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Abstract: The aim of this article is to present how to use shobi-PN, an Object-
Oriented Petri Net model to specify data path/control systems. In a case study, a
transputer link adaptor is specified for rapid-prototyping by applying the shobi-PN
model and the generation of VHDL code for simulation is presented. The case study
demonstrates the applicability and the capability of a development process, supported
by the use of object-oriented principles to model both the control unit and the data
path of complex systems, with a developed CAD tool. Copyright © 1998 IFAC
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1. INTRODUCTION The shobi-PN model was developed as an ex-

tension to SIPNs, supporting hierarchy on the
PN models and the use of objects to model the

The design of complex digital systems is concep-
ually divided in two parts: the control unit and
he data path. The behaviour of the control unit
sually described with an FSM, whilst the data
ath corresponds to the interconnection of several
ogic' blocks, directly controlled by the actions
fom the controller. To specify digital systems,
h the control unit and the data path should
© addressed by the specification model and the
*AD environment. The complexity of the design
SK grows when the controller behaviour presents
ourrency, in which case several FSMs must
k simultaneously with common signals to syn-
them. -

ets' (PNs) provide a graphical language
Pecily the behaviour of systems and are well
0 parallel digital controllers (Silva and
€, 1990; Ferrarini and Maffezzoni, 1991). A
L 1ormal methods can be used to verify the
‘.__91 Properties. Synchronous and Interpreted

SIPNs) are a powerful alternative to the
Ls for specifying control units.

269

data path. A full digital system can be specified
and tested with a structured and incremental ap-
proach. SOFHIA, a CAD environment that covers
the main development phases, was developed to
directly support the shobi-PN model. A VHDL file
is generated for the modelled system, which allows
the system to be simulated and synthesized.

2. THE SHOBI-PN MODEL

PNs are well suited for modelling and formal
analysis of complex discrete systems (David and
Alla, 1992), while VHDL is a standard hardware
description language which exploits concurrency
in the specification of digital systems, allowing
their simulation and synthesis {Baker, 1993). PNs
and VHDL may complement each other and they
may also provide a proof system that accepts
the same user interface descriptions for all design
tasks (Schoen, 1992; Mermet, 1992).




Modelling PNs in VHDL was already presented
in 1090 (Agarwal, 1990). A VHDL textual PN
description of parallel controllers was later pre-
sented {Pardey and Bolton, 1991), which describes
a VHDL template with ASSERT statements to en-
able the syntatic and semantic correctness of the
model to be tested. Experimental results, devel-
oped at Inmos in a practical design, achieved a
50% area reduction and a 40% speed improvement
over the best FSM synthesis. Another straight-
forward VHDL model of PNs, adequate for auto-
matic generation by a translation tool, was later
presented (Bergé et al., 1992). The specification
of PNs in terms of LSMs (Linked State Ma-
chines) and VHDL can be found, for example, in
{(Baker, 1993).

Another technique to convert a textual PN de-
sign representation into a VHDL description was
introduced by Peng (Peng, 1992) within the CA-
MAD system. The input specification is writien
in ADDL (Algorithmic Design Description Lan-
guage), a PASCAL subset, and supports both the
control unit and the data path. An intermediate
representation in ETPN (Extended Timed Petri
Nets) model is generated, which includes: (1} the
control unit modelled by Timed PNs (similar to
SIPNs) with special firing rules, and (2) the data
path modelled by dataflow diagrams. The synthe-
sis of the digital system is completed in two steps:
the data path is transformed into a netlist, while
a microprogram is generated for the control unit.
However, the PN is transformed into the classical
FSM model: the advantages of concurrency are
lost and there is no direct correspondence between
the original PN and its implementation.

The PN modelling techniques for simulation were
also introduced (Swaminathan et al., 1994; Ben-
ders and Stevens, 1992), but related VLSI syn-
thesis results were not reported. Other methods
were also proposed for a reverse transformation:
from specifications defined in VHDL to PNs for
performance and reliability analysis. Some devel-
opments related to modelling and analysis were
reported, for example, in (Eles et al, 16%4; Olcoz
and Colom, 1995).

The only efficient way for PN modelling with
VHDL, proven in industry, was introduced in
(Pardey and Bolton, 1991) and it was followed
in this work. The approach followed here for
synchronous parallel controllers design suggests
a particular way to implement a high-level PN
specification of discrete systems in VHDL for later
simulation and synthesis. It generates VHDL code
and it supports hierarchical specifications.

A PN-based model, shobi-PN' (Synchronous, Hi-
erarchical, Object-Oriented and Interpreted Petri
Net) (Machado, 1996), was developed to support
the use of hierarchy and to include the control unit
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and the data path in the specification of digital
systems. It was shown that the nucleous of the
shobi-PN model can also be used as a kernel for
distributed control systems (Pina et al., 1997).

