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Reversible programming languages

Each execution step is reversible

Backward steps must be deterministic

E.g.,dJanus: if ¢; then §§ else S fi ©

Reversible languages are not universal
(e.g., cannot compute non-injective functions)
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Reversibilization

Given an irreversible programming language L with
semantics Sem over states sy, 51, ..., S, € State:

Sop—S{ —...— Sp

we can extend the states with enough information so that
Sem" over (sg, ho), (s1, h1),...,(sn, hy) € State’:

(so,[]) = (s1,[s0]) = ... — (Sn,[Sn—1.---.S0])

becomes reversible
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e we can extend the states with enough information so that
i) Sem" over (sg, ho), (s1, h1),...,(sn, hy) € State’:
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debugging <So, []> — <S1, [SO]> — ... <Sn, [Sn_1 goee ey SO]>
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Recap This is known as a Landauer embedding and is the main
technique for reversibilization J




It may seem impractical at first. . .
However,

in some cases, performance is not critical
(e.g., debugging)

in some other cases, the history can be optimized

(e.g., store nothing when applying an injective function)
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® in some cases, performance is not critical
(e.g., debugging)
® in some other cases, the history can be optimized
(e.g., store nothing when applying an injective function)
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Defining a Landauer embedding

Functions defined by pattern-matching, e.g.,

add(0,y) — vy
add(s(x),y) — s(add(x,y))

fst(x,y) — x
An example reduction:

fst(add(s(0),0),0) — fst(s(add(0,0)),0) — fst(s(0),0) — s(0)
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What should include a Landauer embedding? J
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What should include a Landauer embedding?
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instrumented program?

l.e., given a program R, define R and R, such that
(81,m1) =R (S2,m2) iff (Sy,7m1) =R, (S2,m2)

and

(S2,m2) ~—r (S1,m1) iff (Sp,m2) =g, (S1,7m1)
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... but storing positions is rather difficult (dynamic)
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Instrumenting the rules to store the applied rule and the
erased values is easy (static)

... but storing positions is rather difficult (dynamic)

Alternative: program transformation (flattening), e.g.,

add(0,y) — vy
add(s(x),y) — s(add(x,y))
U
add(0,y) — vy
add(s(x),y) — s(z) < add(x,y) —» z

so that all function calls occur at root positions
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Thus we can get rid of positions in trace terms. ..

B(p,o) = B(o)
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Conditional Programs

A conditional rule:

f(sp) = r<=fi(s1) > t1,...,fa(sn) = ty
is equivalent to (Haskell-like):

fso=rwhereti =1f s1,...,th =1, 8p

or
E.g.,

add 0y
add (s x) y

y
let z=add x y ins(z2) J
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=1(r, B(Y, Wn)) — (So) <= T (tn, Wn) — (Sn), ..., T1 ' (t1, wq) — (s1)
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—  s(xq) < add(x, y) — x
- X

Injectivization & Inversion: An example
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e B2: add(s(x),y) — s(x1) < add(x,y) — x
Concurrent /63 : fSt(X, y) — X
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Bidirectional transformations (Bx)

We have two data representations, called source and view
with source D view (assymmetric case)

Function get : source — view

Consistency: s € source is consistent with v € view if get(s) = vJ
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Stepwise approach to bidirectionalization

Example (first names, injective version)

(1) = ([1. 81) ,
fn'(person(n, 1):xs) — (n:ys, Ba(l, w)) < fn'(xs) — (ys, w)
fni(city(c): xs) — (ys, B3(c, w)) < fi(xs) — (ys, w)
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Concurrent

sy TN(PEISON(N, 1):XS) — (N:y8, Bo(I, w)) < fni(xs) — (ys, w)
St fn(city(c):x8) — (ys, Bz(c, w)) <= fnl(xs) — (ys, w)
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logging semantics
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Recap



