
1TU llmenau

'HVLJQ�RI�&RPSOH[�(PEHGGHG

6\VWHPV�%DVHG�RQ�'LIIHUHQW

3HWUL�1HW�,QWHUSUHWDWLRQV

3URI��'U��,QJ��KDELO�

:ROIJDQJ�)HQJOHU
7HFKQLFDO�8QLYHUVLW\�RI�,OPHQDX

)DFXOW\ RI &RPSXWHU 6FLHQFH DQG $XWRPDWLRQ

,QVWLWXWH IRU 7KHRUHWLFDO DQG 7HFKQLFDO ,QIRUPDWLFV

'HSDUWPHQW RI &RPSXWHU $UFKLWHFWXUH

�&RPSXWHU $UFKLWHFWXUH DQG 3DUDOOHO 6\VWHPV�

H�PDLO�ZIHQJOHU#WKHRLQI�WX�LOPHQDX�GH



Fac. Computer Science and Automation zz Inst. Theoretical and Technical  Informatics zz Dep. Computer Architecture 2TU llmenau

7RSLFV

1. Introduction
2. Object Oriented Design
3.  Distribution Procedure
4. Communication Design
5. Hardware Design
6. Analysis Methods
7. Summary



Fac. Computer Science and Automation zz Inst. Theoretical and Technical  Informatics zz Dep. Computer Architecture 3TU llmenau

³ Real-Time Capability
³ Communication
³ Safety-Relevant Aspects

Parallel High-Performance-Architecture
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'HYHORSHG�22���0RGHOV

Object-Process-Model

³ PN  based method for OO
process modelling

³ Generation of source code
e.g. for Java or C++

³ Formal verification by
transformation into
coloured Petri Nets

Object Nets

³ OO design model with
underlying PN interpretation

³ Code generation for
assembler and high-level-
languages

³ On-the-fly PN generation for
simulation und analysis
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)RU�&RPSXWHU�6FLHQWLVWV )RU�(QJLQHHUV
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2EMHFW�1HWV
2EMHFW 2ULHQWHG 'HVLJQ 0RGHO

%DVHG RQ WKH 3HWUL 1HW 7KHRU\

Combination of OO-Paradigm with PN-Theory

� Inheritance and reuse
� Close to real-world objects
� Polymorphic specifications

� Simulation and analysis
� Verification and formal description
� Concurrency and real-time behaviour
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&RQWUROOLQJ�WZR�$QJOHV�IRU�'ULOOLQJ
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80/�6WDWLF�6WUXFWXUH�'LDJUDP
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7KH�2EMHFW�1HW�RI�WKH�'ULOOLQJ�3URMHFW
�&ROODERUDWLRQ�'LDJUDP�
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+21&���+LHUDFKLFDO�2EMHFW�1HW�&ODVV
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(21&���(OHPHQWDU\�2EMHFW�1HW�&ODVVHV
�%XIIHUHG�6WDWH�0DFKLQHV�

2



Fac. Computer Science and Automation zz Inst. Theoretical and Technical  Informatics zz Dep. Computer Architecture 15TU llmenau

7KH�&RUUHVSRQGLQJ�3HWUL�1HW
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2EMHFW�3URFHVV�0RGHO��230�

     Petri Net Based Method for Object Oriented Process Modelling

Statical AspectsStatical Aspects
•Class

•Role

Dynamical AspectsDynamical Aspects•Object

•Process

•Pre- and Post-Conditions

Formal Verification by Transformation into Coloured Petri Nets

2

230&ODVV�5ROH�0RGHO
�6WDWLF 6WUXFWXUH 'LDJUDP�
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*UDSKLFDO�1RWDWLRQ�RI�DQ�230

Class

Object

<Attribute1>
<Attribute2>
<Attribute3>

...

Class

Process

TimeAttr

Prio

Pre-Condition

Post-Condition

2EMHFW 3URFHVV

'LUHFWHG�DUFV�ODEHOOHG�ZLWK�

WHUPV�EXLOW�E\�DWWULEXWHV�DQG�RSHUDWRUV
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8VLQJ�+LHUDUFK\�LQ�WKH�230

Class

Object

<Attribute1>
<Attribute2>
<Attribute3>

...

