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Discrete (Logical) Time
in Synchronous Programming
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| | |
| | | > 1

* Synchrony Hypothesis:
Outputs are synchronous with inputs

 Computation "does not take time"
e Actual computation time does not influence result
* Sequence of outputs determined by inputs



Synchronous Execution

Initialize Memory

Initialize Memor .
. Y for each clock tick do
for each input event do
Read Inputs
Compute Outputs
Compute Outputs
Update Memory
Update Memory
end end

Fig.1 Two common synchronous execution schemes: event
driven (left) and sample driven (right).

[Benveniste et al., The Synchronous Languages Twelve Years
Later, Proc. IEEE, 2003] 3



Multiform Notion of Time

Only the simultaneity and precedence of events are
considered.

This means that the physical time does not play any
special role.

This is called multiform notion of time.
[https://en.wikipedia.org/wiki/Esterel]



Packaging Physical Time as Events

T™S TMS
HMS HMS HMS HMS HMS HMS HMS HMS HMS HMS HMS

RERRRREREER

[Timothy Bourke, SYNCHRON 2009]

Event "HMS": 100 psec have passed since last HMS
Event "TMS": 1000 psec have passed since last TMS



A Problem With That ...

await 5 HMS; emit Enable(true); await 30 HMS; emit Enable( false );

await 5 HMS; emit Enable(true); await 3 TMS; emit Enable( false );

[Timothy Bourke, SYNCHRON 2009]



Dynamic Ticks vo. 10 Lo,

* Recall logical time:

|
I
0 1 2
I Co /‘OO I Cy 0, Iil Cs /?2
* Physical time, \'tick() SJtic;k() tick()
time-triggered: > 1 [usec]
Wy =0 w, =100  w,=200
I, O, I, 0, I, 0,
: : tick tick tick f
* Physical time, | & ()& | k) | k()
dynamic ticks: | N W > 1



module PAUSE_USEC:

input current_usec : integer; % Simulated time E Ste re |
input wait_usec : integer; % Time of delay

function min(integer, integer) : integer;

output wake_usec : combine integer with min; % Time of next wake up

var my_wake_usec : integer in % Local copy of wake_usec

% Compute physical time when PAUSE_USEC should terminate
my_wake_usec := ?current_usec + ?wait_usec;

% Loop until current_usec = my_wake_usec
trap done in
loop
emit wake_usec(my_wake_usec);
pause;
if ?current_usec = my_wake_usec then
exit done;
end if;
end loop
end trap
end var
end module o



int main()

{
int notDone, prev_tick_end_usec =0; H OSt CO d e

RACE_reset(); // Reset automaton
time_reset(); // Initialize time

// Loop until tick function terminates
do {

// Set inputs
RACE_| current_wall_usec(get_current_wall _usec());
RACE_| _prev_tick_end_usec(prev_tick_end_usec);

notDone = RACE(); // Call tick function
prev_tick_end_usec = get_current_wall_usec();

// Wait until wake_usec
microsleep(wake_usec - prev_tick_end_usec);

} while (notDone);

return O;



DEMO
Dynamic Ticks in SCCharts



SCCharts

http://www.sccharts.com/

@KIELER

The Key to Efficient Modeling

http://www.rtsys.informatik.uni-
kiel.de/en/research/kieler

2:
é\ 1:1S/S

Eclipse Layout Kernel

https://www.eclipse.org/elk/

All available as open source under EPL
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SCCharts Textual Representation

// Controller for stepper motor

scchart MOTOR {
output int currentUsec = 0; // Current simulated time; when deployed,
this should be 1input

output int wakeUsec; // Time for next wake-up
input bool accel, decel; // Increase/decrease speed
input bool stop; // Emergency stop - sets (angular) speeds to 0

output bool motor = false; // Motor pulse

output float v; // [cm/sec] Robot speed

output int pUsec; // [usec] Half period for motor

int pSetSpeedsUsec = 500000; // [usec]| Period of speed control loop

float dV = Z; // [cm/sec] Delta v applied during one
pSetSpeedsUsec

float vMax = 20; // [cm/sec] Max speed of left/right motor

float cmPerHalfPeriod = 1; // [cm]| Distance traveled by motor per half
period (duration of true or false) 12



