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Synchronous C

The SC-Story From Last Time

How to get deterministic concurrency?
» Deterministic decision on when to perform context switch

» Deterministic decision on what thread to switch to

Idea: Cooperative thread scheduling at application level

» As in co-routines, threads decide when to resume another
thread (static)

» However, a dispatcher decides what thread to resume
(dynamic)
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SC Basics
An Alternative SC Syntax
Summary

The SC-Story From Last Time

Synchronous C

How to get deterministic concurrency?
» Deterministic decision on when to perform context switch

» Deterministic decision on what thread to switch to

Idea: Cooperative thread scheduling at application level
» As in co-routines, threads decide when to resume another
thread (static)
» However, a dispatcher decides what thread to resume
(dynamic)
» Reactive control flow implemented at application level—are
still executing a sequential C program!
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Producer

Consumer
int main() { int main() { int main() {
DEAD (28) ; DEAD (41) ; DEAD (41) ;

volatile unsigned int * buf

Observer

volatile unsigned int * buf =

(unsigned int*) (0x3F800200) ;
unsigned int i = 0;

volatile unsigned int * buf = =|
(unsigned int*) (0x3F800200) ;

(unsigned int*) (0x3F800200);
unsigned int i 0; volatile unsigned int * fd =

for (1 = 0; ; i++ ) { int arr([8]; (unsigned int*) (0x80000600) ;

DEAD (26) ; for (i =0; 1i<8; i++) unsigned int i = 0;

*buf ; arr[i] = 0; for (1 = 0; ; i++ ) {
} for (1 = 0; ; i++) { DEAD (26) ;
return 0; DEAD (26) ; *fd = *buf;

1 register int tmp = *buf; }
arr[i%8] = tmp; return 0;
}

return 0;

Lickly et al., Predictable Programming on a Precision Timed Architecture, CASES’08



Producer

Consumer

Observer

int main() {

DEAD (28) ;

volatile unsigned int * buf =
(unsigned int*) (0x3F800200) ;

unsigned int i = 0;

for (i = 0; ; i++) {
DEAD (26) ;
*buf i
}
return 0;
}
1 | #include "sc.h”
2
3 '/ == MAIN FUNCTION ==
4 | int main()
5
6 int notDone;
7
8 do {
9 notDone = tick();
10 //sleep(1);
11 } while (notDone);
12 return 0;
13| }

int main() {
DEAD (41) ;
volatile unsigned int * buf =
(unsigned int*) (0x3F800200) ;
unsigned int i 0;
int arr([8];
for (i =0; 1i<8; i++)

arr[i] = 0;
for (i = 0; ; i++) {
DEAD (26) ;
register int tmp = *buf;
arr[i%8] = tmp;
}
return 0;

int main() {
DEAD (41) ;
volatile unsigned int * buf =
(unsigned int*) (0x3F800200);
volatile unsigned int * fd =
(unsigned int*) (0x80000600) ;
unsigned int i = 0;
for (1 = 0; ; i++ ) {
DEAD (26) ;
*fd = *buf;
}

return 0;

Lickly et al., Predictable Programming on a Precision Timed Architecture, CASES’08




Producer

Consumer

Observer

int main() {

DEAD (28) ;

volatile unsigned int * buf =
(unsigned int*) (0x3F800200) ;

unsigned int i = 0;

for (i = 0; ; i++) {
DEAD (26) ;
*pbuf = i;
}
return 0;
}
1 ##include "sc.h”
2
3| // == MAIN FUNCTION ==
4 | int main()
5
6 int notDone;
7
8 do {
9 notDone = tick();
10 //sleep(1);
11 } while (notDone);
12 return 0;
13| }

int main() {
DEAD (41) ;
volatile unsigned int * buf =
(unsigned int*) (0x3F800200) ;
unsigned int i = 0;
int arr(8];
for (i =0; i<8; i++)

arr([i] 0;
for (i = 0; ; i++) {
DEAD (26) ;
register int tmp = *buf;
arr[i%8] = tmp;
}
return 0;

int main() {

DEAD (41) ;
volatile unsigned int * buf =
(unsigned int*) (0x3F800200);
volatile unsigned int * fd =
(unsigned int*) (0x80000600) ;
unsigned int i = 0;
for (1 = 0; ; i++ ) {
DEAD (26) ;
*fd = *buf;
}

return 0;

Lickly et al., Predictable Programming on a Precision Timed Architecture, CASES’08

14 | // == TICK FUNCTION ==
15 | int tick ()

16

17 static int BUF, fd, i, j,
18 k =0, tmp, arr [8];

19

20 | TICKSTART(L);

