Y s

B iR

;pblzf) (ajls‘« oIS zils
ué’”cfégilbf

bbb

MJ‘)J M)‘wujg@)bag‘):d‘ﬁ

2l T Sl 8 s o2,
Olse
SLLAS ol w Jlois! Slgiald
Nb Oé}u@

LQ.:\A‘) bl

»
Q0000 ’

)jm JL'LM:\

»
40000 ’

Saagh

YYAA






L

OOOL'/W

”»

01555 D g ool €308 e (1 88 Sl (6 05 0 2 o Syo alaned 53 oS (S ae m e
s 548 T Lol (38 DLl a5 o) OB UG 3o | Smn ¢ 283 5400 2 o870 a0 o
(Sl

LS 5 sl 03 5 5 b 0SS5 5 bl Gdis Sl oS s 0 dan 5 S0 5
2 dal B oS 5 pla) Al ) cpid o U3 55 (g0 45 e 5 (53L3 o o0 S Sy ol
r"fgs" ol wlaagy 5o 1) ol SL Gler &S Cawg sdedgs 5l 5 Al o plcd Sladir
Olgy @3Bl 5 Cins Glaalaz 5 o3l SIS 1) 53 o1, i3 (5,5 i B g Wl
2l 2l ples S

g oS L3 sl B 03551 3l oo W gided Jramss 51 (S0) 4 Wil s aer 5 Sl g 5
e e i s i e S

sl a5 5 1 03,0 685 a0 0 Ly ) 08 5

23 SIS L o S D sl ol pan o (1) (S 55 53 e eSS 50 S GBS e
S snie 25 Lo Dlanl Db s U Canlis cplgs o e (Lis o 023 0 S
L 5 TNy (Pl s 5 cma 055050 LS ush 2 G L Sl (o

S 88
* & ‘e ® 0 /
uwm(mu/u Ji

..._“/fé“’j,{g‘/w!



/
...o’/'}’ul/

ol Jae 55 s ool 353 018 o il b o1y oS 0 5105 el

Slocons oo 555 LT Ol 55 glacal, skl &P Slaj 5l ailo e 55> aiby 3Ll s
oy 05 plandl 4 ae pame il (OLA 05,1 Gl lanal,y O [%pty oS Slands 5 S5

o) Sl o3l 53 5 Winge i 1y Wby ol 0ysline 5 andlas conmy &7 L. 2S5 ST Gl )
el 1 obsl JLS sls 13 olaaly 3y a8 1) ool st g5 4 el

o) o8 A By ST Sl Losamins 5 iy 58051 oy Sl il 03Y it
o sb sl 3 gazes (BT 5 (g5 pnd 25 o 255 (BT 51 55 5 ol 0l 03 Lal ety ol 5 o3 lizinl b sy Ll
2l adls 1) 515508 JLST TEX 3550 55 @3V &0 (28 el b

ol S 5 p5se pole 5 sy Slge 9 e OB 5l plws s (st as OLL Lo
oudesl Gl S 5 L aible b e Ol 3l S e S5 5 1y QLS etie 3 g2 s oS 8

xbfuﬂd%uﬁ}.@; co\‘)@j‘)&f})ﬂw‘)bgcou.ﬁﬁj

OLEslpels 5

VYAA 552 4



Db 63,28 lalas g ezt Sl Sauls sl ol se

e 255 tlaaly sl

e 585 1y slis sl

2l 5T sl 8 ol B 1y Ll b8 1 e daie
d"bll’i f‘}l& PRI R &l

C¢ tasin sluss YYAQ Ol IM\@B @)\5

Sl 5,55 (slab o Jlal Sl gaals byl sbae3lsds

S

S5 e By sdulr slalias 5 ok 05,25 laliab (o SHacG bS5 50 53 Cow 4 casliOLL ol
Al o Wlad ol 5y e (Aod wl 55 51 pome e oS 4 JBLS [l 13515 e 03,03
ol Goyianln i sl daes 45 Ll 50T 51 alss 5 JU sla sy sl cslasly 1S ol
24 (i) Sl ol Consly o DB (Sl ¢y pled 4 (Sl ol 5162 0,8 Ol s
Sl Lz dys e S 0531 031 G a0 BSG sk Gl 03 108 (slad SO 655 L))
3 g g 03lial (bl o w5 Bl 03 03

o 8 55 (pl slalas (555 pere o sla ol Olge a4 (o3l 5 e bl 4k
L Jleot lacdl- w5050 opl 31 .08 o slgnion 1y e ob)l aen sldb gl cimad S50 50 5
Blas 03,25 L3 a (5Lad 4 e oy (6 505 5ol 03,85 (5L oM 358 5 pos ez )
T b im0 b olpen (Jlazl s b Jlazl) (slae3lil s pazes Ol & 0150
Y &




\ SFldie Cipy L 9 Jlagn iy )
N wdis V)
v 03 b i po slaliad 5 5ol 03 00 slalas Y
Y 03,05 5,0 slalias V.Y
eéﬁ@féw&gﬁy\.’djﬂﬁﬁ Y. Y
0 (PP SIRVIN 4
O C(X) L;))Caz&cggh}duwbj [EYSISVIIER T o
v L abisl g Laeslil glalas sy, sbgidns ¥
/2 Lha)\.)\a\&w&))r.g.w}sjjjﬁj; \.¥
| 8\,&
\0 oS 5 g5 6 sl
\# oo ST sl



1]

2]

&

S. Abramsky, Domain theory in logical form, Ann. Pure Applied Logic 51 (1991)
1-77. 1

S. Abramsky, A. Jung, Domain theory, in: S. Abramsky, D.M. Gabbay, T.S.E.
Maibaum (Eds.), Handbook of Logic in Computer Science, Vol. 3, Clarendon Press,
Oxford, 1994, pp. 1-68.

