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Abstract

Due to its high protocol overhead, both in data traffic
and in round-trips, Java RMI is poorly suited for communi-
cation over slow wireless links. However, its performance
can be enhanced without breaking compatibility with Java
RMI specification, and with minimal changes to existing
software and network hosts. This paper analyzes the rea-
sons for the poor performance of Java RMI, outlines a so-
[ution based on mediator technology and eval uates the per-
formance of a prototype implementing the solution.

1. Introduction

Remote Method Invocation (RMI) [20] is the object-
oriented version of the well-known Remote Procedure
Cdl [7]. RMI isessentially the same concept that allowsthe
programmer to transparently invoke methods on objectsthat
reside on another computer. In thisway, the object-oriented
paradigm is preserved in distributed computing. There are
severa implementation architecturesfor the remote method
invocation. The most well-known one is CORBA [23],
which has several commercial implementations available.
However, with the success of the Java language, Java RMI
is earning more and more attention. In contrast to CORBA
that is programming language independent, Java RMI only
works between Java programs. On the other hand, JavaRM|
isfar more flexible than CORBA. Jini Connection Technol-
ogy [2] and most Agent Platforms use Java RMI as a com-
munication framework. The importance of Java RMI aso
increases due to the announcements of many mobile termi-
nal device manufacturers that their equipment will support
Javain the future.

Current and forthcoming wireless data services—GSM

Data Service, GPRS, UMTS, wireless LAN—enrich the
options for communications. Unfortunately, the current
Internet-based solutions are not able to fulfill all the needs
of nomadic users [21]. The environment of mobile com-
puting is very different compared to today’s environment
of traditional distributed systems in many respects. Band-
width, latency, delay, error rate and interference, among
other things, may change dramatically as a nomadic end-
user moves from one location to another—from an environ-
ment to another: from awired LAN viaawireless LAN to
aGPRS/UMTS network for example.

Today the Internet offers a communication backbone to
an ever-increasing amount of information services. In fact
some persons (not necessarily addicted but primarily due
to their profession) have become increasingly dependent on
access to those services. By using wireless networks, those
persons can utilize network information services even when
they are on the move. However, current communication
services do not work well in a mobile environment because
applications and middleware products, on which the appli-
cations run, were designed for fixed, reliable networks. The
problems are due to manifold reasons; including sudden
loss of connectivity, low bandwidth, high latency, and high
cost of wireless communication. Many of the problems can
be solved by using light-weight, mobile-aware protocols
and middleware in the wireless environment.

Given that Java RMI is gaining popularity, it is only a
matter of time before the performance of Java RMI over
wireless links becomes important. We have analyzed and
measured performance characteristics of Java RMI over
GSM Data Service and High Speed Data Service [10].
We examined two platforms—Linux and Windows NT—
and several variations of a commercialy available GSM
HSCSD. The results are not encouraging: Java RMI works
poorly in slow wireless environments. This is due to the
well-known poor performance of TCP in a wireless envi-
ronment but also due to the Java RMI protocol itself.
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In this paper we propose a mediator-based solution to
overcome those problems. Mediators—known as perfor-
mance enhancing proxies in IETF [8]—are widely used to
improve TCP/IP performance on communication paths in-
cluding a slow wireless link. Examples include Indirect
TCP by Rutgers University [3], Snoop by the University
of Cdlifornia at Berkeley [5], Mowgli by the University
of Helsinki [16], and TACO by the University of Copen-
hagen [12]. Mediators are also used to improve application
level protocols like HTTP [17, 28]. In addition, the WAP
architecture[30] is also based on mediators.

In a mediator-based solution there are access nodes in
the fixed network that serve the mobileterminals by provid-
ing them with an access point to the fixed network. Each
application, that is not mobile aware, requires two media-
tors: An agent, which is located in the mobile terminal, is
bound with the terminal part of the application (usualy a
client), and a proxy, which is located at the access node, is
bound to the fixed network part of the application (usually
aserver).

All communication between the terminal and the fixed
network part of the application goesviathe agent and proxy,
which collaborate to optimize the communication over the
wirelesslink.

