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Coherence tests
CoRR1: rf,po,fr forbidden | CoRW: rf,po,co forbidden | CoWR: co,po,rf~! forbidden | CoWW: po,co forbidden
Thread 0 Thread 1 Thread 0 Thread 1 Thread 0 Thread 1 Thread 0
ar Wx]=2————>b: R[x]=2 a: Rx|=2+——<c W[x]=2 ar Wx|=1+—""""c W[x]=2 ar W[x]=1
rf cof co
po po po po
f ¢ R[x]=1 b: W[x]=1 b: R[x]=2 b: W[x]=2
Test CoRR1 Test CoRW Test CoWR Test CoWW

4-edge 2-thread tests

5-edge extensions along one rf edge

One rf Two rf Preserved read-read program order
PP0O000-019: barrier,rf,intra-thread™,fr
Thread 0 Thread 1
MP: rf,fr needs lwsync+RRdep | WRC: rf,rf,fr needs Iwsync+RRdep a: WIx]=1 ¢ Rly]=1
Thread 0 Thread 1 Thread 0 Thread 1 Thread 2 lwsync data
a: fo]:l [ Rly]:l a: W[x]=14f>b; Rlx]:l d: Rly]:l b: Wy]=1 d: W[z]=1
r
0 o rf
p p po . . P
b: Wly]=1 rf d: R[x]=0 c: Wy]=1 rf e R[x]=0 e R[z]=1
Test MP Test WRC addr
f f R[x]=0
Test PPO000
S: rf,co needs lwsync+RWdep | WWC: rf,rf,co needs lwsync+RWdep
Thread 0 Thread 1 Thread 0 Thread 1 Thread 2
a: W[x]=2 c: Rly]=1 a: W[x]J=2———*b: R[x]=2 d: Rly]=1
rto rf
po po po po
Cl
b: W[y]=1 d: W[x]=1 c Wly]=1 e W[x]=1
Test S Test WWC
No rf One rf 6-edge extensions along two rf edges
SB: fr,fr needs sync+sync | RWC: rf,fr,fr needs sync+sync | IRIW: rf,fr,rf,fr needs sync+sync
Thread 0 Thread 1 Thread 0 Thread 1 Thread 2 Thread 0 Thread 1 Thread 2 Thread 3
a: W[x]=1 c Wlyl=1 a: W[x]:l‘f’b: R[x]=1 d: Wly]=1 a: W[x]:l‘f'b: R[x]=1 d: W[y]:l‘f’e: Rly]=1
r r r
e P e, P e PO . P “— ™ “— "
rf b Rly]=0 rf d: R[x]=0 rf ¢ R[y]=0 if e R[x]=0 rf ¢ R[y]=0 rf f: R[x]=0
Test SB Test RWC Test IRIW
R: co,fr needs sync+sync | WRW+WR: rf,co,fr needs sync+sync | IRRWIW: rf,fr,rf,co needs sync-+sync
Thread 0 Thread 1 Thread 0 Thread 1 Thread 2 Thread 0 Thread 1 Thread 2 Thread 3
a: W[x]=1 . W[y]=2 a: W[x]=1 b: R[x]=1 d: W[y]=2 a: W[x]=2o—"b: R[x]=2 d: Wly]J=1—"e: Rly]=1
co rf r co rf
o o
p — " po e P . P po
b: W[y]=1 rf d: R[x]=0 c Wlyl=1 rf e R[x]=0 if ¢ Rly]=0 f: W[x]=1
Test R Test WRW-+WR Test IRRWIW

WRR+2W: rf,fr,co

needs sync—+sync

Thread 0 Thread 1 Thread 2
a: W[x]=2 b: R[x]=2 d: W[y]=1
-, po
f ¢ R[y]=0 e W[x]=1
Test WRR+2W
24+2W: co,co needs lwsync+lwsync | WRW+42W: rf,co,co needs lwsync+lwsync | IRWIW: rf,co,rf,co needs lwsync+Iwsync
Thread 0 Thread 1 Thread 0 Thread 1 Thread 2 Thread 0 Thread 1 Thread 2 Thread 3
a: W[x]=1 c: Wly]=1 a: W[x]=2 b: R[x]=2 d: W[y]=2 a: W[x]=2a—"b: R[x]=2 d: W[y]=2——"e: R[y]=2
cao co T cao rf
po po P pOl po po
b: W[y]=2 d: W[x]=2 c W[y]=1 e: W[x]=1 c: Wy]=1 f: W[x]=1
Test 2+4+2W Test WRW-+2W Test IRWIW
Two rf Key
LB: rf,rf needs RWdep+RWdep Edges: Read-read and read-write dependencies:
Thread 0 Thread 1 po program order RRdep ::= addr | ctrlisync
aRN=1 g Rb=1 rf  reads-from RWdep ::= addr | data | ctrl | ctrlisync
po po co  coherence order {RRdep,RWdep} < lwsync < sync
b: Wly]=1 d: Wxj=1 fr  from-reads: a read from a coherence-predecessor, For ARM, use DMB for lwsync and sync

Test LB

shown with an rf edge from the (red dot) initial state

and ctrl-ISB for ctrlisync




6-edge 3-thread tests

DRAFT — the “needs” entries need checking

Two rf

ISA2: rf,rf,fr

needs Iwsync+RWdep+RRdep

Thread 0 Thread 1 Thread 2
a: Wlx]=1 c Rly]=1 e: R[z]=1
I
wsync po ., PO
b: W[y]=1 d: W[z]=1 f f R[x]=0

