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Metric Algebra

[Weaver 1995] [Khudyakov 2003]
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Quantitative Algebra
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- metric / quantitative algebra O EBECERIAFZE

- variety theorem®3iEFH
(strict variety & & U continuous variety)

- metric algebralc X9 % congruence D ILiR

metric basic quantitative metric

equation inference implication
Szet /\iazizsiyi—>s:€t /\isi:eiti_)SZst

[H. 2016] [Mardare+ 2017] [Mardare+ 2017]
H, S, P H(;), S, P S, PSR
. . [Weaver 1995] S, Pr
: [this thesis]
continuous - HR S. P. Py [Khudyakov 2003]
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Strict Variety Theorem

metric basic quantitative metric

equation inference implication

S:E:t /\z‘wi:sz-yi_)SZG:t /\isi:sitiﬁszet
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Strict Variety Theorem
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Congruential Pseudometric
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w-Variety & Continuous Variety

metric basic quantitative metric

equation inference implication

[H. 2016] [Mardare+ 2017] [Mardare+ 2017]
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[Weaver 1995] S, Pr
[Khudyakov 2003]
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" [this thesis]
continuous He. S, P, Pu
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w-Variety Theorem

[Mardare, Panangaden & Plotkin, 2017]
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[Weaver 1995] [Khudyakov 2003]

metric basic quantitative metric

equation inference implication

[H. 2016] [Mardare+ 2017] [Mardare+ 2017]

H, S, P H(;), S, P S, PSR

[Weaver 1995] S, Pr
[Khudyakov 2003]
S, P, Ls

[this thesis]

continuous He. S, P, Py
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[Weaver 1995] [Khudyakov 2003]
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FED > lcDVWTd >0 MNEFEELT,
Nl Si=c,isti >s=ct €D THD,

APR /\?:1 Ti =0 Y; — 0(T) =0 0(y) €
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Continuous Variety Theorem

metric basic quantitative metric

equation inference implication

[H. 2016] [Mardare+ 2017] [Mardare+ 2017]
H,S,P Ho, S, P S, Psr
. . [Weaver 1995] S, Pr
continuous _ i finzsisl [Khudyakov 2003]
Hg, S, P, Pu S P Ls
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Continuous Variety Theorem

FEIR. [this thesis] metric algebra M7 5 X K HY,

basic quantitative inference M EHT/AR & T A:%__l-ﬁ
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BAFAf 3T & D EEER

» basic quantitative inference (& [Mardare+ 2016] [C K %

- PREEZER F OK-BEEMAEIE. KTHDIZDOBQITREX S

\ K
- A XICETBFHEFICDODNT, Pl
- [Mardare+ 2017] Bl Xt U THEE (Ho) Mot
- [this thesis] BBT&IC &K % (771 T 77 [E[Weaver 1995])

metric basic quantitative metric

equation inference implication

[H. 2016] [Mardare+ 2017] [Mardare+ 2017]
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SR - |['|R S, P Pl]J [Khudyakov 2003]
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- monad & Eilenberg-Moore algebra (cf. [MacLane 1971])
- factorization system [Adamek, Herrlich & Strecker 1990]
+ enriched Lawvere theory [Power 1999]

- IPBEZTEREE U COME
B WOBARARED TR,/ JIV/INT MR EH7?
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- N. Weaver. Quasi-varieties of metric algebras. Algebra
universalis, 33(1):1-9, 1995.

- V. A. Khudyakov. Quasivarieties of metric algebras.
Algebra and Logic, 42(6):419-427, 2003.

- R. Mardare, P. Panangaden, and G. D. Plotkin.
Quantitative algebraic reasoning. LICS 2016.

- P. Mardare, P. Panangaden, and G. D. Plotkin. On the
axiomatizability of quantitative algebras. unpublished,
2017. http://people.cs.aau.dk/~mardare/papers/Quasi.pdf
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» Wataru Hino, Hiroki Kobayashi, Ichiro Hasuo and Bart Jacobs.
Healthiness from Duality. LICS 2016.

BT E
- Wataru Hino. Varieties of Metric and Quantitative Algebras.

CSRFAER

- Varieties of metric algebras. #ZEREHFEF D= 2016.

- Varieties, Quasivarieties and Prevarieties: Completing the Picture.
CALCO 2015 Early Ideas.

- Quotient monads and their algebras. CSCAT 2015.
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[Moggi, LICS 1989]

f:int — int Z. [f]: 7 — TZ EUTHRRT B
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[Plotkin & Power, FoSSaCS 2001]

operation + equation — free algebra
- f1l: nondet. choice (v) + semilattice DRI

*UE rVir=ux
o rVy=yVax etc.

- ETE MR D syntax [CXTIS U TEHARGEK
- ZXFHEZ AT reasoning N TE 3

- BRAHCTHEMNROER ZHM—HICIRZ S
[Hyland, Plotkin & Power, TCS 2006]
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Metric / Quantitative Algebra

- metric algebra = Z-algebra (A, =) & AL DFEEE d DX
ER CEROBICEREZIRTE UL
BICK>TIFEE. EREREZRET S

Fﬂ

- quantitative algebra = metric algebra + non-expansiveness

. &ZEE o*: A" - A H' non-expansive
d(o(Z),0(y)) < max; d(z;,y;) for £,y € A"
- BEFIICIEBA | IEEEZERIDE TO Z-algebra

- JIVLIRIZZERE TR & 2 /R Z 78N (B “21F”)
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Gromov-Hausdorff Metric
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tBf& & Gromov-HausdorffIE i
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tBf& & Gromov-HausdorffIE i
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H: B E, Ho: 0-&XE5HIRE, Hg:
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equation inference
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