21

22 PCO:

23 FORK(Producer, 3);
24 FORK(Consumer, 2);
25 FORKE(Observer);

27 Producer:

31 Consumer:

for (j =0;] <8 j++)

tmp = BUF;
arr[j % 8] = tmp; }

Observer:

for ()«
PAUSE;
fd = BUF;
kt++; }

TICKEND;
}




Producer

Consumer

Observer

int main() {

DEAD (28) ;

volatile unsigned int * buf =
(unsigned int*) (0x3F800200) ;

unsigned int i = 0;

for (i = 0; ; i++) {
DEAD (26) ;
*pbuf = i;
}
return 0;
}
1 ##include "sc.h”
2
3| // == MAIN FUNCTION ==
4 | int main()
5
6 int notDone;
7
8 do {
9 notDone = tick();
10 //sleep(1);
11 } while (notDone);
12 return 0;
13| }

int main() {
DEAD (41) ;
volatile unsigned int * buf =
(unsigned int*) (0x3F800200) ;
unsigned int i = 0;
int arr(8];
for (i =0; i<8; i++)

arr([i] 0;
for (i = 0; ; i++) {
DEAD (26) ;
register int tmp = *buf;
arr[i%8] = tmp;
}
return 0;

int main() {

DEAD (41) ;
volatile unsigned int * buf =
(unsigned int*) (0x3F800200);
volatile unsigned int * fd =
(unsigned int*) (0x80000600) ;
unsigned int i = 0;
for (1 = 0; ; i++ ) {
DEAD (26) ;
*fd = *buf;
}

return 0;

Lickly et al., Predictable Programming on a Precision Timed Architecture, CASES’08

14 | // == TICK FUNCTION ==
15 | int tick ()

16

17 static int BUF, fd, i, j,
18 k =0, tmp, arr [8];

19

20 | TICKSTART(L);

21

22 PCO:

23 FORK(Producer, 3);
24 FORK(Consumer, 2);
25 FORKE(Observer);

27 Producer:

31 Consumer:

for (j =0;] <8 j++)

tmp = BUF;
arr[j % 8] = tmp; }

Observer:

for ()«
PAUSE;
fd = BUF;
k++; }

TICKEND;
}




Producer

Consumer

Observer

int main() {

DEAD (28) ;

volatile unsigned int * buf =
(unsigned int*) (0x3F800200) ;

unsigned int i = 0;

for (i = 0; ; i++) {
DEAD (26) ;
*pbuf = i;
}
return 0;
}
1 ##include "sc.h”
2
3| // == MAIN FUNCTION ==
4 | int main()
5
6 int notDone;
7
8 do {
9 notDone = tick();
10 //sleep(1);
11 } while (notDone);
12 return 0;
13| }

int main() {
DEAD (41) ;
volatile unsigned int * buf =
(unsigned int*) (0x3F800200) ;
unsigned int i = 0;
int arr(8];
for (i =0; i<8; i++)

arr([i] 0;
for (i = 0; ; i++) {
DEAD (26) ;
register int tmp = *buf;
arr[i%8] = tmp;
}
return 0;

int main() {

DEAD (41) ;
volatile unsigned int * buf =
(unsigned int*) (0x3F800200);
volatile unsigned int * fd =
(unsigned int*) (0x80000600) ;
unsigned int i = 0;
for (1 = 0; ; i++ ) {
DEAD (26) ;
*fd = *buf;
}

return 0;

Lickly et al., Predictable Programming on a Precision Timed Architecture, CASES’08

14 | // == TICK FUNCTION ==
15 | int tick ()

16

17 static int BUF, fd, i, j,
18 k =0, tmp, arr [8];

19

20 | TICKSTART(L);

21

22 PCO:

23 FORK(Producer, 3);
24 FORK(Consumer, 2);
25 FORKE(Observer);

27 Producer:

31 Consumer:

for (j =0;] <8 j++)

tmp = BUF;
arr[j % 8] = tmp; }

Observer:

for ()«
PAUSE;
fd = BUF;
k++; }

TICKEND;
}




Producer-Consumer-Observer in SC

©0O~NO A WN -

int tick ()

{

static int BUF, fd, i, j,

k =0, tmp, arr [8];
TICKSTART(1);

PCO:
FORK(Producer, 3);
FORK(Consumer, 2);
FORKE(Observer);

Producer:
for (i =0;; i+4) {
PAUSE;

BUF = i; }
Consumer:
for (j =0;j <8 j++)
arr[j] =0;
for (j =0;; j++) {
PAUSE;
tmp = BUF;

arr[j % 8] =tmp; }

25

27
28
29
30
31
32

}

Observer:

for (5 ;) {
PAUSE;
fd = BUF;
k++; }

TICKEND;

Parent

i : unsigned <[31]> = 0

IBUF(),
fir=iad!

