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Object-Process-Model Object Nets

> PN based method for OO > OO design model with

process modelling underlying PN interpretation
»  Generation of source code > Code generation for
e.g. for Java or C++ assembler and high-level-
> Formal verification by 20ua0es
transformation into > On-the-fly PN generation for
: coloured Petri Nets simulation und analysis
n
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Based on the Petri Net Theory

Combination of OO-Paradigm with PN-Theory

d Inheritance and reuse
[ Close to real-world objects
A Polymorphic specifications

[ Simulation and analysis
A Verification and formal description
[ Concurrency and real-time behaviour
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Drilling

|

LX = hypot (coord.x, coord.y) coord(x,y)

cos (alpha) = LX / (2*L1)

cos (alpha+phi1) = coord.x / LX

phl2 =2 alpha alpha |
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Message Link
ON Instance

provideCoord

drillCoords

Class Coords

Class anyCalc

Class Motor

phi
dCoord

{ needCoor ohi2
coordsCalc

nextPhi1 nextPhi2

phi  Motor1 ready

Class Motor

phi  Motor2 ready

Class Drill

M1Ready
ready Drilling

M2Ready




needCoord

Class Fetcher
needCoord coord

fetchCoord

nextCoord

Class alpha_phi1
alpha+phi1

calc2

ready

Class alpha

Class phi1buffer

alpha+phi1

calc4
alpha
sendPhi1

calc3

sendPhi2




Port Assignment

State

EONC alpha_phi1

o idle

Port*
Altribute

EONC philbuffer

Attribute philtemp float
idle
ARP alpha+phi1 alpha_phi1 Action
float calc

ARP alpha alpha
float
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Action/
Action calc { Gual’d
alpha+phi1 =

acos (coord.x / hypot(coord.x,coord.y)]

\ }
coor D ASP alpha+phi1

ARPcoord 2| SoordType
Action
calc

coordType

S State Change

(_JASP rea
ASF reacy Actuator
] —— Sen_s o
PSR m SRR PR AR EONC Motor Object

Attribute oldphi float

Action send { . idle

}phi1 = philtemp Action motMove {

mot.move(phi-oldphi)
oldphi = phi
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Petri Net Based Method for Object Oriented Process Modelling

*Class

*Role

Statical Aspects

Class Role Model ‘ OPM

(Static Structure Diagram)

-Object Dynamical Aspects

*Process
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Object Process

/\ Pre-Condition
Class TimeAttr
/ Object Class

<Attributel> Process
<Attribute2> Prio

<Attribute3> Post-Condition

Directed arcs labelled with
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Pre-Condition

Class TimeAttr
Object Class

<Attribute1> Process
<Attribute2>

<Attribute3>

__Pri‘é‘)__
Post- Condltlon Bt
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> load balancing is needed to optimize
performance in multiprocessor systems

> load balance highly depends on time

> load balance and its fluctuations are not
predictable
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Comparison to Other Methods

application old:
& - central load balancing
operating system [ oa>® : .
’ In the operating

system

application |22

lancin g .
z x new

operating system distributed load
balancing in the
application tasks
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process pl terminates process p2 terminates

main rule: the process at the processor with the higher actual
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load pre-
diction <

load factor
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Graphical Specification —

Qudlitative
eIrors

Qualitative/
analytical Online Simulation T i %
elrors Animation & Protocol Trace TN

Unfolding into PN
©O» PO

Verification with
Analysator

[ Reachability analysis

Quantitative

elrors
[J] Reachability graph (RG) for

worst-case und token path analysis
O] Transitions with exponen’nol distributed

Performmance Evaluation
Markov-Chain / Worst Case

Code Generation
Implementation
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Compifed C-Specs
of Fieldbus Protocols
(e.g. Profibus)
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ASIC-Design - Current Environment

Modern ASIC:

synchronous design with a synchronous reset
high complexity (>200k), critical timing (>50MHz)

High volume of VHDL-code => Use of ESDA

ESDA: graphic input, the specification can be
simulated, error search, redesigns and design hand
overs, automatic synthesized VHDL.