// Controller for stepper motor

scchart MOTOR {

output int currentUsec = 0; // Current simulated time; when deployed, this should be input
output int wakeUsec; // Time for next wake-up

input bool accel, decel; // Increase/decrease speed

input bool stop; // Emergency stop - sets (angular) speeds to @

output bool motor = false; // Motor pulse

output float v; // [cm/sec] Robot speed

output int pUsec; // [usec] Half period for motor

int pSetSpeedsUsec = ; // [usec] Period of speed control loop

float dV = Z; // [cm/sec] Delta v applied during one pSetSpeedsUsec
float vMax = 20; // [cm/sec] Max speed of left/right motor

float cmPer‘HalFPerlod H // [cm] Distance traveled by motor per half

period (duration of true or false)

//
region SetSpeeds:

initial state SetSpeeds
bool clk; // Local clock

-~

//
region ProcessInputs:

initial state Init
--> Running immediate;

state Running {
entry / v = 0;

// =
region CalcV:

initial state Pause

--> Accel with clk & accel & !decel

--> Decel with clk & decel & !accel;

C

state Accel
--> CheckMax immediate with / v += dV;

state Decel
--> CheckMin immediate with / v -= dV;

state CheckMax
--> SetPeriod immediate with v <= vMax
--> SetPeriod immediate with / v = vMax;

state CheckMin
--> SetPeriod immediate with v >= - vMax
--> SetPeriod immediate with / v = - vMax;

state SetPeriod

--> Pause immediate with v == 0 / pUsec =
--> Pause immediate with / pUsec =

'(int) (1000000 * cmPerHalfPeriod / v)';

}
o-> Running with clk & stop / pUsec = 0;

Now us
synthesize

//

b
//

re

in

region GenClk:

initial state GenClkState "" {
int myWakeUsec; //entry / clk = true;

initial state Init
--> AssertWakeTime immediate with / myWakeUsec = currentUsec +
pSetSpeedsUsec; clk = true;

connector state AssertWakeTime
--> Pause immediate with / wakeUsec = myWakeUsec; // Initialize wakeUsec

] LAST

state Pause
--> AssertWakeTime with currentUsec < myWakeUsec / clk = false
--> Init;

S it
bool clk; // Local

mphicai

elsec;

— e Stopp
art Wf ime igllediat: > 0 / myWakeUsec = currentUsec +
ue;

connector state AssertWakeTime
--> Running immediate with / wakeUsec min= myWakeUsec; // Initialize wakeUsec

and simulagte....-

connector state ResetClock

--> AssertWakeTime with pUsec > 0 & currentUsec < myWakeUsec

--> Stopped;

5
//
region Motor:

initial state Low
--> High with clk / motor = true;

state High
--> Low with clk / motor = false;

gion SimTime:

itial state Pause
> Pause with / currentUsec = pre(wakeUsec);

13



MOTOR

A
lpre(wakeUsec)

[-] SimTime

during / pUsec = currentUsec;
currentUsec = pre(wakeUsec);
pUsec = currentUsec - pUsec;
pMinUsec min= pUsec

currentUsec

v

[-] SetSpeeds
[-] GenClk
GenClkState
(-]
2:
/ clk = true; [+] ProcessInputs
myWakeMinUsec = currentUsec + clk 2
@ pSetSpeedsMinUsec; 1: currentUsec < myWakeMinUsec
\ myWakeMaxUsec = currentUsec + / clk = false; p
\_pSetSpeedsMaxUsec; — Fause
R e e e -DO( / wakeUsec = myWakeMaxUsec; ,/4
wakeUsec pMotorUsec
[+] CtrIMotor

wakeUsec




[ JoN _ kieler-workspace - SCCharts S|mulat|on shared/sccharts- rvh/motorsct KIELER

