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PERFORMANCE EVALUATION

he goal of the performance evaluation is to
I determine the performance improvement pro-
vided by the MMS-ATM architecture. The mea-
surements are limited to the response times for MMS
request-responses between two MMS-ATM nodes. We
have used a part of an Ada implementation of the
Mini-MAP architecture [15]. The MMS standard is com-
posed of 86 services. Our purpose is not to implement
all the MMS services but to design a communication
system that will provide an efficient communication in
an MMS environment. Our implementation provides
only the execution of a subset of MMS services
defined by the standard. These services are Initiate,
Start, Write, Read, Download, and Conclude.

Platform

An experimental platform implementing our communi-
cation system has been developed in our laboratory to
evaluate the performance of MMS senices in real
operational conditions. It is composed of:

- A Workstation Client: Personal Computer (PC),
Pentium 133 MHz, 32MB RAM, WindowsNT/DOS,
ATM board.

- An Operator Station Server: Personal
Computer (PC), Pentium 200 MHz, 32MB
RAM, WindowsNT/DOS, ATM board.

A GNAT (Ada95) compiler is used to devel-

op and evaluate the performance of soft-
ware components.

MMS services description

In the following, we describe the MMS ser-
vices that are implemented in our system.

- Read service: the client uses the read
sewice in order to request that a server
returns the values of one or more vari-
ables.

User mode Request handler

service negotiates the conditions for a communica-
tion with the MMS-partner.

- Conclude service: The Conclude service is used
to terminate a communication in a defined order.

- Start service: This serice starts the Program
Invocation. The Program Invocation must be in the
ldle State for this service to be valid.

- Stop service: The Stop serice causes a transition
from the RUNNING to the STOPPED state of the
Program Invocation. The progress of the Program
Invocation is then stopped.

- Download service: The Download service is com-
posed of three serices. The first sewice is the
Initiate Download service. It is used by the client to
request the server to begin loading. The second
service is the Download Segment service. It is used
by the server to ask the client to start downloading
after receiving the Initiate Download service. Finally,
after the server has received all the segments, a
Terminate Download service is sent to the client.

In the case of a confirmed service, the measured time
T represents the duration between the transmission of
a request and the reception of the confirmation by the
client program (Figure 6). In the case of an uncon-

MMS protocol machine

Signalization
access interface

User access
interface

- Write service: the client writes variables
at the server. In the service call a specifi-
cation of the variables with their corre-
sponding values is transmitted.

- Initiate service: The Initiate service is
used to establish a communication
between two MMS-users. The Initiate

Kernel mode

ATM driver

ATM PCI board

Figure 5. ATM Board Interface.
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Figure 6. Transmission of an MMS request and its response.

firmed serice, the transmission delay is the time
between the transmission of a request by the client
program and the reception of the indication primitive
by the server program.

Some MMS services are needed to manage the ATM
environment. Primitives C in Figure 6 represent these
MMS services which are:

Link: This service is used by an MAE to establish an
MMS environment. This MAE must send to the
MEM all parameters necessary to initiate an MMS
association and ATM connection.

ATMinit: This serice defines the ATM signaling
protocol parameters necessary to establish an AAL
connection. It is used to initiate an ATM environ-
ment.

ATMclose: This service is used by a MEM service
to close an AAL connection.

Measuremenis

Measurements have been classified into two cate-
gories:

1. External measurements: these measurements con-
sider the implementation as a black box and pro-
vide response times for MMS request-responses
between two MMS/ATM nodes.

2. Internal measurements: the implementation is eval-
uated from the inside to identify the time spent in
different parts of the software. This includes PDU
encoding/decoding, the MMPM state machine,
ATM transfer, and the VMD program.

External Measurements

In this subsection, we focus on the performance per-
ceived by user applications communicating through
MMS. The measurements were evaluated by an MMS
application program. The time for each service given in
Table 1 is determined by sending a large number of

these services, recording the time for the total trans-
mission and computing the average time per serice
request. The variables used in the server for experi-
ments with the Read and Write services are of type
integer with 2 bytes for name length and 4 bytes for
value length. Table 1 gives the request-response times
of the Read, Write, Initiate, Conclude, Start, Stop, and
Download setrvices.

We note that as the number of variables read or writ-
ten increases, the response time increases. This can-
not be explained by the existence of the AAL or ATM
layers. Indeed, the reason for this increase is that the
response time depends on the application layer and
particularly on the encoding/decoding process.

We have also measured the response time of the
Download MMS service for two segment sizes: 512,
1024 bytes. Table 4 indicates the Download time as a
function of the segment number of 512 and 1024
bytes.

