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A Young Kid who Thought 
Asynchrony was the Big Idea 
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Image Sources: 
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But today! 
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Wikipedia says... 
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Computing Platforms: Past and Present 
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Magnuson Computer 

??? 
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Hypothesis 
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Observation: #1 exists.  #2 does not (why not?) 
 

If true, the evolution of  
cloud-connected computing is stalled. 
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Circuit switching legacy persists… 

Mobile Networks as a Computing 
Platform? 
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But then, in 2009, 
a funny thing 
happened. 
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In a network designed for CSW Voice 
traffic, PSW data now dominates 
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Source: The State of the Internet. 
Technical report, Akamai 
Technologies, Inc., Cambridge, 
MA, 3rd Quarter 2013.  
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Looking Ahead: Architectural Challenges 
for the IoT Platform 
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How Do We Proceed? 
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TIME-AWARE 
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What Does Time Have to Do with IoT? 

•  !$*"0$@'+@3$*"0$(-&3(!$*"0$@'+@0)+;3(
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Cellular control of UAVs 

!  
 

A
nt

of
ag

as
ta

T
oc

ap
ill

a

Iq
ui

qu
e

A
ri

ca

C
al

am
a

B
O

L
IV

IA

C
H

IL
E

P
E

R
U

50
 k

m

~M
8.

8 
18

68

~M
8.

8 
18

77

M
8.

2 
20

14

0 20 40 60

depth (km)

0246

85
80

75
70

65

45403530252015105

0

5
N

Q
u

it
o

A
n

to
fa

g
as

ta

L
a 

P
az

V
al

p
ar

ai
so

S
an

ti
ag

o

C
o

n
ce

p
ci

o
n

L
im

a

P
u

er
to

 M
o

n
tt

M
o

ti
o

n
 o

f
N

az
ca

 P
la

te

19
79

 M
 8

.2

19
58

 M
 7

.7
19

42
 M

 7
.8

19
60

 M
 7

.6

19
96

 M
 7

.5
19

70
 M

 7
.8

19
40

 M
 8

.0
19

66
 M

 8
.1

19
74

 M
 8

.0
20

07
 M

 8
.0

19
42

 M
 8

.1
19

96
 M

 7
.7

20
01

 M
 8

.5

20
07

 M
 7

.7

19
95

 M
 8

.1

19
22

 M
 8

.4

19
43

 M
 8

.3
19

71
 M

 7
.8

19
85

 M
 8

.0

19
28

 M
 8

.3
20

10
 M

 8
.8

19
60

 M
 9

.5

Naz
ca

 R
id

ge

C
h

ile
 R

is
e

R
S

A
 S

E
N

S
O

R

"#
$%
&'
!(
)!*
+!,

-.
!/
0!1
/%
23
!

*4
'&
#5
-!
63
/7

#8
$!
3#
62
/&
#5
!$
&'
-2
!

'-
&2
39
%-
:'
!&%
.2
%&
'6
!;&
'<
!

'=
=#.
6'
6+
)!!>
+!?
//
4
!/
0!2
3'
!*
&#
5-
!

@-
.!
&'
$#
/8
!63
/7
#8
$!
3#
62
/&
#5
!

&%
.2
%&
'6
!;A
'=
=/
7
!'
==#
.6
'6
+B!
6=
#.
!

4
/<
'=
!0&
/4

!,
C)
D!
DE
(F
!G
#6
-$
%-
!

'-
&2
39
%-
:'
B!-
8<
!-
02'
&6
3/
5:
6)!
H3
'!

/&
-8
$'
!69
%-
&'
6!-
&'
!23
'!
I1
*!

1'
86
/&
6!2
/!
J'
!<
'.
=/
A'
<!
#8
!23
#6
!

.&
/.
/6
-=
)!K
'.
#5
2#/
8!
/0
!-
52
%-
=!6
#2'
6!

#6
!65
3'
4
-2
#5
B!2
/2
-=
!8
%4

J'
&!B
!L
DM
E)
!!

>!
*!

