Appendix

This appendix contains the cache coherence protocol which was used as one of the three real
protocols in the empirical study discussed in Chapter 6 and Chapter 7 of the thesis. The original
Promela [Hol91] description of the protocol is given, as well as the translated description in the

CFSM model that was provided as input to the research tool package RELIEF.

The cache coherence protocol in Promela

/* */

/* cache coherence protocol */

/* */

#define QUEUE_SIZE 2

#define W 1

#define R 2

#define X 3

/* */

/* message types */

/* */

mtype = {r, w, raw, RD, WR, RX, MX, MXdone, req0, reql, CtoB, BtoC, grant, done};
/* */

/* channels */

/* */

chan tocpu0 = [QUEUE SIZE] of { byte };
chan fromcpu0 = [QUEUE_SIZE] of { byte };
chan tobus0 = [QUEUE_SIZE] of { byte };
chan frombus0 = [QUEUE SIZE] of { byte };
chan tocpul = [QUEUE_SIZE] of { byte };
chan fromcpul = [QUEUE_SIZE] of { byte };
chan tobusl = [QUEUE SIZE] of { byte };
chan frombusl = [QUEUE_SIZE] of { byte };
chan grant0 = [QUEUE_SIZE] of { byte };
chan grantl = [QUEUE SIZE] of { byte };
chan claim0 = [QUEUE_SIZE] of { byte };
chan claiml = [QUEUE_SIZE] of { byte };
chan release0 = [QUEUE SIZE] of { byte };
chan releasel = [QUEUE_SIZE] of { byte };
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/*

*/

/* processes */

/*

*/

/* process 1l: cpul */
proctype cpul ()

{

}

xs fromcpu0l;
xr tocpul;
do

: fromcpul!r
:: fromcpul!w

fromcpul ! raw

od

/* process 2: cpul */
proctype cpul()

{

}

xs fromcpul;
xr tocpul;
do

: fromcpul!r
:: fromcpul!w

-> tocpul?done
-> tocpul?done
-> tocpul?done

-> tocpul?done
-> tocpul?done

fromcpul!raw -> tocpul?done

od

/* process 3: busarbiter */
proctype busarbiter()

{

}

Xs grantO;
Xs grantl;
Xr claim0;
Xr claiml;
xr release0;
xr releasel;

do

:: claim0?req0 -> grantO!grant; release(0?done
:: claiml?reql -> grantll!grant; releasel?done

od

/* process 4: cache0 */
proctype cache0()

{

resume:

byte state = X;
byte which;

xr frombusO0;
xr fromcpul;
xs tocpul;
Xs tobus0;
Xr grantO0;
xs claim0;
xs release0;

do

if

: frombus0?RD ->

(state == W) -> state = R; tobus0!CtoB
(state != W) -> tobus0!done

fi

:: frombus0?MX -> state = X; tobus0!MXdone
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: frombus0?RX ->

if
(state == W) -> state = X; tobus0!CtoB
(state == R) -> state = X; tobus0!done
(state == X) -> tobus0!done

fi

: fromcpu0?r ->

if
(state != X) -> tocpu0!done
(state == X) -> which = RD; goto buscycle
fi
: fromcpul?w —>
if

(state == W) -> tocpul!done
(state != W) -> which = MX; goto buscycle
fi
: fromcpuO?raw ->
if
(state == W) -> tocpul!done
(state != W) -> which = RX; goto buscycle
fi
od;
buscycle:
claim0!req0;
do
:: frombusO0?RD ->
if
(state == W) -> state = R; tobus0!CtoB
(state != W) -> tobusO!done
fi
:: frombus0?MX -> state = X; tobus0!MXdone
: frombus0?RX ->
if
(state == W) -> state X; tobus0!CtoB
(state == R) -> state = X; tobus0!done
(state == X) -> tobus0!done
fi
:: grantO?grant ->
if

(which == RD) -> state = R
(which == MX) -> state = W
(which == RX) -> state =W

fi;

tocpul!done;

break

od;
release(!done;

if

:: (which == RD) -> tobus0!RD -> frombus0?BtoC
:: (which == MX) -> tobus0!MX -> frombus0?done
:: (which == RX) -> tobus0!RX -> frombus0?BtoC
fi;

goto resume

}

/* process 5: cachel */

proctype cachel()

