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Engineering Models

"Many predictive properties that we assert about systems
(determinism, timeliness, reliability, safety, ...) are in fact not
properties of an implemented system, but rather properties

of a model of the system."

2Prof. Hermann Kopetz apud Cyber-Physical Systems: A Rehash or a New

Intellectual Challenge?; Edward Lee; Design Automation Conference (DAC);2013:
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Deterministic Models

SineLE -THREADED
IMPERATIVE PROGRAMS

o : : i sinctude stz o
. 3| int maincvoia) ¢
4| WOTCTL = WOTPW 1 WDTHOLD;  // Stop natchdog timer
o //Configure output ports
| P 1 erTo; 7710 - LED
s|  //Configure clock systen
] UCSCTLO = 0x0000;
n
2| UCSCTLL = DCORSELS; 77/ Select DGO range to 16%Hz
Bl UL 1w 2035 77 Qu) * 32,7680 - 16
u|UCSCTLS = SELREF.2; / Set DO FLL reference - REFO
1| UCSCTLS = SELALO | SELS.4 | smu ; Set ACLK = XTL,

oLk
| uescns - oo 1 o 1 oS s 1 onae; ok S atvider

| __delay_cycles(250000);

w|  //Configure tiner A0
21| TAOCTL = TASSEL1 | MC1 | TACLR;  // SHCLK = 32768Hz, Up Mode

SynCHRoNoUS DieiTAL i o Rty
Loaic I

2| While(CTAOCTL & TATFG)

Asic

| TAOCTL & ~(TATFG);
¥

PuysicAL SYSTEM

= return 0

4 e s K [ KI{[('()
:i". u(t) = Kye(r) + i—[t([)rwr n

DiFsERENTIAL EQUATIONS
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Deterministic Models

NODEL for CLrCUITS 2 SinGrLE -THREADED

IMPERATIVE PRoGRAMS

1| #include <nspa30.h>
3| int nainCvoid) {

| WOTCTL = WOTPW | WOTHOLD;  // Stop watchdog tiner

| //Configure output ports

7| PWR I- BIT0; 7/ 7L0 - LED

5| //Configure clock systen

0| UCSCTLO = 0:0000; /7 Set Towest possible DCOX, MODx
1 / Y F

2| UCSCTLL = DCORSEL_S;

B UGCTL 1= 203;

4| UCSCTL3 = SELREF2;

5| UCSCTLA = SELALD | SELS4 | smu

1 - beocLk
| uescns - oo 1 o 1 oS s 1 onae; divider
| __delay_cycles(250000);

w|  //Configure tim

u et - mssn T e TACLR;  // SMCLK = 32768z, Up Mode

SynCHRoNoUS DieiTAL o Rty
Loaic B "““:ﬁ;ﬂiwa.

2| While(CTAOCTL & TATFG) = 0){

Asic

| TAOCTL & ~(TATFG);
¥

SYSTEM 3

= return 0

Mom FoR
ALGoRriTY MS/ PRe CESSES

2
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Deterministic Models

NODEL o CiRCITS 2

e T
LDPW I
%

i}

synwzpuws Dufm .

It 2

E ~ ¢ O = Ke(t) + 2 /' (tyde + k1, %0
. ul = p€! 4 pld
Sud 28 1, Jy T R v ,
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SineLE -THREADED
iMPEIZAﬁVG PRoGRAMS

int mainCvoid) {
WOTCTL = WOTPW | WOTHOLD; /7 Stop watchdog timer

UCSCTL3 = SELREF 2; el o)
UCSCTLG - SELA 0 | SELS 4 JSELM3 5 /St
SMCLK = DCOCLKD3
UCSCTLS = DIVPA_O | DIVALG | DIVS_3 | DIWM_0;
__delay_cycles(250000);

MCLK - DCocL)
4, set swck gliflcer

//Congagure tin

cr @B isse 1 h M( 11 T 32768z, Up
c(] s period
TAOCTL & ~(TAIFG);

return 0;

ODEL F
ALGoriT

Re cESSES

Moer Fo*
DyNAMICS
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Determinism on a Typical CPS

Computational | Communication . | Computational
Platform o Network o Platform
A
Physical -
Plant b
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Determinism on a Typical CPS
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ForSyDe

High-Level
of Abstraction
ForSyDe
Formal Formal
Methods Refinement
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ForSyDe
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ForSyDe Design Flow

/
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Transformational
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ForSyDe System Model

MoC A MoC Interface MoC B
Signal B

Process
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ForSyDe System Model

