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Application: Location-

dependent wlireless service

Spontaneous networking

Automatically obtain map
region & discover device

services and people the
Access, control services

communicate with them

Handle mobility & group

communication |
Locate other usefulises

(e.g., nearest café)




Challenges

e Configuration

e Routing

e Discovery

e Adaptation

¢ Security & privacy

Dynamic, mobile environment with no pre-config

support for internetworking or service lodge
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Resource discovery

e Why 1s this hard?

— Dynamic environment (mobility, performanc

changes, etc.)

No pre-configured support, no centralized

SEYrvers

Must be easy to deploy (“ZERO” manual

configuration)
— Heterogeneous serces & devices

¢ Approach: a new naming systemoikutresn

architecture using intentional naming




Design goals

Robustness I

Easy I

configuration

Names must be descriptive
signifying applicaftoemt
Name resolvermust

track rapid changes

System must overcome

resolveand service fail

Name resolvemmist

self-configure




INS_architecture overview
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Intentional name

[buildingne-43
[room = 510]]

[ent it = cameral]
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Intentional Naming System

principles

Names areintentionabased on attributes
— Apps know WHAT thewant, not WHERE
INS integrates resolution anddiogwar

— Late bindimgf names to nodes

INS resolvenseplicate and cooperate

— Soft-state name exchange protocol withcperiog
refreshes

INS resolverself-configure




INS service model

application

X Farly binding

%Ao f names

Intentionadnycast \4 Self-organigimpp-le¥e

multicast goft-state name ‘ overlay network

: : : formed based on
dissemination

performance




What’s 1n a name?

¢ Expressive name language (like XML)

¢ Resolvearchitecture decourlmusin language

e Names are descriptive [vspace= cameral
[buildingne-43

- Providers annam names [room = 504]]
e Names areguerlies )

[resolution=800x600] ]

— Attribute-va&lwmatches .
[access Ppublic]

- Range querse [status = ready]

— Wildcard matches

[vepace =aetgroup [vespace = thermometer]
[department = arch-1lab [buildingne-43
[stateoxegon [room = *]]
[city &illsboro]]]




Responsiveness: Late bindi

¢ Mapping from name to location(s)

can change
rapidly

e Integrate resolution and maessagmg to track
change

— INR resolves name by uppaknd-forward, not
by returning address

— lookup (namels a route

— Forward along route

¢ A name can map to one locaanpnadgt”) or to
many (“multicast”)




Late binding services

e Intentionahycast
— INR pickene of several possible locations

— Choice based smrvice-controlled metric
[contrast withadPcast

— Overlay used to exchange nameego
¢ Intentional multicast

— INR pickalloverlay neighbors that “wexpres

interest” 1n name
— Message flows along spanning tree

— Overlay used to tranddea too




Robustness: Names as soft-sta

Resolution via networ&pbfcated resolvers

Names are weakly congitstelike network-layer
routes

— Routing protocol to exchange names
Fate sharing with iseisy ndNRs
— Name unresolved only ificeembsent

Soft-state with expiratiobudgts against
service/client failure

— No need for explicit de-mégoatr




Self-configuringsolvers

INRs configure using a distributed

topology formation protocol

DSR (DNS++) maintaing list of candidat
and activ&IRs

INR-to-INR “ping” experiments“Ionk
welights”

Current implementation forms (evolwving

spanning tree

INRs self-terminate if load is low [EkE




Efficient name lookups

@ Data structure

service location entity

@ receiver
@ camera @536 @ transmitter @r @a @b @c

e TLookup
— AND operationsmang orthogonal attributes
— For values pick theeva) tsesfying the lookup

¢ Polynomial-time worst case




Scalling 1ssues

Two potential problems
— Lookup overhead
— Routing protocol overhead

Load-balancing by spawning new INR handles
lookup problem

Virtual space partitioning handles routing

problem

— Just spawning new INR 1s insufficient




Virtual space partitionin

vspace=camer vspace=5th-floor

A* N

Delegate this\tQ_///

another INR




WIND Applications

e Location-dependent mobila ax

__—)i'lons

e FloorplanA navigation & discovery

e Camera: An image/video service

e Printer: A smart print spooler

e TV & jukebox

e Location-support system based o

intelligent beacons




Floorplan: [organization=mit]

Rl L L

g, BB e

R
oy auis DL

T F i1 4
bl 15

i

— 00000 000000 3

i,

'I.I'I.I‘23

'.I
_I

;:i?é

1 [T [
L=r]

saLly

: 1
00004,

SMugny Suasnuaesse

hAermnarial Dirive

hAErTariz



[;g Floorplan: [org... [Ml[=]

b=

e T | I

Wiy rr
-]
Sallly

ANuBy shasnLes
' '1
T

'I.I'I.I'53

hAErTariz

hAermnarial Dirive




g — . .
201 202 S03  |504 aos 906 S07 208 03 310 515
FF| OFF OFF  [CFF OFF OFF QOFF SECY/R| OFF SECY/R) OFF FF SECY/R| OFF

g r“]lﬁj 7 r’llll ;"1[l 'd

BT

‘:',u'ZIL!«I\J-';i SO4h

CMP S ¢ CMP S¥

018
RS LAR

hAermnarial Dirive hAErTariz




[;g Floorplan: [org... [Ml[=]

soil soz 503 S04
¥F| OFF oF  |oFF

i Camera: 504

p

Subscribe

r’]lhﬂ

B = s e o =
507 ] 50
OFF SFCr/R| OFF

. \
A_AC_"