The rest of this paper is organized as follows. In Section
2 we give background information on how Java RMI works,
and why it works poorly in slow wireless environments. In
Section 3 we present our approach to optimizing Java RMI,
using a solution based on mediator technology. In Section
4 we evaluate the performance of our approach. We briefly
summarize related work in Section 5. Finally, Section 6
states the conclusions.

2. Background and M otivation
2.1. JavaRM1 Protocol

Java RMI was designed to simplify the communication
between two objects in different virtual machines by a-
lowing transparent calls to methods in remote virtual ma-
chines. Once areference of a remote object is obtained, it
is possible to call methods of that object in the same way
as methods of local objects. Since the remote object resides
in adifferent virtual machine, an RMI Registry is needed to
manage remote references. When an RMI server wants to
make its local methods available to remote objects, it regis-
tersthe objectsto alocal registry. A remote object connects
to the remote registry, which listens to awell-known socket,
and obtains a remote reference.

Java RMI is built on top of atransport layer, which pro-
vides abstract RMI connections built on top of TCP con-
nections. When an RMI connection is opened, the transport

Client Virtual Machine Server Virtual Machine

Client Object (2) Registry

Server

Remote Object

BT = e

Figure 1. Java RMI Protocol

layer either opens a new TCP connection, or reuses an ex-
isting oneif afree oneisavailable. If the reused connection
has been idle for more than the time of a round-trip, the
transport layer first sends a ping packet to make sure the
connection is still working. Once an acknowledgment for
the ping packet is received, the new RMI connection is es-
tablished. If a TCP connection has not been used by any
RMI connectionsfor awhile, it is closed.

The general Java RMI architecture is depicted in
Figure 1. First aserver creates a remote object and registers
it to alocal Registry (1). The client then connects to the
remote Registry (2) and obtains the remote reference. At
this point, a stub of the remote object is transferred from
the remote virtual machine to the client virtual machine, if
the stub is not yet present. When the client (3) invokes a
method at a remote object, the method is actually invoked
at the local stub. The stub marshals the parameters and
sends a message (4) to the associated skeleton on the server
side. The skeleton unmarshals the parameters and invokes
the appropriate method (5). The remote object executesthe
method and passes the return value back to the skeleton (6),
which marshals it and sends a message to the associated
stub on the client side (7). Finally the stub unmarshals the
return value and passes it to the client (8).

2.2. RMI Problems

2.2.1. RMI| Use of TCP Connections

The reuse of TCP connectionsin the transport layer is com-
mendable because it saves resources. However, the imple-
mentation causes frequent ping messages. Thisis problem-
atic with high-round-trip wireless connections.

While Java RMI is not optimal for wireless networks,
neither is TCP upon which Java RMI is built. The problems
with TCPin awireless environment are well-known [ 16, 9].
Especidly in JDK1.1, RMI and TCP conspire to produce
bad results. RMI writes header data byte by byte, and
because of the slow start algorithm [14], TCP has to wait
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Figure 2. The trace of the “sayHello” remote
invocation

for an acknowledgment once it has sent the first segment
containing only one byte. This means that it takes a full
round-trip before the second segment can be sent.

In JDK 1.2 (Java’™ 2), datais no longer written byte by
byte, and the performance is much better. However, the
protocol itself still enforces many round-trips for a single
invocation (due mainly to the ping packets).

2.2.2. Analysis of an RMI Call

In this section we will show an analysis of a simple RMI
cal. The method is called “sayHello”. Asreturn value the
method returns the String “ Hello World' .

In our test the stub classwas already present on the client
side, so there was no need to download the stub class. The
trace of the call is outlined below (see Figure 2):

1. Thefirst round-trip is between the client and the Reg-
istry on the remote side and uses a new TCP connec-
tion(TCP1). The registry returns an acknowledgment
of the RMI protocol and what it believes to be the
client’s IP address (EPId). It should be noted that this
first round-trip happens every time anew connectionis
opened.

2. In the second round-trip, the client requests (and ob-
tains) the remote reference of the desired remote class.

At this point, the RMI connection is closed, logically
closing the TCP1 connection.