j : unsigned <[31]> :
tmp : unsigned <[31]>
a : unsigned <[31]>[8]

Ftmp:=?BUF",
‘arr]j mod 8] := tmp’,
Jesjel’

fd : unsigned <[31]> :

o—(< )

I BUF',
'ki=k+1'




Producer-Consumer-Observer + Preemptions

© 00N E WN =

int tick ()
{
static int BUF, fd, i, j,
k =0, tmp, arr [8];

TICKSTART(1);
PCO:
FORK(Producer, 3);
FORK(Consumer, 2);
FORKE(Observer);

Producer:

Consumer:
for (j =0;j <8 j++)
0;

tmp = BUF;
arr[j % 8] =tmp; }

25

27
28
29
30
31
32

}

Observer:

for (; ;) {

PAUSE;
fd = BUF;
k++; }

TICKEND;

PCO

# Local signals

BUF : unsigned <[31]> k : unsigned<3 ] = 0

Parent
i :unsigned <[31]> := 0

tmp : E
ar ; unsigned <[31]>[8]

o )

Ftmp:=7BUF,
‘arrfj mod 8] = tmp’,
jng




Producer-Consumer-Observer + Preemptions in SC

W ~NOOEWN -

int tick ()

{

static int BUF, fd, i, j,

k = 0, tmp, arr [8];
TICKSTART(1);

PCO:
FORK(Producer, 4);
FORK(Consumer, 3);
FORK(Observer, 2);
FORKE(Parent);

Producer:

Consumer:

for (j =0;j <8 j++)
arr[j] =0;

for (j =0;;
tmp = BUF;
arr[j % 8] = tmp;
PAUSE; }

i+ A{

}

Observer:

for (5 ;) {
fd = BUF;
k++;
PAUSE; }

Parent:
while (1) {
if (k ==20)
TRANS(Done);
if (BUF == 10)
TRANS(PCO);
PAUSE;
}

Done:
TERM;
TICKEND;

PCO

# Local signals

BUF : unsigned <[31]> k : unsigned<3 ] = 0

Parent
i :unsigned <[31]> := 0

tmp : E
ar ; unsigned <[31]>[8]

o )

Ftmp:=7BUF,
‘arrfj mod 8] = tmp’,
jng




Going on the Road ...




SC Basics
An Alternative SC Syntax
Summary

Synchronous C

Criticisms of Original SC

» Hard to understand what's going on
» Thread structure gets lost
» What does FORK/FORKE mean?
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SC Basics
An Alternative SC Syntax
Summary

Synchronous C

Proposed Alternative Syntax

> Replace labels by explicit “Thread” and “State” declarations
» Add syntactic scopes (braces)
» Predefined FORK1/FORK2/... operators
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Original PCO-Example

W ~NOOUEWN -

int tick ()
{
static int BUF, fd, i, j,
k =0, tmp, arr [8];

TICKSTART(1);

PCO:
FORK(Producer, 4);
FORK(Consumer, 3);
FORK(Observer, 2);
FORKE(Parent);

Producer:

PAUSE; }

Consumer:

for (j =0;j <8 j++)
arr[j] =0;

for (j =0;;
tmp = BUF;
arr[j % 8] = tmp;
PAUSE; }

i+ A{

Observer:

for (55 ) {
fd = BUF
k++;
PAUSE; }

Parent:
while (1) {

if (k ==20)
TRANS(Done);

if (BUF == 10)
TRANS(PCO);

PAUSE;

¥

Done:
TERM;
TICKEND;

¥

PCO

# Local signals

BUF : unsigned <[31]> K : unsigned<[31]> = 0

Parent
i :unsigned <[31]> := 0

IBUF(),
=il

it ned <[31]>
h’np unsigned <[31]
ar ; unsigned <[31]>[8] =

o )

fFmp:=?BUF,
ﬁ mud 8] = tmp/,

1d : unsigned <[31]> := 0

It

=?BUF,
ikl

k=207 <> <22
7BUF =10/




Transforming the PCO-Example (1)

int tick ()
{
static int BUF, fd, i, j,
k =0, tmp, arr [8];

TICKSTART(1);

PCO:
FORK(Producer, 4);
FORK(Consumer, 3);
FORK(Observer, 2);
FORKE(Parent);

Parent:
while (1) {
if (k ==20)
TRANS(Done);
if (BUF == 10)
TRANS(PCO);
PAUSE;
¥

Done:
TERM;

25

Producer:
for (i =0;; i++){
BUF = ;

PAUSE; }
Consumer:
for (j =0;j <8 j++)
arr[j] =0;
for (j =0;; j++) {
tmp = BUF;
arr[j % 8] = tmp;
PAUSE; }
Observer:
for (5 ;) {
fd = BUF;
kt++;
PAUSE; }
TICKEND;

