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Quad-Rotor Helicopter

¢ all carbon, titanium,
aluminum design
® custom motors

* |.3m diameter
e ~2.2kg weight
e +2kg payload
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Open Source Blueprints
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Custom Electronics
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Off-the-Shelf Stuff
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Indoor Flight
STARMAC Controller




Indoor Flight

STRMAC Controller
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Outdoor Flight
Salzburg Controller




Outdoor Flight

Salzburg Controller
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More Recent: Yawing
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A Cyber-Physical Server
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A Cyber-Physical Server

e [P address e e [P address
* location | PR AL

* capabilities * capabilities
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Domain Domain

Virtual Virtual
Vehicle Vehicle
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Goals

® Multi-provider (10s):

® heterogeneous operations
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High-Level Challenges

® Virtualization Infrastructure
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Virtualization Infrastructure

CPCC
Manager

Virtual Virtual Virtual

Vehicle Vehicle \ehicle Applications

Domain
Manager

/O Scheduler

Virtual Vehicle Monitor
Hybrid EDF-Credit Scheduler

CPU1 CPU2 CPU3 CPU4 Memory SSD Network USB
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Virtualization Infrastructure

leTemporal Isolation
CPCC . :
*Spatial Isolation

Virtual

Manager veicle |l e Power |solation

wos .
* [racking

Virtual Vehicle Monitor
Hybrid EDF-Credit Scheduler

Domain

CPU1 CPU2 CPU3 CPU4 Memory SSD Network USB
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There is a
fundamental trade-off
between
quality and cost _




* quality: response time jitter
e cost: scheduling overhead

Time




* quality: response time jitter

Time e cost: scheduling overhead

* quality: fragmentation jitter
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* quality: response time jitter

Time e cost: scheduling overhead

* quality: fragmentation jitter
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Variable-Bandwidth Servers (VBS)
[SIESO9]

T| me VBS Overhead Accounting
[RTAS | 0]

Compact-fit
[USENIX ATCO08]

- Short-term Memory .
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* per-process lower/upper bounds
on response times [SIESO9]

T| me VBS Overhead Accounting
[RTAS | 0]
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[USENIX ATCO08]

Short-term Memory

| ] s, s 2 |_" ,..‘.
¥

P a ~ '\ - > ‘—'h.‘ b g .'. ’

n <. b s RSO g o i v o 3 ot RIRARI (0 aie 5 § F L

d v ,T 5_-:._ Lot I b R ‘:' e 34 ol ‘- ."_0 .... et
» - L A - u e

iy : 4 W NT Y, ;_‘_ " ! '
J - . : . Ak ; i ¥ - ~ "' 3 ‘ Gl s J=rt | i (PP
Sl 124 ., » 5 \f-’ s 0 VeI PASIs oy o e ¥ ~ [ )
v . Wy » ! i Y




* per-process lower/upper bounds
. on response times [SIESO9]
Time N
* account overhead in utilization
and/or response times [RTAS|0]

Compact-fit
[USENIX ATCO08]

Short-term Memory
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* per-process lower/upper bounds

. on response times [SIESQ9]
Time

* account overhead in utilization
and/or response times [RTAS|0]

* time- and space-predictable malloc
and free [USENIX ATCO08]

Short-term Memory
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* per-process lower/upper bounds
. on response times [SIESQ9]
Time N
* account overhead in utilization
and/or response times [RTAS|0]

* time- and space-predictable malloc
and free [USENIX ATCO08]

¢ refresh needed rather than deallocate
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* per-process lower/upper bounds
on response times [SIESQ9]

* account overhead in utilization
and/or response times [RTAS|0]

* time- and space-predictable malloc
and free [USENIX ATCO08]

¢ refresh needed rather than deallocate
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* per-process lower/upper bounds
. on response times [SIESQ9]
Time N
* account overhead in utilization
and/or response times [RTAS|0]

* time- and space-predictable malloc
and free [USENIX ATCO08]

¢ refresh needed rather than deallocate

Space




The trade-off

between
isolation quality and cost
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Multicore

®* many concurrent data structures do not scale,
e.g.a concurrent FIFO queue for scheduling
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Multicore

®* many concurrent data structures do not scale,
e.g.a concurrent FIFO queue for scheduling

* linearizability makes a concurrent FIFO queue
return the “oldest” element but limits scalability

* [c-linearizability allows it to scale but also return

up to the “k-oldest” element

") s Py

AP T . - - —
Sl ) ) ¥ . 4 4 i >
o -~ N Y -~ N W

A " s
r -4" ¢ e ,‘_':"' ﬂ“ ’ ) - l-:‘..
Lo iy .