3. Opening a second TCP connection TCP2, the client
connects with the server. Since this is the first RMI
call a header and a protocol acknowledgment are ex-
changed.

4. The client-side Distributed Garbage Collection (DGC)
requests from the server alease of the required remote
reference through a Dirty() invocation. The RMI con-
nection is closed, logically closing the TCP2 connec-
tion.

5. At this point, the Client must tell the DGC of the Reg-
istry that it obtained a remote reference, so it opens a
new RMI connection. The first round-trip between the
client and the Registry isa ping: in this way the client
verifies that the TCP connection, which was logically
closed before, is still alive!. Having verified this, the
client communicatesto the Registry that it has received
alease from the server with a DGCAck message.?

6. In parallel with the previous point, the client can in-
voke the remote method on the server. But, since the
RMI connection was closed, a ping round-trip takes
place. After this, the client invokes the method and
obtains the results of the invocation as return value.

7. When the client does not need the remote reference
any more, usually when the remote referenceis locally
unreferenced, it sends a“clean” message to the server.
This exchange is preceded by the usual ping round-
trip.

Data traffic is summarized in Table 1. In each row is
given the amount of data (and percentages) transferred in
each transfer pattern.

On a slow wireless link the amount of data that is sent
over the link isimportant. In this example, the actual invo-
cation takes up only 5% of the total transmitted data while
69% was related to the DGC protocol. This means that
the channel is primarily used for auxiliary data, making the
invocation expensive.

Another important issue is the high humber of round-
trips. On slow links, like GSM, even a single byte exchange
like ping causes delays due to the long latency times in-
volved (around-trip over GSM is typically around one sec-
ond). Inthisexample, six round-tripswere necessary before
the invocation was completed, not counting the two round-
trips caused by TCP handshaking. However, only two are

INote that a ping does not occur if the TCP connection has been idle
for atime less than a ping round-trip.

2Before this acknowledgment has been sent, the Registry must not
release its server reference, since that might cause the server to wrongly
conclude that there are no references in use.
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Table 1. Invocation data traffic (bytes)

Client to Server and
Server and Registry Total

Registry to Client
Registry 55 (6%) 276 (42%) 331 (20%)
Lookup
Invocation 41 (4%) 37 (6%) 78 (5%)
Data
DGC 831 (85%) 305 (46%) 1136 (69%)
Data
Protocol 52 (5%) 40 (6%) 92 (6%)
Overhead
Total 979 (100%) | 658 (100%) | 1637 (100%)

really needed - one to get the server reference, and another
for the actual invocation.

3. The Monads Approach
3.1. Optimizations

Optimization of Java RMI for wireless links means are-
duction of protocol overhead and the number of round-trips.
We have two ways to reach this goal: The first one is to
changetheimplementationitself, i.e. to change JDK system
classes. The disadvantageis that modification of both client
and server host software is necessary, and that makes this
solution unattractive. The second solution, presented here,
attempts to preserve the original implementation support-
ing it with the use of mediators and compression to avoid,
where possible, every redundant communication between
the client side and the server side®. The solution uses a
mediator architecture, with an RMI agent in the mobile ter-
minal and an RMI proxy in thefixed network. The proposed
optimizations are outlined below.

Data compression — The seriaization protocol used by
Java RMI produces a large amount of overhead in the
invocation. Since we do not want to modify the source
code, the easiest way to reducethis overhead isto com-
press the data using a generic compression algorithm.
In our prototype we use the GZIP standard file format.

Protocol Acknowledgment — The acknowledgments are
handled by the RMI proxy, and do not cross the wire-
lesslink.

Registry lookups — When a client does a lookup for the
first time, the remote reference is cached locally, and
the origina reference in the Registry is marked as
cached by the mediator on the other side. Mediators

SNote that RMI is used symmetrically—a mobile terminal may have
both RMI clients and servers. This symmetry must be preserved.
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Figure 3. Using mediators to optimize the re-
mote invocation

synchronize cached references by notifying their peer
when a reference marked as cached changes. To re-
duce initial cache misses, the reference cache can be
initialized with frequently used references at startup.