uonndaX3 WIIN |

Ami g p0 b 00 Bicl g8 @ -PInI B b 00 (4t Q- Queiffvidi v i~ v ok ) 5 0@
s °Diagram 2 SEPE DK@ Y= 0O Synchronous Signal = |u]
O q Qe G EHE BE
5 motor
&
% MOTOR currentUsec
2 [+lSetSneeds [+] CtrIMotor stop
% [+] Processinputs
E‘?‘ wakeUsec
D) [+lCenCll
[+] ,
2:
decel
/ myWakeUsec 1: currentUsec
@ = currentUsec + /<crll"l(vV_Vaf|;|eslisec accel .
SetSpeedsUsec; = =
\ glk =2rue Pause fH Data Table 3 =[]
| T / wakeUsec = ’4 .
myWakeUsec / XK 7
_______ - P Key Value
O  accel
O  currentUsec
O  decel
a
[+] SimTime = mJ)tor
/ currentUsec = pUsec
pre(wakeUsec) O stop
O v
O wakeUsec

15



[ JoN _ kieler-workspace - SCCharts Simulation - shared/sccharts-rvh/motor.sct - KIELER

Jwb dp0l b 00 BicligS @ - PINIE b 004 QO Qvigvidi v —a (ouick B @0
5  ©i Diagram 2 \ ' @ V. .@ # 4 Y= 8 @ Synchronous Signal & = 8 =
o q QA B HE B §
g motor g
o) . §
& MOTOR currentUsec —B—

% [*‘W‘ [+] CtrIMotor o
%’ [+] Processinputs .
wakeUsec ——
Q) [+mn("ll(
[+] , —m—
2:
decel
1: currentUsec -
/ myWakeUsec
= currentUsec + /<c'|7l\(YV_Vaf|;leslisec accel N
SetSpeedsUsec; -
Elk = ':rue Pause [ Data Table % = g
\ __________ / wakeUsec = 4 o
myWakeUsec y; P K 7 8
- i P Key Value
O  accel
currentUsec 0
O  decel
[+] SimTime O  motor false
/ currentUsec = pUsec 0
pre(wakeUsec) state M5571191
0O  stop
transition "25436037
v 0
wakeUsec 500000
W

Logical time: 0 Physical time: O psec 16



[ JoN _ kieler-workspace - SCCharts Simulation - shared/sccharts-rvh/motor sct - KIELER

il APl b 00 Bl @I E b D4 Q- Qi il e P ouick 5 0
5 % Diagram 3 Sl v. .@ # 4 Y= 8 @& Synchronous Signal 2 = 8 =
o q QA B HE B E
g motor motor g
] ——— S
- =
ﬁ MOTOR currentUsec currentUsec
Eq [‘*‘W( [+] CtriMotor stop stop
%0 [+] Processinputs I
a % wakeUsec = = wakelUsec
Q) [ﬂ_@nrw
[+] ‘ vy i,
2.
decel decel
1: currentUsec ———
/ myWakeUsec ‘
= currentUsec + /< 'ITl\(YWafkleUsec accel accel
SetSpeedsUsec; CIK = Taise =3
\ Elk = ':rue Pause [ Data Table % = g
| Jy ket / wakeUsec = 4 o
myWakeUsec y; : P K 7 8
- P Key Value
O acce
currentUsec 500000
O  decel
[+] SimTime O  motor false
/ currentUsec = pUsec 9
pre(wakeUsec) state M5571191
0O  stop
transition "45422814
v 0
wakeUsec 1000000
J

Logical time: 1 Physical time: 500,000 psec




[ JoN _ kieler-workspace - SCCharts Simulation - shared/sccharts-rvh/motor.sct - KIELER

i3~ pdpl b 00 Bl g @ POn) B b 04O - Qrigvidi v v —a B @0
5  ©i Diagram 2 \ ' @ V. .@ & 4 Y= 8 @& Synchronous Signal & = 8 =
i QA B HE B §
g motor motor g
ﬁ MOTOR currentUsec — % ., rantUsec
Eq [‘*‘W( [+] CtriMotor stop stop
%0 [+] Processinputs e e wm
E wakeUsec . . = wakelUsec
Q) [+mn("ll(