Test ISA2+Iwsync+po+po

26.2: rf,rf,co

Thread 0

a: W|x]=
’

b: W[y]=1

needs Iwsync+RWdep+RWdep

Thread 1
c: Rly]=1
po
d
d: W[z]=1

Test 76.2

Thread 2

e: R[z]=1
]

f: W[x]=1

One rf

No rf

W+RWC: rf,fr,fr

Thread 0

a: W|x]=1
"

b: W[y]=1

needs Iwsync+sync-+sync
or sync+RWdep-+sync

Thread 1 Thread 2
c Rly]:l e: WIZ]:I
., P e P
rf d: R[z]=0 if f: R[x]=0
Test WH+RWC

3.SB: fr,fr,fr

Thread 0
a: WIX]:I
-~ Po

rf b: R[y]=0

needs sync+sync+sync

Thread 1 Thread 2
c W[y]=1 e: W[z]=1
o o
-~ . P -~ P
rf d: R[z]=0 f f: R[x]=0
Test 3.5B

Z26.0: rf,co,fr

needs lwsync+sync+sync
or sync+RWdep+sync

Z26.4: co,fr,fr

needs sync+sync+sync

Thread 0 Thread 1 Thread 2 Thread 0 Thread 1 Thread 2
a: W|x]=1 c: Rly]=1 e: W[z]=2 a: W[x]=1 c: W[y]=2 e: W[z]=1
rf co co
po po ., PO po ., P e P
b: W[y]=1 d: W[z]=1 if f: R[x]=0 b: Wly]=1 rf d: R[z]=0 if f: R[x]=0
Test Z6.0 Test Z6.4
Z26.3: co,rf,fr needs sync-+Iwsync+sync Z26.5: co,co,fr needs sync+sync+sync
or sync+sync+RRdep
Thread 0 Thread 1 Thread 2 Thread 0 Thread 1 Thread 2
a: W[x]=1 c Wly]=2 e: R[z]=1 a: Wlx]=1 c Wy]=2 e: Wz]=2
co rf v co v
po po ., PO po po ., PO
b: W[y]=1 d: W[z]=1 if f: R[x]=0 b: Wly]=1 d: W[z]=1 rf f: R[x]=0
Test 26.3 Test 26.5
Z26.1: co,rf,co needs Iwsync+Ilwsync+RWdep 3.2W: co,co,co needs Iwsync+lwsync+lwsync
Thread 0 Thread 1 Thread 2 Thread 0 Thread 1 Thread 2
a: W[x]=2 c: Wly]=2 e: R[z]=1 a: W[x]=2 c Wy]=2 e: W[z]=2
po po po po po po
c c
b: Wly]=1 d: W[z]=1 f: W[x]=1 b: W[y]=1 d: W[z]=1 f: W[x]=1
Test Z6.1 Test 3.2W
Three rf
3.LB: rf,rfrf needs RWdep-+RWdep+RWdep
Thread 0 Thread 1 Thread 2

b: W[y]=1

d: W[z]=1

Test 3.LB

a: R[x]=1 c: Rly]=1 . e: R[z]=1
r
po po po

f: W[x]=1




PPO variants

PPOAA: (=~ PPO000)forbidden | PPOCA: (=~ PPO001) allowed | RDW: forbidden RSW: (=~ PP0002) allowed
Thread 0 Thread 1 Thread 0 Thread 1 Thread 0 Thread 1 Thread 2 Thread 0 Thread 1
a: W[z]=1 c: Rly]=1 a: W[z]=1 . a: W[z]=1 . c Rly]=2 g W[x]=1 a: W[z]=1 c: Rly]=2

r
sync addr sync syncr ! addrl sync - addr
b: W[y]=1 d: Wlx]=1 b: W[y]=1 b: W[y]=2 f d: R[x]=0 g b: W[y]=2 if d: R[x]=0
rf pol p S— P
e R[x]=1 e: R[x]=1 rf e R[x]=0
addrl addr addrl
-~ -~ . -~
if f: R[z]=0 if f: R[z]=0 f f: R[z]=0 if f: R[z]=0
Test PPOAA Test PPOCA Test RDW Test RSW
Register Shadowing
LB+rs: (register reuse on Thread 0) allowed | MP+sync+rs: (register reuse on Thread 1) allowed
Thread 0 Thread 1 Thread 0 Thread 1
a: R[x]=2 c: Rly]=1 a: W[x]=1 ¢ Rly]=1
- rfrf
po data sync —_, po
b: W[y]=1 d: W[x]=2 b: W[y]=1 rf d: R[x]=0
Test LB—+rs Test MP+sync+rs
IRIW+4-addrs-twice: allowed
Thread 0 Thread 1 Thread 2 Thread 3
a: Wx]:l‘f’d: R[x]=1 g: W[y]:l‘f’k: Rly]=1
r r
po addr po addr
b: W[d0]=1 rf e: R[y]=0 h: W[d2]=1 rf I: R[x]=0
po po po po
c WizJ=1—Ff Wlw]=1—» & Rlz]=1  ,m: R[w]=1
rf addrnc addr
if j: Rw]=0 f n: R[z]=0
Test IRIW-+addrs-twice
MP+nondep+sync: allowed
Thread 0 Thread 1
a: Wix]=y d:vR y]=1
rf sync

b: R[x]=y
addr

Test

c Wyl=1

'
rf e R[x]=z

MP+nondep+sync




