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This material is provided to help academics build
Esterel Studio and Esterel language training courses

(i

Usage is exclusively restricted to teaching activities
for university and training institution students

(mf

No industrial usage authorized

(ul

Please, give us your feed-back, tell us about further
needs and share other training material and labs.
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g Simple RAM (1/7)
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=  Simple RAM Specifications
+ The Simple RAM is implemented using one memory cell
+ The Simple RAM functions:

* if the WriteReq signal is present, write the data present on the
DataIn bus in the memory cell

# if the ReadReq signal is present, read the content of the memory
cell and send it through the DataOut bus

* read and write requests may occur simultaneously.
In this case the read data will be the written one.

Reset

Request

Dataln DataOut
,, ﬁ ,l >

Enable Ready g
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+

-

= Simple RAM Specifications

The Ready signal is sent at the end of each access

Each read or write is executed one cycle after the
corresponding request

These accesses are suspended when the Enable
signal is absent

Each access is immediately interrupted when the
Reset signal is present

The memory can only be accessed after a first
occurrence of Reset (boot sequence)

LAB - 6
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=  Simple RAM Protocol

No Enable
=>
No write access
Read value is 3

No first Reset
=>

No write access

CLOCK =
Feset =
Enable =
WiriteReg =
Dataln =
FeadReq =
DataCut =
Feady =

1 InhnnnnnhHnnn I'I_I'I_I'I_I'I_I'L"I_I'IJT_H'I_I'I_I'I_I'LI'I_I'I
u ' = - = mi i
O | |

o ~ )
S CCess Access LT No write access

Access

Read value is 3

d
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Exercise 1 Project Name Edition Area

P& Esterel Studio [SimpleRam.etp] - [SimpleRAM lextual.strl]

1 Lau nCh _ File Edit “igw Project Browcno §imu|a.tion Tool: Window Help: — | e
' : DISEG SR <> | eIy @uARNoE
Esterel Studio V5.2 F @Y X[ K[ W] Ao KO|| fwm[

NoBEEE|veo@e oo

I'F:"- module SimpleRAMTextual: v A
1cti . = (@ SimpleRam. || e
2. Open the existing project N e
2 [E) SimpleRAMTextual st sasazaas e
] i @ SimpleRAMT extusl
SimpleRAM.etp L E,

(1 Data

using File— Open Project & Co

=25 Configuration

L

input Reset:

Hia
:_ Default output Datalut @ unsigned<2%%16:;
l I len u i ";' output Ready:
% Program start here
AlS 5 "
[ zigmal write : unsigned<2++16> in

3. Define the Simple RAM 1

end signal

behavior using the o T S

|

predefined interface in the [ T ——
SimpleRAM Textual module

| Log |Enorsl Findg Elutputl Brow ing!
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Check Syntax Launch Simulator

E‘ Esterel Studio - [SimpIuRam etpl.- [SimpleRAMTextual.st#] M=

4. Declare the o [bF]
. %‘-E‘%X oy ou | B
SlmpleRAMTextual PloBcEE v 0006 o0

T eeee—— <tvom ey 3
l I IOd u Ie aS I I Ia I n & [B SimpleRiam.etp & Y
=

=25 Model

mOd u Ie 2 [ SimpleRAMT extual. st sentiisiosant
=y —
Y Data ; :
A % Open in Mew Window mie g2 L6
“C3 Corstraint EI“ Oper in Extemnal Editar

=23 Configuration
imeds2*¥%16-;

A

5. Check the syntax of

yo u r COd e Main Module iet.'L"'.:s: Main Moduls pled=st ilbaran

Set Modular HOL Generation Options

end signal
end module

6. Simulate the behavior |== e || Fo— s

<

= Project loaded

Of yo u r COd e [:\KarineiLabsh 21 0\ProjectshSimpleR amSimpleR am. etp

Ready

d
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= Esterel Studio graphical Simulator

i e d eRa p O
Filz  Edit “iew |nset Format Project £ Simulation Tools Window Help -8 %

Jesaale: ivasy el sanssis) present signals
] R 7] O [ T 1A in green

MOBEEE|VOO®® 50 _

o w T o
E SimpleRAMBoth .~ 2

= %0 SimpleRAMBath & input. Enable; Al

A a 110 a @ SimpleRAMTexdual@simpleRAMT extual = input Reset;
B @ SimpleRaMGraphical@SimpleRAMGraphical | | | || turpun far Texn odule

