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domain {fixed Host, Msg, fixed Time}
state{ Home: Host!

Caching: Host

caches: Caching -> Host!

cache_exp_time: Caching -> Time!

to. from, where: Msg —> static Host!

send_time, exp_time: Msg -> static Time!

Clock: Time!

before: static Time —-> static Time }
state Definitions { Refing: Host

msg_ref: Host -> Host

combined_ref: Refing -> Host+ }
def msg_ref {all h | h.msg_ref = h.~to.where}
def combined_ref {all h | h.combined_ref =
h.caches}
inv Structure {

h.msg_ref +

no h | hin h.caches
all m1, m2 | mi.to = m2.to && mi.from = m2.from &&
m1.send_time = m2.send_time -> m1 = m2
all m | m.from != m.to
all m | m.send_time in m.exp_time.before
® all t | t.+before in t.before
not ! tin tbefore }
op UpdateArrival (m: Msg!) {
Clock' in m.exp_time.before

®e

m.to != Home
m.send_time lin m.to.cache_exp_time.+before
Clock in Clock'.before
Home = Home
Msg' = Msg
all h: Host ~ m.to | h.caches' in h.caches
all h | h.cache_exp_time in Clock.before —>no h.caches'
m.to.caches' = m.where }
cond AcyclicCaches {no h | h in h.+caches}
cond AcyclicMsgs {no h | h in h.+msg_ref}
cond RefsReasonable {
all h: Refing | Home in h.+combined_ref
all m1, m2 | mt.send_time in m2.send_time.before ~> m1.where
in m2.where.+combined_ref
all m, h | m.send_time in h.cache_exp_time.before -> m.where
lin h.caches.+combined_ref
all m, h | h.cache_exp_time in m.send_time.before —> h lin
m.where.+combined_ref }
cond Lccalknowledge { all h | h = Home ~> no h.caches }

assert A { all m | UpdateArrival(m) && AcyclicCaches ->
AcyclicCaches' }
assert B { all m | UpdateArivai(m) && RefsReasonable &&

AcyclicCaches —> AcyclicCaches' }

asset C { ali m | UpdateArrivallm) && RefsReasonable &&
LocalKnowledge && AcyclicCaches —> AcyclicCaches' }
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all m1, m2 | mi.to = m2.to && mt.from = m2.from &&
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o] vjERT) no h | hin h.+caches
4) ~¥% transposed 9u|dli=d], vARE B TAE
AN AAAE B sAEE FEeT
all h | h.msg_ref = h.~to.where
5) t.beforeE t.+beforexd XA 9vjojt},
all t | t.+before in t.before
6) assert AE Ad& 29, g L dEHE
T Aot
Counterexample found:
Domains:
Host = {HO,H1,H2}
Msg = {M2}
Time = {70,T1,T2}
Msg' = {M2}
Sets:
Caching = {HO,H1}
Clock = {T0}
Home = {H2}
Refing = {HO,H1}
Caching' = {HO,H1}
Clock' = {T1}
Home' = {H2}
Refing’ = {HO,H1}
Relations:
before = {T1 -> {T0}, T2 -> {70.T1}}
cache_exp_time = {HO -> {T2}, H1 -> {T1}}
caches = {HO —> {H1}, H1 -> {H2}}
combined_ref = {HO —> {H1}, H1 -> {HO,H2}}
exp_time = {M2 —> {T2}}
from = {M2 -> {HO}}
msg_ref = {H1 -> {HO}}
send_time = {M2 ~> {T1}}
to = {M2 —> {H1}}
where = {M2 -> {HO}}
before' = {T1 => {T0}, T2 -> {T0,T1}}
cache_exp_time' = {H0 —> {T2}, H1 -> {T1}}
caches' = {HO -> {H1}, H1 ~> {H0}}
combined_ref' = {HO —> {H1}, H1 ~> {HO}}
exp_time' = {M2 -> {T2}}
from' = {M2 -> {HO}}
msg_ref’ = {H1 -> {HO}}
send_time' = {M2 -> {T1}}
to' = {M2 -> {H1}}
where' = {M2 -> {HO}}
Parameters:
m = {M0}
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