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ca"e]orical side

Syn bax semantics
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a.ljariH\m;c side
We Jd’a nce a|JoriH)m from « cal‘eJoricul qPFroack.
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Markov Decision Processes
Dei’;ini"ion‘l “jraph-lik&c shroctore with ad’ion.s,f)robo\bilil'ie.s,anol rewards,
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ComPosi ion of OMDPs
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Lemma! OMDP ; _ abjccl-.s : natoral nombers
_morPhisms m—>n : OMOPs with m (n) open ends on Hhe left (rijkl')

P ormS a ca"cjory,
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Trace of OMDPs

Lemma. Q_"@_P Lorms a i'racul symme,l’m'c, manal'Ja’ cal'ejory (TSNC),
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Semantics of OMDPs

To camfoi‘c maximom ex ecl'enl mwara‘ Cnm[sox'uHonA“ , We l\uo‘ Fo know uu
Pocsiblc e.xpe.el'cal rewards from enbries o exits,
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Probabilities : RP, 4o Lik)x 3= RP, 1)) RPg (), )
Ex':e.o"e.tl YQ.WAVT[ ’ ER‘,L,“ (-;,k)"'j%' ERJL("j) Rpx (j,k\ + de(l,j) ER‘(‘ (j,k')
To comfal'g e.xPecl-eal rewayrds comrosii-ionully,we need Fo know:

_ expecked rewards
- r&ac‘\abilii-y ‘arobd.bim’;e_s
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Semantic Cal’ejory Jor OMDPs

Definition oA g
- ob]ecl‘) : natora) nombers
- morfhisms m—n : (sefs of) mafp‘lh\]s InJ— TR LmJ
where Tpp‘X T {(px l"x)xe-x | % Px 4, Vx EX, Px 20, F,,rO =D rye= O}
7R
rco':,r:ﬁq"'/irf;c m‘ﬂb,'/,.? N
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Com?osﬂ‘ion'- F;m—>n,j?n—$f
- P“"J (i k) =')24 pe i) Ps (j,k)
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Trace in semanties

Trace: (£:0pend—Cprmd) = (1, (8) Lo —Lm])
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In"e,rPrchﬂ on of OMDPs

L—>T™7Y)

-r)f‘ %\ :A’ morphism 2 —>3ind
l ) O—> S (i.e. a set of maﬂﬁn S
l NGy ]
M

DT CGp) = { R ERAL )| o schedoler ]

\ke,mm: [-1is a Fraced symm etric monoid el gund‘or.]

L) We can Lom‘w\-e, e,xre.dd rewards Cﬂmrosmona\ly!
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Bialired'iomlit/ and Int- constrockion

In\’(@) ‘¢ _ objgd’_s . (.x.(.,)(_) where x_“ )(__ objcds of C
- morphisms (X, X)) — (v, , %) ¢ fec(xer,y,®x)

) 3 _Yv&
Jf L ‘<
Y-
i‘h !"g.
. o . X-;_ _x*
it‘w"il'\/ on (xg,x.) "&m,x.) = “&ox- X-=l—}x
Y.
comrosil‘ion X X f % 9 2
! X ‘.

Le.mmu : Ink(C) is comPcd’ closed,

onit : ay : ToH(€) (T, 1), (%, %) B(x., %)) = Int(€) ((1,1), (X,®%_, X ®OX_))
- =C(%8¥X_, X, oX_)
a’,x - 'Ax4@)(.
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Int-construction : examrle

vvﬁ-v~~v’-~

usefulness : ease of moale,"inj

0 0 Ge0e;m0e0)  OLTO

Jm‘oh in TSMC. in CarfCC,
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A‘ﬂoriH\m

This werk is Po\)\is\\el in CAV ‘
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G—b abeal's state o# the ark

when Here is rc,pc.l-il'ion

- — per Pormance incredses

-
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m _ cannot handle |ar3e,
—F interfaces in Praol'ic.e,
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Free Synl’ ax

F-ovma"y, open MDPs are equivalence classes of (w,m,Q,E,P,R)
Ly

nol’ So wnice "e reason ¢L00“' or ]""’]fﬂ'ﬂ on,

A\so, would be nice Fo reagon with umiversal frorwﬁe’-.

\\): n-sém;}

vaee, 570|'¢X : Fl-r (Zru?) with Z"'DP 2 {(m.,l\.,((f,",,...,f-,"N ""'cf‘(;,,""'"f‘).,ﬁx

(i, (4, ,...\,...,(1\.-",‘,...))) ) m {;

Realisation fonctor : ®.: F, (="%) — oMDP

Lemma: R is foll.
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A\JoriH\m (in depth)

™MDP N 0]y
H:;r(z ) —— oriop I, n: defined induchvel

Y
]N$ L/["]] (by oniversal Prorufy)

Lemma: B-JeR = I

s
A‘jo y ‘[_(2°"qu9
Data: a morp‘\ism Fim—n in F;N (=)
Relurns: T (F)
(2,8 { retorn TC); T(8)] 1. indockive on stucrore of #
e ic ((1.: P,@F,_) {nl'vrn I(-B.,)GIW:_)? - tan be clonc. vlh'lle. mnw\‘)erinj
if (B () {rebom Tr (TN} T(q) for 30b-HOPs

elif (f je,ne,mi’or) { enomerate dll schedolevs| _|
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New hevristics from comPosiHom\iV
Our a‘Joril'hm is ineuidu\\‘ on \arje. inl’a.rga.ce,s,

sy S o) Why’ schedvler Fol'enl"m“ oPﬁmal if 8« ol
-I-s 2 oH\u‘ scheclulers, il’):‘e.achu at |uu* me
—(5 ; exit with hl1htr Proba‘)ihv / nwavd.

=> namber increases exf:onwﬁa")r with

number of exits,

WQl’M\abC, van Jer ch", Hasuo, Rof, TW\JQS. Pard'o CUN&s ‘or C°"\P°$i]'iomlly
HOJ&‘ Ch&&‘\inq S{’r{nq Di.1r.ms of HDPs . ' o~

L jivc a sound hevristic to aPProximai'e maximal veac‘mb;“i'/ Probaloﬂ}f}:,
L-STACAS,\\/edmsalqy, 45:00
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Conclosion

cahjorical side

$i'\\'ax semanticsg
‘ )\,——0 ;: ) morlahism 1—=3in 3

a\joriH\mu‘c side
We jol' a nice quariﬂm bron a cal'cJaricql quroach.
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