PPDP-
LOPSTR’19

Introduction

Functional

Landauer
embedding

transformations
application: Bx

Concurrent
syntax (sequential)
syntax (concurrent)
core Erlang
'semantics

reversible
‘semantics

Application:

reversible

debugging
logging semantics
causal consistency
replay semantics

controlled
‘semantics

reversible
debugging

Recap

Stepwise approach to bidirectionalization

Example (first names, injective version)

(1) = ([1. 81) ,
fn'(person(n, 1):xs) — (n:ys, Ba(l, w)) < fn'(xs) — (ys, w)
fni(city(c): xs) — (ys, B3(c, w)) < fi(xs) — (ys, w)

E.g., given s =

[person(john, smith), city(london), person(ada, lovelace)],
we have

fni(s) = ([john, ada],gg(smith, B3(london, Bo(lovelace, 3 ))p

a complement!
(according to [Bancilhon & Spyratos, 1981])
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::::::::ﬂ:;s fnf(person(n, I)ZXS) — <n:ys, ﬂg(/, W)> <~ fn'(xs) — <ys, W>
concurem I (City(€) 1 x8) — {ys, A3(C, W)) <= fn'(xs) - (ys, W)

eoiax concuen)

S fn='([1,81) =[]

e fn='(n:ys, Ba(/, w)) — person(n,/):xs < fn~(ys, w) - xs
Appllc_atlon: 1 . . 1
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ebugging y
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causal consistency

replay semantics

ST Generation of a “put” function (given a “get” function f):

e put(v,s) — & < fi(s) —» (_,7n),F1(v,7) » &

Recap
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spplcaton:Bx fn'(city(c):xs) — (ys, B3(c, w)) < fn'(xs) — (ys, w)
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= n="([1, 1) =[]
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Application: fn=1(ys, Bs(c, w)) — city(c):xs < fn~"(ys, w) - xs

debugging o

logging semantics
causal consistency

Sl Generation of a “put” function (given a “get” function f):

controlled
semantics

S puti(v,s) = & < |fi(s) - (_,m) | F(v,7) » &

Recap

© compute the complement of the original source
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L fn'(city(c): xs) — (ys, B3(c, w)) < fn'(xs) — (ys, w)
pstait

S n="([1. 81) = []

e fn="(n:ys, Ba(l, w)) — person(n,/):xs < fn~(ys, w) - xs
Application in="(ys, B3(c, w)) — city(c):xs <= fin~1(ys, w) - xs

debugging A
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R Generation of a “put” function (given a “get” function f):
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denuaaig puti(v, s) — (') < fi(s) - (_,7), m

Recap

© compute the complement of the original source
@® compute the updated source
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Vv
Concurrent -
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syntax (concurrent) .
o Update 1 (compatible)

o) [iohn,ada] = [peter,ada] (v1)
Application: ‘fn_‘I (V1 s 7-‘-) =
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debugging [person(peter, smith), city(london), person(ada, lovelace)]
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Introduction Given’ S_: . .

SR [person(john, smith), city(london), person(ada, lovelace)]
i and

sotemtion 81 fn'(s) = ([john, ada], Ba(smith, B3(london, 55 (lovelace, f51))))
Concurrent ;r’

syntax (sequential)

syntax (concurrent) .

g Update 1 (compatible)

o) [iohn,ada] = [peter,ada] (v1)

Application: ‘fn_‘I (V1 71-) =

reversible ’ . .

debugging [person(peter, smith), city(london), person(ada, lovelace)]
logging semantics

y

causal consistency

replay semantics

controlled
tics

Update 2 (non-compatible)

Recap [john,ada] = [john] (v»)
fn="(vo, 7) undefined




PPDP-
LOPSTR’19

Introduction

Functional

Landauer
embedding

transformations
application: Bx

Concurrent
syntax (sequential)
syntax (concurrent)
core Erlang
'semantics

reversible
semantics

Application:
reversible

debugging
logging semantics
causal consistency
replay semantics

controlled
‘semantics

reversible
debugging

Recap

Characterizing compatible updates [RC 2019]

Definition (view skeleton)
Consider a source s with fi(s) = (v, )

We compute the narrowing derivation:
f=1(x, ) ~% &' (deterministic!)