Distributed Garbage Collection — This protocol intro-
duces heavy data overhead and its use in a wireless
environment is less meaningful, since the link is sub-
ject to sudden disconnections that can be handled at
the transport layer. To avoid its redundancy and high
number of round-trips, the client and the server can be
decoupled. The use of mediatorsfor this decouplingis
explained in the next section.

3.2. Use of Mediators

Therole of the RMI mediatorsis shownin Figure 3. The
RMI Agent captures the invocation made by the client. A
lookup request is first checked in the local cache, and only
if the remote referenceis unknown is the request forwarded
to the server.

DGC invocations are optimized by decoupling client and
server. The RMI proxy keeps servers alive by periodically
renewing theleases. 1t will only stop doing so oncethe RMI
agent tells it that no more references to the server exist on
the other side. In this way the DGC semantics are loos-
ened to suit the needs of wireless communication, without
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modifying client or server code. No lease requests (dirty()
invocations) need to be sent over the wireless link, since al
leases are managed on the fixed network side. In this way
the number of round-tripsis minimized. The amount of data
transferred over the wirelesslink isalso reduced. Of course,
clean requests still have to be sent to inform the other side
that no referencesto a server exist anylonger. An optimized
data representation can be used for these requests, further
reducing DGC overhead. The Figures 4 and 5 outline the
difference between our RMI optimization and the normal
RMI.

4. Performance Evaluation

The performance of our optimized RMI implementation
was measured in field trials. The objective was to study
how our system behaves in different circumstances and to
compare its performance with regular RMI.

4.1. Test Arrangements

In the measurements, we used a configuration specified
in Table 2. The mobile node was connected to the Ac-
cess Node using GSM HSCSD data service. Technically

Table 2. Hardware used in the measurements

Mobile Terminal Toshiba Portégé 7020CT (Intel Pentium
11/366MHz; 128Mb Main Memory)

Access Node Compaq DeskPro EN6350 (Intel Pentium
11/400MHz; 128Mb Main Memory)

GSM Phone Nokia CardPhone 2.0 (Prototype)

Access Node Modem | Multitech MT2834ZDX| (28.8Kbps)

the HSCSD consists of two parts: multislot capability and
the modified channel-coding scheme. The former provides
the use of several parallel time slots per user where normal
GSM can use only one. At the beginning of the HSCSD
service, the maximum number of time slots is mostly lim-
ited to 3+1 (asymmetrical connection, three time dots for
downlink) and 2+2 (symmetrical connection). The modified
channel-coding scheme provides the user with a data rate
of 14.4 kbps instead of the original maximum 9.6 kbps. In
order to achieve higher bit rates, amore efficient puncturing
method is used. This, on the other hand, decreasestheradio
interface error-correction performance. Therefore, the 14.4
kbps channel coding cannot be used when there is a lot of
noise and interference affecting the quality of theradio sig-
nal. Depending on connection type and the capabilities of
the network infrastructure, the maximum user data rate can
be 28.8 kbps using a modem connection, 38.4 kbps using
an ISDN V.110 protocol, or 57.6 kbpsusing an ISDN V.120
protocol.

We performed the measurements using a modem con-
nection, thus having 28.8 kbps as maximum user data rate.
The following combinations of channel coding (CC) and
time dots were used: 1+1 (96CC; origina GSM), 1+1
(144CC), 2+2 (96CC), 2+2 (144CC), and 3+1 (96CC). The
measurements were conducted in a normal office environ-
ment with good HSCSD radio link conditions.

The software package used in the test was the KaRMI
benchmark suite provided by the Institute for Program
Structures and Data Organization of the University of Karl-
sruhe[22]*. Thetest cases used are shown in Table 4. Each
test was repeated 20 times in every configuration.

Since the implementation of the Java Virtual Machine
and the underlying TCP/IP implementation are different in
different operating systems, we conduct all the experiments
in a Windows environment and in a Linux environment, as
described in Table 3.

