The Next Frontier of Cloud
Computing is in the Clouds, Literally

Silviu Craciunas, Andreas Haas

Christoph Kirsch, Hannes Payer Joshua Love
Harald Rock, Andreas Rottmann Raja Sengupta
Ana Sokolova, Rainer Trummer

Universitat Salzburg UC Berkeley

L] [
J - B F ¥
: [N 4 A S ‘_"l re el ( A 21t
4 ot ¢ e Aaid L 2 8 - ¢ pd
i I ) . 2

’ (53 o gt Zd i
L Pasl 7N " i/ .
" e il

' " . Pon. T o
- .y - e 8 PRy s LA .
SN o Lpach - - et 8 3 S
- - d L Ty L e .
'n‘ 4 " r-‘-’.‘"“ b A PO 0. b | e :

1.5‘&’:‘ )



The JAviator

javiator.cs.uni-salzburg.at



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




Minimal # of Different Parts
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ICS

Custom Electron




Off-the-Shelf Stuff




B JAviatoiaD L0 % EijAviatoi3D







Indoor Flight

STRMAC Controller
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Outdoor Flight

Salzburg Controller
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More Recent: Yawing







Autonomous
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A Cyber-Physical Server
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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

|eSpatial Isolation
-
Manager * f[emporal Isolation

Virtual

Manager veicle |l e Power |solation
*Migration

wos .
* [racking

Virtual Vehicle Monitor
Hybrid EDF-Credit Scheduler

Domain

CPU1 CPU2 CPU3 CPU4 Memory SSD Network USB
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Isolating
space, time, power

simultaneously
likely requires




VWWe need
runtime environments

with an
interface
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Do We Need Compaction!?

® Compact-fit explicit heap management
[USENIX ATC 2008]:

® malloc and free are constant-time, unless
compaction Is necessary

o fra?et?ébapb e;-lﬁgcs dent and

predictable in constant-time

® partial compaction: program analysis!

® (C code available at:

p tiptoe.cs.uni-salzburg.at/compact-fit



http://tiptoe.cs.uni-salzburg.at/compact-fit
http://tiptoe.cs.uni-salzburg.at/compact-fit
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And Garbage Collectors!

® Short-term memory for self S

[SBG 10, submitted]: works with any
legacy code (|-word

space overhead per
memory block)

® Java patclh_'ﬁ Eéf J!
p based on']i :R ,g . <lds8pau ciass library

® Dynamic C library (libscm) under GPL

p based on POSIX threads, ptmalloc? allocator
® Available at:

p tiptoe.cs.uni-salzburg.at/short-term-memory

® a|l operations are const
® constant per-object spac



http://tiptoe.cs.uni-salzburg.at/short-term-memory
http://tiptoe.cs.uni-salzburg.at/short-term-memory

Short-term Memory

p Next week, Tue, Sept 7, 4pm @ UC Berkeley

® Memory objects are only guaranteed to exist
for a finite amount of time

[ ] [ (]
@ emory objects are allocated with a given
.. - S XN . =l OBl T, 4 A ) P .- By S~ e L e ¥ P ey b - " f Al < el -J-‘r._. W e v g Y . ~9 » | N -
T . o R ) 3 e :..-... '-!.-f.-\;J-."._..'-. e 3.1-. S SR .,'. " o o -:-.. sl SO 1 e ..f’-... o el \"., e st % L SISO 'j ¢ ¥

ST
I AR

. 0 _-F..




With short-term memory
programmers or algorithms
specify which memory objects
are still needed
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Explicit Programming Model

® Each thread advances a thread-local clock
by invoking an explicit tick () call

® Fach object receives upon its allocation an
expiration date that is initialized to the
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Heap Management

conservative
expiration
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Sources of Errors:

|. not-needed objects
are continuously refreshed or
~ time does not advance




Our Conjecture:

It is easier to say
which objects are still needed
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Use Cases

gl [ 16043 [ T [ 0 [ (43 ] 0 | 4
~ Tlayer [ 847 [ T [ 6 | 0 [ 2] 9
Monte Carlo | 1450 | T | 3 | 0 | 2 | 6

 Luldex | 74584 | 2 | 15 | 0 | 3 | 20

Table 2. Use cases of short-term memory: lines of code of the
benchmark, number of tick-calls, number of refresh-calls, number
of free-calls, number of auxiliary lines of code, and total number of
modified lines of code.
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ptmalloc2 (1) — space-overhead(10, 256B)

local-SCM(1, 256B)(2) - local-SCM(1, 4KB)
space-overhead(1, 256B) space-overhead(1, 4KB)
) )

)

global-SCM(1, 256B
local-SCM(10, 256B

(3) -
(4) local-SCM(10, 4KB
(5) —- space—overhead(10, 4KB)(1

Figure 15. Memory overhead and consumption of the mpgl23
benchmark. Again, local/global-SCM(n,m) stands for self-
collecting mutators with a maximal expiration extension of n
and descriptor page size m, using local/global-refresh. We write
space-overhead(n, m) to denote the memory overhead of the local-

SCM(n, m) configurations for storing descriptors and descriptor
counters.




Java: Throughput

Monte Carlo Benchmarks
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MC leaky

SCM(50,20) mm SCM(50,20) double memory =
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MS MS double memory

Figure 9. Total execution time of the Monte Carlo benchmarks in
percentage of the total execution time of the benchmark using self-
collecting mutators.
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Programmable




Do We Need Programmable?

® Variable-bandwidth servers (VBS) [SIESO9]:

® a process is temporally isolated if the variance in

response time of any given piece of process code
is bounded independently of other processes
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http://tiptoe.cs.uni-salzburg.at/scheduler
http://tiptoe.cs.uni-salzburg.at/scheduler

But only for uniprocessors...

® Variable-bandwidth servers (VBS) [SIESO9]:
® constant-time scheduling algorithm

® gueue management plugins trade off
overall time and space complexity:

} from Ilnear time (# of processes) and
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Can We Scale This?

® VBS may likely support multicore, see other work

® however, what exactly is the relationship of
temporal i~ —1lity, cost, and scalability?

® -lir :
Non-| works with data
answ

structures that have an “%n -
e wh « > calability?

“holds a preliminary

‘insert-remove API”,
e.g. stacks, queues




Lock-free FIFO Queue

(on 24-core machine)

T Can we relate

| temporal isolation
quality and scalability
through this!?

12 16 20 24 32
number of threads

20 24 32
number of threads

+ 2-random k=24

aseline
2-r dmk12* 2 dmk256 12* 2-r dmk256

(b) lock- free FIFO ] (b) lock-free FIF() :

Scalability Semantics
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Time and Power




Time and Power

® temporal isolation if and only if power isolation!?

® probably yes, if there is no frequency scaling,
and if scheduling and context switching cost
(time [RTAS|0], power?) is accounted for

~® problem:false negatives; solution: PA1?
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http://eurosys2011.cs.uni-salzburg.at
http://eurosys2011.cs.uni-salzburg.at