Then, xo = V' is the view skeleton

E.g.,
fn=1(x, B2(smith, B3(london, B (lovelace, 51))))
Therefore, the view skeleton is [x1, xo]

MfXH [x1,%]} s

Consider a source s with fi(s) = (v, 7)

An update v’ is compatible if it is an instance of the view
skeleton
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Concurrent

syntax (sequential)

w  Concurrent Programming

A first-order, eager functional and concurrent
language based on message-passing
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Concurrent
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syntax (concurrent)

C4 ¢ No shared memory, only message passing

roversve (asynchronous communication)

Sl e Each process has a pid and a local queue (mailbox)
(e * A system is a collection of processes

causal consistency
replay semantics

controlled
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reversible
debugging

Recap
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Sequential Erlang in 5 examples

append/2

append([H|T], L) —> [H|append(T,1)];
append(]], L) —> L.

Variables start with an uppercase letter

Function names and atoms (i.e., constants) start with a
lowercase letter
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Introduction append/2

Functional

Faetl append([H|T], L) —> [H|append(T,L)];
bt append(fl, L) —> L.

Concurrent . .
ey VAriables start with an uppercase letter
syntax (concurrent)

semanics Function names and atoms (i.e., constants) start with a

reversible

e lowercase letter
Application:

reversible

debuggi H initi
wneme Alternative definition:

causal consistency

Sl append/2

‘semantics

Recap append(A,B) —> caseAof
[H|T] —> [H|append(T,L)];
(] —> L
end.
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toint/1

application: Bx

Concurrent tOil’lt({S, N}) —> int(N) + 1;

syntax (sequential)

e e toint(zero) —> 0.

core Erlang

‘semantics
reversible

o) E.g., toint({s,{s,{s,zero}}}) evaluates to 3

Application:

reversible

debugging

logging semantics

causal consistency . . .
ey emanics No user-defined algebraic data types (so we cannot write
e s(s(s(zero))))

debugging

Recap

Main data types: numbers, atoms, lists, and tuples
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Sequential Erlang in 5 examples

factorial/1

factorial(N) whenN >0 —> N=x factorial(N—1);
factorial(l) -> 0.

Besides pattern matching, we can have guards

Only built-in functions are allowed in guards
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Sequential Erlang in 5 examples

minmax/1

minmax(L) —> Min = lists:min(L),
Max = lists :max(L),
{Min,Max}.

Sequence ey, ..., e, evaluates all expressions, returns the
evaluation of e,

Equation pat = exp evaluates exp and perform pattern
matching with pat
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Max = lists :max(L),
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syntax (sequential) {Ml 1’1, Max} .

syntax (concurrent)

core Erlang
i Sequence ey, ..., e, evaluates all expressions, returns the
semantics eva|uati0n of en

Application:

reversil?le

(weens - Equation pat = exp evaluates exp and perform pattern
ceseme matching with pat

comanties

reversible

domugging Equivalent to

Recap

minmax(L) —> {Min,Max} < lists :min(L) — Min,
lists :max(L) - Max
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Recap No partial applications
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Concurrency features

e spawn: creates a new process as a side-effect and
returns the pid of the new process

e self: returns the pid of the current process

e pid ! val: sends val to process pid as a side-effect and
returns val

® receive ... end: waits for a message that matches
some pattern (otherwise, blocks execution) and returns
the expression in the selected branch
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embedding cllent(S)

transformations
application: Bx

Concurrent client(s) —> s!{self(),{add,paper}},

syntax (sequential)

ey S {self(),{add,pencil}},

s S {self(),take},

e receive

R X —> X

debuggi

oo i end.

causal consistency

replay semantics

comen server(L) —> receive

domgaing add, Item}} —> server([Iten|L]);

{_,{adq, 3 ([Ttem|T]);

Recap {C,take} —> C ! hd(L), server(t1l(L))

end.
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From Erlang to Core Erlang

