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Overview

I will argue that design patterns provide a reliable
means of supporting automated code generation
in embedded systems development

I will begin by giving an overview of design
patterns

I will then consider the challenges involved in
pattern-based code generation

I will describe a prototype tool for pattern-based
code generation
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Compilers: the first code generators

= 1951 - 1952 Admiral Grace
Murray Hopper develops A-0, the
first compiler

Source I
code
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code
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Model-based code generators

= Code generation has evolved, it is now also based
on software design models such as UML

Code
generator
\\\\\\‘\>» Source
code
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Code generation: the state-of-the-art

How can we be sure
we have “the best”
design?

Design patterns
a possible solution?

Compiler |]|]|:> Machine
code generation code
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Design patterns

= The concept emerged from the work of the
architect - Christopher Alexander:

“Each pattern describes a recurring problem
and then describes the core of the solution to
that problem in such a way that you can use
this solution a million times over.”

= In a “A Pattern Language”, Alexander and
colleagues proposed 253 coherent design
patterns for designing and building homes, cities

etc.
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Alexander’s patterns for a porch design

= SUNNY PLACE » RAISED FLOWERS
« FRONT DOOR BENCH = COLUMNS AT THE
CORNERS
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Other patterns

= Over the years Alexander’s concept has been
applied in other fields...

= Organisational patterns e.g. giving presentations
Peter Ruthven-Stuart (2001)

= Patterns for telecommunications systems
Linda Rising (2001)

= Object-oriented software patterns
Gamma et al (1995)
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Example: HANDS IN VIEW

= Problem: Skier fails to commit downhill on steeps
and bumps, resulting in slides, backward falls, and
“yard sales.” -

= Solution: Concentrate on keeping the hands in
view. Bring them into sight immediately after each

AUTHOR:

ANONYMOUS SKI INSTRUCTOR
SOMEWHERE IN UTAH, USA
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Software design patterns

= In 1995 Erich Gamma and colleagues published a
set of reusable object-oriented design patterns

= Resulted in the creation of a worldwide “pattern
community” where pattern enthusiasts discuss
“everything patterns”

= PLoP (Pattern Languages of Programming)
conferences include: EuroPLoP, VikingPLOP,
ChilliPLoP, KoalaPLOP, MensorePLoP and
SugarLoafPLoP
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Example:

= Problem: How can you keep multiple views of a
single object in synchronous with the object?

Top Scorers
Henry 7
Reyes 7
Kluivert 6
Shearer 6
Anelka 5
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Pattern language for embedded systems

= Over the last 8 years a pattern language has
evolved in the Embedded Systems Laboratory

= Patterns for Time-Triggered Embedded Systems —
“PTTES collection”

= At present there are over 70 patterns in the
collection e.g.:

= Monitoring and control patterns

= User interface patterns e.g. LCD PANEL and PC
LINK (RS232 interface)

For more patterns including example source code visit:
http://www.le.ac.uk/engineering/mjp9/patterns.html
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Example: CO-OPERATIVE SCHEDULER

F——— Tick Interval —
——Execution time —1

Task
T System ‘ticks’ T Time
|— Idle — |— ldle —I |—  Ide —
Task Task Task
T T T T Time
13 o e

Example: MULT-STAGE TASK

Current core temperature All characters
Is 36.678 degrees written immediately
to buffer
(very fast operation)
Buffer

Scheduler sends one
character to PC
every 10 ms

(for example)
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Current application of patterns

Developers

& o

«

g

Pattern catalogue
(Most come with code examples)
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Pattern-based code generation

= A good pattern is expected to have at least three
known uses/implementations i.e. one pattern can
be implemented in more than one way

= This one-to-many relationship of patterns
challenges those attempting to use patterns for
automated code generation
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Implementation of CO-OPERATIVE SCHEDULER

PrTTTTTTTTrrrrrrrrrrrN

Co-operative , ; i
i Scheduler —)[ ARM 32-bit platform }—) ADC timer I—) C implementation
Pattern \
(8051 8-bit platform|—>( on-chip timer |

/[8051 16-bit platform] External interrupts I——— -
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Pattern-based code generation