The shobi-PN model presenis the same character-
istics as the SIPN model (Fernandes et al., 1995),
in what concerns synchronism and interpreta-
tion, and adds new functionalities by support-
ing object-oriented modeiling approaches and hi-
erarchical mechanisms. As a consequence, this
new model directly supports hierarchical struc-
tures in both the control unit and the data path.
This model embodies concepts present in Syn-
chronous PNs, Hierarchical PNs, Coloured PNs,
and Object-Oriented PNs (Fehling, 1993; Lakos,
1995; Jensen, 1994).

The main characteristics of the shobi-PN model
are the following: (1) The tokens represent objects
that model data path resources. The instance
variables represent the information of the data
path and the methods are the interface between
the control unit and the data path. The tokens
may be considered as coloured, if SIPN tokens are
viewed as uncoloured. (2) A node (a transition
or a place) invokes the tokens’ methods, when
the tokens arrive at that node. Nonetheless, the
only methods invoked are those that have a direct
relation with the hardware control signals, since
there are additional methods available at the ob-
jects’ interface that are not used by the PN. These
methods are invoked by the simulation software
to visualize the contents of any structure of the
data. path in any state of the PN. (3) Each arc
has one or more colours which associate the arc
to the type of objects that are allowed to pass
through it. This means that, for each data path
resource, there is a well-defined path on the PN.
This requirement simplifies the PN and limits the
capacity of some places, since it is not needed
that objects, that are not invoked, unnecessarily
traverse the PN. (4) To implement the hierarchy
on the model, macronodes (representing sub-PNs)
and macrotokens (representing a hierarchy of to-
kens) may be used.

To understand some of the activities followed in
the case study development in Section 4, the fol-
lowing concepts used for shobi-PNs must be intro-
duced: (1) control net: set of contiguous nodes and
arcs of the shobi-PN that structurally corresponds
to an SIPN without reinitializations; (2) control -
track: path defined by a token in the control net; -
(3) . control nodes: nodes (places or transitions) .
of the control met; (4) control arcs: arcs of the
control net; (5) closing track: path defined by &
token outside the control net; (6) closing nodes:.
podes of a closing track; (7) closing arcs: arcs of
a closing track; (8) closing cycle: path defined by
the movement of a token in the shobi-PN. It 8’




composed of a control track and also, if applicable,
by a closing track. It can be identified by the
tracking of the colour associated with all the arcs
of the cycle; (9) associated net: SIPN structurally
equivalent to the control net after the introduction
of the reinitializations for the uncoloured tokens.

3. THE SOFHIA ENVIRONMENT

The SOFHIA CAD environment (Machado et al,,
19974} is appropriate for specifying digital con-
troller systems with the shobi-PN model (Fig. 1).
At the moment, it feeds any ECAD package that
accepts VHDIL as input. The hierarchical shobi-
PN specification is directly and efficiently mapped
inte boolean equations (Fernandes et al., 1997).
This approach simplifies the VHDL code debbug-
ing, since there is a direct correspondence between
the original shobi-PN and the code produced.
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Fig. 1. The SOFHIA CAD environment.

When a system is built largely out of reusable
components, designer’s efforts can be focused on
understanding the parts of the system that are
new. The systems can be generated more quickly
and easily. This leads to a new discipline known
as “Rapid Prototyping”, which is useful in cases
where the aims and the requirements of the system
are only vaguely understood at the beginnig of the
project. PNs are very useful for rapid prototyping
of digital systems due to their versatility in sup-
porting both top-down and bottom-up approaches
to modelling.

All the tasks needed for digital controllers rapid
prototyping using shobi-PN-based specifications
are supported by the SOFHIA environment.
Among those tasks are: (1) automatic verification
of the properties of the model; (2) simulation;
and (3} code generation to implement the system.
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‘The verification of the properties of a hierarchical
shobi-PN can be executed by using a method
based on the principles presented by Lee and
Favrel (Lee and Favrel, 1985; Lee and Favrel,
1987}, as long as the following conditions are sat-
isfied: (1) properties preservation whenever using
the reduction rules to Synchronous PNs, and (2)
building of a permanently-verified PN in relation
to the properties to be tested except in the high-
est level, which is analysed by the Control Unit
Manager’s Properties Analyser.

4. CASE STUDY

The concepts introduced in the previous sections
will be explored through a case study: the trans-
puter link adaptor (Taylor, 1986}, which interfaces
a transputer network with s host bus system.
A transputer network uses serial links to perform
nearest-neighbour communication. To enable full
duplex data flow, two wires are used for each
link, and data transmitted along the outgoing
wire is synchronized by acknowledgments from the
receiving transputer on the incoming wire. Thus
data, and acknowledgments for received data, are
interleaved on each wire.