Core Erlang is an intermediate representation used during
the compilation of Erlang programs

It is a convenient representation for defining analyses and
other tools

Not as readable as Erlang. ..
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application: Bx

Concurrent a(N) —> M=N-+ 1, a(M).

syntax

syntax (concurrent)
core Erlang

core erlang

reversible
‘semantics

'a’/1 = fun(_@c0) —>
Application: case ©@cO of
reversible — p , ;L
debugging < 42 > when 'true’ —> "ok

EEE S < _@c2 > when’true’ —> let <_@c3 >=call’erlang’:/+/(N,1)

causal consistency in apply ’a'/l ( @C3)
replay semantics —
controlled end

‘semantics

reversible
debugging

Recap

Essentially: one clause per function, case for pattern
matching, let for sequences, apply for function applications,
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S ——— Module ::= module Atom = funy, ..., fun,

e fun = fname =fun (Xi,...,Xs) — expr

B— fname := Atom/Integer

et lit == Atom | Integer | Float | []

Application: expr == Var|lit| fname | [expri|exprz] | {expri,. .., expr}
L‘Z‘g’-l:;g’l':g | call expr (expri,...,expra) | apply expr (expri, ..., expr)
R T | case expr of clause; .. .; clausen end

P | let Var = expry in expr. | receive clause; . . .; clause, end
contrlled |  spawn(expr,[expri, ..., expr]) | expri ! exprz | self()
roverile clause := pat when expr; — exprz

pat = \Var|lit| [pat|pat:] | {pati,...,pat:}

Recap
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controlied spawn(expr, [expri, . .., expri]) | expri ! exprz | self()

semantics

reversible
debugging

Recap
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Introduction

Functional Definition (process) //no local queue!
enoedrs A process is a triple (p, #, ) where

resen B ® pis the pid of the process

Concurrent . .

e ® §is an environment

o ® ¢is the expression to be reduced

reversible ’

semantics

feieaions - Definition (system)

debugging

oA SYystem is denoted by I; 11, where

y e " models the network & local queues (global mailbox);
m a multiset of triples (sender_pid, target_pid, message)
Recap e [] is a pool of processes

We use [F; (p,0,e) & IT j to denote an arbitrary system




PPDP-
LOPSTR’19

Introduction

Functional

Landauer
embedding

transformations
application: Bx

Concurrent
syntax (sequential)
syntax (concurrent)
core Erlang
‘semantics

reversible
semantics

Application:
reversible

debugging
logging semantics
causal consistency
replay semantics

controlled
semantics

reversible
debugging

Recap

Semantics

Erlang guarantees that, if two messages are sent from
process p to process p’, and both are delivered, then the
order of these messages is kept




PPDP-
LOPSTR’19

Introduction

Functional

Landauer
embedding

transformations
application: Bx

Concurrent
syntax (sequential)
syntax (concurrent)
core Erlang
‘semantics

reversible
semantics

Application:
reversible

debugging
logging semantics
causal consistency
replay semantics

controlled
semantics

reversible
debugging

Recap

Semantics

Erlang guarantees that, if two messages are sent from
process p to process p’, and both are delivered, then the
order of these messages is kept

© [LOPSTR16] ensures this restriction
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Semantics

Erlang guarantees that, if two messages are sent from
process p to process p’, and both are delivered, then the
order of these messages is kept

© [LOPSTR16] ensures this restriction

0 [JLAMP18,FLOPS18,FORTE19] ignore this restriction
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Semantics of concurrent expressions

For concurrent actions, we face the following problems:
© we don’t know the result of the actions
@ we must perform side effects
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Semantics of concurrent expressions

For concurrent actions, we face the following problems:
© we don’t know the result of the actions (fresh variables)
® we must perform side effects
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Semantics of concurrent expressions

For concurrent actions, we face the following problems:
© we don’t know the result of the actions (fresh variables)
@ we must perform side effects (labels)

