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<latexit sha1_base64="mElj1CsaNY/fXRXmdKgCJ756Lns="></latexit>

rec tpc__coordinate m skt ps dec =
let count = list__length ps in
let msgs = ref (list__make ()) in
let ack = ref 0 in
list__iter (�n. sendto skt m n) ps;
listen skt (rec handler m from =
let msgs’ = !msgs in
msgs list__cons m msgs’;
if (list__length !msgs) = count
then () else listen skt handler);

let res = dec !msgs in
list__iter (�n. sendto skt res n) ps;
listen skt (rec h m from =
ack !ack + 1;
if !ack = count
then res
else listen skt h)

<latexit sha1_base64="I3x2WlQIdvXqjvbtMKL3JTb3+1Y="></latexit>

let init l i =
let db = ref (dict__empty ()) in
let t = ref (vc__make (length l) 0) in
let (iq, oq) = (ref [], ref []) in
let lock = newlock () in
let skt = socket () in
socketbind skt (list__nth l i);
fork (apply db t lock iq i);
fork (send__thread i skt lock l oq);
fork (receive__thread skt lock iq);
(read db lock, write db t oq lock i)

let read db lock k =
acquire lock;
let r = dict__lookup k !db in
release lock; r

let write db t oq lock i k v =
acquire lock;
t := vc__incr !t i;
db := dict__insert k v !db;
oq := (k, v, !t, i) :: !oq;
release lock

let receive__thread skt lock iq =
let rec aux () =
let msg = listen__wait skt in
acquire lock;
iq := (we__deser msg) :: !iq;
release lock; aux ()

in aux ()

……



This work

• An ML-like language, AnerisLang, with higher-order store, node-local 
concurrency and datagram-like network sockets


• A separation logic, Aneris, for modular reasoning about partial correctness 
properties of implementations of distributed systems while allowing


- Vertical composition


- Horizontal composition


• All theory and examples are mechanised on top of the Iris framework in the 
Coq proof assistant
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In separation logic, propositions denote ownership of resources, e.g., . 
<latexit sha1_base64="8SAmEx8UBaYp/bjthZ8o+RDzdAw="></latexit>

` 7! v

<latexit sha1_base64="YM6xgTS2/03bVteG2Cxq+mD4UGc="></latexit>

{P} e {v.Q} 8v.{Q}K[v] {w.R}
{P}K[e] {w.R}

<latexit sha1_base64="SFmOpdlGcH9WLaVm676bS7ZGmqY="></latexit>

{P} e {v.Q}

<latexit sha1_base64="57YrtwVyKCE6oZBtrSwEyOx0Rhw="></latexit>

{P} e {v.Q}
{P ⇤ R} e {v.Q ⇤ R}

Specifications only talk about the footprint of the program.

These specifications can be lifted through framing and binding.
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In concurrent separation logic, threads are considered one at a time and we 
need not reason about inter-leavings of threads explicitly.

Through resource invariants, we can express protocols on shared state.

<latexit sha1_base64="AisZX0LYFsbHao73SmIQQ846Xp0="></latexit>

9v. ` 7! v ⇤ even(v)

<latexit sha1_base64="bfDCLZDTG3boJQR4+Mn1p6OAow4="></latexit>

{P1} e1 {v1.Q1} {P2} e2 {v2.Q2}
{P1 ⇤ P2} e1 || e2 {v1, v2.Q1 ⇤Q2}
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In Aneris, a distributed separation logic, we extend these reasoning principles 
to allow reasoning about nodes one at a time.

<latexit sha1_base64="9qcujDvnnWVGYsyjOEDDNVwSq+M="></latexit>

FreePorts(ip, A) ⇤ FreePorts(ip, B) a` FreePorts(ip, A [B)

If                       then
<latexit sha1_base64="Xs6NzB2yRq/cYWhnW84zaa3ppN0="></latexit>

A \B = ;

<latexit sha1_base64="sFvpJuMdanMCPBLHrnUdSakjao0="></latexit>

{P1 ⇤ FreePorts(ip1, A)} e1 {True} {P2 ⇤ FreePorts(ip2, B)} e2 {True}
{P1 ⇤ P2 ⇤ FreeIp(ip1) ⇤ FreeIp(ip2)} e1 |||ip1 ip2

e2 {True}
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To express protocols on communication, we introduce socket protocols.

With each socket address (pair of an ip an a port) we associate a protocol.

