8 809.2 290.1 197.0 1433.1 
15 123.5 820.4 292.8 196.5 1448.2 
20 126.5 831.3 294.5 199.1 1471.4 
50 131.4 868.7 303.5 201.6 1555.2 

100 135.6 907.1 301.6 210.5 1654.8 
200 136.5 933.5 303.4 210.8 1784.2 

Table 2: Total server time (in seconds) vs. number of MobiLink database worker threads for 1000 clients 
each synchronizing 1000 rows of 92 bytes 10 times. 

The best times in this test were obtained from 10 to 15 database worker threads. Of the tests 
performed, the one with 12 database worker threads has the smallest sum of the times for the four 
types of synchronization, so that value will be used in subsequent tests. The curves are relatively flat 
above 10 database worker threads, but all show the general trend of longer times (hence lowered 
throughput) above 20 database worker threads. 

This parameter is most affected by the capabilities of the consolidated database and the load placed on 
it by synchronization scripts. 

Compared to version 9 of MobiLink, the new MobiLink server architecture in version 10 gives 
performance that is less sensitive to the number of database worker threads that is chosen, but it is still 
worthwhile to determine an optimal range. Note that for more realistic database schemas, where the 
consolidated database has to do more work performing the synchronizations, the adverse effect of 
contention with too many database worker threads will be much more apparent. 

Even with this setup, there is no advantage to using 20 or more database worker threads for 1000 
clients that try to synchronize simultaneously. More database worker threads results in decreased 
performance. The two most likely causes of decreased performance with increased database worker 
threads are the following: 

• Contention in the consolidated database. The chance of a connection being blocked by another 
connection increases with the number of database worker threads, and blocked connections reduce 
performance. In this test, we chose to have each client access separate data so that database 
contention would not limit performance. In most applications this is not possible, and contention in 
the consolidated database is usually the performance bottleneck. 

• Saturation of server processor or disk resources. If there is no further processing power available, 
adding database worker threads increases the operating system overhead for multitasking and 
increase hardware contention. In this test, the CPU utilization for all four processors was essentially 
100% for 10 or more database worker threads, so more database worker threads would not have 
additional resources to use. 

With 12 database worker threads, only 1.2% of the 1000 simultaneous synchronizations can use the 
consolidated database at once. The rest of the clients are either sending their uploads, queuing waiting 
for a database worker thread, receiving their downloads, or have already finished synchronizing. From a 
client’s perspective, the time to synchronize is longer the closer the client is to the back of the queue, 
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because of the increased time waiting (recall that all synchronizations started at almost the same time; 
a worst-case scenario). In cases where all sync requests are accepted, the average client time is 
minimized if the throughput is maximized (i.e. the total time is minimized). This keeps any queue 
moving most quickly. 

You may also note the relative time taken by the different types of synchronizations. The downloads 
are faster than the uploads, and for uploads, inserts are fastest and updates slowest. In other tests 
with update conflict detection disabled, we found that updates synchronized at about the same rate as 
inserts. This is because conflict detection requires a fetch of each row to be updated from the 
consolidated database to see if its value has changed since the last synchronization. 

When choosing a number of database worker threads to use, remember the following points: 

• The best throughput is usually achieved with a relatively small number of database worker threads. 
If server CPU or disk is already saturated, or contention in the consolidated database is a 
bottleneck, then adding more database worker threads is counterproductive. 

• Perform tests that reflect the type of synchronizations that will occur under your expected real-
world conditions. 

• With enough synchronization load to saturate the server’s CPUs, using 12 database worker threads 
gave the best throughput in our tests. This is not much more than the number of 8 CPU cores of 
the server running both MobiLink and the consolidated database. 

• If you find the optimal number of database worker threads is higher for synchronizations that 
download than for synchronizations that upload, you can reduce the number that can 
simultaneously apply uploads. For example, you can set the total database worker threads (–w 
option) to the optimal value for synchronizations that download, but limit the number that can 
simultaneously apply uploads to the consolidated database (–wu option) to the optimal value for 
uploading. 