[+] y ———
2:
decel decel
1: currentUsec ———
/ myWakeUsec
= cumntUsec + /< rlrll(yWakaeUsec accel acoel
SetSpeedsUsec; CIK = Taise =3
\ Elk = ':rue Pause [ Data Table % = g
| / wakeUsec = - o
m akeUsec ® g 8
L ’, P Key Value
O  accel
currentUsec 1000000
O  decel
[+] SimTime O  motor false
/ currentUsec = pUsec 9
pre(wakeUsec) state M5571191
0O  stop
transition "45422814
> o
wakeUsec 1500000
Logical time: 2 Physical time: 1,000,000 psec 18
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Awits ‘A0 b 00 Bl @B @ PIw B b 004 B Qv Qi di + ~ vl B e
=8 Di % &S EHEE2d = 0O | Hsynch Signal X = 8 =
8 o vlagram ‘ 0 yncnronous sSigna E
i q Qe & EHE B o
sese m
= motor motor e

~
o,
e oo 8
ﬁ MOTOR currentUsec — %% ., rontUsec
[+LSelSaande [+] CtriMotor [+] SimTime
E [+] Processinputs l':(unimuu:es -
- clk & stop / pre(wal e stop stop
ol pUsec = 0 [ s =
@ @ wakeUsec — %% ,aelsec
p .=
Running 1 v v
entry /v=0
[+] Calcv
2: | pUsec = decel decel
‘(int) (1000000 *
cmPerHalfPeriod ——a——
A
F ittt ites 3 -v-_-;/_ --------------------- N accel accel
V== \
@-. :’ pUsec = 0 \‘ &
- - - - - - =
2: clk & decel & 2 Jve-Max ) H Data Table 23 8
faceel Decel 1Y o Checkow —_1“-“;4:; X' SetPeriod g X 2 0
e = eckMin v>= -y ) A
Y === ==oooos -~
1: ok & accel & '. P Key Value
Mecel  _GNER  Jvi=dV G-~ o ! O  accel
currentUsec 1000000
O  decel
el O motor false
pUsec 0
| myWakeUsec 1: currentUsec state "M5571191
= currentUsec + N n:‘yWuf:ech O stop
pSetSpeedsUsec; ! ck - false . &
\ok=true | wakeUsec = transition 45422814
MyWakeusec v 0
wakeUsec 1500000

Logical time: 2

Physical time: 1,000,000 psec
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5 ©4Diagram % S EPE % >4 v=18 B Synchronous Signal @ = B E
i q Qe & EHE H o
= motor motor e

~
=3
e oo 8
ﬁ MOTOR currentUsec — %% ., rantUsec
E (41 Q,A;g:..,-L\ : [+] CtriMotor I-]/Sc:lr:":::Use( .
- [+] Processinputs oIk & stop / pre{wakeUsec) stop stop
o) pUsec = 0 [ s = m
Q @ wakeUsec — %8 avalicec
—a——a—
Running 1 v v
entry /v=0
[+] Calcv
2: | pUsec = decel decel
(int) (1000000 *
cmPerHalfPeriod ——a——
A
F ittt ites 3 -v-_-;/_ --------------------- N accel accel
V== \
@-» / pUsec = 0 \ . =
9 S G Gn En G5 G5 G2 G5 S5 G5 G5 5 S5 G5 5 S5 S5 S5 G5 G5 G5 G G5 G5 G5 G5 G5 G5 S5 S5 S5 G5 S5 G5 G S5 G5 G5 G5 G G G 6 G e .y =
2 clk & decel & N 2 ,v._m,x‘\“:‘ & Data Table & | B8
lacce Jy-mdV - ememme————— -
Decel ==mmmmmm———— » CheckMin 1:v >= -vMax SetPeriod 4 X 2 <
-/ , }‘ ---------- ) ) 0 -
1: ok & accel & 2: fv=vMax P hValue
C N e N B eV —
currentUsec 1000000
0O  decel
[ fenele O motor false
pUsec 0
| myWakeUsec 1: currentUsec state "M5571191
= currentUsec + < myWakeUsec O stop
pSetSpeedsUsec; ! clk = false . &
\ok=true / wakeUsec = 4 transition 45422814
\ myWakeUsec v 0
wakeUsec 1500000

