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Modeling and Verification of Godson-T Cache Coherence Protocol with Murphi Tool
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Abstract: Godson-T cache coherence protocol is used in Godson-T many-core architecture. In Godson-T, there is a
close tight coupling relationship between cache coherence protocol and memory consistency model. In our research of
Godson-T, we found that its cache coherence is relaxed unlike other cache coherence protocols. We choose Murphi as
modeling language and verification tool. Thus, when we modeling Godson-T, core, cache and memory must be take into
account as a whole. Some invariants and properties has been verified with Murphi.
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memory FoR WA IR 4k
lock R B BRI B 451
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random AP B BN LA =
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#£ 3 node Fi¥E it

CACHE : record

state : CACHE_STATE;
addr : TYPE_ADDR;
data : TYPE_DATA;
end;
NODE : record
Cache : array [TYPE_CACHE] of CACHE;
hasLock : FLAG_LOCK;
firstRead : array [TYPE_ADDR] of FLAG_FIRSTREAD;

end;

%ﬁﬂ‘]iﬁi%fﬂﬁﬁx%*ﬁﬁ%, I e A 5
AT R, PRI Murphi T g SCh—A
function F1— p‘roeeduret mz 4 Prow.

R RIATR SRR, 3 5 R G BUR 1
B4R, Hruleset RAEME. IXLLH AR AN, RGUKA
AN (I # . CASREUBI A 4, 150 T A% 1 e A o 2
AR R W R AT, #H 2RI guard A2
5 A2, guard & —Nbool A, Wi guard 4 true, #4
AT action, HEAT—SUIUEHRAE. 13k 5 s,
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function getLoc(i:TYPE NODE) : TYPE CACHE;

begin

for j;TYPE_CACHE do

if node[i].cache[j].state = INVALID then
return j;
endif;

endfor; ; i

return rand(.)m;

‘ ;nd;
procedure replace(i:TYPE_NODE; j:;TYPE _CACHE);
begin

if node[i].cache[j].state = DIRTY then

node[i].cache[j].state :== INVALID;

memory[node[i].cache[j].addr].data := node[i].cache[j].data;

endif;

end;

25 FREUBK ruleset

ruleset i:TYPE_NODE; I:.TYPE_LOCK do
rule "Acquire"
node[i].hasLock & !lock[l].beUsed
==>
begin t i
lock[l].beUseal :=%rue; -
\1\9ck[l].0\!;vner =i '
. node[i].hasLock := true;
for j;TYPE_ADDR do
nodef[i].firstRead[j] := true;
endfor;

end;

BeJa, BATKEE X Godson-T sl PR PER, 7EiX
BLPRATESE THAREIREIITERT, WL 6 Pios.
®6  RoM ik

ruleset i:TYPE_NODE do
invariant "one node one lock restrict"
node[i].hasLock -> ((exists j:TYPE LOCK do lock[j].beUsed &
lock[j].owner = i endexists) & !(exists m:TYPE _LOCK; n:TYPE LOCK
do m !=n & lock[m].beUsed & lock[n].beUsed & lock[m].owner = i &

lock[n].owner = i endexists))

end;

Software Technique * Algorithm 3KfFHiA « &k 127

© THEFEEBRETN

http:/fwww.c-s-a.org.cn



R[N VA

http://www.c-s-a.org.cn

2013 4 5224 % 10 ¥

4 SLEGEER

FAHE— B X86-64 ZEKJI) Linux ] 554% LHEAT T
SIS MRS ARIIEC & AL 4 % 8 4% Inter Xeon AbH 2,
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h
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6670376 16.79 29.72

n3clm3* 9287OQ

-
n2¢2m3* | 908100 6837296 20.67 39.05
n3c2m3*

n2clm2 72786 1049698 1.55 3.13

n2clm3 1021514 20852118 67.76 32.69
n3clm2 6008858 | 125655698 | 1380.21 258.38
n3c2m3
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