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Starting point: Sequential program
Semantics: Given by "
Compiler: Eliminates (some) ;'s

Result: Concurrent program

How much speedup do we get?
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How do we get this deterministic?
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if (1x) {

X = true;

}

This is deterministic — but gets rejected under strict synchrony!
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@ von Hanxleden, Mendler, et al.
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Thread Concurrency Conditional | Assignment Delay
SCL t fork t; par t2 join| if (c) s1 else s, x=e pause
Centy D | i y— yﬁﬁg
SCG true [ x=e ] :

How does this fit to Statecharts? How do we compile this?

\Join

v

» Schedule sequential statements according to ;
» Schedule concurrent statements as
1. Initialize (“x = 0") 2. Update (“x++") 3. Read ("y = x")
» Only reject programs that have concurrent causality problems,
i.e., multiple concurrent initializations

— This work
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Thread Concurrency Conditional |Assignment Delay
SCL t fork t; par t2 join| if (c) s else s x=e pause
56 - me | (Gme )|

Now add some syntactic sugar ...

\%
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ABRO
input bool AB.R
output bool O = false

ABthenO

WaitAandB
[1] HandleA

1} 10 =true

Extended SCCharts

[*]

Core SCCharts

‘]
> R SCGraph

[*]

Code Generation

Model

[*]

Transformation
Stages

v

v

v

9/12



SCCharts Compiler in KIELER Eclipse Richt Client

KIELER Modeling - PLDIT4/ABROct - KIELER - omEm
Fle Bt Nigste Search Projct Run Window Help

& SO EN Oy = Quick Ac £ || @ KELER Modeling
4| < KELER NodelView 8RO
- ABRO
te input bool A B,R
SIS e @ =(Eks N Extended SCCharts
[-] Main
- \ [+]
ABthenO ¢
t Core SCCharts
WaitAandB
[+]
[-] HandleA ¢
@) scorapn
/O = true R rap
P-==--=="- [+
[-] HandleB ¢
B .
@ Code Generation
[+]






One Approach to Code Generation: Data-Flow

Region Superstate Trigger Effect State
(Thread) (Concurrency) | (Conditional) |(Assignment)| (Delay)
N/
SCCharts ARt lx=e
Voo v |
v

G PN — | ==
SCG () = ﬁ)

Cet D Son o
SCL t fork t; par t; join | if (c) s1 else s, x=e pause

11/12



One Approach to Code Generation: Data-Flow

Region Superstate Trigger Effect State
(Thread) (Concurrency) | (Conditional) |(Assignment)| (Delay)
N Y
SCCharts e NE Iix=e
N v |
v
5CG (] ez
= it | =
SCL t fork t; par t; join | if (c) s1 else s, x=e pause
Data- d = gexit 8oin=(ch V- m1) A g=\Vean g=\en
(d2 V- mp) A , Edepth
Flow m== "\ gur (dh v ) gtrue = &N € x'=g?re:x |pre(gsuf)
Code surf € t ! 2 Efalse = & N 7€
11}: ‘ Gfalse T
Circuits ZZ:Z ﬂ m m i E e ?7 & oy ] }»!Im pth
g Gtrue g

11/12



Summary

Starting point: Concurrent Statechart \
5 Core Constructs + g
Smorgasbord of Extensions v

12/12



Summary

Starting point: Concurrent Statechart

A
5 Core Constructs + g i | e |y
. ° . voN v
Smorgasbord of Extensions v
Semantics: Deterministic sequential_causality
Sequentially constructive bool

: not source of errors, I/ x = true
@

instead resolves errors

J

12/12



Summary

Starting point:

Semantics:

Compiler:

Concurrent Statechart

5 Core Constructs +
Smorgasbord of Extensions
Deterministic

Sequentially constructive

; not source of errors,
instead resolves errors

Incremental transformations
No conceptual breaks
Currently stress-tested

in class room

\
fro
g Y N

sequential_causality
bool x

C) Ix / x = true s

12/12



Summary

Starting point:

Semantics:

Compiler:

Result:

Concurrent Statechart

5 Core Constructs +
Smorgasbord of Extensions
Deterministic

Sequentially constructive

; not source of errors,
instead resolves errors

Incremental transformations
No conceptual breaks
Currently stress-tested

in class room
SW or HW

Sequential or parallel

sequential_causality

bool x

C) Ix / x = true s

4= e et
A

£=Ven

5=Ve

=h

s
Brltenn)

12/12



Summary

Starting point:

Semantics:

Compiler:

Result:

Concurrent Statechart

5 Core Constructs +
Smorgasbord of Extensions
Deterministic

Sequentially constructive

; not source of errors,
instead resolves errors

Incremental transformations
No conceptual breaks
Currently stress-tested

in class room
SW or HW

Sequential or parallel

sequential_causality
bool x

Ix | x = true
® &)

What compiler/optimization machinery can be put to work here?

12/12



Summary

Starting point: Concurrent Statechart Y
5 Core Constructs + g i | e |y
Smorgasbord of Extensions v e
Semantics: Deterministic soquential_causality
Sequentially constructive LR

: not source of errors, @ bixztue o
A

instead resolves errors

Compiler: Incremental transformations
No conceptual breaks
Currently stress-tested

in class room
Result: SW or HW

Sequential or parallel

What compiler/optimization machinery can be put to work here?
Thanks!

12/12



Summary

Starting point: Concurrent Statechart Y
5 Core Constructs + g i | e |y
Smorgasbord of Extensions v e
Semantics: Deterministic sequential_causality
Sequentially constructive bool

: not source of errors, I/ x = true
@

instead resolves errors

Compiler: Incremental transformations
No conceptual breaks
Currently stress-tested

in class room
Result: SW or HW

Sequential or parallel

What compiler/optimization machinery can be put to work here?
Thanks!

Questions or comments?

12/12



Effects of Expanding Expensions

shifter3 |
reincarnation D Extended
cabin
reactor control H Core
AVERAGE E_
0 5 10 15 20 25 30

Number of states




Effects of Expanding Expensions

shifter3
reincarnation
cabin

reactor control
AVERAGE

shifter3
reincarnation
cabin

reactor control
AVERAGE

Number of transitions

OExtended
M Core
0 10 15 20 25 30
Number of states
OExtended
M Core
0 5 10 15 20 25




Low-Level Synthesis Il: The Priority Approach

Compilation Tree

High-Level Synthesis

Priority-Based Low-Level Synthesis

P1) Compute PriolDs

SCG with Priorities

P2) Serialize
Circuit-Based Low-Level Synthesis

SCL with Priorities.

lPS) Map

Synchronous c

P4) Expand Macros

>

More software-like

Don't emulate control flow
with guards/basic blocks,
but with program
counters/threads
Priority-based thread
dispatching

SCLp: SCL + PriolDs

Implemented as C macros



Low-Level Synthesis Il: The Priority Approach

Compilation Tree

High-Level Synthesis

Priority-Based Low-Level Synthesis

P1) Compute PriolDs

P2) Seriali
Circuit-Based Low-Level Synthesis

Synchronous c

P4) Expand Macros

>

More software-like

Don't emulate control flow
with guards/basic blocks,
but with program
counters/threads
Priority-based thread
dispatching

SCLp: SCL + PriolDs

Implemented as C macros

Differences to Synchronous C [von Hanxleden '09]

> No preemption = don't need to keep track of thread

hierarchies

» Fewer, more light-weight operators

» RISC instead of CISC



Low-Level Synthesis Il: The Priority Approach

Compilation Tree

High-Level Synthesis

Priority-Based Low-Level Synthesis

P1) Compute PriolDs

P2) Seriali
Circuit-Based Low-Level Synthesis

Synchronous c

P4) Expand Macros

>

More software-like

Don't emulate control flow
with guards/basic blocks,
but with program
counters/threads
Priority-based thread
dispatching