T
Logical time: 2 Physical time: 1,000,000 psec 20
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e 8
MOTOR currentUsec — S S—%—— ., o ntUsec
g [+LSalSoande [+] CtriMotor I-]ISCI';#:::Usec -
c’,] [+] Processinputs :‘l;s‘l 5(0%/ pre(waUsec) stop stop
a = . —=——= = B
wakeUsec wakelUsec
@ @ —0—a——a—— —
Q)
p . == m
Running 1 v v
entry /v=0
b 2: [ pUsec = decel decel
*(int) (1000000 * ————a——
(m;’evHaMPerlod
I
lr-------------------?-;:; ---------------------- \ accel r._aocel
O e e A \ | =
Y 2: clk & decel & 2 Jve-ax M) £ Data Table & | 8
faceel pecet }===LX 22 o/ Checkmin g:_l_v_>_-_—_vr:x_ isn?erlod ) 4 E )
1: clk & accel & 2 /v=vMax , P E&_Value
L I N Aol S v I
“““““ currentUsec 1500000
0O  decel
] Genele motor true
pUsec 500000
| myWakeUsec 1: currentUsec state "M5571191
= currentUsec + < myWakeUsec O stop
pSetSpeedsUsec; ! clk = false L. &
\ok=true | wakeUsec = transition 45422814
 myWakeUsec v 2
wakeUsec 2000000

Logical time: 3

Physical time: 1,500,000 psec
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Physical time: 1,500,000 psec

A pdpl b 00 B g @ POR) @ b 043" Q- Qurigdvid:i v v vy Quick Access ® @@
& 4 Diagram > » o @ Vu ﬂa‘]D w4 Y= 08 B SynchronousSignal 8 = 8 =
- q QR G HE B g
MOTOR g
& [+] SetSpeeds motor |—" motor g
ﬂ' [+] Processinputs g
ﬁ currentUsec ———%—%—— ., iontUsec

(+)GeaClic
E (+] 2: stop stop
oy - —e—a—0i
= / myWakeUsec L: currentUsec wakeUsec —%——8—=—— akolisac
Q) = currentUsec + < l;"l(v\ilaf:stec
pSetSpeedsUsec; / clk = false Pause
\\.CE( = tue / wakeUsec = 4 v v
. myWakeUsec 7
decel decel
—a——a——a—— —
accel accel
[+ Jtiiblatos [+] SimTime r-_ &
[+ Jasalll fH Data Table &% = 8
(+] 2. = X M8
P Key Value
pUsec > 0 / . pus:ﬁ' & accel
currentUsec <
myWakeUsec = myWakelisec /. currentUsec 1500000
Stopped currentUsec + clk = false O  decel
‘\ :JUSEC clk = O, motor true
rue
_________ min= ; pUsec 500000
\,_MmyWakeUsec , state "M5571191
0O  stop
transition "45422814
+] M
b clk / motor = v 2
false wakeUsec 2000000
@ clk / motor = @
true A
y
Logical time: 3 -
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[+] SetSpeeds =3
ﬂ' [+] Processinputs g
ﬁ entUsec ———=—=—— ., o niUsec
(+)GeaClic
E (+] . stop stop
@ 2: -
@ / myWakeUsec 1: currentUsec JkeUsee —S—S—a——a——— | oiicoo
Q) = currentUsec + < l;'ll(v\ilaf:stec
. pSetSpeedsUsec; / clk = false Pause
‘.cﬂ( _-_t:u_e _____ / wakeUsec = 4 v v
. myWakeUsec 7
decel decel
accel accel
[+ Jtiiblatos [+] SimTime m (53]
[+ Jasalll fH Data Table 2 = =]
(+] 2. = X M8
P Key Value
1:pUsec>0& O  accel
;w;k:&éc - ﬂ‘ﬁ:ﬁgﬂ:::/ currentUsec 2000000
currentUsec + clk = false O decel
‘\ rrll.:seec ck = T ; ] O motor false
--------- i pUsec 500000
\ _MyWakeUsec , state "M5571191
0O  stop
transition "45422814
[+] Motor clk / motor = v 2
false wakeUsec 2500000
clk / motor =
y
Logical time: 4 Physical time: 2,000,000 psec 23
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Q) = currentUsec + < l;'ll(v\ilaf:stec
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‘.cﬂ( S twe / wakeUsec = 4 v v
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cel decel
i
cel accel
EFSTITFT [+] SimTime |_.—| (=3
[+ Jasalll fH Data Table 2 L]
(+] 2. &+ X M9
P Key Value
1: pUsec > 0 & O  accel
pUsec > 0/ currentUsec <
I WakaUssc = myWakeUsec / currentUsec 2500000
currentUsec + clk = false O decel
'\ :JUS&C clk = / wakeUsec motor true
’ : -
(N A ) pUsec 500000
S _MyWakeUsec , state "M5571191
0O  stop
transition "45422814
[+] Motor clk / motor = v 2
false wakeUsec 3000000
@ clk / motor = @
true iy
Logical time: 5 Physical time: 2,500,000 psec 24
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_________ min= / pUsec 500000
\,_MmyWakeUsec , state "M5571191
0O  stop
transition "45422814
+] M
b clk / motor = v 2
false wakeUsec 3000000
@ clk / motor =
true
p
25