<latexit sha1_base64="vFbz7PLZkzKtChzPkqJ+XVXchLI="></latexit>

� : Message! iProp

<latexit sha1_base64="UgN/vTt8mQV/dKMenKw56UzWHrU="></latexit>

a Z) �



An addition service
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<latexit sha1_base64="7DNZBx0qq9dhRPCelDegTZDXqbk="></latexit>rec server a =
let skt = socket () in
socketbind skt a;
listen skt (rec handler msg from =
let (n, m) = deserialize msg in
let res = serialize (n + m) in
sendto skt res from;
listen skt handler)

<latexit sha1_base64="5a8Ad+RMEMCmq7S7jVKjJI1JsHQ="></latexit>

rec client x y srv a =
let skt = socket () in
socketbind skt a;
let m = serialize (x, y) in
sendto skt m srv;
let res = listenwait skt in
deserialize res

“3,4”

addition service 

“7”

client



Verifying an addition service
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We primordially fix a socket protocol for the server.

<latexit sha1_base64="mr6H38PZUNV77DEXy/efWjKQkG0="></latexit>

�add(m) , 9 : Message! iProp, (x, y : N).
body(m) = serialize(x, y) ⇤
from(m) Z)  ⇤
8m0. body(m0) = serialize(x+ y) �⇤  (m0)



Verifying an addition service
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<latexit sha1_base64="knucvk/c/AD6So5V46sAlrD72+Y="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}
server (ip, p)

{False}
<latexit sha1_base64="7Wh3AU6T8VCXEJveoCcV1dYwJjY="></latexit>

{False}

<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}
<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}
<latexit sha1_base64="vN5Swr/EXqzCGV7vr0Zs7pJbLcA="></latexit>

{ ⇤ }



Verifying an addition service
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<latexit sha1_base64="7Wh3AU6T8VCXEJveoCcV1dYwJjY="></latexit>

{False}

<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}
<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}
<latexit sha1_base64="vN5Swr/EXqzCGV7vr0Zs7pJbLcA="></latexit>

{ ⇤ }
<latexit sha1_base64="5r58Yu0nqEz/mLJQSELuYPqTqaE="></latexit>

(rec server a =
let skt = socket () in
socketbind skt a;
listen skt (rec handler msg from =
let (n, m) = deserialize msg in
let res = serialize (n + m) in
sendto skt res from;
listen skt handler)) (ip, p)



Verifying an addition service
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<latexit sha1_base64="7Wh3AU6T8VCXEJveoCcV1dYwJjY="></latexit>

{False}

<latexit sha1_base64="5r58Yu0nqEz/mLJQSELuYPqTqaE="></latexit>

(rec server a =
let skt = socket () in
socketbind skt a;
listen skt (rec handler msg from =
let (n, m) = deserialize msg in
let res = serialize (n + m) in
sendto skt res from;
listen skt handler)) (ip, p)

<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}

<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}



Verifying an addition service
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<latexit sha1_base64="7Wh3AU6T8VCXEJveoCcV1dYwJjY="></latexit>

{False}

<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}

<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}<latexit sha1_base64="gbuzAm26EzOH6xZBUEAbwZ3fwGA="></latexit>

let skt = socket () in
socketbind skt (ip, p);
listen skt (rec handler msg from =
let (n, m) = deserialize msg in
let res = serialize (n + m) in
sendto skt res from;
listen skt handler)



Verifying an addition service
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<latexit sha1_base64="7Wh3AU6T8VCXEJveoCcV1dYwJjY="></latexit>

{False}

<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}

<latexit sha1_base64="2H4/JhIlnUhjK6kBRtLX79TkrFE="></latexit>

h ,! None
<latexit sha1_base64="6rytec7N47Sqb4sOEtu1OkhRGg8="></latexit>

{ }

<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}

<latexit sha1_base64="Aj3yhAykHALf8j2k1e2KVq1+6mc="></latexit>

let skt = h in
socketbind skt (ip, p);
listen skt (rec handler msg from =
let (n, m) = deserialize msg in
let res = serialize (n + m) in
sendto skt res from;
listen skt handler)



Verifying an addition service
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<latexit sha1_base64="7Wh3AU6T8VCXEJveoCcV1dYwJjY="></latexit>

{False}

<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}

<latexit sha1_base64="2H4/JhIlnUhjK6kBRtLX79TkrFE="></latexit>

h ,! None

<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}

<latexit sha1_base64="Aj3yhAykHALf8j2k1e2KVq1+6mc="></latexit>

let skt = h in
socketbind skt (ip, p);
listen skt (rec handler msg from =
let (n, m) = deserialize msg in
let res = serialize (n + m) in
sendto skt res from;
listen skt handler)