TEST 2: OPTIMAL CLIENT RETRY DELAY 

As described in the Initiation section, by default the MobiLink server has a limit on the number of 
MobiLink client network connections, which is also a limit on the number of simultaneous 
synchronizations. If this limit is reached, additional synchronization requests are refused with a network 
error indicating the network connection was refused. Limitations of the network infrastructure, such as 
the operating system’s network support, can also cause refused network connections. 

When synchronization connection requests are refused, either by the MobiLink server limit or network 
limitations, the client application or user must retry the synchronization periodically until it succeeds. A 
MobiLink client does not automatically retry synchronizations. The delay between having a 
synchronization request refused and retrying can affect synchronization throughput: if the delay before 
retrying is too long, then the MobiLink server may become idle; if the delay is too short, then the server 
may be kept busy refusing synchronizations instead of processing the active synchronizations. 

This test attempts to determine an optimal retry delay, when there are many more simultaneous 
synchronization requests than the MobiLink server connection limit. For this test, ten thousand clients 
attempted to synchronize one thousand rows each, using the default MobiLink network connection limit 
of 1024, while varying the retry delay used by the client application. The following were kept constant: 

• 10000 clients on 10 computers with Pentium 4 3.2GHz processors 

• 1000 rows per client synchronization (with 92 bytes per row) 
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• Total of 10 thousand synchronizations and 10 million rows 

• 12 MobiLink database worker threads 

The timing results are shown in the following graph and table. 

Total server time with 10000 clients vs. retry delay 
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Figure 3: Total server time vs. retry delay for 10000 clients, each synchronizing 1000 rows of 92 bytes 

Retry Delay Download Update Delete Insert Sum 
0.5 145.5 830.1 265.8 141.7 1383.6 
1 134.1 846.1 262.8 145.1 1389.1 
2 132.6 813.4 261.5 149.4 1358.9 
5 132.3 796.1 256.9 151.5 1341.8 
10 142.1 797.6 254.8 148.8 1353.3 
20 188.1 810.2 254.4 138.8 1411.5 
50 419.4 802.5 289.9 156.9 1718.7 

100 819.4 791.0 615.3 263.6 2589.3 

Table 3: Total server time (in seconds) vs. retry delay for 10000 clients each synchronizing 1000 rows of 
92 bytes 

The retry delay has an effect on the throughput. The optimum retry delay depends on the type of 
synchronization. For example, the minimum total server time for downloads occurs when the retry 
delay is 5 seconds. For uploading inserts and deletes, the best retry delay is 20 seconds. For uploading 
updates, the best total server time occurs with a delay of 100 seconds, but there is little dependence on 
the delay time: a delay of 5 seconds gives the second best total server time of those measured. In 
general, this corresponds to speeds for the different types of synchronization; the faster 
synchronizations give the best throughput with shorter delays between retries. With too short of a 
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delay, too much time is spent by the server rejecting connection requests. With too long a delay, the 
MobiLink server has unused capacity. 

Of the tests performed, the one with a retry delay of 5 seconds has the smallest sum of the times for 
the four types of synchronization, so that value will be used in subsequent tests where retries are used. 
That value also avoids the highest numbers of retried synchronizations. 

The total number of refused synchronization requests for different retry delays is shown in the following 
graph and table. 
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Figure 4: Number of client retries vs. the retry delay for 10000 clients each synchronizing 1000 rows of 92 
bytes 

Retry Delay Download Update Delete Insert 
0.5 409156 681616 590388 104864 
1 332127 769866 535131 193709 
2 228099 574202 409199 115239 
5 97369 206795 154247 69209 

10 53597 98811 71740 32928 
20 38672 62636 41111 14042 
50 37657 34073 20506 6882 
100 37087 21649 23083 6555 

Table 4: Number of retries vs. the retry delay for 10000 clients each synchronizing 1000 rows of 92 bytes 

From this data, you can see that with shorter retry delays, clients retry more often before successfully 
completing their synchronizations. Keep in mind that each entry in the table is the sum total of the 
number of retries for 10000 clients, and many clients have to retry more than once. In the worst case, 
for uploading of updates with a delay of 1 second, each client retried almost 77 times on average and 
the throughput was lowest. 
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TEST 3: SCALABILITY WITH RESPECT TO NUMBER OF CLIENTS 