A data packet is transmitted as two start bits,
followed by the data byte and the stop bit. The
transmitter then waits for an acknowledgment
packet, consisting of a start bit followed by a
stop bit. To enable continuous data transfer, the
receiver can transmit an acknowledgment packet
as soon as an incoming data header is detected
{provided it is not also transmitting a data packet
at that time).

The communication between the transputer net-
work and an external bus-based system requires
serial-to-parallel and parallel-to-serial conversions
to be performed at the network. The link adaptor
shown in Fig. 2 provides a full duplex interface
between a transputer link and two undirectional
8-bit buses. Data on the input bus (I0-I7) is
multiplexed onto LinkOut whilst data on LinkIn
is latched, via an 8-bit register, onto the out-
put bus (§0~Q7). A complete handshake protocol
(Ivalid, IAck,QValid,QAck) controls data trans-
fer to and from the buses.
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Fig. 2. The link adaptor.




In parallel-to-serial conversion, the bus driver de-
posits a data byte on signals I0-I7 and raises
IValid. The link adaptor packages the data, mul-
tiplexes it onto LinkDut, and looks for an acknowl-
edgment packet on LinkIn. When this acknowl-
edgment is received, the link adaptor relays it to
the bus by raising IAck. The bus driver replies by
lowering IValid and waits for the link adaptor to
lower TAck.

In serial-to-parallel conversion, the transputer
sends a data packet along LinkIn. On detect-
ing the incoming data header, the link adaptor
discards the packaging, latches the data byte on
Q0-0Q7, and asserts QValid. When QAck is raised in
reply, the link adaptor relays it to the transputer
as an acknowledgment packet on LinkOut. Then,
the link adaptor lowers QValid and waits for the
receiver to lower QAck.

Before starting to build the shobi-PN, the link
adaptor’s data path resources need to be mod-
elled, by identifying the objects and defining its
variables and methods.

After a careful analysis of the system statement,
three different objects are identified to model the
data path: the serial links, the data buses, and
the shift register. According to this selection, the
corresponding classes of the identified objects are
declared and coded (in Fig. 3 only class register
is presented as an example). Use of OMT’s object
model notation could also be considered for this
activity..

"The control unit is then spacified with a shobi-PN,
using instances of the previously defined classes.
Each instance is invoked by methods existing in
its interface during its travelling along the PN,

In this example, two instances of the link class
{Lin and Lout), two instances of the bus class (Bin
and Bout), and one instance of the register class
{Reg) represent the serial links, the data buses and
the shift register, respectivelly.

CLASSE: vegloter
VAR, INST.: BOOL: bit[8], oxife
HETDE. INST.:
bool ADBIT (BOOL ivl, INT idx)
{ it {1vl »= RIGK)
then return (biviiax])
aloe vetura {FOT bit{idad)
3}
boo) RDSNIFT (BDOL 1vl)
{ i {1vl == XIGH)
thea retura (akift)
wloe yetura (¥OT shift)

void VA_BIT {BDOL 1vl, INY Ldx)
{ 42 {lvl == RIGX)

$hen bit[ids] = NICE

alne bitlidx] = Lov

3
vold VAZMIFT (BOOL 1vl, wal)
{ 12 (1vr =» LOW)
then shife = LOW
olse akift = RICK
for {imTiiwiii-—~)
wit[i] = bisfi~1]
bivlo] « wvad

Fig. 3. The class register.

The system controliér of the link adaptor can be
modelled by the shobi-PN in Fig. 4. The design,

a revision of an earlier prototype (Pardey et al.,

1994), is a concurrent Mealy machine comprising
30 places and 35 transitions. Two macroplaces
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were introduced to specify the serial-to-paralie]
and parallel-to-serial conversions.

The PN can be roughly divided into four par-
tially overlapped parts, being three of them
complete closing cycles: (1) the path compris-
ing {p1,t1,p2,t2,SerPar,t3) performs serial-
to-parallel conversion and LinkIn acknowledge
packet detection; (2) the closing cycle of Bout
(p29,%3,p13,t4,p14,t5,p15,t6,p16,t7) gener-
ates the QValid cutput status signal, and waits for
acknowledge signal on the input QAck, to complete
the serial-to-parallel conversion; (3) the closing cy-

cle of Bin (p12,t8,ParSer,t9,p28,t10,p11,t11)
performs parallel-to-serial conversion and LinkQut
acknowledge packet sending, with signals IAck
and IValid; (4) the closing cycle of Lout (p17,18,

ParSer,t9,t5,p15,t6) manages the access to the
LinkOut output serial port.