Labels

* At expression level, transitions for concurrent actions
are labelled with enough information

e At system level, labels are used to perform the
associated actions
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0, e N o', e
(var) ——— ( )
6,X T 0,6(X)

S S —
application: Bx 0, {vii—1, €, 81,0t — 0/, {V1i—1, €, €51,n}

Concurrent ) 0,61 -5 0/, e )
syntax (sequential) (List1) Z (List2) 7
syntax (concurrent) 0, [e1]e2] — 07, [€]|en] 0, [vilea] — 07, [v1]e]

core Erlang .

semantics 6,61 — 0, ¢

reversible (Let?) 7 et2) " -

semantics 0,let X = eqinep —>9’,Ietx:e4 in e, 0,letX =vine — 0[X — v],e

‘
0,60 — 0, 6)

Application: e,
reversible (Casef) b, — 0, €
debugging 0,case eofcly;...;clhend
logging semantics

/ match(v, ¢l ..., clp) = (0;, &)

(Case2) =
6,casevofch;...;clpend — 66;, e

[
—— 0, case &’ of cly;...;clpend
causal consistency

replay semantics o ¢ o’ , { ’ }
trolled e — 0, el ie{1,...,n
e (Apply1) i i

¢ T
reversible 0,apply a/n (V1 j_1, &, 8iy1,0) — 0’,apply a/n (Vy j_1, &, &ii1,n)
debugging

w(a/n) =fun(Xq,..., Xp) > e
6,apply a/n(vy,...,vn) — {X{ — Vq,..., Xn — Vn}, e

Recan (Apply2)
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Sending a message

(expression semantics)

(Send2) send(vy,v2)
0,vi!vo 4’2 0, vo
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i I (p,0,e)&Il — I'; (p,0',€{x— p'H)&

Recap <pl7 9/? apply a/n (V_n)>&H
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Reversible semantics (uncontrolled

@ Forward reversible semantics: we instrument the
system rules using a Landauer embedding

@ Backward reversible semantics: straightforward
inversion of the previous rules
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Reversible semantics (uncontrolled)

© Forward reversible semantics: we instrument the
system rules using a Landauer embedding

@ Backward reversible semantics: straightforward
inversion of the previous rules

Processes have now the form (p, h, 0, e)

history h

is a sequence of terms headed by constructors seq, send,
rec, spawn, and self, and whose arguments are the
information required to (deterministically) undo the step
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Functional send(p’,v)
e e ———5 0 ¢
e T 0.6 | 1T
Concurrent | —p,send(¢) ru {(p7 o, V)};
‘syntax (sequential
A (p,send(0,e.p'.v):h,0',¢) | II
B (Receive)
reversible ’T _
cemaics 9, e 2N, g o and matchrec(6, clp, v) = (6;, &)
reversitle ruf{(p',p,v)Hp, h,6,e |1l
L —prec(e) I (P rec(0, e.p',v):h,60'0;, &'{r — ei}) | II
causal consistency
S (Spawn)
‘semantics
S g, SP2n(ma/n D, g o and p’ is a fresh pid
I (p,h,0,€) | 1T

—p,spawn(p’) I <P, Spawn(e; e, ,Dl) : ha 0/7 e/{’g '_)_p/}>
| (0, [1,id,apply a/n (va)) | II
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replay semantics

controlled
semantics

reversible
debugging
Recap

= reversible computations must be causal consistentJ

u]
o)
I
ul
it




PPDP-
LOPSTR’19

Introduction

Functional

Landauer
embedding

transformations
application: Bx

Concurrent
syntax (sequential)
syntax (concurrent)
core Erlang
‘semantics

reversible
semantics

Application:
reversible

debugging
logging semantics
causal consistency
replay semantics

controlled
semantics

reversible
debugging

Recap

Designing a reversible debugger

A common problem: in concurrent languages, replaying a
particular computation might be difficult (even impossible)
given the nondeterminism of the language
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Designing a reversible debugger