The next test varied the number of clients, while keeping the number of database worker threads at the 
best value from Test 1, to see how MobiLink scales with the number of clients. The number of 
synchronizations per client was adjusted to ensure that the same amount of data would be transferred 
overall, and that the size of each synchronization was constant. For example, with 10000 clients we 
used 1 synchronization (of each type) per client, with 500 clients we used 20 synchronizations per 
client, and with 200 clients we used 50 synchronizations each. The following were kept constant: 

• Clients on 10 computers with Pentium 4 3.2GHz processors 

• 1000 rows per client synchronization (with 92 bytes per row) 

• Total of 10 thousand synchronizations and 10 million rows 

• 12 MobiLink database worker threads 

The tests for 1000 clients and above were performed twice: once with the default network connection 
limit of 1024, and once with the network connection limit raised to 10000 to avoid client retries. With 
the higher connection limit, the MobiLink server cache size was also increased, to avoid swapping of the 
cache to disk with the corresponding increase from 1024 simultaneously active synchronizations to 
10000. In both cases, the retry delay was 5 seconds, though no retries happened with 10000 clients 
when the network connection limit was 10000. 

The results are shown in the following graph and tables. 

Total server time vs. number of clients 
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Figure 5: Total server time (in seconds) vs. number of UltraLite clients each synchronizing 1000 rows at a 
time. Each point represents a total of 10000 synchronizations; with fewer clients more sets of 
synchronizations were performed. The retry delay was set to 10 seconds for the solid lines and 1 second 
for the dashed lines. 
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Number of Clients Download Update Delete Insert 
200 134.5 890.5 438.8 328.3 
500 128.4 833.6 329.5 231.0 
1000 127.8 809.2 291.5 194.7 
2000 132.4 795.7 272.2 179.8 
5000 131.2 798.9 261.4 161.3 
10000 132.3 796.1 256.9 151.5 

Table 5: Total server time (in seconds) vs. number of UltraLite clients each synchronizing 1000 rows of 92 
bytes at a time. Each value represents a total of 10000 synchronizations; with fewer clients more sets of 
synchronizations were performed. The retry delay was set to 5 seconds and the default network 
connection limit of 1024 was used (with the MobiLink server cache set to 500 MB). 

Number of Clients Download Update Delete Insert 
1000 123.8 825.0 293.3 197.8 
2000 125.8 797.5 271.6 179.6 
5000 126.8 784.3 260.4 161.0 
10000 119.9 774.7 254.0 150.9 

Table 6: Total server time (in seconds) vs. number of UltraLite clients each synchronizing 1000 rows of 92 
bytes at a time. Each value represents a total of 10000 synchronizations; with fewer clients more sets of 
synchronizations were performed. The retry delay was set to 5 seconds and, to avoid retries, a network 
connection limit of 10000 was used (with the MobiLink server cache set to 3 GB). 

As the graph shows, the MobiLink server scales ideally with an increasing number of clients 
synchronizing, especially when the network connection limit is increased. For all types of 
synchronization, the throughput improves going from two hundred to ten thousand clients 
simultaneously synchronizing. It does not improve as much with higher numbers, but it is still 
improving. 

With the default network connection limit, the MobiLink server allows 1024 simultaneous 
synchronizations; any other synchronization requests are refused and those clients must retry later. 
With the larger network connection limit, all synchronization requests are accepted. 

The larger network connection limit has the greatest effect on the performance of download syncs and 
syncs which upload updates (with conflict detection). For 1000 clients the larger limit seems to slightly 
reduce the update throughput—though the difference is small, it is more than the usual experimental 
variability. For larger numbers of clients, the throughput is a little better with the higher network 
connection limit. 

Compared to version 9 and earlier versions of the MobiLink server, the new architecture of the version 
10 MobiLink server gives better scalability with a large number clients, and the throughput is less 
affected by having clients retry synchronizations. 

The observed scalability suggests that tests with a smaller number of clients could be used to estimate 
results with a larger number of clients. 

When you consider using MobiLink for a large number of clients, remember the following points: 

• It is important to run tests that accurately simulate real-world use to minimize total server times. 