}

1. Separate threads



Transforming the PCO-Example (2)

int tick ()

{

static int BUF, fd, i, j,
k =0, tmp, arr [8];

TICKSTART(1);

PCO:

FORK3(Producer, 4,
Consumer, 3,
Observer, 2);

while (1) {
if (k == 20)
TRANS(Done);
if (BUF == 10)
TRANS(PCO);
PAUSE;
}

Done:
TERM;

23
24
25
26
27
28
29

Producer:
for (i =0;; i++){
BUF = ;

PAUSE; }
Consumer:
for (j =0;j <8 j++)
arr[j] =0;
for (j =0;; j++) {
tmp = BUF;
arr[j % 8] = tmp;
PAUSE; }
Observer:
for (5 ;) {
fd = BUF;
kt++;
PAUSE; }
TICKEND;

}

1. Separate threads
2. Consolidate FORK



Transforming the PCO-Example (3)

W ~NOOUAWN -

int tick ()

{

static int BUF, fd, i, j,

k =0, tmp, arr [8];

MainThread (1) {
PCO:
FORK3(Producer, 4,
Consumer, 3,
Observer, 2);

while (1) {
if (k == 20)
TRANS(Done);
if (BUF == 10)
TRANS(PCO);
PAUSE;
}

Done:
TERM;

Thread (Producer) {
for (i =0;; i++){
BUF = i;
PAUSE; }
}

Thread (Consumer) {
for (j =0;j <8 j++)
arr[j] =0;
for (j =0;; j++) {
tmp = BUF;
arr[j % 8] = tmp;
PAUSE; }
}

Thread (Observer) {
for (3 5) 1
fd = BUF;
k++;
PAUSE; }
¥

TICKEND;

1. Separate threads
2. Consolidate FORK
3. Add Thread scopes



Transforming the PCO-Example (4)

int tick ()

{

static int BUF, fd, i, j,

k =0, tmp, arr [8];

MainThread (1) {
State (PCO) {
FORK3(Producer, 4,
Consumer, 3,
Observer, 2);

while (1) {
if (k == 20)
TRANS(Done);
if (BUF == 10)
TRANS(PCO);
PAUSE;
}
}

State (Done) {
TERM;
}
}

Thread (Producer) {
for (i =0;; i++) {
BUF = i;
PAUSE; }
}

Thread (Consumer) {
for (j =05 <8 j++)
arr[j] =0;
for (j =0;; j++){
tmp = BUF;
arr[j % 8] = tmp;
PAUSE; }
}

Thread (Observer) {
for (i) Ao
fd = BUF;
k3
PAUSE; }
¥

TICKEND;

1. Separate threads
2. Consolidate FORK
3. Add Thread scopes

4. Add States



Transformed PCO-Example

1| int tick()

2| {

3 static int BUF, fd, i, j,
4 k =0, tmp, arr [8];

5

6 MainThread (1) {

7 State (PCO) {

8 FORK3(Producer, 4,
9 Consumer, 3,
10 Observer, 2);
11

12 while (1) {

13 if (k == 20)

14 TRANS(Done);
15 if (BUF == 10)
16 TRANS(PCO);
17 PAUSE;

18 }

19 }
20
21 State (Done) {
22 TERM;
23 }
24 }

Thread (Producer) {
for (i =0;; i++){

Thread (Consumer) {
for (j =0;j <8 j++)
arr[j] =0;
for (j =0;; j++) {
tmp = BUF;
arr[j % 8] = tmp;
PAUSE; }
}

Thread (Observer) {
for ()1
fd = BUF;
k++;
PAUSE; }
¥

TICKEND;

PCO

H Local signals
BUF : unsigned <[31]>

K : unsigned<[31]> = 0

Parent

i: unsigned <[31]> = 0

BUF(T),
41"

j : unsigned <[31]> :=
tmp : unsigned <[31]>
arr : unsigned <[31]>[8]

.—»O@

1tmp:=7BUF’,
k mod 8] := tmp,
i

=7 "
e
k =20/ <1» <2>
7BUF =10/




Transformed PCO-Example

int tick ()
{
static int BUF, fd, i, j,
k =0, tmp, arr [8];

MainThread (1) {
State (PCO) {
FORK3(Producer, 4,
Consumer, 3,
Observer, 2);

while (1) {
if (k == 20)
TRANS(Done);
if (BUF == 10)
TRANS(PCO);
PAUSE;
}
}

State (Done) {
TERM;
}
}

Thread (Producer) {
for (i =0;; i++){
BUF = i;
PAUSE; }
}

Thread (Consumer) {
for (j =0;j <8 j++)
arr[j]
for (j =0;; j++) {
tmp = BUF;
arr[j % 8] = tmp;
PAUSE; }

}

Thread (Observer) {
for ()1
fd = BUF;
k++;
PAUSE; }
¥

TICKEND;

}

Still a sequential C program!