{ byte state = X;
byte which;

xr frombusl;
xr fromcpul;
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resume:

xs tobusl;
Xs tocpul;
Xr grantl;
xs claiml;
xs releasel;

:: frombusl?RD ->

if
: (state ==
: (state I=

frombusl?RX ->

if
: (state ==
: (state ==
: (state ==

Fh se oo e
'_l.

fromcpul?r ->
if
:: (state !=
:: (state =
fi
fromcpul?w ->
if
:: (state ==
:: (state !=
fi
fromcpul?raw ->
if
:: (state ==
: (state !=

Fh ee o
I

od;

buscycle:

claiml!reql;
do
:: frombusl?RD ->

(state ==
(state !I=

:: frombusl?RX ->
if
:: (state ==
:: (state ==
:: (state ==
fi
:: grantl?grant ->
if
:: (which ==
:: (which ==
:: (which ==
fi;
tocpul !done;
break
od;
releasel !done;

if

W)
W)

frombusl?MX -> state

W)
R)
X)

X)
X)

W)
W)

W)
W)

W)
W)

frombusl?MX -> state

W)
R)
X)

RD)
MX)
RX)

-> state = R; tobusl!CtoB
-> tobusl!done

= X; tobusl!MXdone

-> state X; tobusl!CtoB
-> state = X; tobusl!done
-> tobusl!done

-> tocpul!done

-> which = RD; goto buscycle

-> tocpul !done

-> which = MX; goto buscycle

-> tocpul!done

-> which = RX; goto buscycle

-> state = R; tobusl!CtoB
-> tobusl!done

= X; tobusl!MXdone

-> state = X; tobusl!CtoB
-> state = X; tobusl!done
-> tobusl!done

-> state
-> state
-> state =

]
==x

:: (which == RD) -> tobusl!RD -> frombusl?BtoC
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:: (which == MX) -> tobusl!MX -> frombusl?done
:: (which == RX) -> tobusl!RX -> frombusl?BtoC

fi;
goto resume

}

/* process 6: bus */
proctype bus()

/* models real bus + main memory */

*/ frombusl!BtoC
*/ frombus0!BtoC

: tobus0?MXdone -> /* B -=> M */ frombusl!done
: tobusl?MXdone -> /* B -=> M */ frombusO!done

{
xs frombusl;
xs frombus0;
xr tobus0;
Xr tobusl;
do
:: tobus0?CtoB -> frombusl!BtoC
:: tobusl?CtoB -> frombus0!BtoC
:: tobus0?done -> /* M -> B
:: tobusl?done -> /* M -> B
:: tobus0?RD -> frombusl!RD
: tobusl?RD -> frombusO!RD
:: tobus0?MX -> frombusl!MX
:: tobusl?MX -> frombus0!MX
:: tobus0?RX -> frombusl!RX
:: tobusl?RX -> frombusO!RX
od
}
init {
atomic {
run cpulO(); run cpul();
run cacheO(); run cachel();
run bus(); run busarbiter()
}
}

Given above is the specification of the cache coherence protocol in Promela [Hol91]. The protocol

consists of six processes, which communicate over 2-slot FIFO channels according to the following

topology graph:

Process P; and P, represent the two CPUs, process P; represents the bus arbiter, process P, and

Ps represent the two cache memories, and process Pg represents the bus.
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The cache coherence protocol in the CFSM model

The Promela specification of the cache coherence protocol given above can be translated directly
into the CFSM model, since each of the six processes is in fact a communicating finite state
machine adhering to the semantics of this model. The result of this translation is shown below.
Given is an equivalent specification of the cache coherence protocol in the CFSM model, following
the input format required by the research tool package RELIEF. Various comments have been
added in-line to clarify the input format and to show the correspondence between this specification
and the Promela specification above. The documentation on the research tool package RELIEF,
including the tool input format requirements, is available on the World Wide Web at
http://www.csi.ural.ca/~ural/c/RELIEFv35.