4.2. Summary of Performance Results

4.2.1. Lookup results

In the lookup case, we measured the time to get the refer-
ence to aremote object. In our optimized implementation,

4Software available at http://wwwipd.ira.uka.de/"hauma/EfficientRM 1/
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Table 3. Test Environment

| Client | Server
Windows
os Windows 98 Windows NT (SP 6)
JOK | SunJDK 1.2.2 SunJDK 1.2.2
Linux
[6F] Linux 2.2.14 Linux 2.2.14
JOK | SunJDK 1.2.2 SunJDK 1.2.2

Table 4. Test cases set

Name Parameterstype | Return value
Void null null
ReturnPing Byte[500] Byte[500]
Pinglmage Byte[5998] null
PingText Byte[9689 null
ReturnText Byte[9689) Byte[9689]

we did not measure the case when the referenceis found in
the RMI Agent’s reference cache; in this case, the reference
is found in a few milliseconds depending on the speed of
the underlying hardware and Java implementation.

Tables 5 and 6 show the results of lookup tests in Win-
dows and Linux respectively. As expected, our implemen-
tation is significantly faster due to the reduction of unnec-
essary round-trips (see Figure 6). Using the original GSM
(1+1, 96CC) our implementation is more than four times
faster than the normal RMI in a Windows environment, and
more than five times faster in Linux. An interesting result
isthat in HSCSD data service using the 14.4 kbps channel-
coding scheme, the round-trip time is slightly higher than
using the original 9.6 kbps channel coding. Since fewer
round-tripsare needed in our implementation, we gain more
when 14.4 kbps is used as shown in Figure 7. The ac-
tual throughput does not significantly affect |ookup results,
since there is only a small number of bytes to send both in
our implementation and in the original Java RMI.

111

1+1(144CC) 2+2(96CC) 2+2(144CC)
Modem Speed

Normal RMI
Monads RMI

L

3+1(96CC)

1+1(96CC)

Figure 6. Summary of the lookup test in a
Windows environment
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Figure 8. Summary of the void ping() testin a
Windows environment

4.2.2. Invocation results

In the Invocation case, we performed an extensive study us-
ing different kernels found in the KaRMI package. Table 4
summarizes the test cases we used.

First, to evaluate basic overhead caused by RMI, we used
a simple remote method; with no parameters nor return
value. Theresults are given in Tables 7 and 8 for Windows
and Linux respectively. As there is only a few bytes to
transfer in both directions, the difference between our im-
plementation and original RMI is insignificant. In our im-
plementation there is some additional processing overhead,
asall invocationsgo throughthe RM1 Agent. However, with
the slow wirel ess communication path being the bottleneck,
thisisnot aproblem. InFigure 8, theresults of the Windows
environment areillustrated.

Next we evaluate the case where the remote object takes
anarray of bytes (500) asan argument, and asareturn value,
returns the same array back. Tables 7 and 8 summarizesthe
results of this test case in Windows and Linux respectively.
In this case, there is now more data to send, and therefore
using compression affects the results significantly. Thisis
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mainly due to the content of the array; in the KaRMI pack-
age al arrays are always initialized with zeros.

In order to evaluate our implementation with more real-
istic data, we used a case where the client sends a file to
the server as a parameter of a remote method, and another
case, where the server also returns the same file as areturn
value. As the content of the file affects the results of our
implementation significantly when compressionis used, we
selected two files with very different content; the text file
used was aHTML page with size 9689 bytes and the image
file used was a Gl F image with size 5998 bytes. The general
purpose compression algorithm we are using is not able to
compress GIF images. As aresult, we are not gaining any-
thing from using compression with very random data, but
on the other hand, the additional overhead needed in this
case is not significant. When we are transferring text data
for example, the compression works well, and our imple-
mentation is significantly faster than the original RMI. The
summaries of image and text transfer results are shown in
Tables 7 and 8. The results are summarized in Figure 9.

5. Related Work

Optimizing Java and Java RMI performance have been
quite popular research topics;, see for example [1]. The
work, however, has concentrated on high-speed networks—
to the best of our knowledge there are no published results
yet on Java RMI performance in slow wireless networks
(cellular networks). However, some work has been carried
out for CORBA in slow wireless networks.