PCO

H Local signals
BUF : unsigned <[31]>

K : unsigned<[31]> = 0

Parent

i
tmp

i: unsigned <[31]> = 0

a:

7d : unsigned <[31]» == 0

igned <[31]>
: unsigned <[31]>
unsigned <[311>[6] := 0

.—»O@

1tmp:=7BUF’,
‘arr]j mod 8] := tmp',
ejel!

Ifd:=7BUF",
ke=k 1!

k =20/ <1»

<2>
7BUF =10/




SC Basics
An Alternative SC Syntax
Summary

Synchronous C

SC Summary

Embeds reactive control flow constructs into C
(Not discussed today: Synchronous Java)

v

v

Light-weight + deterministic

v

Multi-threaded, priority-based, co-routine like

v

Full range of concurrency, preemption, signal handling
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SC Basics
An Alternative SC Syntax
Summary

Synchronous C

SC Summary

» Embeds reactive control flow constructs into C
(Not discussed today: Synchronous Java)

» Light-weight + deterministic
» Multi-threaded, priority-based, co-routine like

» Full range of concurrency, preemption, signal handling

» Inspired by Kiel Esterel Processor (KEP)
— Next part
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WCRT Problem Statement
WCRT Algebra WCRT Algebra

Outline

Synchronous C

WCRT Algebra
WCRT Problem Statement
WCRT Algebra
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WCRT Problem Statement
WCRT Algebra WCRT Algebra

Worst Case Reaction Time (WCRT)

» Defined as upper bound for longest instantaneous path
> Measured e.g. in KEP instruction cycles

» Maximum time to react to given input with according output
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WCRT Problem Statement
WCRT Algebra WCRT Algebra

Worst Case Reaction Time (WCRT)

» Defined as upper bound for longest instantaneous path
> Measured e.g. in KEP instruction cycles

» Maximum time to react to given input with according output
Usage of WCRT:

» Safely determine whether deadlines are met

» Can eliminate reaction time jitter of KEP by setting variable
_TICKLEN according to WCRT
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WCRT Problem Statement
WCRT Algebra WCRT Algebra

WCRT vs. WCET

Worst Case Execution Time

» Compute maximal execution time for piece of code

Worst Case Reaction Time

» Compute maximal time to react:
one valid program state to another

» Similar to stabilization time of circuits
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WCRT Problem Statement
WCRT Algebra WCRT Algebra

WCRT as Longest Path

[W7] module: ABRO

EMIT _TICKLEN’#ll EMIT _TICKLEN.#11
AO: ABORT R,A1
PAR 1,A2,1
PAR 1,A3,2
PARE A4,1 _—
A2: AWAIT A
A3: AWAIT B
A4: JOIN O
EMIT 0O
HALT
A1: GOTD AO | [W3/111JOIN 0 |
| |
» Compute longest path | |
R
between delay-nodes } }
\ !
> Abstract S.

data-dependencies
» Ad-hoc optimizations

[W8] GOTO A0

C|A [u v. Hanxleden, Mendler, Traulsen Synchronous C + WCRT Algebra 101 Slide 24



WCRT Problem Statement
WCRT Algebra WCRT Algebra

Interfaces

v

Approach: use interface algebra to express WCRT

Solid theoretical basis

v

v

Allows refinement, eg. considering data-dependencies

v

Modular computation (dynamic programming)

v

Computation: (max, +)-algebra on timing matrix
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WCRT Problem Statement
WCRT Algebra WCRT Algebra

Node Types

active
% ) .
| | wait
T
T = dihr  dsre : (¢ V active) D (of & owait)
C/snk dint
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WCRT Problem Statement
WCRT Algebra WCRT Algebra

Interface Types
D:p Dy

» Delay Matrix
din - din
D = . .
dml T dmn
» Input Control

¢=aVQV-Vin
» Output Control

th =08 Dol ® - @&y
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WCRT Problem Statement

WCRT Algebra WCRT Algebra

Expressing the WCRT

> (6): GO D olll
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WCRT Problem Statement
WCRT Algebra WCRT Algebra

Expressing the WCRT

c0 » (6): GO D olll
P 3.;;;";.)};5.(.&;;.1.: ,G/l > (6,4,3,1) :
™ (GOV G1V G3V G2) Dolll
G3
active T@ /

i vy goto
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WCRT Problem Statement
WCRT Algebra WCRT Algebra