/* protocol id */
1

/* number of processes followed by the process ids */
6123456

/* process 1l: cpul */

201 /* two process states: state 0 and state 1 */

3 /* state 0: 3 transitions */

r-41 /* send message r to process 4 and move to state 1 */

w-41 /* send message w to process 4 and move to state 1 */

raw - 4 1 /* send message raw to process 4 and move to state 1 */

1 /* state 1: 1 transition */

done + 4 0 /* receive message done from process 4 and move to state 0 */

/* process 2: cpul */
201

3

r-51

w-51

raw - 5 1

1

done + 5 0

/* process 3: busarbiter */
501234 /* five process states: states 0, 1, 2, 3 and 4 */

2 /* state 0: 2 transitions */
req0 + 4 1 /* receive message req0 from process 4 and move to state 1 */
reql + 5 2 /* receive message reql from process 5 and move to state 2 */
1 /* state 1: 1 transition */
grant - 4 3 /* send message grant to process 4 and move to state 3 */
1 /* state 2: 1 transition */
grant - 5 4 /* send message grant to process 5 and move to state 4 */
1 /* state 3: 1 transition */
done + 4 0 /* receive message done from process 4 and move to state 0 */
1 /* state 4: 1 transition */
done + 5 0 /* receive message done from process 5 and move to state 0 */

/* process 4: cache0 */
400123456789101112131415161718192021222324252627282930313233343536373839
6

MX + 61
RX + 6 2
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RD + 6 2
r+ 13
w+ 14
raw + 1
1
MXdone - 6 0
1

5

done - 6 0
1

req0 - 3 6
1

req0 - 3 13
1

req0 - 3 20
4

MX + 6 7

RX + 6 8

RD + 6 8
grant + 3 9
1

MXdone - 6 6
1

done - 6 6
1

done - 1 10
1

done - 3 35
1

BtoC + 6 12
6

MX + 6 1

RX + 6 2

r + 1 28

RD + 6 29
w+ 1 38
raw + 1 39
4

MX + 6 14
RX + 6 15
RD + 6 15
grant + 3 16
1

MXdone - 6 13
1

done - 6 13
1

done - 1 36
1

MX - 6 18

1

done + 6 19
6

MX + 6 1

RD + 6 32
RX + 6 33
r+ 1 34
w+ 134
raw + 1 34
4

MX + 6 21
RX + 6 22
RD + 6 22

grant + 3 23
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MXdone - 6 20
1
done - 6 20
1
done - 1 37
1
RX - 6 25
1
BtoC + 6 19
4
MX + 6 14
RX + 6 15
grant + 3 16
RD + 6 30
4
MX + 6 21
RX + 6 22
grant + 3 23
RD + 6 31
1
done - 1 12
1
done - 6 12
1
done - 6 26
1
done - 6 27
1
CtoB - 6 12
1
CtoB - 6 0
1
done - 1 19
1
RD - 6 11
1
done - 3 17
1
done - 3 24
1
req0 - 3 26
1
req0 - 3 27

/* process 5: cachel */

194
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grant + 3 9
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MXdone - 6 6
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BtoC + 6 12

MX + 61

RX + 6 2

r + 2 28

RD + 6 29

w + 2 38

raw + 2 39

4

MX + 6 14

RX + 6 15

RD + 6 15
grant + 3 16
1

MXdone - 6 13

1

done - 6 13
1

done - 2 36
1

MX - 6 18

1

done + 6 19
6

MX + 6 1

RD + 6 32
RX + 6 33
r+ 2 34
w+ 2 34
raw + 2 34
4

MX + 6 21
RX + 6 22
RD + 6 22
grant + 3 23
1

MXdone - 6 20
1

done - 6 20
1

done - 2 37
1

RX - 6 25

1

BtoC + 6 19
4

MX + 6 14
RX + 6 15

grant + 3 16
RD + 6 30
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4
MX + 6 21
RX + 6 22
grant + 3 23
RD + 6 31
1
done - 2 12
1
done - 6 12
1
done - 6 26
1
done - 6 27
1
CtoB - 6 12
1
CtoB - 6 0
1
done - 2 19
1
RD - 6 11
1
done - 3 17
1
done - 3 24
1
reql - 3 26
1
reql - 3 27

/* process 6: bus */
11 012345678910
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1
MX - 50

/* QUEUE_SIZE */
2