• For a large network connection limit, you may have to change operating system network settings to 
support the increased limit. 
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TEST 4: SIZE OF EACH SYNCHRONIZATION 

This test varied the number of rows transferred in each synchronization, to see the effect of 
synchronization size on performance. We used 1000 clients so that the number of rows per 
synchronization could be widely varied without changing the total number of rows synchronized. 

In this test, the number of rows per synchronization was changed without changing the total amount of 
data transferred by changing the number of synchronizations per client. For example, each client could 
synchronize 10000 rows 1 time, 5000 rows 2 times, 2000 rows 5 times, and so on. The MobiLink server 
cache size was increased to 3500 MB, to avoid having to swap the largest synchronizations to disk. The 
following were kept constant: 

• 1000 clients on 10 computers with Pentium 4 3.2GHz processors 

• Total of 10 thousand rows synchronized per client, 10 million rows overall 

• 12 MobiLink database worker threads 

The results are shown in the following graph and table. 

Total server time vs. synchronization size with 1000 clients 
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Figure 6: Total server time (in seconds) vs. number of rows per synchronization for 1000 UltraLite clients. 
Each point represents a total of 10 million 92-byte rows synchronized; with fewer rows per 
synchronization more sets of synchronizations were performed. 
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Rows Download Update Delete Insert 
100 344.6 1127.4 767.6 603.8 
200 208.4 956.9 488.3 395.0 
500 147.6 848.6 337.7 259.5 
1000 121.8 819.8 291.5 195.3 
2000 116.3 795.5 267.7 175.5 
5000 118.9 766.1 252.1 161.8 
10000 113.1 745.5 243.1 143.6 

Table 7: Total server time (in seconds) vs. number of rows per synchronization for 1000 UltraLite clients. 
Each value represents a total of 10 million 92-byte rows synchronized; with fewer rows per 
synchronization more sets of synchronizations were performed. 

The size of synchronizations has an effect on the throughput. A large number of small synchronizations 
are the slowest, and the total server times get faster as we move towards a smaller number of larger 
synchronizations. This is consistent with a fixed overhead for each synchronization, and its significance 
is diminished with larger synchronization sizes. 

This becomes clearer when the total times from above are divided by how many synchronizations each 
client does, to give an average total server time per set of 1000 simultaneous synchronizations. The 
following graph shows that time versus the number of rows synchronized. 

Total server time for 1000 synchronizations vs. synchronization size 
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Figure 7: Average total server time for a set of 1000 synchronizations (in seconds) vs. the number of rows 
synchronized. For this graph, the total number of rows synchronized is not the same for each for each 
point. 

As you can see, there is a near linear relationship between the average time for a set of 1000 
synchronizations and the number of rows synchronized. With no rows synchronized, all lines will 
converge on the time for 1000 empty synchronizations. 
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• When considering the sizes of your synchronizations, remember that there is some per-
synchronization overhead, so throughput rates are slower for smaller-sized synchronizations. 

HARDWARE REQUIREMENTS 

To assess the relative hardware requirements of MobiLink, we ran it on the same computer as the 
consolidated database, under stress, and watched the CPU utilization for the processes. We used 
Microsoft’s Process Explorer to see the overall CPU utilization, and the CPU usage attributed to MobiLink 
and SQL Anywhere. 

The overall CPU utilization was usually 95% to 100% during timed synchronizations. The exceptions 
were for downloads with a small number of clients, and for the smallest number of database worker 
threads. When the CPU utilization was around 100% for all processors, we were confident that 
MobiLink and SQL Anywhere were being stressed, and that the bottleneck was processing speed on the 
server. 

During timed synchronizations when total CPU utilization was around 100%, the CPU utilization for 
MobiLink varied from 25% to 35%, and the utilization for SQL Anywhere varied from 65% to 75%. This 
ratio was observed for all types of synchronizations: downloads, updates, deletes, and inserts. This 
suggests that if MobiLink and SQL Anywhere were on different computers, the computer running 
MobiLink would need less than half the processing power of the computer running SQL Anywhere in 
order to saturate SQL Anywhere. Unlike the consolidated database, MobiLink uses very little disk access 
(if you have sufficient RAM and have set the cache size appropriately), so it does not have the same 
requirement for fast disk access. During these tests, the consolidated database was not disk bound. 
Many consolidated databases are disk bound, which could result in different performance 
characteristics. 