Expressing the WCRT

> (6): GO D olll

(
> (6,4,3,1):
(GOVGl\/G3\/G2) Dolll
>

(

(

5,5,3,4,3,1) :
(GOAT)V(GOA=I)V(GIAT)V
G1A=l)V G3V G2) Dolll
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WCRT Problem Statement
WCRT Algebra WCRT Algebra

Expressing the WCRT

v

6) : GO D ol1l
6,4,3,1):
GOV G1V G3V G2) Dolll

(
(
(
(5,5,3,4,3,1) :
((GOAT)V(GOA=I)V (GLAT)V
(

(

(

v

v

G1A—I)V G3V G2) D olll

5,3,4,3,1): (GOV (GLA )V
G1 A1)V G3V G2) S olll

v
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WCRT Problem Statement
WCRT Algebra WCRT Algebra

Expressing the WCRT

> (6): GO Dolll
> (6,4,3,1):
(GOV G1V G3V G2) Dolll
» (5,5,3,4,3,1) :
((GOAT)V(GOA=I)V(GLIAT)V
(
(
(
>

G1A—I)V G3V G2) D olll

> (5,3,4,3,1): (GOV (GLA )V
G1 A1)V G3V G2) S olll

5,3,4,1): (GOV ((G1A])®
G3)V (G1A—l)V G2) Dolll

C|A [u v. Hanxleden, Mendler, Traulsen Synchronous C + WCRT Algebra 101 Slide 28



WCRT Problem Statement
WCRT Algebra WCRT Algebra

Expressing the WCRT

> (6): GO Dolll
> (6,4,3,1):
(GOV G1V G3V G2) Dolll
» (5,5,3,4,3,1) :
((GOAT)V(GOA=I)V(GLIAT)V
(
(
(
>

G1A—I)V G3V G2) D olll

> (5,3,4,3,1): (GOV (GLA )V
G1 A1)V G3V G2) S olll

5,3,4,1): (GOV ((GLA ) &
G3)V(G1A—I)V G2) Dolll

» (5): GO D olll
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WCRT Problem Statement
WCRT Algebra WCRT Algebra

Summary/Outlook

» Algebraic approach allows to trade off precision and efficiency
» So far geared towards reactive processing ISA (KEP)

» Would like to lift this to higher level and mixed models (e.g.
C/SC)
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WCRT Problem Statement
WCRT Algebra WCRT Algebra

Summary/Outlook

v

Algebraic approach allows to trade off precision and efficiency

v

So far geared towards reactive processing ISA (KEP)

v

Would like to lift this to higher level and mixed models (e.g.
C/SC)

v

To be continued ... — talk by M. Mendler
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Thanks!
Questions/Comments?



Appendix
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Background

Explaining the (Original) Title

Inspiration: Reactive Processing

Explaining the (Original) Title: SyncCharts ...

Reactive control flow:
» Sequentiality
» + Concurrency

> + Preemption

Statecharts [Harel 1987]:
> Reactive control flow

> + Visual syntax

SyncCharts [André 1996]:
» Statecharts concept

» + Synchronous semantics
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Background

Explaining the (Original) Title

Inspiration: Reactive Processing

.in C
Today's Scenario 1: Develop model in SyncCharts, synthesize C
© Can use visual syntax
® Need special modeling tool

® Cannot directly use full power of classical imperative language

Today's Scenario 2: Program “State Machine Pattern” in C
© Just need regular compiler
® Relies on scheduler of run time system—no determinism

® Typically rather heavyweight

SyncCharts in C scenario: Use SC Operators
© Light weight to implement and to execute
© Just need regular compiler

© Semantics grounded in synchronous model
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Background Explaining the (Original) Title

Inspiration: Reactive Processing

The inspiration: Reactive processing

Program

f running

noneActive / startTick

tick W .
J terminated

main.fork hread.schedul
.—' thread.schedule
select_thread W run_thread

Thread

enabled )

[ active
forked
disabled a sy
e reempted instrClk and schedule executin prop— inactive
P P instrClk and not schedule 9

Li et al., ASPLOS'06

» SC multi-threading very close to Kiel Esterel Processor

» Difference: KEP dispatches at every instrClk, SC only at
specific SC operators (such as PAUSE, PRIO)
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SC Thread Operators
SC Operators SC Signal Operators
Further Operators

SC Thread Operators
TICKSTART"(init, p) Start (initial) tick, assign main
thread priority p.

TICKEND Return true (1) iff there is still an
enabled thread.
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SC Thread Operators
SC Operators SC Signal Operators
Further Operators

SC Thread Operators
TICKSTART"(init, p) Start (initial) tick, assign main
thread priority p.
TICKEND Return true (1) iff there is still an
enabled thread.