The only part that is not a complete closing
cycle corresponds to a portion of the the clos-
ing cyele of Lin, since the other portion of the
cycle (p1,t1,p2,t10) allows the switching for
the parallel-to-serial conversion. The Reg object
is the only one that possesses a closing cycle
{p1,t1,p2,t10) with a control track and a closing
track, since for the other objects of the system
the respective closing cycles are only composed of
control tracks.

The shobi-PN has no declarations of reinitial-
izing nodes, so the control net is reinitialized
by the initial marking of the control places
{p1,p12,p17,p28) Additionally, to obtsin the
structure of the associated net (Fig. 5), it is nec-
essary to remove the only existing closing place
{pci) and the arcs that connect it to the control
transitions t2 and t3. This place is only used
for the data path simulation and it does not
contain any information related to the control
unit. For the interpretation of the associated net,
the colours references must be deleted and the
methods invokations must be transformed into
hardware signals.

A data flow VHDL file is produced by the com-
piler module (Fig. 6). A compilation option was
selected to direct the compiler to create a BLOCK
statement, although a PROCESS statement could
also be generated.

The ASSERT statements, automatically generated
by the comptiler tool, help the user in the system
simulation. Those statements detect transitions in
conflict and deadlock situations. If transitions t3
and t10 were simultaneously enabled, the place pt
would be not safe. If both transitions were fired,
output place p1 would be marked twice, violating
the desired PN safeness. Similar situations would
occur for transitions t6, 9 and transitions ¢5, t8
with respect to place pi7.




Fig. 5. SIPN for the link adaptor controller.
5. CONCLUSIONS

This paper shows that the shobi-PN model is an
useful and efficient modelling tool to specify digi-
tal control systems. This model is the only known
formalism using object-oriented PNs to specify
both the parallel control unit and the data path
in an integrated and modular way. The shobi-PN
model presents synchronous behaviour, object-
oriented modelling approaches, and hierarchical
mechanisms. This model directly supports hier-
archical structures in both the control unit and
the data path, allowing the specification of digital
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ENTITY coasyslier IS
PORT (xesas, 40, 41, ... £7, iinkia, qeck, ivalid, clock : IN BIT;
Adnkemt, jack, gvalid, shiftenable : OUT St}
BND ceatroller;

ARCEITRUTURE dataflov OF controller I3
~- Place Signals
BICHAL fi ¢ REBC _BIT ARSISTRR:
BICUAL Bpi s BIY;

SICHAL serpar.pd 1 REG BIT RROXSTRA:
SIQHAL Nasrpar. pd : BIT:

~ Transitica Sigaals
SIEWAL %2 : BIT;

SIGHAL sexper stT @ BIT;

BEaIH
PART 1 BLOCK (clocks'l’! AED NOT clock!STABLE)
EESIN
pl <= GUARDED ¥pl VEEN vesot=*0’ ELS% *1%;

serpar,pd <o SUARDED Nesrpor.pd WHEN xwset<’0Q' KLER 0%y
END BLOCR:
«= Dateflow dascription for tramsitiocas
t1 <» BOT p2 AND linkin AND pi:

porpar.ot? <» parpar.pb AND MOT serpar.pit;

-~ Datafliow dopcriptioa for mext place markiags
Rpl <= 510 OX 3 R {pi AMD HOT %1);

Haexparpd <= 2 OR {saxpar.pd AND HOT sexpar.sti}i

~~ fatput $ignale Bquations
gratid < w4}
ahiftenable <= 42 UR sexpar_msl 0% ... OR serpar.stli

e SASERT Comnands
- Tranpitions in comflict
ASSERT HOT (%10 AMD t3)
REPORT “cutpus place Bl overflows (tramsitioms t10,%3)"
SEVIRITY FAMR;

BD dasaflon

Fig. 6. Generated data flow VHDL code for the
link adaptor controller.

parallel control systems in a modular, hierarchical
and incremental way.

The analysis of some case studies (Machado et
al., 1997b) —included in this communication is
the Transputer Link Adaptor (TLA)— also shows
that there is a relation between the structure of
the PNs and the kind of approach followed in
the system specification. In the TLA example,
the obtained PN reflects & data-driven approach,
because there is only & closing track. This kind
of nets embodies in the control net the reini-
tializations of the objects with no need to par-
tially or totally incorporate the closing tracks.
The data-driven control nets can be totally closed
(i.e. they do pot have reinitializing nodes). On
the other hand, the control-driven control nets
must be opened. This analysis shows that the
shobi-PN directly follows a data-driven approach
in the specification of paralle! digital systems, and
it properly supports the specification of both the
control unit and the data path.
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