Logical time: 5

Physical time: 2,500,000 psec



[ JoN ] _| kieler-workspace - SCCharts Simulation - shared/sccharts-rvh/motor.sct - KIELER
A ndpl b 00 B g @ PIR) @ b D04 3xv Q- Quvigfvidi v~ v v Quick Access ® @@
5 ©0Diagram $E&YPE g4 =0 HESynchronousSignal X = B =
- q QR G EHE B g
MOTOR g
g [+] SetSpeeds = e g
ﬂl [+] Processinputs 8
ﬁ - currentUsec
[+ el
= [+]
" 2: stop
fa] -
Q 1: currentUsec L
| myWakeUsec wakeUsec
Q) = currentUsec + < r;;(y\:laf:stec
. pSetSpeedsUsec; / clk = false Pause -
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myWakeUsec = myWakeUsec / Sl
currentUsec + clk = false O  decel
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transition "45422814
[+] Motor clk / motor = v 4
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y
6 26

Logical time:

Physical time: 3,000,000 psec
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\_ myWakeUsec _,
Tommmmmee decel
i
accel
(+lCiciotor [+] SimTime &
[+ Jsall fH Data Table & ="
i 2 + %X 238
P Ke Value
1 pUsec > 0& accll |
pUsec > 0 / currentUsec < tU W
myWakeUsec = myWakeUsec / currentUsec
Stopped currentUsec + clk = false O  decel
‘\ :)rll.:seec; clie= / wakeUsec motor true
e min= ; pUsec 250000
\ _MyWakeUsec , state "M5571191
0O  stop
transition "45422814
+] Mot
b clk / motor = v 4
false wakeUsec 3500000
@ clk / motor =
true
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MOTOR g
g [+] SetSpeeds - - "‘ motor g
ﬂ' [+] Processinputs g
ﬁ i currentUsec
(+ el
= [(+]
" 2: stop
E'\J -
Q 1: currentUsec L
| myWakeUsec wakeUsec
Q) = currentUsec + < l;"l(v\ilaf:stec
pSetSpeedsUsec; / clk = false Pause -—
\\.CE( _-_t:u_e _____ / wakeUsec = ; ¥
. myWakeUsec U’
decel
i
A e I
[+ tor [+] SimTime : &
[+ JusnCl fH Data Table &% | = 0
i 2: + X 2@ a3
P Ke Value
1: pUsec >0 & ﬁ_
pUsec > 0 / currentUsec < U W
myWakeUsec = myWakeUsec / currentUsec
currentUsec + clk = false O decel
‘\ rrll.:seec ck = e O motor false
_________ min= ; pUsec 250000
N, _MmyWakeUsec , state "M5571191
0O  stop
transition "45422814
+] M
b clk / motor = v 4
false wakeUsec 3750000
clk / motor = \
p
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Logical time: 8