PAUSE** Deactivate current thread for this
tick.

TERM~* Terminate current thread.

ABORT Abort descendant threads.

TRANS(/) Shorthand for ABORT; GOTO(/).

SUSPEND"(cond) Suspend (pause) thread + descen-
dants if cond holds.
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SC Operators

SC Thread Operators

TICKSTART" (init, p)

SC Thread Operators
SC Signal Operators
Further Operators

Start (initial) tick, assign main
thread priority p.

TICKEND Return true (1) iff there is still an
enabled thread.

PAUSE* " Deactivate current thread for this
tick.

TERM* Terminate current thread.

ABORT Abort descendant threads.

TRANS(/) Shorthand for ABORT; GOTO(/).

SUSPEND"(cond) Suspend (pause) thread + descen-
dants if cond holds.

FORK(/, p) Create a thread with start address /
and priority p.

FORKE" (/) Finalize FORK, resume at /.

JOINELSE"* (/ee)

If descendant threads have termi-
nated normally, proceed; else pause,
jump to lejee.
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SC Operators

SC Thread Operators

TICKSTART" (init, p)

SC Thread Operators
SC Signal Operators
Further Operators

Start (initial) tick, assign main
thread priority p.

TICKEND Return true (1) iff there is still an
enabled thread.

PAUSE* " Deactivate current thread for this
tick.

TERM* Terminate current thread.

ABORT Abort descendant threads.

TRANS(/) Shorthand for ABORT; GOTO(/).

SUSPEND"(cond) Suspend (pause) thread + descen-
dants if cond holds.

FORK(/, p) Create a thread with start address /
and priority p.

FORKE" (/) Finalize FORK, resume at /.

JOINELSE"* (/ee)

If descendant threads have termi-
nated normally, proceed; else pause,
jump to lejee.
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SC Thread Operators
SC Operators SC Signal Operators
Further Operators

SC Signal Operators

SIGNAL(S) Initialize a local signal S.

EMIT(S) Emit signal S.

PRESENT(S, letse) If S is present, proceed normally; else, jump to lyse.
EMITINT(S, val) Emit valued signal S, of type integer, with value val.

EMITINTMUL(S, val) Emit valued signal S, of type integer, combined with
multiplication, with value val.

VAL(S, reg) Retrieve value of signal S, into register/variable reg.

PRESENTPRE(S, leise) If S was present in previous tick, proceed normally;
else, jump to lese. If S is a signal local to thread t,
consider last preceeding tick in which t was active,
i. e., not suspended.

VALPRE(S, reg) Retrieve value of signal S at previous tick, into reg-
ister/variable reg.
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SC Thread Operators
SC Operators SC Signal Operators

Further Operators

Further Operators

GOTO(/) Jump to label /.

CALL(/, lret) Call function / (eg, an on exit function), return
to lret.

RET Return from function call.

ISAT (id, Istate, 1) If thread id is at state /sare, then proceed to next

instruction (e.g., an on exit function associated
with id at state /sate). Else, jump to label /.

PPAUSE*(p, /) Shorthand for PRIO(p, I'); I': PAUSE(/) (saves
one call to dispatcher).

JPPAUSE™ (p, lthen, leise) Shorthand for JOIN(/then, 1); I: PPAUSE(p, leise)
(saves another call to dispatcher).

ISATCALL(id, Istate, laction, ) Shorthand for ISAT(id, lstate, 1); CALL(/action, 1)
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Experimental Results

Thread Synchronization and Signals

Thread Synchronization and Signals

Recall: Threads may also communicate via signals

» In addition to thread operators, S provides signal operators
(EMIT, PRESENT, PRE, valued/combined signals)

» Can handle signal dependencies and instantaneous
communication via dynamic priorities
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FORK(T1, 6);
FORK(T2, 5);
FORK(T3, 3);
FORKE(TMain) ;

T1i: if (PRESENT(A)) {
EMIT(B);
PRIO(4);
if (PRESENT(C))
EMIT(D);
PRIO(2);
if (PRESENT(E)) {
EMIT(T.);
TERM; }
}
PAUSE;
EMIT(B);
TERM;

T2: if (PRESENT(B))
EMIT(C);
TERM;

T3: if (PRESENT(D))
EMIT(E) ;
TERM;

Module_grcbal3

Events: T_ haltTrapd9_

Parall

nentList40state

<2: <2:
B/C D/E

# haltTrap39
s

#T

A
Y
!




