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Preface

Dear Participants,

Confronted with the ever-increasing complexity of technical processes and the growing demands on their
efficiency, security and flexibility, the scientific world needs to establish new methods of engineering design and
new methods of systems operation. The factors likely to affect the design of the smart systems of the future will
doubtless include the following:

e As computational costs decrease, it will be possible to apply more complex algorithms, even in real
time. These algorithms will take into account system nonlinearities or provide online optimisation of the
system’s performance.

® New fields of application will be addressed. Interest is now being expressed, beyond that in “classical”
technical systems and processes, in environmental systems or medical and bioengineering applications.

® The boundaries between software and hardware design are being eroded. New design methods will
include co-design of software and hardware and even of sensor and actuator components.

e Automation will not only replace human operators but will assist, support and supervise humans so
that their work is safe and even more effective.

® Networked systems or swarms will be crucial, requiring improvement of the communication within
them and study of how their behaviour can be made globally consistent.

e The issues of security and safety, not only during the operation of systems but also in the course of
their design, will continue to increase in importance.

The title “Computer Science meets Automation”, borne by the 52™ International Scientific Colloquium (IWK) at
the Technische Universitat llmenau, Germany, expresses the desire of scientists and engineers to rise to these
challenges, cooperating closely on innovative methods in the two disciplines of computer science and
automation.

The IWK has a long tradition going back as far as 1953. In the years before 1989, a major function of the
colloquium was to bring together scientists from both sides of the Iron Curtain. Naturally, bonds were also
deepened between the countries from the East. Today, the objective of the colloquium is still to bring
researchers together. They come from the eastern and western member states of the European Union, and,
indeed, from all over the world. All who wish to share their ideas on the points where “Computer Science meets
Automation” are addressed by this colloquium at the Technische Universitat IImenau.

All the University’s Faculties have joined forces to ensure that nothing is left out. Control engineering,
information science, cybernetics, communication technology and systems engineering — for all of these and their
applications (ranging from biological systems to heavy engineering), the issues are being covered.

Together with all the organizers | should like to thank you for your contributions to the conference, ensuring, as
they do, a most interesting colloquium programme of an interdisciplinary nature.

| am looking forward to an inspiring colloquium. It promises to be a fine platform for you to present your
research, to address new concepts and to meet colleagues in Iimenau.

il (et

sor Peter Scharff Professor Christoph Ament
. ctor, TU limenau Head of Organisation
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B. Dane

Modeling and Realization of DMA Based Serial Communication
for a Multi Processor System

1. INTRODUCTION

Performance of communication is very important for multi processor systems. This paper will present a com-
munication solution for a multi DSP (Digital Signal Processor) system using DSPs from TMS320C67x fam-
ily [1] of Texas Instruments. On-chip serial high-speed ports and DMA (Direct Memory Access) units are
used. Primary goals are small latency, small protocol overhead even for short messages and minimized in-
fluence on filter calculations and block transfers that isochronously run on the system. The on-chip serial
ports, designed for point-to-point communication only, should be enabled for multi-point shared-medium
communication using small hardware extensions only.

The design process has been carried out in model based manner. Hierarchical models represented hard-
ware and software functions of communication process. Behavior of on-chip hardware has been determined,
modeled and validated using existing documentation [2] and experimental results. In order to get quantitative
performance results from simulation several communication scenarios have been modeled. These results
have later been compared to practical results from the system realized.

So the project is a case study in model based design. It investigates the use of design and evaluation meth-
ods with a nontrivial practical example [3]. Extending another paper [4] this paper additionally discusses
modeling of the DMA units. Modeling tool has been MLDesigner [5,6] of MLDesign Technologies Inc.

2. HARDWARE SETUP

Hardware is based on the multi DSP system described in [7], using five DSPs from TMS320C67x family. It
already used a communication interface based on parallel memory busses. The goal was to implement addi-
tional serial communication based on on-chip duplex synchronous serial interfaces. These interfaces, named
McBSP (Multi Channel Buffered Serial Ports), perform at a gross data rate of approximately 83 Mbit/s [2,8].
Multi channel feature is available by time multiplex of up to 128 logical channels.

External hardware structure was designed as a simple serial bus that shares one impedance-controlled line
for each node’s data, clock and frame impulse signals, respectively. This non-documented regime is enabled
by software controllable tri-state properties of on-chip signal sources involved here. Protocol support or mid-
dleware supporting this regime was not available.

Access to control and data registers of McBSP units has to be done by DMA rather than CPU cycles due to
CPU core performance loss when interrupting loops and accessing slow memory or peripherals [1]. Coordi-
nation between CPU core and DMA includes usage of interrupts in order to organize concurrent timing be-
havior.

Motivation for the additional serial communication feature with respect to the parallel bus already available is
an independent channel for short but urgent messages and alarms rather than additional bandwidth. Parallel
bus is used for isochronous block transfers that should not be affected by such messages and in turn should
not introduce additional latency into them.

3. MODELING CONCEPT AND GOALS

As mentioned above the goal of the case study is studying and evaluating model based design methods with
an real example rather than the technical solution itself. Especially timing analysis and quantitative perform-
ance measurement should be performed with the model for later comparison to practical results. One typical
challenge for such projects is including not only components under design (here external hardware structure
and a number of software modules) but also relevant parts of the embedding system (here on-chip compo-
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Fig. 1: Top level of model

nents and timing behavior of CPU core) into the model. Latter parts of the model are available from different
sources using different representations and have to be integrated into one consistent model.

