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| (addr | data); rfi
let aob = rmw (* Atomic-ordered-before *) f:E
| [range(rmw)]; rfi; [A | Q] M‘AM—GN&E

let bob = po; [dmb.full]; po (* Barrier-ordered-before *)
| [L]; po; [A]
| [R]; po; [dmb.ld]; po
| [A] Q]; po
| [W]; po; [dmb.st]; po; [W] '
| po; [L] , ql, -
| po; [L]; coi j-(g ,‘f‘.c' LVJWW Algém, n_ ’S wma .

let ob = (obs | dob | aob | bob)+ (* Ordered-before )

AP e we done’
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let ca = fr | co (*» Coherence-after x)
let obs = rfe | fre | coe (* Observed-by =)
let dob = addr | data (* Dependency-ordered-before x)

acyclic po-loc | ca | rf as internal
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let tlb-affects =
(* see extended version *)

let TLB_barrier =
([TLBI] ; tlb-affects ;
& wco

[T]1 ; tfr ; [W])"-1

let maybe_TLB_cached =
([T] ; trf*-1 ; wco ;
affects”-1

[TLBI-S1]) & tlb-

let tcachel
let tcache2

[T & Stagel] ; tfr ; TLB_barrier
[T & Stage2] ; tfr ; TLB_barrier

let speculative =
ctrl
| addr; po
| [T] ; instruction-order
(* translation-ordered-before *)
let tob =
[T_f] ; tfre
| ([T-f] ; tfri)
& (po ; [DSB.SY] ; instruction-order)”-1
| [T] ; iio ; [R|W] ; po ; [W]
| speculative ; trfi
(* observed by *)
let obs = rfe | fr | wco
| trfe
(* ordered-before TLBI and translate *)
let obtlbi_translate =
tcachel
| tcache2
& (iio™-1 ; [T & Stagel] ; trf™-1 ; wco”™-1)
| (tcache2 ; wco? ; [TLBI-S1])
& (iio™-1
)

(* ordered-before TLBI x*)
let obtlbi =
obtlbi_translate
| [R|W|Fault] ; iio”-1 ; (obtlbi_translate &
ext) ; [TLBI]

(* context-change ordered-before *)
let ctxob =
speculative ; [MSR]
| [CSE] ; instruction-order
| [ContextChange] ; po ; [CSE]
| speculative ; [CSE]
| po ; [ERET] ; instruction-order ; [T]

[T & Stagel] ; maybe_TLB_cached

(* ordered-before a translation fault =)
let obfault =
data ; [Fault & IsFromW]

| speculative ; [Fault & IsFromW]

| [dmbst] ; po ; [Fault & IsFromW]

| [dmbld] ; po ; [Fault & (IsFromW|IsFromR)]

| [A]Q] ; po ; [Fault & (IsFromW | IsFromR)]
I

[R|W] ; po ; [Fault & IsFromW & IsReleaseW.

(* ETS-ordered-before *)
let obETS =
(obfault ; [Fault]) ; iio™-1 ; [T_f]
| ([TLBI] ; po ; [dsb] ; instruction-order ;
[T]) & tlb-affects

(*» dependency-ordered-before *)
let dob =
addr | data
| speculative ; [W]
| addr; po; [W]
| (addr | data); rfi
| (addr | data); trfi

(* atomic-ordered-before *)
let aob = rmw
| [range(rmw)]; rfi; [A | Q]

(* barrier-ordered-before *)

let bob = [R] ; po ; [dmbld]
| [W] ; po ; [dmbst]
| [dmbst]; po; [W]
| [dmbld]; po; [R|W]
| [L]1; po; [A]
| [A | Ql; po; [R | W]
| [R | Wl; po; [L]
| [F | Cl; po; [dsbsy]
| [dsb] ; po

(* Ordered-before *)
let ob = (obs | dob | aob | bob
| iio | tob | obtlbi | ctxob | obfault |
ObETS) "+