For the high-speed networks UKA serialization and
KaRMI, developed at the University of Karlsruhe[22], pro-
vide amore efficient RMI for Java. The Manta project (Fast
Parallel Java) inthe Vrije Universisteit, Amsterdam [19, 29]
has developed an efficient remote method invocation based
on a transparent extension of Java for distributed environ-
ments. The MantaRMI is a part of the Manta environment
and it cannot be used separately. At IndianaUniversity there
is a group that has conducted an interoperability and per-
formance study of remote method invocation [6]. Another
performance evaluation study has been carried out by the
HORB project in Japan [13].

Wireless access and terminal mobility issuesin CORBA
has been studied in the EC/ACTS projects DOLMEN [18]
and OnTheMove [27] as well as in the Alice project at
Trinity College Dublin [11]. Somewhat related work has
also been carried out in the Rover project at MIT [15]. In
addition, a mobile RPC proposal, called M-RPC, has been
done by Rutgers University [4].

The DOLMEN work led to OMG Telecom Domain Task
Force activities: An RFI [24] was issued in June 1998, a
white paper [25] in November 1998, and an RFP [26] in
May 1999. The OMG specification is expected to be com-

pleted this year. It may have some implications to the Java
RMI since future RMI is expected to use [ 1OP.

6. Conclusions

Dueto its high protocol overhead, both in datatraffic and
in round-trips, Java RMI is poorly suited for wireless com-
munication. However, it can be optimized without breaking
compatibility with Java RMI specification, and with mini-
mal changes to existing software. New software is neces-
sary only at the mobile terminal and at its access point to
the fixed network. This is possible by utilizing mediator
technology, which is widely exploited in wireless commu-
nications. The results are encouraging.

In the future we will extend our implementation to sup-
port both personal and terminal mobility. These new fea
tures will greatly improve the usability of Java RMI in a
mobile environment. The use of mediator technology will
support the implementation of these features.
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Figure 9. Figure (a) shows the invocation times of uplink image transfer using different link speeds
in Linux environment. Figure (b) shows the invocation times of uplink text transfer while Figure (c)
shows the invocation times of two-way text transfer in Linux environment. Figures (d),(e), and (f)
show the corresponding times in the Windows environment
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Table 7. Comparison between normal RMI and optimized RMI in the Windows environment

Origina RMI Monads Compressed Monads Uncompressed

Min [ Max [ Median [ Average | Min [ Max | Median | Average | Min | Max [ Median | Average

Comparison between normal RMI and optimized RMI for the Windows \oid case

1+1 (96CC) 650 1380 710 719 650 720 660 662 600 880 660 651
1+1 (144CC) 760 1980 825 867 710 2040 770 835 710 2030 770 826
2+2 (144CC) 710 1980 770 821 650 720 660 681 710 770 720 722
3+1 (96CC) 650 1370 660 697 600 660 660 654 650 660 660 659
Comparison between normal RMI and optimized RMI for the Windows ReturnPing case
1+1 (96CC) 1640 1710 1650 1672 710 820 770 749 1530 3400 1540 1689
1+1 (144CC) 1480 4060 1540 1649 820 1480 855 881 1420 5540 1455 1667
2+2 (144CC) 1100 1590 1150 1193 710 1210 770 804 1090 3790 1100 1301
3+1 (96CC) 1370 1540 1430 1437 650 2580 685 782 1310 3460 1320 1529