— “'- _-' . A



Multicore

®* many concurrent data structures do not scale,
e.g.a concurrent FIFO queue for scheduling

* linearizability makes a concurrent FIFO queue
return the “oldest” element but limits scalability

* [c-linearizability allows it to scale but also return

~ up to the “k-oldest” element
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Multicore

®* many concurrent data structures do not scale,
e.g.a concurrent FIFO queue for scheduling

* linearizability makes a concurrent FIFO queue
return the “oldest” element but limits scalability

* [c-linearizability allows it to scale but also return

~up to the “k-oldest” element
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Multicore

®* many concurrent data structures do not scale,
e.g.a concurrent FIFO queue for scheduling

* linearizability makes a concurrent FIFO queue
return the “oldest” element but limits scalability

* [c-linearizability allows it to scale but also return
up to the “k-oldest” element
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Virtual Vehicle Demo

by Florian Landolt and Andreas Rottmann
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Virtual
Vehicle

Virtual
Vehicle

Migration

Domain

Virtual
Vehicle
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Laptop

Virtual
Vehicle

Domain

Virtual Virtual
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Virtual Vehicle Monitor

(Xen, XenSockets, GUK, IwlP, Newlib, Chibi Scheme)

Virtual Vehicle Virtual Vehicle Virtual Vehicle

Chibi Scheme Chibi Scheme Chibi Scheme
Newlib Newib |

Privileged Domain

webcam
grabber

wIP wIP

libxmc Manager

XenSocket XenSocket XenSocket

VVOS (GUK) VVOS (GUK) VVOS (GUK)

CPU3 CPU4 Memory SSD Network USB




Virtual Vehicle Monitor
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Virtual Vehicle Monitor
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Virtual Vehicle Monitor

(Xen, XenSockets, GUK, IwlP, Newlib, Chibi Scheme)
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Virtual Vehicle Monitor

(Xen, XenSockets, GUK, IwlP, Newlib, Chibi Scheme)

Virtual Vehicle Virtual Vehicle
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Inter-domain Multicast
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* Domains register

as receivers via
XenStore
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Virtual Vehicle Monitor

(Xen, XenSockets, GUK, IwlP, Newlib, Chibi Scheme)

Virtual Vehicle Virtual Vehicle
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Inter-domain Multicast

) -
* Domains register

as receivers via
XenStore

* One XenSocket
per receiver
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Virtual Vehicle Monitor

(Xen, XenSockets, GUK, IwlP, Newlib, Chibi Scheme)

Virtual Vehicle Virtual Vehicle

Chibi Scheme Chibi Scheme
Newlib Newib |

lwlP wIP

Inter-domain Multicast

) -
* Domains register

as receivers via
XenStore

* One XenSocket wod Gk WS (GUK)
per receiver

e Multicast is in user NEELhe:

space (libxmc) A
| CPU3 CPU4 Memory SSD Network USB

XenSocket XenSocket
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Virtual Vehicle Monitor

(Xen, XenSockets, GUK, IwlP, Newlib, Chibi Scheme)
Privileged Domain W
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Virtual Vehicle Monitor

(Xen, XenSockets, GUK, IwlP, Newlib, Chibi Scheme)
" Oomaig> W popany

ek Migration

Privileged Domain

webcam
grabber

lib vV
IDXMC manager

. XenSocket

VVOS (GUK)

Virtual Vehicle |
(Xen)

CPU3 CPU4 Memory SSD Network USB
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Virtual Vehicle Monitor

(Xen, XenSockets, GUK, IwlP, Newlib, Chibi Scheme)
" Oomaig> W popany

ek Migration

Privileged Domain

webcam
grabber

* VV scheme source

, VV . .
libxmc * VV “continuation’

manager
XenSocket

VVOS (GUK)

Virtual Vehicle |
(Xen)

CPU3 CPU4 Memory SSD Network USB
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Virtual Vehicle Monitor

(Xen, XenSockets, GUK, IwlP, Newlib, Chibi Scheme)
" Oomaig> W popany

ek Migration

Privileged Domain

webcam
grabber

* VV scheme source

* VV “continuation”

* network stack
parameters

lib vV
IDXMC manager

. XenSocket
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Virtual Vehicle Monitor

(Xen, XenSockets, GUK, IwlP, Newlib, Chibi Scheme)
" Oomaig> W popany

Privileged Domain

M Migration
webcam A

grabber

* VV scheme source
, VvV . .
libxme |\ o nager * VV “continuation”

“

S

* network stack
parameters
e TCP connections

EAES  (not used here)
(Xen)
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3VVs on 2 Servers

