VDM-RT for Co-simulation

John Fitzgerald
Peter Gorm Larsen

Newcastle / AARHUS
Un1verS1ty @ ¥ UNIVERSITY




B 5. VDM

o J—)b: IR EDEDDFIALDOTNET Y
9 - T D
* VDMTools - Overture - Crescendo - Symphony

- XRMNGRES LR
- EXIGH

* VDM: ETILIRE R DL HRFCIREEE
— AT O MEREERRBIMEIZK SRR
— BB O=HDERY—IL
— Y2al—larvomhiaXiz
- ETIAR—XTRXE T

== Newcastle
@ UIIIVBI‘Slty 7 Gﬁmléssm Crescendo Tutorial at NIlI, Tokyo, Japan 24-10-2014 2



S =

* Crescendo COVDMD ;EFF

 VDM-RT (Real-Time)
— DIR, AVRZVAZH, B, 1#1E B, ALy, R
— R DT

e CrescendolZH T BDE-firstET )T
—ELDETIVY

L
@ I‘}ﬁﬁ%?gfg 7 Gﬁmtéssm Crescendo Tutorial at NII, Tokyo, Japan 24-10-2014 3



S
Crescendo Workspace

m Crescendo - Cr@

File Edit Mavigate Search Project Run  Wing

il SE| el
(1) Crescendo Explorer &2 = O
BE ¥

Intelligent‘u‘ehicleﬁ;utumatiun
s IL-g Kilobot
. 22 PairedKilobots
. 20 PairedKilobots2
4 IL-’% Robotfirm
4 [= configuration \
j" contract.csc
o vdmlink  J Contract
4 = model_ct
B8 Robot.3dm
ﬁ Robot.emx

& robotSimulation.emzx
& ScaraRobotall motor.ems
4 B model_de

[I0wdmrt
My Systernvdmrt f
World.wdmrt

- (M output
|=| Robotfrm.launch
= scenarios
TDrsiDnBarBaseIine
s IL-’% TorsionBarBxtended

2=/ Newcastle / AARHUS
&y University ¥ UNIVERSITY

ZRIZER (/Nyy—2) (720
model de T4L IR )LLT®D
VDM-RTOZAMNGT R TFTvY
‘éfné

B #STIX IR R Tl - -

| Robot.scn 20-sim model

i Controllervdmrt
CESVowdmirt
VDM model

Crescendo Tutorial at NII, Tokyo, Japan 24-10-2014 4



e e e
o .
TINYTD
- 7]
10 print(“a string™)
10 printIn(*“a string plus newline”)
10 printf(“%s: value of x 1s %s”, [1, X])
— I s D HH7R—Lkis supported currently!
- XFIEFHEDERFIE N (EEShift-6)

— 10DED ~ I\ IF—R) TV ADstaticERZADTIERIZAHLS
JavaE B YstaticERIZIZELANFZHLDS)

s TJLAORAMDERTE - Debug perspective®) Fl| F

Newcastle AARHUS ;
+ Univer sity v UNIVERSITY Crescendo Tutorial at NII, Tokyo, Japan 24-10-2014 5



B

class Controller

instance variables

Co-simulation
oovFEING

cetpoint: real: s e
err: real; :ET)[’tﬁ'ﬁ'ﬂ
output: real;
operations
[ ]
public Step: O ==> QO
Step() ==
err = setpoint - measured;
output := P(err); °
);
functions
private P: real -> real
P(err) == err * Kp
values
Kp = 2.0
[ ]
thread
periodic(2E7, 0 , 0 , 0)(Step);
end Controller
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class Controller i1s subclass of Parent

AITOTOMDER

new Controller
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public Controller: real * real ==>
Controller
Controller(a,b
X:= a;
Yy = Db

(
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Instance Variables ({2 A3 A ZE )
class Controller o FTSTHRDIREEL RIS

instance variables - = . QS [ e~
« MEHBZEFE I X EITlavalgEEED

private measured: real := 0O; -

public setpoint: real := O; private measured: real;

protected err: real = 0;

T Ot R EEhFILlavak B Hk (B &< TIXERBAD
operations T:&)':L\ZDL\7.31TJ-H—-CJ"_CL\6)

output: real := 0;

oublic Step: O ==> O — HBELT-1ZS private
St == — =

Zf‘l(’):z setpoint - measured; ° E%ﬁ'ﬁ*ﬂﬁﬂ1ﬁ€ﬁ&if%é
j OUPuE £= Reern: » BIONWTIE &R (real) &
functions

private P: real -> real
P(err) == err * Kp

values

Kp = 2.0

thread

periodic(2E7, 0 , 0 , 0)(Step);

end Controller
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Functions (B %K)

class Controller ° Fﬁﬂ;&lipure
instance variables _ EIM’EFH@L
measured: real; — 4>Z9>Z%§5{(:77txuﬁtb\
setpoint: real; .
Eﬂieui?a!;a.- « returnF—"7—FILEHALY
T - RUEESAPREKIEROESELLS

operations

HEETEDEEIZEF

public Step: O ==> O

Step() == o X —0 == =3,/ — A=
err := setpoint - measured; Fﬁﬂiﬁ@*ﬂ&)k/77?'\" §E<
output := P(err); real * int * bool -> real
E o -
_ « JL—TIEEDHLL
functions _ Fﬁ’ﬁ&ﬂjﬂﬁii‘zﬁ
private P: real -> real _ 2mE7 N ~ L HBREOE7 K
private p: real > BRIFUH L EBHIFUHL
values
Kp = 2.0
thread

periodic(2E7, 0 , 0 , 0)(Step);

end Controller
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Operations (32 {E)

class Controller
instance variables

measured: real;
setpoint: real;

err: real;
output: real;

voidtEY

operations

public Step: O ==> QO

Step() ==
err = setpoint - measured;
output := P(err);

