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In network data storage

= Storing data in a network
» Geographical Hash Tables
* Double rulings
= Routing
» Greedy routing
= Balance load throughout network
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In network data storage
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In network data storage
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Content

= Covering space

e Two mathematical transformations
* Ricci flow
* MoObius transform

= Applications of covering space & simulations
* Network storage
» Load balanced greedy routing
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Covering space through Ricci Flow
and Mobius transforms

e Virtual coordinates

 Ricci Flow
» Create a unit disk with circular boundaries
* MObius transform
» Reflecting the unit disk inside circular boundaries
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Ricci Flow

e Assume that this works
» Transformation with a predefined curvature
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Ricci Flow
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(a) Nodes
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Ricci Flow

(b) Triangulation
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Ricci Flow
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(¢) Virtual Coordinates
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Reflections using Mobius
transform

e Circular reflection 2
= Maps points inside a circle f(z)—c= _
with center ¢ and radius r
to points outside of the circle.
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Reflections using Mobius
transform
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Reflections using Mobius
transform
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Reflections using Mobius
transform
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Reflections using Mobius
transform
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Applications

= Geographical Hash Tables
* Double Rulings
» Load balanced greedy routing
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Geographical hash tables

@ IVIaps a value t
0O a geoqgr A PR b S b .
geographic: FgaEiFa ot nt ™ s

location ek
gamane  Lifsesaans s
- Holes are a pain e ir’;_f:-"f:ﬂﬁ:;;-_ﬂ:'ﬁ':;-ﬂﬁ;_l:,} ,E.'.T:-.;-'._-.tﬂ'-".-.-.:-.f,-r
N e mRCTAeR R RaaE bl w01 T
 Nodes di PRbsirn o vl iy o D I e ey
_ s die faster due to .-_E-r','."_- i_:‘l.:{;#_.i,-:. ,_j-‘."!.“:-:".f.-:..'i_:,'-_ '{*_ ._,'.'é-.;?;;_ -, rt,:-l,.-:e_:a:__';
A e o T oL e S AT
LA sl e S VR T
R R Oy Y
l-i. H " un : L™ 'J'.: h'.f-lf ...-.'li =y "\:I'lﬁ u "P
-_'h.llll.l!::"-ﬂ-:ﬂ. E-JT.I. T iy "#:;:-':J'.?:l.
@Hﬁ'ﬂﬁﬁf{?ﬁ"; YE S PRI
L b PO 2y . Y
[ fr.h'.f..ft.‘.l- .:'-'l L "::‘:"l‘li'::'. ﬁ';‘l:’:.' " .'-E o -‘*{':#.‘#E ;t.'.;
bt Rt Rl A e B ‘fi.-‘_-_r—. v
t...\ g " g Py B t... - F iy =i LI, | -'.;.
l.-E.lJ 'ig':’-b'l:“-.": ?‘im.' !‘I.F H u '.=lp-l|. '“.i'.
15 2 '5_'“;‘,‘.'.'{:1 f-...f.l_‘_l.':..gp-f:.‘ﬂ_-f'n‘i-'- - -.'_l.-"';.f-. oL
A o K £ e Herh
ChoEAN R MORIE S
:-iﬁ:', Dhfrni it v -:-!-: SO "';‘.1,#:?'":1.:'!-:.5 B
e e R AN
- "'.‘"’_‘-l{ » -'."_-‘."'-""'F-:'-"r - r'ﬂ":'";p_' *':L'"-. . N ol i 'In.ﬂ-'
o R i R R R S Depia W B
P el T ey lﬁ.,--l.r.n-tf""hﬁi e s r'-kf'"ﬂ. ("
e R L S e L '-,E.::';"-"'h"-.'-'n'-'.
S A R N i AT

1@/UD I

elrt

]
Challenge the future 17




Geographical hash tables

= Balancing the load with a
covering space

» Locations in holes are mapped
to elsewhere
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Geographical hash tables
simulation result
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Maximum fractional load converges to a constant factor
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Double ruling

e Consumer
e Producer
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Double ruling in covering space
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Double ruling in covering space
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Double ruling simulation results
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Double ruling simulation results
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Load balanced greedy routing

= Greedy routing shortest distance

» Hugs boundary of the hole

= Accumulation of routing paths ,;f s
through nodes at hole boundaries g;
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Load balanced greedy routing

= Routing path in covering space
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Load balanced greedy routing
simulation results
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Conclusion use of covering space

= Geographical Hash Tables
» Load is balanced throughout the network
= Double ruling
* Double ruling rate is increased by each reflection
» Cost for storage of data is high
» Cost for retrieval is relatively low
= Load balanced routing
 Reflection helps distributing the load
» Paths can get long when path goes through reflections
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Questions
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