Internal Measurements

In the previous paragraphs, we have considered the
implementation of MMS-ATM as a black box that pro-
vides response times for MMS request-responses. This

Read 4.30
Write 4.80
Initiate 4.70
Conclude 4.00
Start 4.30
Stop 4.10
Download 10.10

Table 1. Average Times for some MMS services.
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VMD 0.50 11.6 0.60 12.5 0.60 5.9
MMPM 1.60 37.2 1.60 335 4.00 39.6
Encoder 0.80 18.6 1.00 21.0 2.00 19.8
Decoder 0.60 14 0.80 16.5 1.50 14.9
ATM Transfet0.80 18.6 0.80 16.5 2.00 19.8

Total 4.30 100% 4.80 100% 10.10 100%

Table 2. Execution Time for Read, Write and Download services.

1 4.30 4.80
10 4.40 4.85
100 4.60 5.05
150 4.70 5.20
200 4.80 5.30
250 4.90 5.40

Table 3. Average Times for Read and Write services.

response time is determined by the execution time of
five main components: MMPM, Encoder, Decoder, AP
and ATM transfer (Table 2).

Table 3 shows in detail the execution time of Read
and Write services of one variable (integer that has 2
bytes for the name length and 4 bytes for the value
length).

We have also measured the execution time of the
MMS Domain service, which allows the transfer of data
presented as segments. The response time for
request-responses of the domain download service
depends on the segment size. For a segment size of
512 bytes, the response time is 10.1 ms. Detailed val-
ues of these measurements are given in Table 4.

ANALYSIS AND COMPARISON
Analysis

Our results of external measurements show that the
latency for the Download service is nearly twice as
large as those for other services. This can not only be
explained by the difference between encoding/decod-

ing time of Download service and other services. The
explanation is that the Download service involves
twelve transfers through all the communication layers
at the source and destination station. However, for the
other senices there are only four transfers through all
communication layers at the source and destination
station.

Our implementation allows the execution of the
Download service with segment sizes greater than
1024 bytes. For these segment sizes, the response
time increases significantly. This is due to the number
of transfers performed between the emission/reception
buffer and the reassembly/segmentation buffer of our
ATM communication board. For example, a 512 bytes
segment requires two transfers and a 1024 bytes seg-
ment requires three transfers.

The internal measurements show that the MMPM exe-
cution time is greater than that of the encode/decode
together and is twice as long as the ATM transfer time.
This can be explained by the fact that MMPM con-
nects seamlessly the MMS and AAL layers. MMPM
runs some functions necessary for this connection

A WDN PR

A WOWDN PR

10.1
13.2
16.9
20.4

12.5
16.0
21.6
25.7

Table 4. Average Times for Download service.
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such as: encapsulation, address mapping, and trans-
fer. Details on the address mapping and encapsula-
tion functions are provided in the sections 4.3 and 4.4
respectively. The transfer function includes all low level
transfer routines from the host to ATM-card.

Comparison between MMS/ATM and
other architectures

Now, we try to compare the performance of our
MMS/ATM communication system with the Mini-MAP
and MAP architectures.

The Mini-MAP architecture that is being considered
consists of three layers: MMS application, data-link,
and physical. The data-link layer is subdivided into the
MAC (Medium Access Control) and LLC (Logical Link
Control) sub-layers. The MAC sublayer conforms to the
IEEE 8024 token passing bus standard (physical layer).
The LLC sublayer offers two services: an unacknowl-
edged connectionless sewice (LLC type 1) and an
acknowledged connectionless serwice (LLC type 3).
The Mini-MAP application layer offers the sernvices of a
reduced subset of OS| application senvice elements,
namely MMS, network management and a directory
called the object dictionary.

A major issue in manufacturing systems is the need for
rapid and reliable communication among the wide
variety of computers and automated equipment
involved in the manufacturing process. Typically, the
factory floor devices are incompatible with one anoth-
er. A standardized communication network is needed
to allow their interconnection.

General Motors started the specification of a network
standard for factory communication, called MAP. MAP
relies essentially on a standard connection oriented
ISO profile. It implements all of the ISO protocol layers.
Note that Mini-MAP MMS does not differ from MAP
MMS in the syntax of messages but only in the under-
lying support called MMPM that governs the message
exchanges between the MAEs [13].