= output DataU\_JtJ; : unsigned<ZFELAER; g t'
i output Readyl: c lVe
i} output Idlel;

=

B for Graphical Modul Q
b ™= e e W statements in

output Ready2:

il
output Idlez; g
. . . 2 reen
¢ E um 5 tual [signal Datalutl/Datadut, R
I !
N 3 0 m run SinpleRAMGraphical [signal DatafutZ/Datalut =

% Assertlnninr Output Equivalence Verification BlOcked COntrOl

sustain {

assert Datalutlk = Datalutl <=> Datalutl, .
assert Readylk = Readyl <=+ Readyz, ln red
assert Idlelk = Idlel <=> Idlez
¥ i
end module |

. ‘ELOE.C.UE?.SJSM ) & l ! o 4o
Set a new instant = pra 1T el Be ] [Che— Play an existing

Name Valus Type Scenal'iO

or reset the

. o B ReadReq L Dataout! 35 unsigned=[16]=
SlmUIatlon B vriteReq 1 Ready
- B Dataln a5 unsigned=[16]= ¥ Idled
= B Enable L Dataut2 35 unsigneds=[16]=
B Reset I Ready?

L]

Marme Value Type

I die2
D Output B Input | < Local [ 81] § Assertion | Wwatch 2]

Simulation Observation

B Irpust rest (B Soput | Wiatch [11]

AN

Ready Ln1, Cold

2 Red = Present Dutput Area

Blue = Absent

ES TERL)
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i Reset
= EXxercise 2

Req}lest

Dataln DataOut
,/ F—

Enable Ready g

1. Modify the SimpleRAM Textual module to add the
following feature:

+ The Idle output signal must be maintained present as long
as there is no ongoing access

2. Check the syntax of your code

3. Simulate its behavior
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Exercise 1: The Simple RAM without Idle

module SimpleRAMTextual:

T e

(ml

// Interface

input ReadReq;

input WriteReq;

input Dataln : unsigned<[16]>;
input Enable;

input Reset;

output DataOut : unsigned<[16]>;
output Ready;

signal write : unsigned<[16]>in  // local signal to store the data
<module body>

end signal

end module
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await Reset;
loop
await not Reset;
abort
suspend
// Write Access
loop
await immediate WriteReq;
pause;
emit { ?write <= ?Dataln,
Ready }

end loop

|
// Read Access
loop
await immediate ReadReq;
pause;
emit { ?DataOut <= ?write,
Ready }

end loop
when not Enable
when Reset
end loop
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Correction - Simple RAM (3/5)

Exercise 2: The Simple RAM with Idle

LAB - 15

module SimpleRAMTextual:

// Interface

input ReadReq;

mput WriteReq;

input Dataln : unsigned<[16]> ;
mput Enable;

mput Reset;

output DataOut : unsigned<[16]> ;
output Ready;

output Idle;

signal write : unsigned<[16]>, IdleWrite, IdleRead in
<module body>

end signal
end module
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// Write Access
loop

abort

sustain IdleWrite

when immediate WriteReq;

pause;

emit { ?write <= ?Dataln,

Ready }

end loop

// Read Access
loop

abort

sustain IdleRead

when immediate ReadReq;

pause;

emit { ?DataOut <= ?write,

Ready }

end loop
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await Reset;
loop
await not Reset;
abort
suspend
<Write Access>

<Read Access>
when not Enable

|
sustain Idle <= IdleWrite and IdleRead

when Reset
end loop
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= Exercise 3: The Graphical version

+ The goal is now to create a graphical version
of the previous Simple RAM including Idle
signal management

+ The graphical version must have the same
behavior as the textual version
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® Esterel Studio Features

+ Intuitive Specification Interface
+ Interactive Graphical Simulator
+ Formal Behavior Verification =

+ Automatic Testbench Generator Sg g éﬁclgggg: |ge§ easti ;tlwel evels
+ Code Generator — Optimizers Hierarchical description of

+ Automated Document Generation complex systems

» Formal Specification &
Design Capture

» Includes Powerful FSM Semantics

Parallelism
Hierarchy
Preemption
Communication
Priorities
Determinism
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Safe State Machines (SSM)

multiple initial

”w . graphical macrostate
transitions Initial connector local signals .
(hierarchy)

. . N MAIN_M>DULE
input (trigger) : ) Locall \ ?
\ < Ll
/ OutputZ ' Grﬁph'il Macrostate (run ml(:(:ule)
Local? reusability
output (effect) ?Smmmm P