FORK(T1, 6);
FORK(T2, 5);
FORK(T3, 3);
FORKE(TMain) ;

T1i: if (PRESENT(A)) {
EMIT(B);
PRIO(4);
if (PRESENT(C))
EMIT(D);
PRIO(2);
if (PRESENT(E)) {
EMIT(T_);
TERM; }
}
PAUSE;
EMIT(B);
TERM;
T2: if (PRESENT(B))
EMIT(C);
TERM;
T3: if (PRESENT(D))
EMIT(E) ;
TERM;

Module_grcbal3

Events: T_ haltTrap39_

nentList40state

<2: <2:
B/C D/E

# haltTrap39
s

#T

A
Y
I




FORK(T1, 6);
FORK(T2, 5); Sample Execution
FORK(T3, 3);
FORKE (TMain) ;

T1i: if (PRESENT(A)) {
EMIT(B);
PRIO(4);
if (PRESENT(C))
EMIT(D);
PRIO(2);
if (PRESENT(E)) {
EMIT(T.);
TERM; }
}
PAUSE;
EMIT(B);
TERM;

T2: if (PRESENT(B))
EMIT(C) ;
TERM;

T3: if (PRESENT(D))
EMIT(E) ;
TERM;




FORK(T1, 6);
FORK(T2, 5); Sample Execution
FORK(T3, 3);
FORKE(TMain) ; .
==== TICK O STARTS, inputs = 01, enabled = 00
==== Inputs (id/name): 0/A
T1: if (PRESENT(A
E;iTéB)' O ==== Enabled (id/state): <init>
PRID(4)t FORK: 1/_L_INIT forks 6/T1, active = 0103
] ’ FORK: 1/_L_INIT forks 5/T2, active = 0143
if (PRESENT(C)) .
EMIT(D) ; FORK: 1/_L_INIT forks 3/T3, active = 0153
PRIO(2) ; ’ FORKE: 1/_L_INIT continues at TMain
. ’ PRESENT: 6/T1 determines A/0 present
if (PRESENT(E)) { .
EMIT(T_); EMIT: 6/T1 emits B/1
e ; ’ PRIO: 6/T1 set to priority 4
} ’ PRESENT: 5/T2 determines B/1 present
e EMIT: 5/T2 emits C/2
EMIT(é)' TERM: 5/T2 terminates, enabled = 073
fr— ’ PRESENT: 4/_L72 determines C/2 present
’ EMIT: 4/ _L72 emits D/3
PRIO: 4/_L72 set to priority 2
T2: if (PRESENT(B
LEC (B PRESENT: 3/T3 determines D/3 present
EMIT(C); .
EMIT: 3/T3 emits E/4
TERM; -
TERM: 3/T3 terminates, enabled = 017
PRESENT: 2/_L i E/4
T3: if (PRESENT(D)) RES /_L75 de?ermlnes /4 present
EMIT(E) : EMIT: 2/_L75 emits T_/5
TERM: ’ TERM: 2/_L75 terminates, enabled = 07
’ PRESENT: 1/TMain determires T._/5 present




Experimental Results
Thread Synchronization and Signals

Conciseness

PCO
grcbal3 —
abro h
count2suspend ;I

exits [

filteredSR [ E S.C .
preAndSuspend e —1 Circuit
i B GRC
primeFactor m——7F«———
reincarnation e
shifter3 b
AVERAGE By

0 50 100 150 200 250

Size of tick function in C source code, line count without empty
lines and comments
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Experimental Results

Thread Synchronization and Signals

Code Size

PCO | ]
grcbal3 | !

[ s
count2suspend | ]

exits | !

————— | sc

[ Circuit
AndS d |
preAndSuspen B GRC

primeFactor | 1

reincarnation

shifter3 | !
AVERAGE | !

0o 05 1 15 2 25 3 35 4

Size of tick function object code, in Kbytes
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Experimental Results
Thread Synchronization and Signals

Code Size

PCO | ]
grebal3

abro | ]

count2suspend

exits | |
filteredSR
preAndSuspend

H SC
[ Circuit
B GRC

primeFactor

reincarnation
shifter3
AVERAGE | ]

0 2 4 6 8 10 12 14 16 18

Size of executable, in Kbytes
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Experimental Results

Thread Synchronization and Signals

Performance

Peo =
grcbal3 r
abo T
count2suspend =I
Qs
— = coot
preAndSuspend = B GRC
primeFactor =:l
reincarnation =
shifterd
AVERAGE [

0 0,5 1 1,5 2 2,5 3

Accumulated run times of tick function, in thousands of clock

cycles
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Experimental Results
Thread Synchronization and Signals

Operator Density

grcbal3 E
abro F
count2suspend F
exits F
fiteredSR [HE] I SC Op count
preAndSuspend [— O g;t;o cycles/
primeFactor F
reincarnation &
shifter3 F

AVERAGE ——

0 20 40 60 80 100 120

SC operations count, ratio to clock cycles
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