The model uses the DE (discrete event) domain [10] of the MLDesigner modeling tool mentioned above. The
main paradigm of this domain is based on atomic messages between ports of blocks that may be structured
hierarchically. This kind of domain also can be found in the open-source modeling tool Ptolemy Classic [11]
from University of Berkeley that precedes the MLDesigner tool. Also included are blocks from the FSM (finite
state machine) domain that has been substantially extended during development of MLDesigner [12].

Investigation of timing behavior and performance values in this case study mainly is based on simulation
techniques. This requires equipping the model with communication scenarios and observation elements.
Generating implementation components (especially software modules) directly from the model is not subject
of this case study but will be considered in future work.

4. MODEL STRUCTURE

The structure of the realized model will be shown partly using some example modules. At top level the model
structure resembles the overall hardware structure of the target system with five DSP nodes (see fig. 1). One
node acts as master, the other four as slaves. Events of DE domain at this level mainly represent edges of
binary electrical signals that are included in the bus structures. The inside models of the DSP nodes also
derive from their block structure, including two duplex McBSP units and two DMA channels each. Another
block per DSP node encapsulates software functions of this node. Events at this level represent signal
edges, port accesses, abstract trigger events and others.

The software functions are modeled using elements of the FSM domain. Included are sequences for port
access and interrupt management, simple protocol implementations and communication scenarios. Cycle
accurate modeling at instruction level has not been used. Software functions instead have been modeled at
the level of abstract operations with constant time consumption including several processor instructions
each.

A large part of modeling effort lies in the blocks that refine DMA and McBSP units. Due to lack of some kind
of model or design documents from the manufacturer this information had to be extracted from manuals and
application notes [2,9,13,14]. Some open questions have been solved by isolated experiments with evalua-
tion hardware. Contributing to the goals of this case study it has been shown that such an approach can lead
to behavioral models of sufficient accuracy.
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Fig. 2: Module for one DMA channel

For both DMA and McBSP units models with several hierarchical levels have been realized and tested. At
bottom level all functions are built from basic elements (primitives) of DE domain. For example fig. 2 shows
the inside of one DMA channel model. The signals at the border of the block correspond to logical conditions
that start, synchronize and acknowledge transfers of the DMA channel. They have been derived from docu-
mentation and belong to interrupt conditions, control bits and others. Inside are blocks for organizing the
operation, obtaining parameters such as addresses and block lengths and routing synchronization signals.
The block “Address Generation Logic” (not shown) contains other modules for counting elements and ad-
dress values with respect to element size and address counting mode.

As an example for a bottom level module fig. 3 shows the inside of the block “Synchronization”. Visible are
logical functions for handling read and write cycles. The upper part generates trigger events (output port at
right) that initiate read cycles, the lower part does so for write cycles. At left there are control inputs that may
be assigned to several trigger sources. The block among other functions handles the start of the block
transmission and the alternating of read and write cycles. The shaded elements represent options controlla-
ble by software that in real hardware appear as control registers. In the model the modeling tool's parameter
concept is used for this task.

5. RESULTS AND COMPARISON

The model and its functions with respect to expected behavior have been verified by simulation using pre-
pared communication scenarios. Behavior has been observed by interactive model elements. Furthermore
signal sequences of several external signals have been recorded for comparison. Later comparable commu-
nication scenarios have been investigated using the real target system. Sequences of same signals have
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been recorded by logic analyzer. Comparison of both recordings showed good match. This fact serves as

indication for the validity of the modeling approach.

Another significant part of the task was determining and comparing quantitative performance parameters.
During simulation using the communication scenarios mentioned above net data rates and message laten-
cies have been measured. While doing so several parameters such as block lengths and channel counts
have been varied. Furthermore the tests have been carried out for two different members of the
TMS320C67x DSP family, modifying the model according to their individual properties.

Measuring the same values with the real target system leads to good match with maximum divergence inside
a five percent margin. Table 1 shows some values for both the C6701 device and the C6713 device. Note
that different frequency division is used by these devices. Tests have been carried out for small and large
block sizes and for single and multi channel modes. Data rates for multi channel modes are sum values for
all channels. As expected small block sizes introduce a small overhead over large block sizes. Furthermore
multi channel mode leads to some overhead over single channel mode.

However a systematical divergence towards too optimistic values is visible. This is caused by relatively
course grain models of some software components that do not include time losses such as wait states or

memory conflicts in internal data memory.

6. CONCLUSION

This case study demonstrates potentials and limits of this model based approach for planning and realizing a
communication solution for an embedded multi processor system. The building of one consistent model us-
ing information that derived from different sources and that was available in different representation success-
fully has been carried out. Of-the-shelf-components for which no detailed design documents are available
have been included in the model structure. Results from evaluating the model have been compared to ex-

perimental results from the real target system.

Further work will include refinement of the modeling process, leading to more precise prediction of quantita-
tive values. Furthermore methods for generating actual hard- and software from parts of the model will be

investigated and evaluated.
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Configuration Results
Clock fre- Block Data rate from Data rate from .
Devi Number of . . . Relative
evice qguency channels size simulation measurement difference
[MHz] [Bytes] [Mbit/s] [Mbit/s]
; 32 51.6 50.7 +1.8%
TMS320 65536 52.9 52.8 +0.2%
C6701 167
32 50.8 49.6 +2.4%
4
65536 52.4 51.6 +1.5%
32 68.7 67.2 +2.2%
1
TMS320 65536 711 71.2 -0.1%
C6713 300
32 68.0 65.2 +4.3%
4
65536 71.2 70.4 +1.1%

Thi

Table 1: Data rates from simulation and from measurement
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Fig

.1, 2 and 3 are taken from this tool.
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