Comparison between norma RMI and optimized RMI for the Windows Pinglmage case

1+1 (96CC) 6260 | 13900 6535 7382 6150 | 15980 6510 7475 6150 | 16090 6370 7352

1+1 (144CC) 5210 | 33940 5245 8436 5220 | 11210 5325 5989 5160 8680 5440 6031

2+2 (144CC) 3020 4510 3075 3238 3070 | 4720 3130 3202 3020 6810 3080 3477

3+1 (96CC) 6200 | 16750 6310 7780 6150 | 12580 6205 6541 6150 | 10380 6285 6755

Comparison between norma RMI and optimized RMI for the Windows PingText case

1+1 (96CC) 9450 | 17300 | 10050 10488 3350 | 6590 3400 3576 9390 | 19230 9915 10840

1+1 (144CC) 7250 | 10270 7335 7563 2960 | 6420 3050 3298 7140 8240 7225 7296

2+2 (144CC) 3950 4330 3960 3990 2690 | 5380 2960 3125 3950 7960 4010 4399

3+1 (96CC) 9440 | 12360 9530 9897 3350 | 6260 3435 4248 9440 | 11640 9500 9625

Comparison between normal RM| and optimized RM| for the Windows ReturnText case

1+1 (96CC) 18340 | 19220 | 18780 18691 | 6090 | 10930 6150 6657 18290 | 27080 | 18895 19811

1+1 (144CC) || 13680 | 26920 | 13920 15027 | 5000 | 10990 5110 6072 13620 | 15050 | 13705 13841

2+2 (144CC) 7190 9940 7250 7396 2910 | 6750 3075 3359 7200 | 10540 7250 7558

3+1 (96CC) 12570 | 13290 | 12630 12682 | 4450 | 7580 5820 5836 12520 | 15220 | 12580 12715

Table 8. Comparison between normal RMI and optimized RMI in the Linux environment

Origina RMI Monads Compressed Monads Uncompressed

Min | Max [ Median | Average | Min [ Max [ Median | Average | Min | Max [ Median | Average

Comparison between normal RMI and optimized RMI for the Linux Void case

1+1 (96CC) 749 1543 779 809 699 720 719 716 699 719 719 717
1+1 (144CC) 799 1663 799 844 759 2469 759 846 759 800 792 780
2+2 (144CC) 710 1953 719 781 669 1899 719 772 679 720 719 714
3+1 (96CC) 679 2744 694 891 639 1070 659 679 639 2016 649 847
Comparison between normal RMI and optimized RMI for the Linux ReturnPing case
1+1 (96CC) 1829 1879 1839 1846 800 868 800 803 1740 1837 1760 1756
1+1 (144CC) 1430 1507 1439 1446 790 898 800 805 1390 2210 1440 1466
2+2 (144CC) 1078 1119 1080 1089 720 1330 760 786 1110 1177 1120 1125
3+1 (96CC) 1319 1379 1350 1352 700 2560 720 939 1300 3430 1320 1495

Comparison between normal RMI and optimized RMI for the Linux Pinglmage case

1+1 (96CC) 6239 6340 6269 6276 6220 | 12660 6320 7126 6180 6241 6180 6191

1+1 (144CC) 4629 5829 4669 4826 4590 | 12510 4714 5690 4600 4791 4639 4652

2+2 (144CC) 2659 3189 2689 2742 2680 | 7200 2760 3170 2680 3200 2685 2771

3+1 (96CC) 5779 6859 5800 5890 5740 | 8430 5804 5938 5739 9100 5780 6056

Comparison between normal RMI and optimized RMI for the Linux PingText case

1+1 (96CC) 9479 | 10109 9529 9599 3460 | 5570 3480 3641 9420 9483 9450 9451

1+1 (144CC) 6789 7479 6840 6894 2720 | 3560 2720 2778 6750 7170 6760 6838

2+2 (144CC) 3712 5490 3764 3938 1719 | 3000 1720 1790 3750 3920 3760 3771

3+1 (96CC) 8879 9809 8900 8963 3160 | 3209 3180 3178 8840 | 10300 8890 9203

Comparison between norma RMI and optimized RMI for the Linux ReturnText case

1+1 (96CC) 18740 | 18858 | 18765 18774 6331 | 6970 6360 6391 18719 | 19880 | 18749 18854

1+1 (144CC) || 12829 | 13450 | 12840 12920 | 4600 | 10820 4655 5595 12750 | 16830 | 12800 13079

2+2 (144CC) 6691 7131 6805 6816 2671 | 3920 2700 2762 6711 7190 6760 6806

3+1 (96CC) 11759 | 12463 | 11804 11870 4100 | 4188 4122 4126 11729 | 15151 | 11766 12190
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