To ensure that the network interface was not a bottleneck, the server computer had two network ports. 
Tests were repeated where half the clients used one of the network interfaces, and the other half used 
the other. This did not result in a change in performance. 

When you consider the hardware requirements for MobiLink, remember the following points: 

• MobiLink should need less processing power, and much less disk capacity or performance, than the 
consolidated database. 

• To saturate a SQL Anywhere consolidated database, MobiLink seems to require less than half the 
processing power of the consolidated database. 

RECOMMENDATIONS 

This section summarizes the MobiLink performance tips mentioned previously, and gives advice on how 
you might perform small-scale tests to predict both how MobiLink will perform in your large-scale 
deployment, and also the hardware resources you should dedicate to MobiLink. 

PERFORMANCE TIPS 

Following these tips will help you to get the best performance out of MobiLink: 

• Be very careful to avoid contention in your synchronization scripts. In our experience, this is the 
most common performance problem in MobiLink systems. It is essential to test and tune the 
concurrent performance of your scripts under high load. 
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• Note that the MobiLink server and consolidated database operate as a system. Tuning one without 
tuning the other is less effective than tuning them together in an iterative fashion. 

• Use the smallest number of MobiLink database worker threads that gives you optimum throughput. 
For example, 12 database worker threads gave optimum throughput in our tests. A larger number 
did not significantly hurt performance in these tests, but with a real-world database schema 
contention would be much more likely with higher-than-optimum numbers. Keeping the number of 
database worker threads lower reduces the chance of contention in the consolidated database, and 
the number of connections to the consolidated database (since each is time consuming to create). 

• Choose a network connection limit (via the MobiLink –nc option) either to maximize throughput or 
to enforce the maximum number of simultaneous synchronizations that you want to allow. If you 
increase it beyond the default, you will likely need to change operating system network parameters. 

• Set (via the MobiLink –cn option) the maximum number of MobiLink database connections to be 
your typical number of synchronization versions times the number of MobiLink database worker 
threads, to reduce the need for MobiLink to close and create database connections. 

• Use a cache (via the MobiLink –cm option) that is large enough to avoid swapping to disk if you 
have sufficient available memory. Check the MobiLink server message log or console for warnings 
like this: 
 
MobiLink server has swapped memory pages out:9000 in:8000 
concurrent pages:10000 

 
Each page is 4 KB, and the concurrent pages number refers to the number of pages on disk. 

To avoid swapping to disk, add at least the largest concurrent pages number times 4 KB to your 
MobiLink cache value, assuming you have that much free physical memory. You should not specify 
a cache larger than available physical memory, since it’s better to let the MobiLink server handle 
swapping to disk instead of the operating system. 

• Ensure that the computer running MobiLink has enough physical memory to accommodate the 
MobiLink server memory requirements in addition to its other memory requirements. 

• Dedicate enough processing power to MobiLink so that, if needed, it can saturate the consolidated 
database. In our tests with a SQL Anywhere consolidated database, MobiLink required one third to 
one half of the processing required by SQL Anywhere, when both were fully loaded. 

• Use the minimum logging verbosity that is compatible with your business needs. By default verbose 
logging is off, and MobiLink does not write its log to disk. 

LARGE DEPLOYMENTS 

A single MobiLink server can handle tens of thousands or hundreds of thousands of client databases. In 
these tests, we looked at up to ten thousand clients synchronizing simultaneously. Depending on the 
type of synchronization, this took from 2 to 15 minutes, which is equivalent to 40 thousand to 300 
thousand client databases synchronizing over an hour, or 0.96 million to 7.2 million synchronizations in 
a day. The hardware requirements for this were quite modest; MobiLink used less than a third of the 
CPU time on a computer with two Quad Core Intel Xeon 2.0 GHz processors. Thus a single instance of 
MobiLink can handle a very large number of client databases, with significantly less hardware than that 
required by the consolidated database to which it is connected. 

