Reversible Computation 2022 5th July 2022

The X-Calculus

a declarative model of reveraible programming

‘Hannah ¢arley

hennah.ic - DAMTP, Cambridge - Vaire Computing



mailto:h@nnah.io

Reversible Computation 2022 5th July 2022

The X-Calculus

- declarative
- reversible TRS semantics, without history
- minimalistic definition
(PATTERN TERM) T ::=SYM | VAR | (7" )

(RULE) pu=m =

(DEFINITION) & ==p: p- | ! @™
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Addit

'+ab(); '()cb+;
+aZ ()= a2 -+; (ADD—BASE)
+ a (Sb) () = () (Sc) (Sb) +: (ADD—STEP)
+ab()=(cb+. (ADD—STEP—SUB)
(PATTERN TERM) 7 ::=SYM | VAR | (7" )
(RULE) pu=7 =m

(DEFINITION) & ==p:p: | ! 7";



Reversible Computation 2022 5th July 2022

Addit

'+ab(); '()cb+;
+aZ ()= a2 -+; (ADD—BASE)
+ a (Sb) () = () (Sc) (Sb) +: (ADD—STEP)
+ab()=(cb+. (ADD—STEP—SUB)

' +32) (ADD—STEP)
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Addit

'+ab(); '()cb+;
+aZ()=()aZ+; (ADD—BASE)
+ a (Sb) () = () (Sc) (Sb) +: (ADD—STEP)
+ab()=(cb+. (ADD—STEP—SUB)
' +32() ew{a—3,b— 1} (ADD-STEP)

H (ADD—STEP—SUB)

+ 31 () (ADD-STEP)
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Addit

'+ab(); '()cb+;
+aZ ()= a2 -+; (ADD—BASE)
+ a (Sb) () = () (Sc) (Sb) +: (ADD—STEP)
+ab()=(cb+. (ADD—STEP—SUB)

' +32() ew{a—3,b— 1} ADD-STEP)

(

J//—__//f (ADD—STEP—SUB)
(
(

+31() e»{a—3,b— 0} ADD-STEP)

/

+37 ()

ADD—STEP—SUB)
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Addit

'+ab(); '()cb+;
+aZ()=()aZ+; (ADD—BASE)
+ a (Sb) () = () (Sc) (Sb) +: (ADD—STEP)
+ab()=(cb+. (ADD—STEP—SUB)

' +32() e~w{a—3,b— 1}

H

(
(
+31() e»{a—3,b— 0} (ADD—STEP)
(
(

ADD—STEP)

ADD—STEP—SUB)

ADD—STEP—SUB)

/

+3Z()ew{a—3tew()32Z+

ADD—BASE)
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Addit

'+ab(); '()cb+;
+aZ()=()aZ+; (ADD—BASE)
+ a (Sb) () = () (Sc) (Sb) +: (ADD—STEP)
+ab()=(cb+. (ADD—STEP—SUB)

' +32() e~w{a—3,b— 1}

H

(

(
+31() e»{a—3,b— 0} {c—3,b— 0}« ()41 + (ADD—STEP)

(

(

ADD—STEP)

ADD—STEP—SUB)

ADD—STEP—SUB)

/ N\

+3Z()ew{a—3tew()37Z+

ADD—BASE)
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Addit

'+ab(); '()cb+;
+aZ()=()aZ+; (ADD—BASE)
+ a (Sb) () = () (Sc) (Sb) +: (ADD—STEP)
+ab()=(cb+. (ADD—STEP—SUB)
' +32() ew{a—3,b— 1} {c—4,b— 1}« ()52+ ! (aDD-STEP)
H H (ADD—STEP—SUB)
+31() e»{a—3,b— 0} {c—3,b—0}ew ()41 + (ADD-STEP)
/ \ (ADD—STEP—SUB)
+3Z()ew~w{a—3}ews()37Z+ (ADD—BASE)
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squaring

m? =370 (k+k+1)
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squaring

m? =370 (k+k+1)

'Sam(); !'() n Sq;

SQm () =SQ Z m Sq; (SQ—BEGIN)

SQ s (Sk) SQ =SQ (Ss”) kK SQ:  (sQ-STEP)
+sk()=(s k+. -8 s +k
+sk()=(0s"k+. s s +k