We have compared our MMS/ATM implementation
with few existing MMS implementations. In most cases
[16], our implementation has achieved a better perfor-
mance. In the left cases, the performance is equivalent
to them. But even for these cases, our implementation
is advantageous. This is due to:

- The use of ATM technology for a communication
network has some technical advantages. In classi-
cal MMS/MAP (or MMS/Mini-MAP) implementations
the number of interconnected workstations are
bounded, as well as that of logical segments. In
general, to interconnect several machines from dif-
ferent segments the designer may use bridges or
gateways. This increases the network equipment
and management cost. In contrast, there are no
such constraints in our MMS/ATM implementation.
Furthermore, it is worth to use ATM, since its virtual
connection concept introduces flexibility in the
management of the network connections.

- ATM networking provides end-to-end quality of ser-
vice (QoS) guarantees [17]. It offers:

Transparent handling of different data types,
High requirements for multimedia applications

(latency, bandwidth),
Multicast support and
Real-Time support.

- Some modern applications of multimedia communi-
cation derived from the auto industry are an example
of the use of this technology in design, manufacturing
and sales [18]. Our MMS-ATM architecture offers high
bandwidth (155 Mbps) that allows integration of innov-
ative applications as multimedia in industrial environ-
ment.

Some examples of multimedia applications in manu-
facturing systems are: Tele-surveillance and the journal
management. The Tele-surveillance application in a
manufacturing environment provides a means for the
control of remote sites. Remote cameras and micro-
phones are used to capture image and audio data
that are sent to displays, loudspeakers, storage sys-
tems, or to specific signal processing systems. A Tele-
surveillance application defined here is similar to a
robotics application. The journal management appli-
cation provides means for recording time-stamped
image and audio information related to specific events
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Diagram 1. Average Times for Read and Write services.
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Diagram 2. Average Times for Download service.
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that are likely to occur on a manufacturing plant.

These applications can be used to measure the posi-
tions of parts and guide the assembly process to
reduce the need for costly and inflexible fixturing. It can
also be used to monitor and maintain quality [19].

POSSIBLE IMPROVEMENTS

Introduction

The use of both software and hardware in communi-
cation system implementation seems to be a key
issue in high performance networking [20]. Some parts
of a communication system are implemented in hard-
ware to achieve better performance, while other parts
are preferably implemented in software, thereby vield-
ing greater flexibility.

The goal of hardware/software design is to produce an
efficient implementation that satisfies the performance
and minimizes the cost, starting from the initial specifi-
cation. However, there exist a diversity of technological
solutions based on available hardware/software com-
ponents. The designer needs to explore the possible
solutions either using automated tools or selecting
manually his choices. Different solutions are analyzed
in order to choose the best solution from trade-offs
between both technologies. The latter result is the one
that satisfies more the required performance. At any
stage of the design, the user can cancel one or sever-
al design steps in order to explore new choices.

The MMS/ATM communication system presented in
this paper is composed of two parts: hardware and
software. We have evaluated and analyzed in section
5.3 the performance of such a system. As a result, we
have noted that the transmission delay of MMS ser-
vices depends on the performance of the software
part. Our objective is to improve the transmission delay
of MMS services by implementing the software part
which contains some crucial tasks such as encoding
and decoding process.

Transmission delay

In this subsection, we study the transmission delay of
MMS senices. We are interested in the delay caused
by the execution of protocol layers, in particular, the
execution of MMS/ATM communication sublayer. We
calculate the percentage of the execution time in this
sublayer with respect to the total time of the MMS ser-
vice transmission delay. This percentage is calculated
for different robot response times.

The transmission delay of the MMS Write service is
composed of seven times (Figure 1). t1 and 16 are the
execution times of client and server application enti-
ties, respectively. t3 and t4 represent the transmission

times between two MMS/ATM nodes. The execution
times of the MMS/ATM communication sublayer at
client and server node are, respectively, t2 and t5.
Finally, t7 is the response time of an industrial equip-
ment (e.g. a robot).

We have defined three parameters:

- execution time (te = 2*(2 + t5) of the MMS/ATM
communication system software part (MMS/ATM
communication sublayer). The time te correspond
to execution time of MMPM, Encoder, and Decoder
modules of Write service (see Table 2).

- global execution time (tc = 2*(t1 + 12 + 13 + 14 + 15 +
t6) + t7) of the MMS Write service. The time tc is
equal to MMS Write execution (see Table 1) plus
the response time of an industrial equipment.

- and the ratio : R = te/tc.

When the response time of a robot is equal to 100 ms,
the execution time (te) of the MMS/ATM communica-
tion sublayer, which is a software part, is not significant
(3.2%«R«13.7%). But this execution time (te) becomes
significant (23%«<R«58%) when the response time of a
robot is less than 10 ms (Table 5). In this case, a hard-
ware/software implementation of the MMS/ATM com-
munication sublayer is recommended to satisfy the
real-time requirements of industrial applications.

