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the Idea Is to not write the rules directly
out just the
energy landscape

then,only, do we generate the rules

V
energy function

..... ) site graphg | o CTMC
G generating
rues

Kappa language (with Laneve)
compiler to KasSim (Krivine, Feret)




VW

super-concise way of building models
N applications

captures a certan pnysicky way to do things
N a syntax

thermodynamic consistency guaranteed
(whereas undecidable in general)

natural parsimonious parameterizations




—rom statics to dynamics

Newton
V potential energy ODE
S (B ik i -) R6d | > r— X —|_ (Y dt
v—v—c0,V
Metropolis
% dtMC
= = = = =X Sdsoree
M move set -~

x— 1y  with prob 1 when AV <0
xr—y with prob exp(—AV)
when AV >0



Metropolis-Hastings



—rom statics to dynamics

discrete transition graph

x—y  with prob 1 when AV <0
r—y with prob exp(—AV)

when AV >0
\beta(x.y)

Blz,y) = min(1l,e"@a(z,y)' e VWa(y,z)) acceptance probability
plx,y) = alx,y)B(z,y) total motion probability

‘p(:c, r)=1-— Zy#m a(x,y)B(x,y) null event probability



dt detaled balance %

min(1, e’ @ a(z,y)"t- e VWa(y,z)) acceptance probability

a(z,y)B(x,y) total motion probability

1

a(y,z)/a(z,y) - By, )/ B(z, )

a(y, x)/a( y) - e V@a(z,y) - e"Wa(y,z)~!
V) | V()

p(y,z)/p(x,y)

 p(y,2)e™VW = plz,y)e V@

Jnder sutable conditions: the dynamics converges to
the probabillistic fixed point



\etropolis on
—R0SeNDIrock's banana

source: Wikipedia



Newton

V potential energy ODE
P RrCC » local extremum of V
xr—x+uodt

| v—v—c0,V
Metropolis

vV, M move set
S 2= s ')‘ S discrete | 2l1i7 N dt detalled balance of
x —y with prob 1 when AV <0 @XD(-\/(X))

xr—y with prob exp(—AV)

Thermo GT when AV >0 (else repeat)
Vi G ' CTMC
P SG sie » ct detailed balance
Japhs wrtto V
?
"'1

no rejection
static analysis of domain-speciic Metropolis
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INtUItioNs



Thermodynamic graph rewrting

finite set of energy patterns (connected
Q. site graphs) P —with unit price \epsilon
'
o I “» larger finite set of
SG site graphs ues G(P)
Kappa/KaSim [
L - > d rates kg, \ohi)

==

finite set of generating
O\O .\O reversible rules G




Nstance Independence
of energy delta

total energy
V(x) of X

gy, ) e P = g(z,y) e P@

7

instances of a rule should have constant V(y)-V(x)

equivalently constant Ply)-P(x)

G(P) ootained by partitioning G so as to reveal enough context
for each rule g to have a well-defined P-pbalance
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the algebra



rSGeC realizable site graphs over C

S Ser
ca < o
Ao — " o A
G s el
e o
C

category of realizable site graphs typed by C
with embeddings (mono reflecting edges)



rSGeC Nas Multi-sums

Y2

we do not have a sum—~Dbut finitely many minimal
ones; we call thern minimal glueings



Multi-sums example
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Multi-sums example

+ disjoint sum not shown



rules and rule application

Lo D ~ R
top arrow Is a parr
r re of set bljections
C
rA,Ts
/”‘L ......... N ...... > /r‘R
- rUles are node-
. oresenving
¥ ¥ and hence
reversiple
*



extensions of a pattern, of a rule

sub-category of epis below s. every connected
component of s' has a preimage iN s



growth policies oo
rule partitioning

growth policy
\Gamma(\phi)
maps eyery node rr P1 " ) .
of the image of N 7 \phi is mature if al
\phi to a set of ¢\ /7r1 / 2l nodes n the
sites (of C) 2 01 image of \ph
b / - nave exactly the
\ohi has to be set of sites
' | )’ m ted b
faithful: site / requested by
requests are /92 \ \Gamma

invariant under to x
further extension

the set of mature extensions of a pattern form a partition of the instances of the pattemn
(Up to Isomorphisms of extensions)




relevant minmal glueings

,y/ ,‘p/
C > 1 < Ty,
cisinP :
L the left hand 5
side of rin G Y g W
\pSi is a match for rin m V
7

only If the™ minimal glueing of the cospan
\psi,\gamma defines an overiap modified by ris
the rule instance consuming \gamma— we call it relevant



balanced rulcs wit 1o P

\phi s left-P-
balanced if no proper g L
relevant minimal glueing

of c with' t

S I —
-

\ohi Is P-balanced if also
symmetric condition on \phi*

2

equivalent to P-instance u
INdependence

al we need is to define a growth policy which guarantees P-balance . ..



add oy relevant glueing

gL
¢1\J/ s
C t1 2 ug
X /% gbz\

t t S u

\Gamma reguests site s to u In \pni If —In the past of \oni— one energy
patiern ¢ in P glues relevantly to (the ancestor of) u
and adds site s on its Image via \theta



a growth policy Indeed
and a surjective finite one

g
b1 v
p9 (ulqu)
/ \
11 2 Uy to D U9
@\)t 9 /
u

sUppose U IS reguested to show site s along
another rewind of \phi ...

. this defines G(P) as the union of the refined rules



1he Result

*¥ log k(gj+) —logk(ge) = €- Ag
T (y) = —67’(?/)/ Z e~ Py)

yE,Cg (:B

Theorem Let G, P, Gp, k, and m, be as above. We have that:
Lg, and Lg are isomorphic as symmetric LTSs; and, furthermore,
for any mizture x, the irreducible continuous-time Markov chain ﬁé
has detailed balance for, and converges to m,, on Lg,(x) = Lg(x) the
strongly connected component of x.



oarsimonious parameterization

log(kg(¢)) = ¢g— Agle)- A
g+ =Cq and Ag + A, =1

Cgr — Ags(€) - APp* =5 — Ay(e) - Ap+e- Ag

A remarkable particular case is obtained when ¢, =
CgZO, Ag* :O, Ag:IZ

kg(¢) = ¢ “4¢
kg* (Qb*) 1
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an example