M. Alvarez-Manilla, Measure theoretic results for continuous valuations on partially
ordered spaces, Ph.D. thesis, Imperial College, University of London, 2001. 2

M. Alvarez-Manilla, A. Edalat, N. Saheb-Djahromi, An extension result for con-
tinuous valuations, J. London Math. Soc. 61 (2000) 629-640. 2

G. Birkhoff, Lattice Theory, 3rdEd ition,AMS Colloq. Publication,Vol. 25, Ameri-
can Mathematical Society, Providence, 1967. 1

G. Choquet, Theory of capacities, Ann. Inst. Fourier, Grenoble 5 (1953) 131-296.
G. Choquet, Lectures on Analysis, Vol. 2,W. A. Benjamin Inc., London, 1969.

J. Desharnais, V. Gupta, R. Jagadeesan, P. Panangaden, Metrics for labeled
Markov systems, in: J.C.M. Baeten, S. Mauw (Eds.), Proc. 10th Internat. Conf.
on Concurrency Theory, Lecture Notes in Computer Science, Vol. 1664, Springer,
Berlin, 1999, pp. 258-273.

D.A. Edwards, On the existence of probability measures with given marginals, Ann.
Inst. Fourier, Grenoble, 28 (1978) 53-78. 9

G. Gierz, K.H. Hofmann, K. Keimel, J.D. Lawson, M. Mislove, D.S. Scott, A
Compendium of Continuous Lattices, Springer, Berlin, 1980.

G. Gierz, K.H. Hofmann, K. Keimel, J.D. Lawson, M. Mislove, D.S. Scott, Con-
tinuous Lattices and Domains, Encyclopedia of Mathematics and its Applications,
Vol. 93, Cambridge University Press, Cambridge, 2003 (Revisedande xpandeded
ition of [GHK+80.

K.H. Hofmann, Stably continuous frames and their topological manifestations, H.L.
Bentley, H. Herrlich, M. Rajagopalan, H-Wolff (Eds.), Categorical Topology, Proc.
1983 Conf. Toledo, Sigma Series in Pure and AppliedMathematics, Vol. 5, Helder-
mann, Berlin, 1984, pp. 282-307.



[13]
[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[27]

C

A. Horn, A. Tarski, Measures on Boolean algebras, Trans. Amer. Math. Soc. 64
(1948) 467-497. 1

C. Jones, Probabilistic non-determinism, Ph.D. thesis, University of Edinburgh,
Edinburgh, 1990. Also publishedas Technical Report No. CST-63-90.

C. Jones, G. Plotkin, A probabilistic powerdomain of evaluations, in: Proc. 4th
Annu. Symp. on Logic in Computer Science, IEEE Computer Society Press, 1989,
pp. 186-195. 2

A. Jung, Cartesian Closed Categories of Domains, CWI Tracts, Vol. 66, Centrum
voor Wiskunde en Informatica, Amsterdam, 1989. 107 pp.

A. Jung, The classification of continuous domains, in: Proc. 5th Annu. IEEE
Symp. Logic in Computer Science, IEEE Computer Society Press, Silverspring,
MD, 1990, pp. 35—40.

A. Jung, Stably compact spaces andthe probabilistic powerspace construction, in: J.
Desharnais, P. Panangaden (Eds.), Proc. Workshop on Domain-theoretic Methods
in Probabilistic Processes, Electronic Notes in Theoretical Computer Science, Vol.
87, Elsevier Science Publishers B.V., Amsterdam, 2004.

A. Jung, R. Tix, The troublesome probabilistic powerdomain, in: A. Edalat, A.
Jung, K. Keimel, M. Kwiatkowska (Eds.), Proc. 3rd Workshop on Computation
and Approximation, Electronic Notes in Theoretical Computer Science, Vol. 13,
Elsevier Science Publishers B.V., Amsterdam, 1998, p. 23 pages.

M. Kegelmann, Continuous domains in logical form, Ph.D. thesis, School of Com-
puter Science, The University of Birmingham, 1999.

K. Keimel, The probabilistic powerdomain for the upwards topology of compact
ordered spaces, J. Desharnais, P. Panangaden (Eds.), Proc. Workshop on Domain-
theoretic Methods in Probabilistic Processes, Electronic Notes in Theoretical Com-
puter Science, Vol. 87, Elsevier Science Publishers B.V., Amsterdam, 2004.