Disadvantage: VHDL-code has “only good” quality
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Schematic Entry
Place & Route
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> Petri Nets:

© the same input possibilities as ESDA, simulation of
parallel algorithms on graphical level

> high level (hierarchical, coloured etc.) Petri Nets
o statistical analysis of design

o for synchronous produced signals: representation
of the signals as place elements

 signal conflict values
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DTP Capture The Conceptual Design

Validate The Concept ESDA

Create Synthesizable HDL

Validate HDL Description ‘ <I HDL Simulator

Synthesize HDL To Gates Synthesis

Verify Gate Level Description <I Gate Level Simulation

Validate The Concept

Petri Net Design Verification and Analysis _
ol t1 02 architecture pnsd of ...
- ol t1 p2 - begin
= 1 O~ -0 ||| Whucpiy
O—1—0O k:2 = tl_p2 <= (p2 <= 1);
- k:2 k:2 y <=p2;
= y <=p2; v 0O X 1 X 3 t1 <=pl_tl and tl_p2;
H

Create Synthesizable HDL




item_stb="1" and total > price

I= total - price

int_change

Pea(Tmin) | Avea(Tin) FM
(7 4e) (729
F1(76) 316(6%9)
21(104) 158(61rg)

t two_marks

change_stb
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tl
pl
FD2
|
rst O I 1
FD4

D p2

(p1,p2)=
{(1,0),(0,1)}

tl <= (p1 =1) and (p2 = 0);
t2 <= (p2 = 1) and (p1 = 0);

process (clk,rst)
begin
if rst = "0' then
pl<=1; p2<=0;
elsif clk'event and clk = "1' then
pl <=pl-getm(tl,1) +
getm(t2,1);
p2 <=p2 - getm(t2,1) +
getm(t1,1);
end if;
end process;




Which Solving of
transitions conflicts
can fire?

Asynchronou Synchronous
I/O-Logic 4 I/O-Logic

external interface clock and reset
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item_stb="1" and total > price

I= total - price

sell_en

k:20

SY

t five_marks | p:1

k:19

change_stb
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int_change
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item_stb="1" and total > price COLOURS
, . CONVERSION
I= total - price
sell_en int_change SY SZ
5SW |1 RO
k:20 2 SW
=0 1SW |[1BL
Sy

FUZZY RULES:
1. The bigger a sum, the bigger
coins should be put out;

t five_marks | p:1

-1 Sz 2. The smaller the amount of big
coins, the smaller the relation
charige.stb k:19 “big/small coins” in an output;
- . O 3. The smaller the amount of 1DM
BL coins, the more seldom they

will be put out.
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MAX-MIN complex operator:

L

A

L —
>

.

L S—

Iy
o

lout = max( A, min( B, C))

B c
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5 Realization Conception of the
Fuzzy Evaluation Function

Place-register Counter D/A Fuzzification
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fetchCoord.idle o

calc2.idle o
wait ‘

FIFO coord

‘ newCoord

calc4.idle o

alpha_phil N

wait .

FIFO

Motorl.idle O

FIFO

alpha_phil

[min,max] alpha_phil=
acos(coord.x/hypot(coord.x,coord.y))

y [min,max]
coord =
newCoord : o phil . phi
[min,max] calcl.idle phil= Ain,max]

alpha_phil-alpha

mot.move(phi-olphi)

ciro . olphi = phi
_ : alpha
[min,max] O calc3.idle
Hlgee alpha

acos(hypot(coord.x,coord.y)/(2*L1))

Motor2.idle o

FIFO

Drilling.idle o [min,max] .
driII.driIIing [min,max]




: - Reliability
ORI investigation only by
PN=(P,T,F, v, k,m) reachability graph
- J
é )
State Net > Classical reliability

methods useable

ZN = (Z, E, G(E))
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Basic |ldea
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| Zi | = K(pi) + 1 i=1(1)n
/=2721&272&..&2zZn
G(E) ={g(el), g(e2), ..., g(en)}
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Summary

With the object oriented design method complex facts can
be fixed concisely and comprehensively and refined
hierarchically.

The mapping of processes onto processor elements can be
optimized by means of the formal notation.

The required communication structures can be specified,
simulated and implemented with formal methods.

The design methodology allows the generation of hardware
components based on the given description technique.

By means of formal analysis the correctness of the design
can be verified comprehensively.
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