A common problem: in concurrent languages, replaying a
particular computation might be difficult (even impossible)
given the nondeterminism of the language

Solution
© instrument the code so that it generates a log
(a sequence of messages received by each process)
@ forward reversible semantics is driven by the log
(causal-consistent replay semantics)

© controlled reversible semantics driven by user
requests (both replay requests and rollbacks)
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v — {v,l}, where /is fresh

Alog £(d) of a derivation d is a sequence of items
spawn(p), send(¥) or rec(¢) for each process in d
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controlled
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Recap

(logs are local to each process)
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0,e 0 ,¢
I(p,0,€) | Il —pseq I'; (P, 0", €) | IT
(Send)
P 0, e sende’v), ¢’, € and ¢ is a fresh symbol
pplesion: I {p,0,8) | IT —p sena(e) I U{(p, 0", {v, £})}: (p, 0", ') | 1T
syntax (sequential (Receive)
:i:;a;;::;mem) 0,e M ¢’,€ and matchrec(6, cl, v) = (6;, &)
LU P, (v, 01)): (p.0, €) [ IT —p.ec(ry T (P, 0'6;, & (s €}) | IT
(Spawn)
0,e M 0’,€ and p’is a fresh pid
toaangsemants 5P, 0,8) [ IT = pspawn(p) 1 (P, 0", €{r — p'}) | (P, id, apply a/n (Vn)) | IT
S (sen
= 0.0, oo
debugging

I <p797 e) | 11 (_>p,self r; <p7 ‘9,’ e,{ﬁ = p}> ‘ II

(implemented by a program instrumentation)
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ompeding exactly the inverse order of the forward computation

transformations
application: Bx

Concurrent p1 p1

syntax (sequential)

S p— p2

core Erlang

'semantics
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If p1 and p2 are independent then
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T p1 p1
causal consistency
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e p1 | pi
Recap | p2

are causally equivalent
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Causally equivalent derivations

d; and d» are causally equivalent (d; ~ d,) if d; can be obtained
from ds by switching consecutive transitions as long as

© the actions of a given process cannot be switched
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Causally equivalent derivations

d; and d» are causally equivalent (d; ~ d,) if d; can be obtained
from ds by switching consecutive transitions as long as

© the actions of a given process cannot be switched

@ no message can be received before it is sent
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Causally equivalent derivations

d; and d» are causally equivalent (d; ~ d,) if d; can be obtained
from ds by switching consecutive transitions as long as

© the actions of a given process cannot be switched
@ no message can be received before it is sent

© a process cannot perform any action before it is spawned
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Causally equivalent derivations

d; and d» are causally equivalent (d; ~ d,) if d; can be obtained
from ds by switching consecutive transitions as long as

© the actions of a given process cannot be switched
@ no message can be received before it is sent

© a process cannot perform any action before it is spawned

Given (coinitial) derivations dy and db>, [L(d1) = L(db) iff dy =~ dgj
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Reversible Semantics

Processes have the form (p,w, h, 0, e)
with w a log and h a history

A history his a sequence of terms headed by constructors
seq, send, rec, spawn, and self, and whose arguments are
the information required to (deterministically) undo the step
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Uncontrolled forward semantics

(Send)

send(p’,v
9, e SMAPLY),

I';(p,send(¢):w, h,0,e) | II
—p,send(¢),{s,¢"} ru{(p,p'{v.eH)}
(p,w,send(6, e,p, {v,£}):h, 0/, &) | IT

0, ¢e

(Receive)

0, e ¢’,€ and matchrec(0, ch, v) = (6;, &)
ru{(p',p,{v.})}{p,rec(t):w, h,0,e) | II
—prec(e), {s,ev3 1 (p,w,rec(0,e,p’,{v,£}):h,0'0;, ' {x — e}) | IT

rec(rs,Chn)
—

(Spawn)

0, FANA/ND, o/ o and ) — trace(d, p')