O. Kirch, Bereiche und Bewertungen. Master’s thesis, Technische Hochschule
Darmstadt, June 1993, 77pp.

H. K"onig, Measure and Integration, Springer—Verlag, 1997, xxi+260 pp.

D. Kozen, Semantics of probabilistic programs, J. Comput. System Sci. 22 (1981)
328-350. 1

J.D. Lawson, Valuations on continuous lattices, in: R.E. Hoffmann (Ed.), Continu-
ous Lattices and Related Topics, Mathematik Arbeitspapiere, Vol. 27, Universitéit
Bremen, 1982, pp. 204-225. 2

J.D. Lawson, The versatile continuous order, in: M. Main, A. Melton, M. Mis-
love, D. Schmidt (Eds.), Mathematical Foundations of Programming Language
Semantics, Lecture Notes in Computer Science, Vol. 298, Springer, Berlin, 1988,
pp- 134-160.

J.D. Lawson, Domains, Integration, and Positive Analysis. Mathematical Struc-
tures in Computer Science, 14 , 2004, 815-832.



[28]

- el

M.A. Moshier, A. Jung, A logic for probabilities in semantics, in: J. Bradfield
(Ed.), Computer Science Logic, Lecture Notes in Computer Science, Vol. 2471,
Springer, Berlin, 2002, pp. 216-231.

L. Nachbin, Topology and Order. Van-Nostrand, Princeton, N.J., 1965. 3
B.J. Pettis, On the extension of measures, Ann. Math. 54 (1) (1951) 186-197. 1

N. Saheb-Djahromi, CPO’s of measures for nondeterminism, Theoret. Comput.
Sci. 12 (1980) 19-37. 1

D.S. Scott, Outline of a mathematical theory of computation, in: 4th Ann. Prince-
ton Conf. Information Sciences andSystems, 1970, pp. 169-176.

D.S. Scott, Domains for denotational semantics, in: M. Nielson, E.M. Schmidt
(Eds.), International Colloquium on Automata, Languages andPrograms, Lecture
Notes in Computer Science,Vol. 140, Springer, Berlin, 1982, pp. 577-613.

M.B. Smyth, Powerdomains and predicate transformers: a topological view, in: J.
Diaz (Ed.), Automata, Languages andProgramming, Lecture Notes in Computer
Science, Vol. 154, Springer, Berlin, 1983, pp. 662-675. 1

M.B. Smyth, Topology, S. Abramsky, D.M. Gabbay, T.S.E. Maibaum (Eds.),
Handbook of Logic in Computer Science, Vol. 1, Clarendon Press, Oxford, 1992,
pp. 641-761. 1

F. Topsze, Topology and Measure, Lecture Notes in Mathematics, Vol. 133,
Springer, Berlin, 1970. 7, 8



m&‘ 4 oy\b asliol

ProbabilistiC. « o o et e ez
Valuation . ... ... bl
Measure . .. ..o o310
Sty . . Sl
Weak TopOology. ... .vei i axd 58
Powerdomain . . ... ol paals
Function Space. ... ... &b slad
Semantic Domain . .. ......o i slns auls
Program Fragment ...... ... 4ol sanlad
5163 o Yo JPU A PP Sl uplfg,«f:}? 48 gazea
Ordered - -+ e ettt <5y



eIl ;;*:‘K:" 4ol g

5163 0 Yo JPU A Slsce J.AK&_A.’JATJJ} 48 gazes
FUNCEION SPACE. .« .« ottt &bulad
Measure . .. ..o o310
Ordered. . ..o .ottt <5 e
Powerdomain . ... ol gaals
Probabilistic. . ... ..o Slaz!
Program Fragment ......... .o 4ol sankad
Semantic Domain . .. ... slns auls
121 o) P Sl
ValUATION - -« o e ettt et b
Weak TopOlogy . . - ..o axd S5 e



Surname: Damanafshan Name: Vahid

Title: The probabilistic powerdomain for stably compact spaces

Supervisor: ...

Advisor: ...

Degree: Master of Science Subject: Pure Mathematics

Field: Mathematical Analysis

University of Tabriz Faculty of Mathematical Sciences

Date: 2009 Number of Pages: ¢§

Keywords: Probabilistic powerdomain; Stably compact space; Valuation

Abstract

This paper reviews the one-to-one correspondence between stably compact spaces
(a topological concept covering most classes of semantic domains) and compact
ordered Hausdorff spaces. The correspondence is extended to certain classes of
real-valued functions on these spaces. This is the basis for transferring methods
and results from functional analysis to the non-Hausdorff setting.

As an application of this, the Riesz Representation Theorem is used for a straight-
forward proof of the (known) fact that every valuation on a stably compact space
extends uniquely to a Radon measure on the Borel algebra of the corresponding
compact Hausdorff space.

The view of valuations andmeasures as certain linear functionals on function spaces
suggests considering a weak topology for the space of all valuations. If these are
restricted to the probabilistic or sub-probabilistic case, then another stably compact
space is obtained. The corresponding compact ordered space can be viewed as the
set of (probability or sub-probability) measures together with their natural weak

topology.
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