Inputl f Outputl
Input2 or rlnstance1 @Module_A
Input2 / preemptlon

Locall f
{ Locall Input3 f {
@

Locall and
Local? f

Input3 f OQutput3 . Locall

< terminal state

(%%ﬂstme
multiple effects parallelism normal termination transition

ESTEREL
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Esterel Studio

g Esterel Studio Editor — The States

initial connector

B Esterel Studio - [Example.etp] - [Example.sc

[«] File Edit Wiew Insert Format Emi.ect Ciowzng Jaimulation Took Window  Hap =X
DSEE &R <> e¢Ptlvi 2ubDdd Pl aXq w KO
*REEX o~ K u NopoeE v eeee oo

*
Label | Statel SRl | @a:? Simple state v
....... p L ~
=] B . Run module =
'EI'[E Example etp - " Graphical macrostate =
=423 Model = B V Textual macrostate L
i | = "
ate G T :
. . aff .____\ ﬁ'roperties . .
-] LoRstaine & EII:I Attributes | Fants | Line Style | Fill Calor | Camments
= E Configuration [HFa Simple State
A Default "E' Mame: |State1
L —
termlnal = T > Frocess: Simple State
State i Oninside Action: i""'F' E'E‘E
un Module
/ I: Graphical Macrostate
Also execube Oninside when entening st T ewual Macrostate
OnEntry &ction: Textual block
R ]
OnExit Action:
| |/ |&
Project |[17¢iar | Modules | L
- L OF ] [ Apply ] [ Cancel
(= Project Inac_led
[:AEaninetLabsh, 21 htestz\Example.etp
Log |Errors |@[ Output | Brnwsingl
Ready
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type of transition

B Esterel Studio - [Example.etp] - [Example.sce]

File Edit Miew Insett Fomat Project Hiowcno  Simolation Took Window Help

DSEE &R <% $P1vy puBEan o8 a4 w XO
R m— s i 4= 1 0 L IOL X AI=lel 4

transition

| B ?_:! wWeak abortion | D | sbbes |
------- ~|Strong abartion &
— & B =2k abortion B M
= Example. etp = [Mormal kermination
"i =2 Model &
2@ =l
fl
@8 Dats ';; & Properties

(3 Observer

Attibutes | Fonts "E

E| Fil Color | Comments |

(13 Constraint s .
=425 Camfiguration e Abortion Link.
j—/ Priarity: 2 3
m

Immediate: |

Strong abartion
‘Weak abortion

Mormal kermination

transition T
label O L ‘

= Project loaded
[:4Karinetlabsd, 2 Mtests\E xample. etp

x| [ Apply ] [ Cancel

Log JEnors ! Find| Output ! Browsing_!

ESTER LJ
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Esterel Studio Editor — Architecture

Run
Module

Textual
Block

Textual
Macrostate

Graphical
Macrostate

Parallelism
indicators

Suspend
Connector

K& Esterel Stuiis - [Example.etp] - |ixample.sce]

File Edit Yiew Inzel armat  Project
D S#Rd & [ <=
rRBEX oo ][]

Shsesng Siulation Toak  Window™ Help

HEEEERUE | RXEG— w KO

VO EoERE v 05 e

Label |L0cal5ig1,DLocaISig2 | E ? |M0dule V| )] | Atbrey | P l:l |
a6 & =l Example )
=-[B Example.ctp & |
5 {7 Module@mt @ inqD | .
3 %wa?s!ﬂ*g{ local signals
i : T B ucaElg
LR = g .
[ Extem i Tee,
[__'l Diata at
[__'l Observer ol .
[0 Constraint == JOutputi o e
=43 Configuration o~ A [ Graphical Macrostate ) B Properties
[ Default 4 Q [ } : i Attributes |£0nts | Lirie Stile || Fil Eador iEomments|
E Textual Block Local Signal: Dreclaration ,"
o
s -
m .l.oop i Ahhresviatior: | .." Dac.
await Il; emit 01 Q——F sustain titi Signials List ’."
Il = )
await IZ; emit 02 ————————————— LEE:E:E;J
}
end loop I“”
niot 14/ r Textual Macrostate m\|
! :)——>O| Zustain toto J
Project | Dzsian | Modules | -
= Project loaded
D:\Kaninehlabs5. 21 D4kests\E vample. etp
% [ QK ] ’ Apply ] [ Cancel ]
E Lan Enors! Findl Output ! Browsingl
Ready

d
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Right-Click/

ul

Exe rcise 3 New Main Module Insert File
B Esterel Studio - [SimpleRam.etp] - [SimpleRAMGraphical.scg] r_|[_]['§|

1. Right-Click on Model folder to @ﬁmﬁ@n@/ fiia.ﬁ"%xmﬂlw MWMSE.

1’

insert the existing file named T TECICL S i O —
B SimpleRAMGraphical &)

SimpleRAMGraphical.scg

impleRak Textual.