- Developing a tool that can implement all the
possible implementations of a pattern is close to
impossible

Implementation A ]

Co-operative
Scheduler
Pattern

Implementation B ]

[ ]

Implementation N ]
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Our approach — patterns as components

= Our approach is to develop a tool that can
generate code from a subset of the possible
implementations of a defined collection of
patterns

= The result is a tool that uses patterns to support
the implementation of - and integration of - a set
of software components
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Architecture of a pattern-based tool

= User has control of tool / \
via a “wizard” XSLT

scripts

$

Parser

Transformation
rules

Source
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Tool application (simple example)

= System functions:

— One flashing LED

— A second LED controlled

by a switch

= Six patterns applied:

— EXTENDED 8051

CRYSTAL OSCILLATOR
— CO-OPERATIVE SCHEDULER ‘

\
(=)
(N
\
— PORT WRAPPER
— SWITCH INTERFACE
— HEARTBEAT LED ?
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Pattern implementation

Heartheat LED pattern configuration B x|

Task settings I Port wariable settings I

rnitialisation tasks

Mandatory inttialisation tasks (these will be automatically added to yvour application):

—Configure scheduler task:

ZSelect & scheduler task from the list and then enter suitable initial and periodic task delays.

Scheduler tasks:

HEARTBEAT_LED_Updste

Initial delay (ms):
|
Periodic delay (ms):

|1000

Apialy |
T I Cancel |
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Heartbeat LED ern configuration

Configuration of microcontroller hardware

x|

Part variahles:

Task seftings  Port varishle setiings I

Configure port variables

Select a port variable from the fist and then use t

B

Microcortroller you have selected to use

|Inﬁneon CH5C microcontroller

~Select a port pin you would like to use
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Apply | K | Cancel | Help |

OR Cancel |
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Generated code

Flo Tooks Help
Prowect Workapace | pries |
PITES comection

vold mein{void)
i

SEH_Inie_T2 ()
HEARTBEAT LED_Tait(]:
SWITCH_INTERFACE_Init(];

P —|

CADoCUments nd Setings\oms5 0 S opde
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mleml =i
o progct Patterna addod 10 promet
S 005 j! ] Co-cperalive Scheduler |
Starclard 0051 R P = Port vwrappar
e e | ——
P — =l |
Code veewer Scheduler tasks
Seloct o Mo 1o view HCH_A0a_TeskHEARTEEAT LEG Updale, 1, 10001
= || [ e
Froject: demo |
Last updated: 4/10/2004
s
Pt viwintlas

/4 Tnitialisation tasks go bere.

#¢ Schaduler tasks go hare.
BEH_Add_Task (HEARTBEAT LED_Update, 1, 1000);
BCH_Add_Task (SWITCH_INTERFACE Update, 2, 3000);

=04 HEARTEEAT_LED pin = 0°4;
skl SATCH_NTERFACE pins = 17,

Hewitovars Rt
Infnacn CE1SC dsvalopaant board
AnLOD

Fush bumon swich
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Current tool capabilities

= At present tool provides an efficient means of
integrating design patterns into simple reliable
embedded systems

= 800 LOC integrated into a system in 8 minutes

= Code compiled by Keil compiler and generated no
errors

= Supports software maintenance — adding and
removing of a systems software components in
the form of patterns

SIMPLE EXAMPLE
- BUT -

INDICATIVE OF THE POTENTIAL OF A
PATTERN BASED CODE GENERATOR

: et
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Current work: hardware support

= Our patterns also support hardware development
— this feature can be included in the tool

= SystemcC is currently being considered for the
hardware implementation

= SystemC is a C++ open source library used for
hardware design, validation and simulation
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Current work: hardware support

£ PRES Builder V1 =121 x|

File Help

roject files are located in: C:\Documents and Gettingshcm55.CF5\DesktopDemo =181 x|

< oo Lt

roject directory path: [C-Documents and Settings\omss CFSDesktopiDemol
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Conclusions

= Complete tool is expected to provide an efficient
and reliable means of developing embedded
systems by using design patterns

= Using design patterns, both hardware and
software can be developed simultaneously in one
environment

= A pattern-based tool has positive implications for
software maintenance (adding and removing
software components)
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