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LNT MODEL

https://qithub.com/openhwqgroup/cv-hpdcache/ g By -- The full HPDcache, with its internal components.

process HPDCACHE [CRI REQ, CRI RSP R, CRI RSP W,
Condition on the request CMI REQ R, CMI_REQ W, CMI RSP _R, CMI RSP W,

— A T K L :
COMMUNICATION GATE ?g???l\c’jfsrm :* Component : RTAE_REQ, REFILL_REQ,
Q i CONTROLLER_CACHE, CONTROLLER RTABE, CONTROLLER WRITEBUFFER,

REQUESTER (RISC-V core, prefetcher...)

§ . CONTROLLER_MSHR: Wire,
Q REFILL 4 : CHECK: Checkgate, WBUF_NOTIF, MSHR NOTIF: Notifgate,
ﬁ \ DEBUG: any] 1s
_ CRI_REQ, CMI REQ R, CMI REQ W, CMI RSP W, CMI RSP R,
If pending address ﬁiéﬁzgr ' 1 com p onent = RTAB REQ, REFILL REQ, CONTROLLER CACHE, CONTROLLER RTAR,

(pipeline)

> CONTROLLER WRITEBUFFER, CONTROLLER MSHR ->
| CONTROLLER [...]
1 LNT process !
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WRITE_M_RESPONSE
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if R hit

ou W hit CONTROLLER_CACHE ->

| CACHEDATA [CONTROLLER_CACHE, CRI_RSP_R, CHECK, DEBUG]

‘ [

CONTROLLER WRITEBUFFER, CMI REQ W, CMI RSP W, WBUF NOTIF ->
WRITEBUFFER [...]

CONTROLLER_MSHR, REFILL REQ, CMI REQ R, CMI_R5P R, MSHR_NOTIF ->

| MSHR [...]
[
3 Fi . : CONTROLLER_RTAE, RTAB REQ, CRI REQ, WBUF NOTIF, MSHR_NOTIF ->
RTAB [...]
. F 4 - + end par

end process

int rtab_find_ready(int last) { function rtab_find_ready(rtab:RTAB_Array, last:int): int is
int i = (last + 1) mod % RTAB_NENTRIES; var i:int in i := (last + 1) mod RTAB _NENTRIES;
for (;;) { ;- loop
if (rtab[i:!.valid &% rtab[i].1ll _head && pseUdOCOde fUhCﬁOn... if rtab[Nat (i?].valid and rtab[Nat (i)].11 head and
(rtab[i].deps == 0)) , : (rtab[Nat (i)].deps == NoDeps) then
return 1i; é return i
if (i == last) . . _ elsif i == last then
return -1; ...To LNT function , return -1
_ _ end 1if;
i := (i + 1) % RTAB_NENTRIES; _ _ i := (i + 1) mod RTAB_NENTRIES
} T ' end loop
} ' ' ' end var end function
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; . goEE =s 5 N8 D
REQ 7any 7any 7s:nat 7tl:nat 7a:string}.
not ({RSP_W 7any !s !t1} or {RSP_R 7any !s !t1})x*. __

{REQ 7any 7any !s 7t2:nat 'a where t1 <> t2}.

not ({RSP_W 7any !s !t1} or {RSP_R 7any !s !t1})=*. (5T
{RSP W 7an lg 1£2 } or { RSP R 7an lg 1£92 } gEHEEH WEUF WEUF ARBAY WEMTRY [MOADDH, MODATA, O, FREEY, WENTRY [MOADDR, HODATA, O, FREER, -1, -1}
- H y : : _ [ y | |

%-_-:Fu AEQ ISTORE 102 1 1 141
1 false EI-_EEIHTHEILLEH WRITEBUFFER 102 1 11 141
. CAI RSP W02 1 1
?J—_EHEEH WEUF WEUF ARAAY WENTRY [41, 02, 0, PENDY, WENTRY [NOADDR, MODATA, O, FREER, +0, +0t
= EI-_EFH AEQ ISTORE 101 1 12 141
EI-_C{IHTHEILLEFL WRITEEUFFER 101 1 12 141
CRI RSP WID1 11 12
@ CHECK WEUF WEUF ARRAY WWENTRY (A1, D1, 0, PENDY, WENTAY [NOADDR, NODATA, O, FREER, +0, +0}

Counterexample trace

<initial state> [—]—EI-_-:FU AEQ ISTORE 102 1 12 142
EI-_C{IHTHEILLEF[ WRITEBLFFER ID2 11 12 142

Al ASP W 02 1 12

@ CHECKE WEUF WELUF ARRAY DWEMTRY (A1, D2, 0, PEMD:, WEMTRY 142, O2, O, PEMDH, +0, +17%

"CRI_REQ !STORE !D2 !1 !1 !A2" | S-g-an 2 win

"CRI_RSP_W ID2 11 11" : %:gggl.u:EEFﬁE?EHM?MEHTWrm.DE.G.EEHﬂ.WEHTFMHGADDH.HGDATA.G,FHEE}-}.m.m}
"CMI_REQ_W 1A2 ID2" WELF MOTIF 141

"CRI_REQ !STORE !D2 !1 !2 IA1"

@~ CHECK WEUF WEUF ARRAY WENTRY (41, D2, 0, FREE}, WENTAY NOADDR, NODATA, O, FREER, -1, -1}
"CRI RSP W ID2 11 12"

"CRI_REQ !STORE !D2 !1 13 IA1" “
"CRI_REQ !STORE !D2 !1 !4 !A1"
" CMI_RSP_W ! Az ! D2 " ! : HEQ EET-EIFlE =D1 =1 EE EEH
"CMI_REQ W !Al D2« CAI REQISTORE 102 1 12 141
- : REQ ISTIRE 102 11 12 142
"RTAB_REQ !STORE !D2 !1 !3 !A1" CAl REQ ILOAD INODATA I 15 142
¥ 7O CHECK WCACHE [IMVALID WEUF PWEUF ARAAY WENTRY (A1, O2, O, FREE}, WENTRY [MOADDR, NODATA, O, FREEY, -1, -1} IMEUF [MSHA ARAAY [WMENTRY [MOADI

"CMI RSP W !A1 !D2"
"RTAB REQ !STORE D2 !1 !4 IA1" ’
"CRI_ RSP W !D2 !1 14"

<goal state> N -
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