A classification and comparison of a few popular system-level languages

System-Level Languages |
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Formal

Sepamtion of conputation from communication

Informal I

Asynchronous | GALS Synchronous
SystemC| SpecC|
Dataﬂow Control
Cay £ TN~

CCS| CSP| CFSM SHIM | (Multiclok)
(POLIS) Signal | Lustre I " Esterel

Mix of a mnge of semantics or MoCs

Behavioural hierarchy

Suppott for exceptions and exception handling

Mix of datr and contol dominakd processing

The six major
comparison criteria

| Argos | ECL | Statecharts |

Support for formal verification
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SystemJ Example: A Protocol Stack
SystemJ, the language e T aroncion rochi(n chemt 1o

public final static int

¢ eye ® ® ° s public final static int DATASIZE = 56; 4 in signal Packet inpkt)
deSIQned for SpeCIFICthon mOdeIIng qnd syntheSIS OF GALS syslllems + public final static int CRCSIZE = 2; «2 { signal Kkill _check; boolean match_ok;
/ s public final static int PKTSIZE = 43 while (true )
6 HDRSIZE+DATASIZE+CRCSIZE ; 4 abort (reset) {
I ——— .  protected byte packet[]; 45 await inpkt;
T s public Packet() { packet = new byte [PKTSIZE]; } 46 { abort (kill _.check) {
s public int getCRC () 47 // some lenghty computation,
Juva 1o {return packet[PKTSIZE -2]<< 8+packet [PKTSIZE - 1];} 48 // determining the value of match_ok
11 public int computeCRC() 49
12 { for (int i=0,crc=0;i <PKTSIZE; i++) 50 }oooq
crc = (crc " packet[i]) << 1; 51 await crc_ok;
. . . 14} p return crc; } 52 if (!crc_ok) emit Kkill _check;
15 Packet 53 // parallel
® ObIeCt orlentatlon 16 reaction Assemble(in channel reset, o i}f (cfc_ok 8% match _ok)
7 in channel Byte in_byte ,) 55 System.err.printin(”Address _match!”);
e 18 out signal Packet outpkt = } // abort
® bGSIC dqtq qnd 19 { int cnt; Packet buffer = new Packet(); sz} // reaction Prochdr
20  while (true ) ss reaction TheStack(in channel reset,
° abort (reset) { s in channel Byte in_byte)

ContrOI proceSSIng for (cnt = 0; cnt < Packet.PKTSIZE; cnt++) { o { signal Packet packet; signal Boolean crc.ok;
receive in—bY'Ee; : s+ Assemble(reset ,in_byte , packet) ||
buffer.buffer[cnt] = in _byte; &2 Checkcrc(reset ,packet,crcok) ||

® plqtfo rm SU ppo ri. } es Prochdr(reset,crc_ok , packet);
emit outpkt(buffer); o4}
'I |. . } //} // abor}\ " es reaction TestBench(out channel reset,
28 reaction Assemble s out channel Byte out_byte
GC' Compl ers' Ibrques 20 reaction Checkcrc(in channel reset, &7 { send reset; / e
s in signal Packet inpkt, ¢ pause ;
¢ deSkaP Clnd s out signal boolean  crc_ok) o byte tosend[] = {13,73,127,100,// ... more
22 { while (true ) o for (int i=0;i <tosend.length;i++)
abort (reset) { 7 send out_byte(new Byte(tosend[i]));
em e e Use await inpkt; 72 System.err.printin("Test _completed.”);
int crc = inpkt.computeCRC(); 73}
emit crc_ok(crc = inpkt.getCRC()); 74 system { // a SystemJ GALS
} // abort 75 channel reset; channel Byte data;
s } // reaction Checkcrc 7«  TestBench(reset ,data) > TheStack(reset b data);}

The System) Pre-processor

/ * translates System)J to Java
| plus TReK calls

TReK: A True Reactive Kernel *

Javal.5 Library
\ * detects syntactic errors, incorrect

o offers support for desktop. o (TReKt!ierrIZ'l Java source + uses of charfnels and signals
execution of SystemJ specifications _\reacive reactive API calls * introduces signal resolves to help

i ) i implementation) )

* sixteen classes implementing Er b edded use Optimised the run-time scheduler
reactions, signals, channels, orofotyping, embedded * based on ReRAGs with JastAdd,
clock domains, and scheduling verification sysiem a Javal.4 frontend and generates

e extends standard Java threads e bodded Java Reactive + Javal.5 code

embedded

classes

and employs two queues e

to achieve the synch-asynch standard .class files e —

behavi t 4 " 4 4_ ¢ Examples of SystemJ constructs
ehaviour ai Tun-fime / translated to Java/TReK

* uses try-catch to handle aborts
and traps

CUStOm Imqge await(A or B and not C) await(new Or(A, new And(B, new Not(C))))
signal byte S SignalValued<Byte> S = new SignalValued<Byte>("S")
generator try { setAbort(E); ... }
abort(E) { ... } catch(AbortException ae) {handle(ae, E.getName());}
unsetAbort();
send C(5) C.send(5)

class R extends Reaction {

* signals and signal operations
implemented using bit arrays Deskdop use, Embedded Reactive ccon B n sgral e 51, | e s
verlﬁ‘u'l'lon processor out signal S2) { ... } public R(SignalValued<integer> S1, Signal S2)
o I 1 lI- 1 I nI- o r processor binqry { this.S1 = S1; this.S2 = S2; }

M public void run() throws TReKException
blnqry { super.run(); ... }

}

I d I d h I R ti Il = { R("R1",51,S2), R("R2",51,S3)};
vaiued signais ana channeis | e S

synch_parallel(rl,outputsl);

Possible uses of System)
(Java based design flows)

Ongoing & Planned Work The equivalent ECRSM of the Protocol Stack Example

ssemble Checkere¢ a rochdr
o . = while : A hIe %im . P ,.,e
. . Formal Verification =D - H , :'o,(eeﬂ :

* reactive Java optimized processor Y LN bof(eseﬂ :| e e
(a JOP-ReMIC mix) : < g *) \ ..................... ! i ! !
" : * no formal semantics YET — || R packefcmpcaco |yt

e multi-processor architectures g iiens = piszE || \_compulet / < ok = fals

e can be translated to i e klch k |

(based on HiDRA and Emperor)

e custom JVM for efficient scheduling extended CRSM
* debug and visualisation tools in Eclipse T (em)

formal semantics

1
i >= to_send.length

2=l &f/é\\@

Reset generator: reset i

TestBench | | TheStack
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