Earthquake Warning Gunfire Detection 
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Example: Acoustic Beamforming 

•  6"4$(!"#$%$&0$(+,(B%%"*-)(
•  E$&.+%@'+@.-4A)$%(

•  8%$3"0'-?)$(_:"%$.`(
•  V-%"-?)$(_:"%$)$..`(

•  !".'%"?;'$3(C4$(./&0(
•  S"0%+.$0+&3(-00;%-0/(

•  >-&(:$(0+;&'(+&('1$(
&$':+%<=(

© 2012-2015 by Bob Iannucci 
13 

ht
tp

://
w

w
w

.d
ou

gl
as

-s
el

f.c
om

/M
U

S
E

U
M

/C
O

M
M

S
/e

ar
/e

ar
.h

tm
 

Télésitemètre:  
Jean Baptiste Perrin’s Acoustic Locator http://www.douglas-self.com/MUSEUM/COMMS/ear/ear.htm 



Networks and Time 

•  !".'%"?;C&7(C4$(
•  Q68J(5UUU(FiOO(_868`J(^1"'$([-??"'J(n(

•  [$.A$0C&7(C4$J($&3@'+@$&3(
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When Time Got Respect 

•  5&('1$(?$7"&&"&7J(C4$(:-.(%$*$%$3(
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Then Digital Happened 

•  5&"C-))/J(C4$(7$'.(4+%$(%$.A$0'(
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Time as an integral element of network: 
Globally Synchronous 
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But Then Times Changed 

•  B6m6(!"*$.C';%$(-&3($0+&+4"0.(3%+*$(-(_3$@`$*+);C+&(
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IP-based Networks and QoS 

•  >+&'$&C+&@?-.$3(01-&&$)(
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There is no substitute for real 
timing guarantees in 

telecommunications networks 
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Can Networks Support Time-Based IoT? 

•  KRa('1"&7.(:$%$(%-'1$%(+%3$%)/a(RES(](6!SB(_234"RMS"HT"U'TT`(
•  >+%$(&$':+%<(;.$3(0"%0;"'(.:"'01"&7(
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•  >-&(?$h$%()+0-)(C4$(%$3;0$()+.'(?-&3:"3'1=(
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•  E'-C.C0-)(4;)CA)$I"&7(2(0+%$(&$':+%<(".(58t(
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Can Devices Support Time-Based IoT? 
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GPS only works outdoors (we spend 80% of our time indoors) 
 

Current GPS solutions are very power hungry 
 

Denial of Service ! Denial of Position ! Denial of Time attacks 
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Network-as-participant 
“Near to Near” (vs. peer-to-peer) 
 
 
Today: latency too high 
Future: embed virtualized,  
movable, real-time  
computing capability in the 
network 

Cyber-physically enabled 
future network: Automated 
marshaling of computing 
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The Cyber-Physically Enabled Network 
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Clean-Sheet Design 
If we knew then what we know now! 

•  5&'$7%-'$3(0+4A;C&7(
•  WA$&J(0+4A+."C+&-)(.'%;0';%$(
•  BAA)"0-C+&@(-&3(E$%*"0$@.A$0"b0(%$.+;%0$(-))+0-C+&(

•  ^1-'(".(-&(5+6(d-AAe(==(

23 

Start with the assumption of building the 
network side of the IoT computing platform! 
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CROSSMobile: 
Research Approach 

•  >[WEES+?")$('$.'?$3(2(,+%(4+?")$(A)-9+%4(%$.$-%01(
•  U&+;71(_+A'@"&`(;.$%.('+(7$&$%-'$("&'$%$.C&7(3-'-(.$'.(
•  E;AA+%C&7(%$.$-%01(+&(4-&/(-.A$0'.(

•  5+6("&'$7%-C+&(
•  W;'@+,@?;")3"&7(.$&.+%(-AA)"0-C+&.(

•  ^+%<"&7(7%+;A(+,(0+%$(%$.$-%01$%.(
•  [$7;)-%(4$$C&7.(

•  5&3;.'%"-)(0+&.+%C;4(

24 
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Testbed Network Structure 

•  V+"0$(_E58(?-.$3`J(ESEJ(3-'-(
•  S;)CA)$(%-3"+(?$-%$%.(:"'1(0+44+&("&.'%;4$&'-C+&(
•  >$&'%-)('%-&.-0C+&(3-'-?-.$(
•  D;))(8E6Q("&'$7%-C+&(_3"-)@"&J(3"-)@+;'J(>Z5!`(
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Testbed Node Structure 
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The Testbed is Live 
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Testbed Supports Cloudlets / Fog 
Computing with Dynamic Migration 
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FEDERATED 
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Federation 
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Virtual Sensors 
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Challenges and Conclusions 
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