Class

Process

TimeAttr

Prio

Pre-Condition

Post-Condition

5HILQHPHQW
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80/�6WDWLF�6WUXFWXUH�'LDJUDP
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7KH�0DLQ�3URFHVV�´VWDUWµ�DQG

LWV�5HILQHPHQW��SDUWO\�
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7KH�5HILQHPHQW�RI�WKH�6XESURFHVV

´JRWR&RRUGVµ�RI�WKH�&ODVV�´3URMHFWµ
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230�DQG�&RUUHVSRQGLQJ�&RORXUHG�3HWUL�1HW

IRU�WKH�6XESUREOHP���0BPRYH�
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$GDSWLYH�/RDG�%DODQFLQJ��3UREOHPV

³ load balancing is needed to optimize
performance in multiprocessor systems

³ load balance highly depends on time

³ load balance and its fluctuations are not
predictable

3
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&RPSDULVRQ�WR�2WKHU�0HWKRGV

h a rd w a re

o p e ra t in g  s y s te m

h a rd w a re

o p e ra t in g  s y s te m

a p p l ic a t io n lo a d  b a -
la n c in g

a p p l ic a t io n

lo a d  b a -
la n c in g

³ old:
central load balancing
in the operating
system

³ new:
distributed load
balancing in the
application tasks

3



Fac. Computer Science and Automation zz Inst. Theoretical and Technical  Informatics zz Dep. Computer Architecture 26TU llmenau

%DVLF�,GHD�

)OH[LEOH�'HFLVLRQV�DW

6\QFKURQL]DWLRQ�3RLQWV

t1

p2p1

p3

t1

p2p1

p3

process p1 terminates process p2 terminates

³ main rule: the process at the processor with the higher actual
load terminates

³ may be implemented with the help of Petri Net analysis

³ improvement possible by combination with load statistics

3



Fac. Computer Science and Automation zz Inst. Theoretical and Technical  Informatics zz Dep. Computer Architecture 27TU llmenau

0RGLILHG�6\QFKURQL]DWLRQ�3RLQW

p2

M<=Load M<=Load

p1

p3

M>LoadM>Load

p3

M

M:=Load M:=Load
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,PSOHPHQWHG�6WUXFWXUH

hardware

o p e ra t in g  s y s te m

load pre-
diction

process corres-
pondence table

loa d
an a l y s is

lo ad  ba -
ba lanc in g

system
clock

load factor
correction

application
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3URWRFRO�'HVLJQ�ZLWK�([WHQGHG�&31V
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([DPSOH�IRU�6HUYLFH�6SHFLILFDWLRQ

sap_da

req1 t1

service
primitives

req

send receive

channel

ack

sap_da

t2 t3

service
primitives

send receive

req

ind

ack

req2 con

req
con

ack

service
primitives
(subnet)

ack ind

ack
ack & ind

req

service
primitives
(subnet)

Master Slave
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6SHFLILFDWLRQ�RI�'LVWULEXWHG�&RQWUROOHUV
 e.g. with Fieldbus Communication
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$6,&�'HVLJQ�������&XUUHQW�(QYLURQPHQW

³ Modern ASIC:

P synchronous design with a synchronous reset

P high complexity (>200k), critical timing (>50MHz)

³ High volume of VHDL-code => Use of ESDA

³ 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

5
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'HVLJQ�(QYLURQPHQW��

+LVWRULFDO�(YROXWLRQ

5

PCB

CAD

CAE

VHDL

ESDA

1970

1983

1987

1992

Layout Editors

Schematic Entry
Place & Route

HDLSimulation
Logic Synthesis

High-Level
Capture & Debug
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$6,&�'HVLJQ�E\�3HWUL�1HWV

³ Petri Nets:

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

P high level (hierarchical, coloured etc.) Petri Nets

P statistical analysis of design

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

• signal conflict values

• signal values by a dead marking

• reachable signal values etc

5



Fac. Computer Science and Automation zz Inst. Theoretical and Technical  Informatics zz Dep. Computer Architecture 37TU llmenau

'HVLJQ�6WHSV5

Capture The Conceptual Design

Validate The Concept

Validate HDL Description

Create Synthesizable HDL

Synthesize HDL To Gates

Verify Gate Level Description

Validate The Concept

Capture The Concept. Design Create Synthesizable HDL

architecture pnsd of ...
begin
  p1_t1 <= (p1 >= 1);
  t1_p2 <= (p2 <= 1);

t1 <= p1_t1 and t1_p2;

Verification and AnalysisPetri Net Design

ESDA

HDL Simulator

Synthesis

Gate Level Simulation

DTP

p1 t1 p2
1

k:2 k:2
y <= p2;

p1 t1 p2

k:2 k:2
y <= p2;

1

2,0 1,1 0,2

0 1 2y:
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)URP�)60�WR�31
5

item_stb='1' and total > price

!= total - price

int_changesell_en

t_five_marks p:1 t_two_marks p:2 t_one_mark p:3

change_stb

change k:3

=1 !=3 !=2 !=1

!=0

2 15

k:20

=0

CLOCK:
clk (rising)
RESET:
rst (low active, synchronous)

OVL��N )) $UHD�7PLQ� $UHD�7PLQ�)60

IVP �� �������QV� �������QV�

SQ�IVP �� �������QV� �������QV�

SQ � ��������QV� �������QV�
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t1 <= (p1 = 1) and (p2 = 0);
t2 <= (p2 = 1) and (p1 = 0);

process (clk,rst)
begin
  if rst = `0' then
    p1 <= 1; p2 <= 0;
  elsif clk'event and clk = `1' then
    p1 <= p1 - getm(t1,1) +
getm(t2,1);
    p2 <= p2 - getm(t2,1) +
getm(t1,1);
  end if;
end process;

/RJLF�6\QWKHVLV

p1 p2

t1

t2

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

FD2

FD4

FD2

rst

clk

p2

p1

clk

rst

p2

p1
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([SRUW��WR�9+'/�'HVFULSWLRQ

³ Synthesizable VHDL Code (IEEE-1076)
³ Hierarchical design for optimization of FSM

5

Which 
transitions
can fire?

Solving of 
conflicts

Firing

Asynchronous
I/O-Logic

Synchronous
I/O-Logic

Fireable
transitions

clock and resetexternal interface

MarkingFSM

IO
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)URP�31�WR�&RORXUHG�31
5

SY SZ

5 SW 1 RO

2 SW 1 GR

1 SW 1 BL

COLOURS
CONVERSION

PRIORITIES

item_stb='1' and total > price

!= total - price

int_changesell_en

t_five_marks p:1

change_stb

=1 SZ

!=0

SY

k:20

=0

RO
GR
BL

k:19
COL. PRIOR.

RO 1

GR 2

BL 3
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)URP�31�WR�)X]]\�(YDOXDWHG�&315

SY SZ

5 SW 1 RO

2 SW 1 GR

1 SW 1 BL

COLOURS
CONVERSION

FUZZY RULES:
1. The bigger a sum, the bigger 
coins should be put out;
2. The smaller the amount of big
coins, the smaller the relation 
“big/small coins” in an output;
3. The smaller the amount of 1DM
coins, the more seldom they 
will be put out.
Attention: The return sum saved 
in the place int_change is varying 
during the output

item_stb='1' and total > price

!= total - price

int_changesell_en

t_five_marks p:1

change_stb

=1 SZ

!=0

SY

k:20

=0

RO
GR
BL

k:19
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0HPEHUVKLS�)XQFWLRQV�DQG

9DULDEOH�/LQNV

5

KL  MI  GR

KL

MI

GR

KL  MI  GR

KL  MI  GR

KL

KL

MI

MI

GR

GR

A
M
O
U
N
T

O
F

5
DM

C
O
I
N
S

RETURN SUM

“SMALL”=

“MIDDLE”=

“BIG”=

5
DM

C
O
I
N
S

T
O

B
E

PUT
OUT
?