(* Internal visibility requirement x*)

acyclic po-loc | fr | co | rf as internal

(*» External visibility requirement x*)

irreflexive ob as external

(*» Atomic requirement x)

empty rmw & (fre; coe) as atomic

(* Writes cannot forward to po-future
translates *)

acyclic (po-pa | trfi) as translation-internal
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"Arm-A exceptions"

include "cos.cat"
include "arm-common.cat"

(*» might-be speculatively
executed x)
let speculative =

ctrl
| addr; po
| if "SEA_R" then [R]; po
else 0O
| 1f "SEA_W" then [W]; po
else 0O

(*» context-sync-events x)
let CSE =
ISB
| if "FEAT_ExS" & ~"EIS"
then 0 else TE
| if "FEAT_ExS" & ~"EOS"
then 0 else ERET

let ASYNC =
TakeInterrupt

(*» observed by x)
let obs = rfe | fr | co

(*» dependency-ordered-
before x)
let dob =
addr | data
| speculative ; [W]
| speculative ; [ISB]
| (addr | data); rfi

(* atomic-ordered-before x)
let aob =
rmw
| [range(rmw)]; rfi; [A]|Q]

(* barrier-ordered-before
*)

let bob =
[R] ; po ; [dmbld]

| [W] ; po ; [dmbst]

| [dmbst]; po; [W]

| [dmbld]; po; [R|W]

| [L]; po; [A]

| [A | Q]; po; [R | W]

| [R | W]; po; [L]

| [dsb]; po

(*» contextually-ordered-
before x)
let ctxob =
speculative; [MSR|CSE]
| [MSR]; po; [CSE]
| [CSE]; po

(*» async-ordered-before x)
let asyncob =
speculative; [ASYNC]
| [ASYNC]; po

(* Ordered-before x*)
let ob = (obs | dob | aob |
bob | ctxob | asyncob)+

(* Internal visibility
requirement x)

acyclic po-loc | fr | co |
rf as internal

(x External visibility
requirement x)
irreflexive ob as external

(*» Atomic: Basic LDXR/STXR
constraint to forbid
intervening writes. x)

empty rmw & (fre; coe) as
atomic
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let iseq = [W]; (wco&scl);[DC]; (1)
(wco&scl); [IC]

(* Observed-by *)

let obs = rfe | fr | wco (*2x)
| irf | (ifr;iseq) (%3, 4x)
(*» Fetch-ordered-before x*)
let fob = [IF]; fpo; [IF] (*5%)
| [IF]; fe (*6%)
| [ISB]; fe™!; fpo (*¥7x)

(* Dependency-ordered-before x)
let dob = addr | data

| ctrl; [W]
(ctrl | (addr; po)); [ISB]
(x| [ISB]; po; [R] *) (*8%)

|
| addr; po; [W]
| (addr | data); rfi

(* Atomic-ordered-before *)
let aob = rmw
| [range(rmw)]; rfi; [A]|Q]

(* Barrier-ordered-before x)
let bob = [R|W]; po; [dmb.sy]
| [dmb.sy]; po; [R|W]
| [L]; po; [A]
| [R]; po; [dmb.ld]

| [dmb.ld]; po; [R|W]

| [A|Q]; po; [R|W]

| [W]; po; [dmb.st]

| [dmb.st]; po; [W]

| [R|W]; po; [L]

| [R|W|F|DC|IC]; po; [dsb.ish] (%9x)
| [dsb.ish]; po; [R|W|F|DC|IC] (*10%)
| [dmb.sy]; po; [DC] (*11*)

(* Cache-op-ordered-before x*)
let cob = [R|W]; (po&scl); [DC] (%12x)
| [DC]; (po&scl); [DC] (%13%)

(* Ordered-before x*)
let ob = (obs|fob|dob|aob|bob|cob)+

(* Internal visibility requirement =x)
acyclic (po-loc|fr|co|rf) as internal

(* External visibility requirement x*)
irreflexive ob as external

(x Atomic x*)
empty rmw & (fre; coe) as atomic

(* Constrained unpredictable x*)

let cff = ([W];loc;[IF]) \ (%x14x)
ob™! \ (co;iseq;ob)
cff_bad cff = CU (*x15%)

P(@Cf)ﬁ \M0J~$Q/
(\kla 'Mcorroa{eo()
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