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Hardware Description Languages P IPL & C-LAB

Wolfgang Mueller

Before 1990
AHPL, ART, .
. BCHﬂ."
- CASCADE, CASSANDRE, CAP/DSDL, ConLAN...
- DDL, Dacapo
- ELLA, ...
- HDL-B, ...
- IDL, ISPS, ...
- JDL, ...
- KARL, ..
- LIDL, ...
- MIMOLA, MOSSIM,...

- Zeus, ...
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Hardware Description Language Standards:

- 1987 VHDL IEEE Standard 1076-87

IEEE Standard 1076-1987, 1076-1992, ...: VHDL87, VHDL92,
IEEE Standard 1076.1: VHDL-AMS (Analog and Mixed Signals)
IEEE Standard 1164: 9-value logic; std_logic(‘1’,’0’, ‘Z, ....)

- 1995 Verilog IEEE Standard 1364-1995
IEEE Standard 1364-2001

Hardware Software Codesign: VHDL + C / Verilog + C

Others:
- ABEL (Lattice), AHDL (Altera), CUPL (Logical Devices), ...
. Telcom Protocols: SDL-88, SDL-92, SDL-2000 ITU Standards
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Languages for Hardware Software Co-Design

- 1999 SystemC
Open SystemC Initiative — OSCI

- 2000 SpecC
UCI, SpecC Technology Open Consortium — STOC

. 2000 Handel-C
Celoxica

- 2001 Superlog
Verilog Extension

- 2002 SystemVerilog
Verilog Extension

- 2004: SystemVerilog and SystemC to be ‘donated’ to IEEE?
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Future of SystemC, SystemVerilog, and VHDL

Available Tools:
Last year: SystemC — VHDL part of CoCentric
Now: part of System Studio of Discovery Verification Platform

Synopsys View (two weeks ago):
SystemC & SystemVerilog Sybiosis

C++ SystemC

SystemVerilog

VHDL / Verilog

Availability of tools will decide
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Complementary:

Unified Modeling Language UML 2.0
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UML for Application in SoC and Embedded

» UML 1.5
e OMG(Object Management Group) Standard

» UML 2.0 (UML + SDL+ Petri-Nets + ...)
« still not a final OMG standard - but already in use
FTF-version — official OMG standard (FTF —Finalization Task Force)
« still no time specification suitable for system design

» UML definitely for documentation!!!

> Just Draw and Execute? No!

» UML for Programming: Executable UML

o Executable UML denotes a UML subset
Mostly: Class Diagrams + State Diagrams/State Diagrams/State Machine Diagrams

o define precise execution behavior for an UML subset
XUML (Kennedy Carter), XtUML (Project Technology), XModeLink (Fujitsu), ...

» USOoCF - UML for SoC Forum in Japan



il Paderborn University
i IPL & C-LAB
Wolfgang Mueller

What is UML 2.07?
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» Understanding the 13 diagrams of UML 2.x is an important part of
understanding OO development.
Scott W. Ambler, Copyright 2003-2004

» | do not understand everything of UML 2.0
Wolfgang Mueller, June 2004

»  Two important documents to understand:
. UML 2.0 Infrastructure
. UML 2.0 Superstructure
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FTF Specification
General View




UML 2.0 Superstructure e

Wolfgang Mueller

R, <cRLT Eratians

Different packages defined by metamodels
multiple CIaSS diagrams Behaylar iT tlenEing Peewnasiaiesind
with textual constraints and semantics “’%‘”"“ i S o

extamal EnaliowHs tory
01 Jdn
e StateMachine fark
+5Ubmaching Jnctian
Example: *
. 0.1 etryPant
MemenEiETER [ FYpem=—— e EPant
State Machi e [ T
ale viacnines 12| TEoets owneamemoen;
+cantainer scontainer
[redetings owne Region redef Nes oaner]
+eubw arte 0.1 0.1 Aransitions
{sunsets ownzdElement] " A 4raglon « | suzEets owneoElement:
VErar =BouUnCe *gutgaing Transilon
1 " [Ind - TransHionkind
Harget ncoming [

+connection2oint

- ol
I

{EuDEEts ownzdkiembear} o1 +&ltact
{Eubsels ownzdElement]
a Pseunostats State
iing ;. Pseunostalzking { IsComposite : Boolean = Talse PR o‘f.re:lEI‘:;ﬂ;"- Activity
=iy - A, TEER { IsCthagonal | Boclean = Talse - _ % ifrom BamicEeradors)
= / IESmplz | Bodlean = Take 0.1 0.1
o1 o1 { I6SubmachineState - Boolean = Talse P — erﬁi’%'f]
ConnectionPointAef erance - T
0.1 -
oA +doActiv ity
T {5 L6 &5 ownen Seme )
+zonnection - I.D-. ] b..
{subsets oanedElement} . [ TR] -
+gubmachinesiate
oo 0 g