- B write: unsigned<2*16=,
i w5 SimpleRAMT e

IdleWrite,
IdleRead

2. Define the
SimpleRAMGraphical module
as main module

i Waiting for Request ﬁ]

Default

= = T
-
&
g
— |

_Eug'_e_cﬂ['—:-;-;:a. [ Modules_! K
— I

= Project loaded
D\ arineiLabs5. 2i104Projects\SimpleR am'SimpleR am.etp

@ =
H| Log |Eriars | Find | Output | Brawsing

3. Define the Simple RAM Safe
State Machine (SSM)

4.  Simulate its behavior
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mil

1
)

1’

Exercise 4

+ Comparison between

Textual and Graphical

I _______
nplts Textual

1.

LAB - 26

Version _’: Equwalent !
Granhical . Outputs
raphica | " !
Version | >L.______/1

Right-Click on Model folder to
insert the existing file named
SimpleRAMBoth.strl

Define the SimpleRAMBoth
module as main module

Esterel Technologies © 2003 — www.esterel-technologies.com
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Trees

X

=-[E] SimpleRam.etp
'ﬁ b odel

EI ﬂ SimpleRAMT extual. st
- omm SimpleRAMT extual
= |E| SimpleRAMGraphical zcg
i ----- G SimpleRatd Graphical
=t H SimpleRAMBoth. sl

: . SimpleRAMBOth

----- I:l Obzerver

----- I:l Consztraint

EI =3 Configuration
[ Default

Project | L' es0n [ kModules |
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3. Verify that all the predefined assertions are always true
0| $R v HiuEe0 »E

module 3impleRAMEBoth:
input ReadBRedq:
input WriteRedq:

input Dataln : unsigqneds<2**1e>;
input Enable;

input FEeset;

¥ Dutput for Textual Module
output Datalutl : unsigqned=Z2%%16>-:
output Readyl:

output Idlel; Textual and

% Dutput for Graphical Module Graphical Modules
Instanciation

output Dataluts? @ unsigned<2*%16-;
output FeadyZ;
output Idlez;

run 3impleRAMTextua

Il
runn SimpleRAMGraphical [signal DatalutZ/Datalut, ReadyZ/Beady, Idlel/Tdle]

signal Datalutl/Datalut, Readyl/Ready, Idlel/Idle]

Il
Assert % Aszertions for Output Equivalence Verification
sustain {
o azsert Datalutlk = Datalutl <=> DatalutZ,
tlme! azzert Feadylk = Readyl <=> ReadyZ,

azsert Idlelk
'

Idlel «=> Idlezd

end module

ESTER L)
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Simple RAM (5/5)

Assertions to be verified onof project: SimpleRamWithConstraints E”E [g]

Result Area

Use the right-click button to set the inputs and to select properties to verify in the tabs below

N ————

Assertions ternal GObservers

Oikpuk Relations |O|_|I:|:||_|t5| Single Signals IEnvirnnment |I Settings !! Ll:u;||

Assertions
SimpleRaMBoth/Datatukok

SimpleR aMBoth) Tdlack

SimpleRAMBoth/RY  Always

Mot Checked

Tie 2 '< Right-Click on the
selected assertions

Launch the
[ Reset Assertions

——— verification

y

Results

Tupe

M ame 3 Status : Counter example scenano

/'

&

Werification engine used: Prover SL plug-in Save Results
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® Exercise 3: The Graphical Simple RAM

SimpleRAMGraphical )

write: unsigned<2**16>,
IdleWrite,
IdleRead

4 Waiting for Request
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Waiting for Request =

not Reset’
e H ﬁ";‘

[ #4] #ReadReq/
&’L sustain IdleRead

#not Enable’ /DataOut(?write), Ready

@ - m]

{ #x] #WriteReq/ IdieRead and IdieWrite/Idle

._>l sustain Idlellrite

|

/write(?Dataln), Ready
o O 41

ESTER L)
LAB - 31 Esterel Technologies © 2003 — www.esterel-technologies.com  ———