If you determine that a single instance of MobiLink running on a dedicated server computer would not 
meet your performance or availability requirements, you can use multiple MobiLink servers. MobiLink 
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does not maintain state between connections, so you can use multiple MobiLink servers for high 
availability and scalability. For example, you could use multiple MobiLink server computers, and employ 
a hardware load balancer, or application delivery controller, to make them appear to your clients as one 
server computer. In such a setup, the load balancer periodically polls each MobiLink server to gauge its 
load from its responsiveness, and to see if it is still running. If one MobiLink server becomes 
unavailable, new connections are only directed to the servers that are still running, providing failover 
capability. This is the simplest and most effective way to scale beyond a single instance of MobiLink. 
Customers have successfully employed this architecture in scalable and highly-available data 
synchronization solutions. 

When using multiple MobiLink servers, you need to ensure that a client database does not try to 
synchronize with one MobiLink server when another MobiLink server still has an active synchronization 
for that client database. When using a load balancer, this may be accomplished by using “persistence” 
or “stickiness” for connections to MobiLink servers. 

A synchronization hierarchy is another architecture that employs multiple MobiLink servers. In a 
synchronization hierarchy, clients synchronize with secondary consolidated databases that are 
periodically synchronized with a primary consolidated database. You could use MobiLink for both 
synchronization layers, if the secondary consolidated databases are SQL Anywhere databases. A 
synchronization hierarchy is much more complicated than using a load balancer. Also, it does not 
address scalability directly since you still have the problem of synchronizing the total amount of data 
with the primary consolidated database, perhaps through a single MobiLink server (if you use MobiLink 
for both layers). However a synchronization hierarchy may fit your infrastructure or business needs. For 
example, if your MobiLink servers need to be geographically distributed or if you want to avoid having 
your primary consolidated database tied up with lengthy synchronizations from clients with slow 
processors or slow network connections. 

APPLICABILITY 

While the tests reported here can give you some idea of quantitative MobiLink performance, if you want 
to assess performance for your MobiLink setup, you should do tests using your schema, data, 
consolidated database, synchronization scripts, and clients. For example, this report does not address 
using non-SQL Anywhere consolidated databases. 

To do this type of testing, we suggest the following procedure: 

1. Determine your synchronization needs. You should know or estimate how many users will be 
synchronizing data over the time period of interest, to estimate how many would be likely to 
synchronize simultaneously. You should also determine the characteristics of a typical 
synchronization, including the type and size of data that is uploaded and downloaded, and whether 
the data was inserted, updated, or deleted. 

2. Set up a pilot implementation. As much as possible, use your actual synchronization scripts, 
consolidated database, and client and server hardware. Create clients that perform the typical 
synchronizations with typical data, using or simulating actual clients on your intended client 
hardware and network. For the number of clients, if it is impractical to use the total number you 
expect, then you can test with a smaller number. You should at least pick a multiple of the number 
of MobiLink database worker threads you want to try. For example, you may choose to use 200 
clients and run tests with 5, 10, 20, and 50, or more, database worker threads until you have found 
a “sweet spot” where using more gives worse performance. You might also consider running 
multiple client applications on the same computer. 
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3. In your pilot implementation, you may want to run MobiLink and your consolidated database on the 
same server computer. Then you could use the relative CPU utilization to help you decide how to 
allocate your hardware resources between MobiLink and the consolidated database. 

4. Run MobiLink with the MobiLink Monitor and non-verbose logging to disk enabled. The Monitor will 
collect detailed timing information for each synchronization, and the log file will record any warnings 
or errors that occur. In our tests, we found that using the MobiLink Monitor (on a separate 
computer than the MobiLink server) does not affect throughput. 

5. Perform your test synchronizations. For example, to test 20 clients you could recruit 20 volunteers 
to start synchronizations on 20 devices at the same time. 

If you are interested in using the timing framework (called MLBench) that we developed for the tests 
reported in this whitepaper, or a more flexible timing framework called Floodgate, contact Sybase 
iAnywhere Professional Services (http://www.sybase.com/ianywhere/services-support). Sybase 
iAnywhere Professional Services provides Performance and Tuning services, as well as Architectural 
Definition and Review, Prototyping, Solutions Development, and many other services. 
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