Verifying an addition service
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<latexit sha1_base64="7Wh3AU6T8VCXEJveoCcV1dYwJjY="></latexit>

{False}

<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}

<latexit sha1_base64="2H4/JhIlnUhjK6kBRtLX79TkrFE="></latexit>

h ,! None

<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}
<latexit sha1_base64="Bd3WPv8MqFh/VpHmlmJdfB1ijrs="></latexit>

socketbind h (ip, p);
listen h (rec handler msg from =
let (n, m) = deserialize msg in
let res = serialize (n + m) in
sendto h res from;
listen h handler)



Verifying an addition service
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<latexit sha1_base64="7Wh3AU6T8VCXEJveoCcV1dYwJjY="></latexit>

{False}

<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}
<latexit sha1_base64="Bd3WPv8MqFh/VpHmlmJdfB1ijrs="></latexit>

socketbind h (ip, p);
listen h (rec handler msg from =
let (n, m) = deserialize msg in
let res = serialize (n + m) in
sendto h res from;
listen h handler)

<latexit sha1_base64="TyrqREb2kbE7hGIr0jEtPQChpdE="></latexit>

h ,! Some (ip, p)
<latexit sha1_base64="SWXaXX7KwR3SDRxUY25yVvkzwY8="></latexit>

{ }



Verifying an addition service
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<latexit sha1_base64="7Wh3AU6T8VCXEJveoCcV1dYwJjY="></latexit>

{False}

<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}
<latexit sha1_base64="Bd3WPv8MqFh/VpHmlmJdfB1ijrs="></latexit>

socketbind h (ip, p);
listen h (rec handler msg from =
let (n, m) = deserialize msg in
let res = serialize (n + m) in
sendto h res from;
listen h handler)

<latexit sha1_base64="TyrqREb2kbE7hGIr0jEtPQChpdE="></latexit>

h ,! Some (ip, p)



Verifying an addition service
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<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}
<latexit sha1_base64="TyrqREb2kbE7hGIr0jEtPQChpdE="></latexit>

h ,! Some (ip, p)

<latexit sha1_base64="/WO7aYT0/ddpaCKv9f0T1a76+fM="></latexit>

�add(m)
<latexit sha1_base64="SwYsPUgk2tSN1UADR7IaQhy9gEI="></latexit>

{ }

<latexit sha1_base64="8IAK+3fzHduQ0TyYO/AYAsc7z54="></latexit>

let (n, m) = deserialize body(m) in
let res = serialize (n + m) in
sendto h res from(m)



Verifying an addition service
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<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}
<latexit sha1_base64="TyrqREb2kbE7hGIr0jEtPQChpdE="></latexit>

h ,! Some (ip, p)

<latexit sha1_base64="3bYsy4jkC0UQQ5oXkv64Q+01Vyo="></latexit>

 : Message! iProp
<latexit sha1_base64="1QFXPoC+m+Wt9pw5rbnrWKH8n2Q="></latexit>

x, y : N

<latexit sha1_base64="/lkag6fI2nThn3J3hgANCqq1BCU="></latexit>

from(m) Z)  
<latexit sha1_base64="nrIKV13tpKO2y0jJNL4omXlXBik="></latexit>

8m0. body(m0) = serialize(x+ y)

�⇤  (m0)

<latexit sha1_base64="3cukRo9maAO9skCeyCFruFpeMA4="></latexit>

let (n, m) = deserialize serialize(x, y) in
let res = serialize (n + m) in
sendto h res from(m)



Verifying an addition service
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<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}
<latexit sha1_base64="TyrqREb2kbE7hGIr0jEtPQChpdE="></latexit>

h ,! Some (ip, p)

<latexit sha1_base64="3bYsy4jkC0UQQ5oXkv64Q+01Vyo="></latexit>

 : Message! iProp
<latexit sha1_base64="1QFXPoC+m+Wt9pw5rbnrWKH8n2Q="></latexit>

x, y : N

<latexit sha1_base64="/lkag6fI2nThn3J3hgANCqq1BCU="></latexit>

from(m) Z)  
<latexit sha1_base64="nrIKV13tpKO2y0jJNL4omXlXBik="></latexit>

8m0. body(m0) = serialize(x+ y)

�⇤  (m0)