CommunicaTion [ SyncaronizaTion
BETWEEN UNITS

MoC A ) MoC Interface MoC B

Signal B
A
O
Process

FuncTionaL / H @
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GPAC: General Purpose Analog Computer

t— k —k
A constant unit v * ,7)1
k- Al .
Y f — Y1
u(t) — t > + —
v(t) — + — (u+v)(t)
t—1 Y1 — :1)2
An adder unit : A2 >
Yk —»|
t > f — Y2
u(t) — t —|
v(t) — X — ww(t)
t J—
A multiplier unit Y1 - yk
vk | A >
u(tu% — ¢ L f Yk
v(ty) — f — ’LUO+/ u(ty) do(ty) t —
t — to
An integrator unit Comﬁ:&ir’)ou RULES
Basic  uwirs /-

(Axioms) \_, C‘,|EN€!ZAL Porrse A’NALOGr Compurer (C"PAC)
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GPAC implementation: Continuations

Pcr(a™, B") : 7 x o™ = " x Pcr(a™, B")
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GPAC implementation: Continuations

: Tim€
INPUT'S INFORMATION ouTAVT

TyPE j / DATA
Pcr(a™, ") '(T X a")ﬂ(ﬁ” x PCT(a’",B”))
P

OuTPUTS INPUT NEW MACHNE iNSTANCE
TP DATA For FUTURG OBSERVATIoNS

José Edil G. de Medeiros (UnB) ForSyDe October, 2019 12/21



GPAC implementation: Continuations

‘NEXT STATE
FUNCTION

Per(@™, 58" 1 x(am — Br)x Per(a™, 5")
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MoC Formal Components: Basic Units

constct : Per(a, B)

constfr = (t,a) — (k, const’;)

addct : Per(a X o, )
addcr = (t,a,b) = (a+ b,addcT)

multer : Per(a X o, «)
multct = (t,a, b) — (ab, multcr)

José Edil G. de Medeiros (UnB) ForSyDe October, 2019 13/21



MoC Formal Components: Composition Rules

>: Pcr(e, B) x Per(8,7) = Per(a, )
p1>p2 = (t,a) = (c,p1> p2)

I: Per (e, B) X Per(v,0) = Per(a x 8,7 x 9)
pill p2=(t,a) — (c,d,p1 | p2)

* 1 Per(a, B) x Per(o,v) = Per(a, B % )
p1xp2 = (t,a) — (b,c, p1 % p3)

José Edil G. de Medeiros (UnB) ForSyDe October, 2019 14/21



MoC Formal Components: Feedback

/ : Per(a x B,7) = Pcr(a,v)

[ m=ao [ p)

to,Y0 t,c
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MoC Formal Components: Semantics

T N :
P;i:issm‘:;: ’ OBservATion |
(ToP LEVEL) SyncHeoNiZATION

TIME INSTANT -

at: Per(L,a) > 7>«
—_— SysTeM

i(_}) 2ESPONSE

at :: PCT () a -> Time -> a
p ‘at‘ t = pT
where (pT, _) = prCT p t ()

\

i PROCESS UNTiL TiME
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GPAC: (toy) Example

-

_ \

s - _—_——___ \
/ = s \
7 /L . N \
)T < | !
P X > y |
/! |
\' T A
N t ~ I -y
\\ - — —— ?_L ‘t . r/
AN [N | J
T~ \\\ / .7
~o LT
- TET - T GineGPAC
sineGPAC = intCT rk4 0 O pl
where

pl = (constCT (-1) #** idCT) >>> multCT >>> integrator
integrator = intCT rk4 O 1 loopBreaker
loopBreaker = (idCT **x constCT 0) >>> adderCT
tScale k = (idCT &&& constCT k) >>> multCT
tShift k = (idCT &&& constCT k) >>> adderCT
.- ¥ SAMPLER
pl ={time2>>> sineGPAC
p2 =, time|>>> ‘tScale 2"'>>> sineGPAC
p3 ='time,>>> tShift (pi/2): >>> sineGPAC
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GPAC: (toy) Example

SAME s;sfem = DIFFERENT
RESPONSES 1

'sin_t.dat' —4—

'sin_2t.dat" ——<—
0.8

'sin_t_pi2 dat'

0.6

04

0.2

02 |

-04

06 -

08

0 1 2 5 . S :
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GPAC: (toy) Example

S)«srem RESPONSE SWALL BE
iINDEPENDENT of SAMPLING.
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Next steps

a) Interaction with discrete-time MoCs.
b) Semantic preserving transformations.
c) Implementation in HW constrained platforms.
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@ José E. G. de Medeiros, George Ungureanu, and Ingo Sander.
An algebra for modeling continuous time systems.
In Design, Automation and Test in Europe (DATE). Dresden, 2018.

@ Ingo Sander, Axel Jantsch, and Seyed-Hosein Attarzadeh-Niaki.
ForSyDe: System design using a functional language and models of computation.
In Handbook of Hardware/Software Codesign. Springer, Dordrecht, 2017.

More information on ForSyDe

https://forsyde.github.io/

tIT is AL OPEN-SouRcE ¥
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