SQn7ZSQ= () nSQq; (SQ-END)
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squaring

®..- x
N m . @
2 m—1 = " r 2
@., “® ® C?)
'Sem (); ! () n Sq; © y @
SQm () =SQ Z m Sq; (SQ—BEGIN) 4L 1'\
SQ s (Sk) SQ = SQ (Ss”) k Sq: (SQ-STEP) .
+sk()=(s k+. -8 s +k ¢ Fm s
—I—S/k():()s"k—l—. s+ k .
SQn7ZSQ= () nSQq; (SQ—END) o LT .
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m? =370 (k+k+1)

'Seqm (); ! () n Sq;

SQm () =SQ Z m Sq;
SQ s (Sk) SQ = Sq (Ss”) k Sq:
+sk()=(s k+.
+s8k()=0s"k+.

SQn7ZSQ= () nSQq;

' SQ 3 ()

squaring

@®..-
@ . '@
8. g
S
(SQ—BEGIN) 4L
(SQ—STEP)
s s +k o H
s 4k
(SQ—END) N

5th July 2022
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squaring

m? =370 (k+k+1)

'Seqm (); ! () n Sq;

SQm () =SQ Z m Sq;
SQ s (Sk) SQ = Sq (Ss”) k Sq:
+sk()=(s k+.
+s8k()=0s"k+.

SQn7ZSQ= () nSQq;

' SQ3 () =S5SQ Z 3 Sq

@.,
S
(SQ—BEGIN) 4L
(SQ—STEP)
-5 s +k
-5 s +k
(SQ—END)
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squaring

m? =370 (k+k+1)

@,

!Sem (); !0 nSq; S
SQm () =5Q7Z m Sq; (SQ-BEGIN) 1L
SQ s (Sk) SQ = SQ (Ss”) k Sq: (SQ-STEP)

+sk()=(s k+. -8 s +k
+s8k()=0s"k+. -8 s+ k
SQn7ZSQ= () nSQq; (SQ—END)

' SQ3()=5SQ7Z35SqQ=1SQ528S5Q

5th July 2022
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squaring

@.,
—1
m* =3 3, (k+k+1)
@.,
'Sqm (); ! () nSq; S
SQm () =SQ Z m Sq; (SQ-BEGIN) 4L

SQ s (Sk) S@=15q (Ss”) k SQ: (s STEP)

+sk()=(s k+. -8 s +k
+s8k()=0s"k+. -8 s+ k
SQn7ZSQ= () nSQq; (SQ—END)

' SQ3()=SQ7Z3SqQq=5SQ52S5SQ=5SQ81S5Q
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squaring

@.,
—1
m* =3 3, (k+k+1)
@.,
'Sqm (); ! () nSq; S
SQm () =SQ Z m Sq; (SQ-BEGIN) 4L

SQ s (Sk) S@=15q (Ss”) k SQ: (s STEP)

+sk()=(s k+. -8 s +k
+s8k()=0s"k+. -8 s+ k
SQn7ZSQ= () nSQq; (SQ—END)

5th July 2022
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' SQ3()=SQ7Z3SQq=SQ525SQ=5Q81SQ=SQ97ZSqQ
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squaring

@.,
—1
m* =3 3, (k+k+1)
@.,
'Sqm (); ! () nSq; S
SQm () =SQ Z m Sq; (SQ-BEGIN) 4L

SQ s (Sk) SQ = SQ (Ss”) k Sq: (SQ-STEP)

+sk()=(s k+. -8 s +k
+s8k()=0s"k+. -8 s+ k
SQn7ZSQ= () nSQq; (SQ—END)

5th July 2022
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1 SQ3()=SQ7Z35Qq=SQ525Qq=5Q815Qq=SQ97ZSqQq=(95q !
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squaring

®.,- t
N m R C)
2 m—1 = " r 2
8. g ® @
'Sem (); ! () n Sq; © y @
SQm () =SQ Z m Sq; (SQ—BEGIN) 1L 1"
SQ s (Sk) SQ =SQ (Ss”) kK SQ:  (sQ-STEP) .
+sk()=(s k+. -8 s +k ¢ Fm s
+s8k()=0s"k+. -5 s +k .
SQn7ZSQ= () nSQq; (SQ—END) N m,_? e