Amount of 1DM coins

Amount of 5DM coins

Return sum

Output of a coin

MOM defuzzif.

0      150              500

0  75                    500

0            10            20

1    2                5
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)X]]\�(YDOXDWHG�7UDQVLWLRQ
5

transit

    ...
X = Y + K1;
   ...

Tokens with
fuzzy data
structures

Tokens with
data structures

P1 P2

t1

Amount of
 tokens
Values of tokens
Threshold values

Tokens with
fuzzy data
structures

Tokens with
data structures
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:K\�$QDORJ�'LJLWDO�5HDOL]DWLRQ"
5

R e a l iza t io n :

G o o d n e s s  o f.  . . .

d ig i ta l a n a lo g -
d ig i ta l

S o ftw a r e

P e r fo rm a n ce + + + - -

H a r d w a re  e x p e n s e s - + -

D e v e lo p m e n t  e x p e n s e s + - + +

P r e c is io n + - + +

MAX-MIN complex operator:
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5HDOL]DWLRQ�&RQFHSWLRQ�RI�WKH

)X]]\�(YDOXDWLRQ�)XQFWLRQ

5

A

B

Place-register

Ai

Bj

Counter D/A Fuzzification

Rule-
set

MIN,
MAX,
etc.

Mark comparator

Defuz-
zifica-
tion

Control unit (Algorithm is on the right)

Ai max Xj max

start

c

c=0
Counter=0

Umark>Uc

C, Umark
to save

i==Nan

i==Nbm

i=0

i++

j++

Fire set
to call

CjC
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0LQ��0D[�7LPHV
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0LQ��0D[�7LPHV��([DPSOH

fetchCoord.idle

wait FIFO

FIFO

FIFO

calc2.idle

calc1.idle

FIFO

FIFO

wait

FIFO

wait

FIFO

Motor1.idle

FIFO

Motor2.idle

Drilling.idle

alpha_phi1

alpha_phi1=
acos(coord.x/hypot(coord.x,coord.y))

alpha

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

phi1

phi2

alpha

coord =
newCoord

[min,max]

[min,max]

[min,max]

[min,max]

[min,max]

alpha_phi1

alpha

calc4.idle

newCoord

[min,max]

phi

phi
[min,max]

mot.move(phi-olphi)
olphi = phi

alpha

phi2=
2*alpha

calc3.idle

phi1=
alpha_phi1-alpha

mot.move(phi-olphi)
olphi = phi

coord

c o o r d

[min,max]

drill.drilling
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³ Reliability
investigation only by
reachability graph

³ Classical reliability
methods useable

3HWUL 1HW

31  �3� 7� )� Y� N� P�

6WDWH 1HW

=1  �=� (� *�(��

6
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BasicBasic  Idea Idea

| Zi | = K(pi) + 1 i=1(1)n

Z = z1 & z2 & ... & zn

G(E) = {g(e1), g(e2), ..., g(en)}

PN = (P, T, F, v, k, m)
ZN = (Z, E, G(E))

ZN = (Z, E, G(E))

6
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P3:
z3,0     z3,1          z3,7

([DPSOH

P1:

P2:

P1
P2

P3

.. ..

7

7

t1

t2

t3

z1,0            z1,1

z2,0            z2,1
z1,1
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P3:
z3,0     z3,1          z3,7

P1:

P2:

P1
P2

P3

.. ..

7

7

t1

t2

t3

z1,0            z1,1

z2,0            z2,1
z1,1

1- L

. . .

6

1- L

(1- L)7

1- L

L
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6XPPDU\

³ With the object oriented design method complex facts can
be fixed concisely and comprehensively and refined
hierarchically.

³ The mapping of processes onto processor elements can be
optimized by means of the formal notation.

³ The required communication structures can be specified,
simulated and implemented with formal methods.

³ The design methodology allows the generation of hardware
components based on the given description technique.

³ By means of formal analysis the correctness of the design
can be verified comprehensively.
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