Physical time: 3,500,000 psec
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" 2: stop
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decel
i
R e
[+ tor [+] SimTime : &
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1:pUsec >0 & - ﬁ__
pUsec > 0 / currentUsec < tU 3500000
myWakeUsec = myWakeUsec / currentUsec
currentUsec + clk = false O  decel
‘\ rrll.:seec ck = e O motor false
_________ min= ; pUsec 250000
\,_MmyWakeUsec , state "M5571191
0O  stop
transition "45422814
e clk / motor = v 4
false wakeUsec 3750000
clk / motor = \
© CaP
p
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Logical time: 8

Physical time: 3,500,000 psec
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Logical time: 9
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= (]
ssse '*‘
- 2
im q Qe & EHE B o
MOTOR 1 g
g [+] SetSpeeds " - - ".— motor g
ﬂ' [+] Processinputs g
ﬁ i currentUsec
(+)aeaClk
- g .
E'\J "
= / myWakeUsec L currer;(tUUsec B akeUsec
@) = currentUsec + < 'R(V‘faf e
X pSetSpeedsUsec; / clk = false . -
‘.CE( _-_t:u e / wakeUsec = fo= v
\_ myWakeUsec _,
Tommmmmee decel
i
_ R s B e
[#mmr [+] SimTime (=3
[+ Jsall fH Data Table &2 ="
i 2 + %X ?@ 9
P Ke Value
1 pusec > 0.8 CRE I —
pUsec > 0 / currentUsec < tU 3750000
myWakeUsec = myWakeUsec / currentUsec
Stopped currentUsec + clk = false O decel
‘\ :)rll.:seec; clie= / wakeUsec motor true
e min= ; pUsec 250000
\ _MyWakeUsec , state "M5571191
O  stop
transition "45422814
+] Mot
b clk / motor = v 4
false wakeUsec 4000000
@ clk / motor =
true
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1:pUsec >0 &
pUsec > 0 / currentUsec < U 4000000
myWakeUsec = myWakeUsec / Sl
currentUsec + clk = false O  decel
‘\ :Jrll.:seec ck = e O motor false
_________ min= / pUsec 166666
_MyWakeUsec , state "M5571191
O  stop
transition "45422814
ki clk / motor = v 6
false wakeUsec 4166666
clk / motor = \
(::x true ; b )
p
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s 2: stop
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-------- decel
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(+LGenClk fH Data Table 2 ==l
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L psec > 08 T —
pUsec > 0/ currentUsec <
myWakeUsec = myWakeUsec / currentUsec 4166666
Stopped currentUsec + clk = false O decel
pUsec; clk = O, motor true
At
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transition "45422814
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false wakeUsec 4333332

@ clk / motor =
true

Logical time:

11

Physical time: 4,166,666 psec
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Logical time: 12

Physical time: 4,333,332 usec

[#M\!n( [+] SimTime &
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1: pUsec >0 &
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myWakeUsec = myWakeUsec / Sl
currentUsec + clk = false O  decel
X :Jrll.:seec ck = e O motor false
_________ min= / pUsec 166666
_MyWakeUsec , state "M5571191
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transition "45422814
1+] Motor clk / motor = v 6
false wakeUsec 4499998
clk / motor = \
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p
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transition "45422814
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@ clk / motor =
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Logical time:
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Physical time: 4,500,000 psec 35
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\\_T!W_ahe_uief / state "M5571191
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MOTOR 1 2
g [+] SetSpeeds " - - “‘ motor g
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Wrap-Up

* Dynamic ticks seamlessly integrate physical time
with logical time

* Existing synchronous languages (Esterel, SCCharts)
already provide all necessary features

Future work
* Timing analysis
* Multiclocking
* Language extensions
Thanks!
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