<latexit sha1_base64="vIGJr8jIp54b3LEZst/BXOwYvts="></latexit>

sendto h serialize(x+ y) from(m)



Verifying a client
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<latexit sha1_base64="86ww/Q3sGpNiqGwjBniWFO+zCpg="></latexit>

{srv Z) �add ⇤ FreePorts(ip, {p})}
client x y srv (ip, p)

{v.v = x+ y}

<latexit sha1_base64="86ww/Q3sGpNiqGwjBniWFO+zCpg="></latexit>

{srv Z) �add ⇤ FreePorts(ip, {p})}
client x y srv (ip, p)

{v.v = x+ y}

<latexit sha1_base64="wMklYRqKZDZ1uJOFwSLuB8Zfing="></latexit>

{ ⇤ }
<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}
<latexit sha1_base64="oONFAnLrldONQzpijkciKw7OQz0="></latexit>

srv Z) �add



Verifying a client
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<latexit sha1_base64="86ww/Q3sGpNiqGwjBniWFO+zCpg="></latexit>

{srv Z) �add ⇤ FreePorts(ip, {p})}
client x y srv (ip, p)

{v.v = x+ y}

<latexit sha1_base64="0cIyLhRUa1q3MWbjYGX3qL33wz0="></latexit>

{(ip, p) Z) �add ⇤ FreePorts(ip, {p})}

<latexit sha1_base64="oONFAnLrldONQzpijkciKw7OQz0="></latexit>

srv Z) �add
<latexit sha1_base64="N3yTH5xN6INhEKcVH+k1UbX9tCU="></latexit>

let skt = socket () in
socketbind skt (ip, p);
let m = serialize (x, y) in
sendto skt m srv;
let res = listenwait skt in
deserialize res



Verifying a client
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<latexit sha1_base64="86ww/Q3sGpNiqGwjBniWFO+zCpg="></latexit>

{srv Z) �add ⇤ FreePorts(ip, {p})}
client x y srv (ip, p)

{v.v = x+ y}

<latexit sha1_base64="oONFAnLrldONQzpijkciKw7OQz0="></latexit>

srv Z) �add

<latexit sha1_base64="D6c79XILy6R+aN4c3ZJdToS+4eA="></latexit>

let m = serialize (x, y) in
sendto h m srv;
let res = listenwait h in
deserialize res

<latexit sha1_base64="TyrqREb2kbE7hGIr0jEtPQChpdE="></latexit>

h ,! Some (ip, p)



Verifying a client
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<latexit sha1_base64="86ww/Q3sGpNiqGwjBniWFO+zCpg="></latexit>

{srv Z) �add ⇤ FreePorts(ip, {p})}
client x y srv (ip, p)

{v.v = x+ y}

<latexit sha1_base64="oONFAnLrldONQzpijkciKw7OQz0="></latexit>

srv Z) �add
<latexit sha1_base64="TyrqREb2kbE7hGIr0jEtPQChpdE="></latexit>

h ,! Some (ip, p)<latexit sha1_base64="Nb0CHIQqxjo4FxW+BFb23xYlc64="></latexit>

sendto h serialize(x, y) srv;
let res = listenwait h in
deserialize res

<latexit sha1_base64="Q5uYOYEwWeWaPSfFoGS8i7Fg0HA="></latexit>

�add(m) ,9 : Message! iProp, (x, y : N).
body(m) = serialize(x, y) ⇤
from(m) Z)  ⇤
8m0. body(m0) = serialize(x+ y) �⇤  (m0)



Verifying a client
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<latexit sha1_base64="86ww/Q3sGpNiqGwjBniWFO+zCpg="></latexit>

{srv Z) �add ⇤ FreePorts(ip, {p})}
client x y srv (ip, p)

{v.v = x+ y}

<latexit sha1_base64="oONFAnLrldONQzpijkciKw7OQz0="></latexit>

srv Z) �add
<latexit sha1_base64="TyrqREb2kbE7hGIr0jEtPQChpdE="></latexit>

h ,! Some (ip, p)<latexit sha1_base64="Nb0CHIQqxjo4FxW+BFb23xYlc64="></latexit>

sendto h serialize(x, y) srv;
let res = listenwait h in
deserialize res

<latexit sha1_base64="6WFQHKslSt3Dwgude3GxnfJsgbY="></latexit>

�client(m) , body(m) = serialize(x+ y)