I; <p7 Spawn(p’) ‘W, h7 97 e> | "’y
—p,spawn(p’), {s,sp, } I'; {p,w,spawn(d, e,p'):h,¢', &' {x — p'})
| (plvwl7 []7 id, apply a/n (Vn)> | I
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Uncontrolled backward semantics

Geng) L UAPR AV DY (pow,send(0, 6,0/, {v. £}) .0, €) | 1T
—p,send(£), {s, £} I'; (p,send(¥):w, h,6,e) | IT

I (p,w,rec(0, e,p',{v,L}):h, 0", &) | IT
(Receive)  pec(e), (st yuv LU PP (V. 1)} (pyrec():w, h,0,€) | 1T
where V = Dom(6")\Dom(6)

I {p,w,spawn(0,e,p’):h,0',€') | (p', ', [],id,€") | IT

(Spawn) ~p,spawn(p’), {s,sp, } I'; {p,spawn(p’):w, h,0,e) | IT
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Some results...

Coinitial derivations are cofinal
iff they are causally equivalent

Misbehaviors are preserved
by all causally equivalent derivations
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(;:pncurrent e {p,s}: one step backward/forward of process p
e e {p,¢"}: a backward/forward derivation of process p up
sy to the sending of the message tagged with ¢

Ap";“catmn e {p,tt}:a bapkward/forward derivation of process p up
L to the reception of the message tagged with ¢

B * {p,sp, }: a backward/forward derivation of process p
roply semantes up to the spawning of the process with pid p/

e * {p, X}: a backward derivation of process p up to the
P introduction of variable X
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Controlled semantics takes a stack of requests (initially one)
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Controlled semantics takes a stack of requests (initially one)

It is defined as a layer on top of the uncontrolled semantics:

e |f a process can perform a step satisfying the request
on top of the stack — do it and remove the request
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Controlled semantics takes a stack of requests (initially one)

It is defined as a layer on top of the uncontrolled semantics:

e |f a process can perform a step satisfying the request
on top of the stack — do it and remove the request

e |f a process can perform a step but it doesn’t satisfy the
request — update the system but keep the request
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Controlled semantics takes a stack of requests (initially one)

It is defined as a layer on top of the uncontrolled semantics:

e |f a process can perform a step satisfying the request
on top of the stack — do it and remove the request

e |f a process can perform a step but it doesn’t satisfy the
request — update the system but keep the request

e |f a step on the process is not possible — track
dependencies and add new requests on top of the stack
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Reversible debugging

Two components: code instrumentation (logging)
+ causal-consistent reversible debugger (CauDEr)

https://github.com/mistupv/tracer
https://github.com/mistupv/cauder/tree/replay

u]
o)
I
ul
it



https://github.com/mistupv/tracer
https://github.com/mistupv/cauder/tree/replay

LoPSTR 19 A Note on the implementation

Introduction

Functional

Landauer
embedding

transformations

application: Bx Current prototypes show good potential, but more
Concurrent implementation effort is still required:

syntax (sequential)

e e ¢ move from Core Erlang to Erlang

ffv";l"i;f: e graphical representation of logs

Application: ¢ consider more Erlang features: links, monitors,
reversible TR . .

debugging built-in’s, input/output, behaviours, etc

logging semantics

causalconsistency combine it with program slicing / automatic bug location

replay semantics

controlled
‘semantics

reversible
debugging

Recap



PPDP-
LOPSTR’19

Introduction

Functional

Landauer
embedding

transformations
application: Bx

Concurrent
syntax (sequential)
syntax (concurrent)
core Erlang
'semantics

reversible
‘semantics

Application:
reversible

debugging
logging semantics
causal consistency
replay semantics

controlled
‘semantics

reversible
debugging

Recap

Every (irreversible) language can be
made reversible by defining a
Landauer embedding
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Reversibilization can be achieved by
instrumenting the semantics or the
program
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For concurrent languages, causal
consistency is essential
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cocen There are many other applications of
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Lna reversible computation: quantum computing,

semantics

= discrete simulation, hardware design,
L computational biology, robotics, etc

debugging
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