- s

i § e t g-ironl: - wap://

xentop = 18:20:14 Xen 4.0.0-rc9 top - 18:20:14 up S50 days, 2:38, 12 users, load average: 0.14, 0.06
7 domains: 1 running, S blocked, 1 paused, 0 crashed, 0 dying, 0 shutdown |Tasks: 190 total, 3 running, 184 sleeping, 3 stopped, O zombie
Hem: 3992300k total, 3787012k used, 205288k free CPUs: 4 @ 2000MHz Cpuls): 2.1%us, 1.6%Xsy, 0.0%ni, 96.0Xid, 0.0%wa, 0.0%hi, 0.2%si
Mem: 3665672k total, 3588908k used, 76764k frea, 315488k buff
Domain=0 ===== r 86328 46.0 3741852 93.7 no limit n/a |Swap: 3903752k total, Ok used, 3903752k frea, 1883756k cach
tramp=1 ==b==- 0 0.3 31744 0.8 32768 0.8
tramp=3 ==b==-- 0 16.1 31744 0.8 32768 0.8
tramp=4 ==b==- 0 0.0 31744 0.8 32768 0.8 20 0 S2656 11im 3136 S g 0.3 0:00.25 xm
tramp~5 --b--- 0 0.0 31744 0.8 32768 0.8 | 4211 root 20 0 234m 48m 2252 S S 0.5 46:40.89 xend
tramp-6 --b--- 0 0.0 31744 0.8 32768 0.8 |28568 root 20 0 117m 9.9m 4220 S S 0.3 135:42.45 Xorg
tramp=7 -—--p~ 0 0.0 31744 0.8 32768 0.8 | 4302 root 20 O 8628 1132 624 R 4 0.0 1:16.80 xenstored
1531 flandolt 20 O 31300 1848 1484 S i1 0.1 0:0 bouboule
0 19212 1480 1072 R i 0.0 0:% top
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big-ironl$ sudo ./webfeed big-iron3s$ sudo ./webfeed got line: Using config File “/tmp/trampd-cfg.sYrU2R",

Creating channel Creating channel got line: Started domain tramp-6 (1d=199)

vre-pool: enqueued domain 199

---------- src_Fmt pixFmt: ===-------gre_fmt pixfat: Client 192.168.1.171:4098 accepted...

RGE3 vm-pool: dequeued domain 196

dst_Ffet pixfme: 00000 feememem————- dst_fmt pixfat; Initiating state transfer with domain 196

MIPG ve-pool: creating new domain: name=tramp-7, Lp=192,168,1,206

X »m create -p /tmp/trampd-cfg,5FalQL

transferring datf to: 2 domain(s) transferring data tof] 1 domain{(s) JjWaiting For domain 196 to become ready fFor state transfer
Copying state (3365 bytes) to domain ¥96...

Copuing done.

Client 192.168,1,171:4098 done.

got line: main tool

got line: Using config File “/tmp/trampd-cfg.S5FqDOi".

got line: Started domain tramp-7 (1d=200)

61--9001: enqueued domain 200

C k| Jolt@Dig-ironl: /ho rotty/

Migrating from
machine 2 to 1

v— .. s lt@bia-ironl: /he ey e

big-ir - /tr ;

got 1ine: Started domain tramp—4 (1d=134)
vwr-pool: erqueued dosalin 134

Client 127,0,0,1:38129 accepted,,. big-irond$ ,/tools/trasp-ingect -1 192,168,1,171 -—gv 192,168,1,1 ——netassk 295,265 265 0 schone-appe/deno,son scheme-apps/conf § g/ deno/ve
wr-pool: dequeued domatn 131 hicle-02,scm

Initiating state transfer with domain 131 big-ironds ]

vr-pool: creating new domain: namestrasg~5, 1p=192,168.1,204
2 xn create “p /tap/trampd-cfg, [14glR

Matting for domain 131 to become reads for state transfer
Copying state (3298 bytes) to domain 131...

Copying dore,

Client 127.0,0,1:38129 dorm.

got 1ine: main tool

got :lm: Usirg eoz::g File '/w{trm A 9. 1 [&lR",
got line: Started in tramp-5 (4 v
wpools erueued domain 135 Cgusas fl
Client 192,168,1,171:4087 accepted.,.

vwr-pool: dequeved domatn 132

Inttiating state transfer with domain 132

wr-pool: creating new domaln: namestrasg~6, 1p=192,168.1,205
% xn create “p /twp/trampd-cfg.MF Jugl

Matting for domain 132 to become reads for state transfer
Copying state (3440 bytes) to domain 132,..

Copying dore,

Client 152.168.1.171:4057 dore.

got line: main tool

got line: Usirg conflg File “/tap/trampd-cf g, MF g,
got 1ine: Started domain tramp-6 (1ds135)

n\-ml: erueued domain 135

oy ot . WSV Oy /SIS

big iros ool tramp-ingect ~1 192,168.1,171 —gw 192.168,1.1 —atassk 295,265,265.0 schamt-apps/em0. Sch Schemt-apps/cont §0/ Goma/ve
< N

2g=Irona: /NOME/rotly/src/gux-new/ir
173 v 1%,168,1.1

:‘I:It:s& ./wols/u-lmt -1 192,168.1, 255,255.255.0 schame-apps/deno son sches—apps/cont § g/ deno/ve
¢ 5N

big-ironis ]
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