);

functions

private P: real -> real
P(err) == err * Kp

values

Kp = 2.0

thread
periodic(2E7, O ,

end Controller

0 , 0)(Step);
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Step() ==
dcl x: real := 0;
c BEHOXDIERETIE () TEHD
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real * int * bool ==> real
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Values (& %

class Controller o ﬂEG)*E’;"E[j:f%)\XG) = 'G[j:t;( = %1%5
instance variables . EEE[iM\ZEf[i@L\bfjlﬁiﬁébf%,;L\
mmmungreaQ Kp: real = 1.24;

setpoint: real;

ey iat: © StaticRRHNELS

operations Controller Kp

public Step: O ==> QO

Step() ==
err := setpoint - measured;
output := P(err);

);

functions

private P: real -> real
P(err) == err * Kp

values

Kp = 2.0

thread

periodic(2E7, 0 , 0 , 0)(Step);

end Controller
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Threads (AL WIE)

class Controller
instance variables
measured: real;
setpoint: real;
err: real;

output: real;

operations

public Step: O ==> (O

Step() ==
err := setpoint - measured;
output := P(err);

);

functions

private P: real -> real
P(err) == err * Kp

values

Kp = 2.0

thread

periodic(2E7, 0 , 0 , 0)(Step);

end Controller
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thread
Step();
F=FIL—T
thread

while true do Step();
ALYyEDE|Y Y T-FHig

ctrl: Controller := new Controller();
start(ctrl)
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System’7.57\

system MySysten « CPUBKLUZTDEIYHTO=-HDEFHI
instance variables 73?75Z

;);bcl:(i)?:tgzzl::?g ctrl: Controller; ° ’f“/;(/)"‘/x%’;ﬂ&:l yx |‘57’5‘0)5EE
——_CPU %

private cpu: CPU; := new CPU(<FP>, 1E6) o (: E:Ll/_l‘éhf:) MIPS‘:J:éCPUE
operations F;‘ O) ;EIE

public lySysten: O ==> lySyster - EBEDLDD20%UTDET LA
Y yctrl :=_;ew Controller(Q); EL_JE,‘J'ZU:I__I_&J\J:L\J

N cpu.deploy(ctrl)

end MySystem
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« O—FZETOAYAO

class World

operations « runQiEEMNJavaizEDmainQQIZH Y
-- run a simulation o wi ks L] S, o N
public run: QO ==> Zl/ljl\éﬁﬁynb/sll/ A D%
runQ) == TZ#HFD

start(System“ctrl);

block();
)

-- wait for simulation to finish
block: O ==> O

block() == skip;

sync per block => false;

end World
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position + velocity * dt;
velocity + acceleration * dt;

position
velocity
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Finding Approximations

Angle (degrees)
20

0 f T
4 5

Tuples:

(0.0, 0.0)
(4.0, 0.0)
(5.0, 15.0)
(6.0, 15.0)
(7.0, 0.0)

« AT)L
ﬂ — BRI EORTOIIEERT S
5 A — seq of (real * real)
6 7 — EEERICETAILEL, TREORME
time (seconds) *ﬁ%j—é

Angle (degrees)

4 5

File entries:

“time”, “ang-l e

NO OO
HooRo

B S
W RO

« T—EAN

13 —- AEEEEFERSNE=T—4Z2AN5
5 — CSVI7AILIZER LIS ERRIZHAAD

6 - CSV freadval[seq of real](filename)

time (seconds)

Newcastle
Qe Lniversity

/ v ﬁﬁﬁ/%%SSITY Crescendo Tutorial at NII, Tokyo, Japan 24-10-2014 21




FzEH

e CrescendolZHITAHAFA—F—DEEDT=HIZVDM-

RT# )

1LV %

— BEADFR—EEDAT O IMER
- JDSADERIFTOVIIZRITONDS

instance variables, operations, functions, values, thread, sync

— 20-simERIEASNASRAEIOYILBHY, I RXTOXIIRFREZE
FERITZORNEIOVIZFENSES
e DE-first
— BHf{bSnf-Io5rOETIL
— B alL—3—0D&SRLYRELTES
— CTIRAZEL DL

| @=/Newcastle
@ 'UI]IV@I‘Slty 7 'SQIRV%J?SSITY Crescendo Tutorial at Nll, Tokyo, Japan 24-10-2014 22



R

Line-following Robot Co-model

John Fitzgerald
Peter Gorm Larsen

@ Newcastle / AARHUS
Unlversﬂ;y @ v UNIVERSITY




W

* Practical.zip Z8&E L, Practical-Instructions.pdf ZZ &

@ %Eﬁgg?gg? ﬁﬁﬁ/@%@lw Crescendo Tutorial at NII, Tokyo, Japan 31-05-2014 24