' () 10 SqQ
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squaring

®.,- t
N m R C)
2 m—1 = " r 2
8. g ® @
'Sem (); ! () n Sq; © y @
SQm () =SQ Z m Sq; (SQ—BEGIN) 1L 1"
SQ s (Sk) SQ =SQ (Ss”) kK SQ:  (sQ-STEP) .
+sk()=(s k+. -8 s +k ¢ Fm s
+s8k()=0s"k+. -5 s +k .
SQn7ZSQ= () nSQq; (SQ—END) N m,_? e

' () 10 SQ =SqQ 10 Z Sq
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squaring

®.,- t
N m R C)
2 m—1 = " r 2
8. g ® @
'Sem (); ! () n Sq; © y @
SQm () =SQ Z m Sq; (SQ—BEGIN) 1L 1"
SQ s (Sk) SQ =SQ (Ss”) kK SQ:  (sQ-STEP) .
+sk()=(s k+. -8 s +k ¢ Fm s
+s8k()=0s"k+. -5 s +k .
SQn7ZSQ= () nSQq; (SQ—END) N m,_? e

' 010SQ=SQ10Z SqQq=S5SQ91 SqQ
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squaring

®.,- t
N m R C)
2 m—1 = " r 2
8. g ® @
'Sem (); ! () n Sq; © y @
SQm () =SQ Z m Sq; (SQ—BEGIN) 1L 1"
SQ s (Sk) SQ =SQ (Ss”) kK SQ:  (sQ-STEP) .
+sk()=(s k+. -8 s +k ¢ Fm s
+s8k()=0s"k+. -5 s +k .
SQn7ZSQ= () nSQq; (SQ—END) N m,_? e

' 010SQ=SQ10ZSqQq=5Q91SqQq=15Q62SqQ
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squaring

®.,- t
N m R C)
2 m—1 = " r 2
8. g ® @
'Sem (); ! () n Sq; © y @
SQm () =SQ Z m Sq; (SQ—BEGIN) 1L 1"
SQ s (Sk) SQ =SQ (Ss”) kK SQ:  (sQ-STEP) .
+sk()=(s k+. -8 s +k ¢ Fm s
+s8k()=0s"k+. -5 s +k .
SQn7ZSQ= () nSQq; (SQ—END) N m,_? e

' 010SQ=SQ10ZSqQq=SQ91SQ=SQ62SqQ=5SQ13SqQ
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squaring

®.,- t
N m R C)
2 m—1 = " r 2
8. g ® @
'Sem (); ! () n Sq; © y @
SQm () =SQ Z m Sq; (SQ—BEGIN) 1L 1"
SQ s (Sk) SQ =SQ (Ss”) kK SQ:  (sQ-STEP) .
+sk()=(s k+. -8 s +k ¢ Fm s
+s8k()=0s"k+. -5 s +k .
SQn7ZSQ= () nSQq; (SQ—END) N m,_? e

' 010SQ=SQ10ZSqQ=5SQ915SQq=5SQ62SQq=SqQ13Sq L
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‘Properties + Tuture ‘Work

- r-Turing Complete - Implement & study
concurrent variant

- Confluent Semantics
- Type system

- Concurrent variant
- Apply to molecular

- Interpreter written programming
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fllethe

7% 7% 7%
n "2 n2:
I Gon Z = Go Z n2.
a Z + a Z; Go (Sn) m=Gon (S k): a b Palr® mn:
I Go n Z Z = Go Z a b.
a (8b) + (8 c) (8Db): mn+1n. Go (Sn) Z b=Gon (Sb) Z;
ab+ cb. ln+ kn. Go (Sn) (Sa) b=Gon a (Sb);

Hannah Earley — 2020 — Alethe Interpreter — https://github.com/hannah-earley/alethe-repl
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Thank you!

Engineering and
Physical Sciences
Research Council

MICKLEM LAB gf

= Department of Applied Mathematics
and Theoretical Physics (DAMTP)

Hannah Earley — 2016-2021 — 'Modelling approaches to molecular computation' — EPSRC Project Reference 1781682
Hannah Earley — 2020/2022 — 'The KX-Calculus' — arXiv/Proceedings of RC22