510
SECY/R| OFF

'

513
oFF

514 515
SECY/R || OFF

] =
J ‘:',I'ZIL!«I\J-';i SO44

||| CMP SV ¢ TP SV

A

T aS0c S018 50
|||J _ Fov rsua| ¢
||| . _ 10

BT

2

232
OFF

nd
| #pe| =

52

OFF

BRI Il g e

o

hAermnarial Dirive




[;g Floorplan: [org... [Ml[=]

07 208 aa 310 513 =14 515
QOFF SECY/R| OFF SECY/R) OFF OFF SECY/R| OFF

§ .
A A
BOTA

Printer Error: may heed attention! (Not Responding for 2
Rank Onwne 1 Jok Files

active robcheng g (ztandard input)

1lst wfang 6 Jusr/tmp/figures. pz. 23484

Znd liuka 0 nezsted. ps, nestedl.ps, nestedl. ps

marial Dirive

Update gqueue list Submit job to pastrami Submit jobh to room 537 Remove job




[;g Floorplan: [org... [Ml[=]

E’i Camera: 504

Look in:

D readme. td

EEELPFI Client: pastrami @& room 537

File name: readrne.bd

Printer Error: may hes _
Rank  Owner Job FUESOTLIE | oy Files (+.%)
active robcheng 5

1lst wfang 6 Jusr/tmp/figures. pz. 23484
Znd liuka 0 nezsted. ps, nestedl.ps, nestedl. ps

marial Dirive hAErTariz

Update gqueue list Submit job to pastrami Submit jobh to room 537 Remove job




[;g Floorplan: [org... [Ml[=]

[=2 Camera: 504

310

07 208 aa
QOFF SECY/R| OFF SECY/R) OFF

8 .
A A

213 =14 215
OFF SECY/R| OFF

BT

Printer Error
Rank Cwrne r
active robche:
1=t whang
Znd liuba

;a Status

Job submitted to pastrami.

0K

Fezsponding for 2

. 23484
0.p=, nestedl. ps

Update gqueue list

Submit job to pastrami

Submit jobh to room 537 Remove job

marial Dirive




[;g Floorplan: [org... [Ml[=]

07 208 aa 310 513 =14 515
QOFF SECY/R| OFF SECY/R) OFF OFF SECY/R| OFF

§ .
A A
BOTA

Printer Error: may nheed attention! (Not Responding for 2
Rank e Job Files

active robcheng 5 {ztandard input)

lst wEang 6 Jusr/tmp/figures. ps. 23484

2nd liuka 0 nested. p=s, nestedl.ps, nestedl.ps
3rd wadjie 249 (ztandard input)

marial Dirive

Update gqueue list Submit job to pastrami Submit jobh to room 537 Remove job




[;g Floorplan: [org... [Ml[=]

[=2 Camera: 504

07 208 aa 310 511 513 =14 515
QOFF SECY/R| OFF SECY/R) OFF OFF SECY/R| OFF

EEALPR Client: gi @ room 517

no entries

EgﬁLPFI Client: pastra

Printer Erro
Fank Owhne Submit job to gi Submit job to room 517 Remove job

b | szic [ s2e
active robcheng 2 [Etandard i1nput) A B FF FF

wlang = Jusr/tmp/figures.ps. 23484 ' . T
liuba 1] nested.ps, nestedl.ps, nestedl.ps{[[ 10 "]i,!“.,ﬁl_“_[

wadjie 249 (ztandard input)

marial Dirive hAErTariz

Update gqueue list Submit job to pastrami Submit jobh to room 537 Remove job




Status & performance

Java i1mphentation of IN& applications
PC-basedresolveperformance

- lresolver: several thbussmes @D0-1000 lookups/s
— Discovery time dzxnen hops

Scalability

— Virtual spacetpestions for load-shedding
— Wide-areadesign in fméu

Deployment

— Hook 1in wide-amaaxchitecture to DNS

— Standardize virtysmalces name (like MIME)
Paper at SOSP 17




Related work

Domain NameSystem

— Differences expressiverss and architecture

Service Location Protocol

— More centralized,s lsgontaneous

Jini

— INS can be udefor self-organizatfault-tolerant
discovery

Universal Plargd-Play & SSDP

— XML-based decriptions; INS fetid w

Intentionaadmes 1n othecontexts

— Semantic filgstems, adapve web cachin
DistributedDirector




Future Internet Architectu

Use each other
to add v

Cache & replic . . Media
Self-configur
/// management transcode

overlays

Performance
dlscover Decentralizd
- sy
Traffic Resource Congestlo
engineeri management Manager
Schedul ing RERShaNIRSINN>
buffer mgmtEgelsid=hars




Conclusion

e Achieving self-organizing namorkees a flexib
naming system for reseudiscovery

INS works 1n dynamic, hbhgearous networks
Expressiveness: names convey intent
Responsiveness: late binding
Robustness: soft-state names
Configuration: Resokedifsconfigure

Application-level overlay netavaxkygoax way to
build flexible, self-organizing network appli