Flralstae TriggEr
fromCommunicetions)|

+stateiny arant
{subsets ownadEiementt 01 +ouard

Constrant {subsets ownedElement}

rom#emei} 0.1

12



UML 2.0 Superstructure {  Paderborn University

Wolfgang Mueller

UML 2.0 Superstructure FTF Document
e Part I: Structure
— Classes
— Components
— Composite Structures
— Deployments
o Part Il: Behavior
— Actions
— Activities
— Common Behaviors
— Interactions
— State Machines
— Use Cases
e Supplement
— Auxiliary Constructs
— Profiles
o Appendices
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Composite Structure Diagram
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Wheel

tire: Stnng
size: String
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Deployment Diagram & Paderborn University

-AppServer]
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I ] 2 Orderjar
,/ﬂ
«deployment spec» «deployment spec»
ShoppinaAppdesc.xml QOrderdesc.xml|
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/_ .
) Send action

Specific > Receive action
actions

_ X Time trigger action

[ behavior name J ,General* action

_General* action

Action Specification Language:
language that specifies behavior of an action
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Name of Interaction

sd UserAccepted #r

]
=

P

Unlock

+PIN:Integer {readonly 0<=PIN <=99939} =} Local Attribute
— Lifeline
‘User "ACSystem
1 1
| |
I Code(PIN) I
| ’”’: Message
|
: C‘M /
| |
. |
:r“"' ,ﬁ/’
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sd example }

InteractionOperator

CombinedFragment I
opti (Alternative)

interactionConstraint

create 1
= ob2:C2
foo{foo_par=x) 1 :
: - dioit]z)
1 -
1

w=har|_15 -i':' -

dait(_])

: . Voo
InteractionOperand separator
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use case Telephone Catalog
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actor————3= % — Place Order

Customer-._ < D T

\ Fill Orders Shipping Clerk
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Executable UML 2.0
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e Executable UML 2.0 subset for programming

o Application-specific subsets, e.g.,
for Embedded Systems, for Systems-On-A-Chip, ...

e E.g., subset for efficient execution on systems with limited
resources

e Our subset:
Class + State Machine + Sequence Diagrams + simple native code

overview of our choices on the next slides
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»  Used diagrams:
® (Class diagram (interfaces, attributes and operations)

Window * mark one
+ size: Area = (100, 100) »main() operat!on
# visibility: Boolzan = trus e one state machine
+ defaultSize: Rectangle iaaram for h
- XWin: }EWindn/ g aegr ;iono eac
display() « '
hide() (others: one state machine
- attachX(xWin: XWindow) diagram for each class)

Warning: polimorphism needs special attention!
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»  Used diagrams:
® (Class diagram (interfaces, attributes and operations)

® State Machine diagram (for behavior of operation)

methodA

.

State?2

)

INTA

Statel

/ Statel 1 Statel 2
error,
K / N
N

- /

k\_/
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Executable UML 2.0 Subset ﬂf- e e

»  Used diagrams:
® (Class diagram (interfaces, attributes and operations)
® State Machine diagram (for behaviour of operation)

® Sequence diagram (describes state activities)

Self Param1
PAR : methodA
< _______________ ]
SE !
Q | Locall
create |
+ |
] T
s~ mmmmmmmmmmo e e )
methodB '
|
D— e I
1 1
methodC ! X
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»  Used diagrams:
® (Class diagram (interfaces, attributes and operations)
® State Machine diagram (model behaviour of operation)

® Sequence diagram (describe the state activities)

»  State transitions triggered by

® State completion
® Explicit events
® Interrupts (processed immediately & exited running activity)

»  Activities in Sequence diagrams are the Action Language to model the

state behaviour and can be associated with:

® Transitions or
® 3 different state activities (entry, do and exit)
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Executable UML 2.0 Subset ii Paderborn Lniversity

transition activity
as Sequence Diagram or native code
time delay at the state transition

4 N
(statel | /1 state2
o Entry/x() [ *... @

Doly() i
Interrupt
- @

Exit/z()
/l service
N\

Entry/Do/Exit activities
as Sequence Diagram or native code
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Our Main Design Decisions (as an example for an UML subset):

® State Machine diagrams consist only of composite and simple states
( for efficient execution)

Concurrent states are intentionally not supported for State Machines

® Support of concurrent execution in Sequence Diagrams
through asynchronous calls and parallel CombinedFragments

® CombinedFragments: Alternatives, Options, Loops, Parallel/Sequential flows

® Currently:
1. Starting from a State Machine
2.Embed Sequence Diagrams or Native Code in State Machines

3.Embed State Machines or Native Code in Sequence Diagrams
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State Machine

Diagrams
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Executable State
Machines (ESMs)

\

L

Seguence
Diagrams

(- )
bytecodgj
=
K [byte;:odgj /:

Bytecode
(similar to 68000 assembler)
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UML Virtual Machine (UVM)

Memory Manager

Adaptive Runtime Kernel (ARK)

Scheduler

:

Model Execution Unit (MEU)

Bytecode Interpreter

timeout

D E—

ESM Interpreter

Dam— Timer

A

interrupt

Environment
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Celoxica RC 200 with Virtex Il FPGA (XC2V1000)
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