By implementing an MMS/ATM rather than an
MMS/TCP/IP/ATM, we think that we have implement-
ed a faster communication system. However, Table 5
indicates that the overhead incurred due the
MMS/ATM communication sublayer, which is a soft-
ware implementation, can reach 58% of the overall
communication time. This justifies a hardware/software
implementation of this sublayer, hoping to achieve bet-
ter performance.

7.3- Design Space Exploration of the
MMS Protocol

The objective of the exploration of the design space
presented in this work is to analyze the significant
hardware/software implementations and to illustrate
the advantages of mixed hardware/software integra-
tion for a communication protocol. The analysis of sev-
eral solutions is achieved manually, but the perfor-
mance estimation of each module is done using dif-
ferent simulation and synthesis tools. Each module is
described, synthesized, and simulated in software and
in hardware to determine execution times.

Target Architecture
An example of the target architecture onto which a
mixed hardware/Software system will be mapped, is
shown in Figure 7. This architecture is based on a PC

T,(ms)

100 50 20

10 5 2 1

Table 5. The Ratio R of Write Service.
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Figure 7. Target Architecture.

(Personal Computer) with an extension board (FPGA.

The platform includes several standard peripheral
components such as I/O ports (serial, parallel), Direct
Memory Access (DMA), Interrupt controllers, etc. Their
drivers may be kept in EPROM or may be downloaded
from an external memory.

In our approach, a modular, flexible and distributed
architecture is used. This architecture serves as a plat-
form over which a mixed hardware/software system is
mapped. The architecture is composed of three kinds
of components: software, hardware, and communica-
tion. A software sub-system consists of a sub-set of
tasks running on a microprocessor (host CPU). A hard-
ware sub-system consists of custom synthesized hard-
ware modules (FPGA card). A communication con-
troller may be implemented as a hardware or a soft-
ware sub-system. This controller implements a com-
munication protocol between software and hardware
tasks.

Hardware and Software Modules Performance of
the MMS Protocol

For the sake of simplicity, we will restrict the types of
components used. A software component will be exe-
cuted on the host processor and a hardware compo-
nent will be represented by a Xilinx 4010 FPGA (Field
Programmable Gate Array).

We have chosen to implement the encoding/decod-
ing process in hardware for the following reasons:

- Itis independent of the communication stack.

- It presents an average of 33% of the transmission
delay of MMS services, which is not negligible.

The other tasks of the MMS/ATM communication sub-
layer depend on the lower layers (AAL layer in our
case). To preserve the flexibility of our implementation,
these tasks remain as a software program.

The execution times are obtained by the simulation of
critical paths of encoding/decoding modules. For
hardware, the execution time is deduced using results
of simulation with a VHDL description. The frequency of
the Xilinx 4010 FPGA component is equal to 10 Mhz

In the Table 6, we give the new average times of MMS
request-response services. We obtain an average gain

of 25% percent with respect to the values given in
table 1. In order to analyze different hardware/software
implementations, the cost of each component is need-
ed. There is no exact measure to evaluate the hard-
ware and the software implementations. However, the
hardware implementation is more expensive than a
software implementation. But a hardware/software
solution meets high-performance with a reduced
design cost.

CONCLUSION

In this paper, we have studied the implementation
structure and the resulting performance of an
MMS/ATM communication system. Then we evaluated
the performance of this implementation from an exter-
nal and an internal point of view.

The external measurements show that the response
times of MMS services are high for some time-critical
applications. We have expected that the use of ATM
technology (high speed) and the minimization of the
number of protocol layers will yield very small
response times. We have carried out internal mea-
surements in order to understand the partition of this

Read 3.30
Write 3.15
Initiate 3.15
Conclude 3.10
Start 3.45
Stop 3.20
Download 6.95

Table 6. A new Average Times for some MMS services.

transmission delay in each part of our MMS/ATM
communication system and to propose a solution to
lower this delay.

The internal measurements have shown that approxi-
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mately 80% of the MMS request-response time are
spent in the application layer of the MMS/ATM stack.
Then, we have studied a hardware/software imple-
mentation of the MMS protocol. This kind of imple-
mentation allows improving the transmission delay of
MMS services with an optimal cost. As a result, the
time spent in the application layer becomes approxi-
mately 55% per cent of the MMS request-response
time.

Experience made with an Ada run-time system has
shown that memory management is a key factor for
the performance of the encoding and decoding
process. We have chosen to implement the encod-
ing/decoding process in hardware on a co-processor.
This hardware implementation allows a better encod-
ing/decoding performance avoiding any memory
management problems B
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