SCLp: SCL + PriolDs

Implemented as C macros

Differences to Synchronous C [von Hanxleden '09]

> No preemption = don't need to keep track of thread

hierarchies

» Fewer, more light-weight operators

» RISC instead of CISC
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SCLp Macros |

1 // Boolean type
2 typedef int bool;
3 Fdefine false 0
4 F£define true 1

5

6 // Enable/disable threads with priolD p

7 #define _u2b(u) (1 << u)

s #define _enable(p) _enabled |= _u2b(p); \

9 active |= _u2b(p)

10 #define _isEnabled(p)  ((-enabled & _u2b(p)) !=0)
11 #define _disable(p) _enabled &= "_u2b(p)

12
13 // Set current thread continuation
14 #define _setPC(p, label) _pc[p] = &&label



SCLp Macros I

17 ##define _pause(label)  _setPC(_cid, label); \
18 goto _L_PAUSE

19

20 // Pause, resume at pause

21 #tdefine _concat_helper(a, b) a ## b

22 #define _concat(a, b) _concat_helper (a, b)
23 F#define _label_ _concat(-L, __LINE_.)
2 Fdefine pause _pause( _label_); _label_:

25

2% // Fork/join sibling thread with priolD p

27 #define fork1(label, p) _setPC(p, label); _enable(p)
28 #define join1(p) _label_: if (-isEnabled (p))
29 { _pause( _label_); }

30

s1 // Terminate thread at "par”

32 #£define par goto _L_TERM,;

\



ABO SCLp |

g5 int tick ()

86 {

g7 tickstart (2);

gg Ol = false;

go 02 = false;

90

o1 forkl(HandleB, 1)
{

92 HandleA:

93 if (1A){

94 pause;

95 goto HandleA

9 }

97 B = true;

98 O1 = true;

99

100 } par {

=

85 int tick ()

86 {

g7 if ( _notlnitial ) { active = enabled; goto
_L_DISPATCH; } else { _pc[0] = &&
_L_TICKEND; enabled = (1 << 0);
active = enabled; _cid = 2; ; enabled |=
(1 << _cid); active |= (1 << _cid);
_notlnitial =1; } ;

g8 01 =0;

o 02=0;

90

o1 _pc[l] = &&HandleB; enabled |= (1 << 1);
active |= (1 << 1); {

92 HandleA:

93 if (1A){

94 _pc[ cid] = &&_L94; goto _L_PAUSE;

_L94:;

95 goto HandleA;

96 }

97 B=1;

98 01 =1;

99

w0 } goto L. TERM; {
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102
103
104
105

107
108
109
110
111
112
13 }

HandleB:
pause;

if (!B){
goto HandleB

}
01 = true;
} joinl(2);

01 = false;
02 = true;
tickreturn;

=

102
103

104
105
106
107
108

109
110
111
112

13 }

HandleB:
_pc[cid] = &&_L103; goto _L_PAUSE;
_L103;
if (IB) {
goto HandleB;
}
01 =1;
} -L108: if (((enabled & (1 << 2)) !=10)) {
_pc[-cid] = &&_L108; goto _L_PAUSE;

+

01 = 0;

02 =1;

goto _L_TERM; _L_TICKEND: return (
enabled 1= (1 << 0)); .L_TERM:
enabled &= "(1 << _cid); _L_PAUSE:
active &= "(1 << _cid); _L_.DISPATCH:
__asm volatile(" bsrl_%1,%0\n" : "=r" (
_cid) : "r" (active) ); goto *_pc[_cid];
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Comparison of Low-Level Synthesis Approaches

Circuit Priority

Accepts instantaneous loops - +
Can synthesize hardware + -
Can synthesize software + +
Size scales well (linear in size of SCChart) + +
Speed scales well (execute only “active” parts) - +
Instruction-cache friendly (good locality) + -
Pipeline friendly (little/no branching) + -

WCRT predictable (simple control flow) + +/-
Low execution time jitter (simple/fixed flow) + -
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