<latexit sha1_base64="Kf+0TgWGs/ILn79niFlBQX0UhAw="></latexit>

(ip, p) Z) �client

<latexit sha1_base64="Q5uYOYEwWeWaPSfFoGS8i7Fg0HA="></latexit>

�add(m) ,9 : Message! iProp, (x, y : N).
body(m) = serialize(x, y) ⇤
from(m) Z)  ⇤
8m0. body(m0) = serialize(x+ y) �⇤  (m0)



Verifying a client
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<latexit sha1_base64="86ww/Q3sGpNiqGwjBniWFO+zCpg="></latexit>

{srv Z) �add ⇤ FreePorts(ip, {p})}
client x y srv (ip, p)

{v.v = x+ y}

<latexit sha1_base64="oONFAnLrldONQzpijkciKw7OQz0="></latexit>

srv Z) �add
<latexit sha1_base64="TyrqREb2kbE7hGIr0jEtPQChpdE="></latexit>

h ,! Some (ip, p)<latexit sha1_base64="Nb0CHIQqxjo4FxW+BFb23xYlc64="></latexit>

sendto h serialize(x, y) srv;
let res = listenwait h in
deserialize res

<latexit sha1_base64="6WFQHKslSt3Dwgude3GxnfJsgbY="></latexit>

�client(m) , body(m) = serialize(x+ y)

<latexit sha1_base64="Kf+0TgWGs/ILn79niFlBQX0UhAw="></latexit>

(ip, p) Z) �client



Verifying a client
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<latexit sha1_base64="86ww/Q3sGpNiqGwjBniWFO+zCpg="></latexit>

{srv Z) �add ⇤ FreePorts(ip, {p})}
client x y srv (ip, p)

{v.v = x+ y}

<latexit sha1_base64="oONFAnLrldONQzpijkciKw7OQz0="></latexit>

srv Z) �add
<latexit sha1_base64="TyrqREb2kbE7hGIr0jEtPQChpdE="></latexit>

h ,! Some (ip, p)

<latexit sha1_base64="6WFQHKslSt3Dwgude3GxnfJsgbY="></latexit>

�client(m) , body(m) = serialize(x+ y)

<latexit sha1_base64="Kf+0TgWGs/ILn79niFlBQX0UhAw="></latexit>

(ip, p) Z) �client

<latexit sha1_base64="sFVWS5OLvhDY76nYAprFHMRZbaQ="></latexit>

let res = body(m) in
deserialize res

<latexit sha1_base64="CqUKpVcQx2LRGwaWfRtcZFJCHCk="></latexit>

{�client(m)}



Horizontal composition

• The addition service showcases horizontal compositional reasoning 

• In the paper we also introduce a load balancer, but use the existing 
specifications for the server and client to verify the system
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Vertical composition
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• In the paper we showcase vertical compositional reasoning by implementing 
and verifying the two-phase commit protocol


• We use the two-phase commit implementation and specification as a library 
to implement and verify a replicated logging system

<latexit sha1_base64="mElj1CsaNY/fXRXmdKgCJ756Lns="></latexit>

rec tpc__coordinate m skt ps dec =
let count = list__length ps in
let msgs = ref (list__make ()) in
let ack = ref 0 in
list__iter (�n. sendto skt m n) ps;
listen skt (rec handler m from =
let msgs’ = !msgs in
msgs list__cons m msgs’;
if (list__length !msgs) = count
then () else listen skt handler);

let res = dec !msgs in
list__iter (�n. sendto skt res n) ps;
listen skt (rec h m from =
ack !ack + 1;
if !ack = count
then res
else listen skt h)

<latexit sha1_base64="ElU3lQUN5EPZD1Q+TYThMKDLEMo="></latexit>

rec db addr =
let skt = socket() in
let wait = ref "" in
let log = ref "" in
let req = � m . wait valof m; "COMMIT" in
let fin = � m .
if m = "COMMIT"
then log !log ^ !wait else () in

socketbind skt addr;
tpc__participant skt req fin



Distributed Causal Memory @ POPL’21
Modular Specification and Verification in Higher-Order Distributed Separation Logic
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An implementation, modular specification, and 
verification of a causally-consistent distributed 
database and its clients in Aneris.



Conclusion

• A programming language and a separation logic, Aneris, for modular 
reasoning about partial correctness properties of implementations of 
distributed systems


• Scalable development and verification of distributed systems through vertical 
and horizontal compositional reasoning 

• Extensive case studies showcasing our reasoning principles


• All theory and examples are mechanised on top of the Iris separation logic 
framework in the Coq proof assistant
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