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Process model
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 action Is a plece of code

* PrOCEeSS IS a sequence of actions



Problem
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schedule the processes so that each of their

actions maintains its response time



Goal

* solve the scheduling problem

(temporal isolation)
 change execution speed of processes

(programmable)
e Solve admission problem

(changeable set of processes)
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Goal

* solve the scheduling problem

= ~ | ) ~ =l "qtion)
Sel\Vanle With Varianle

9aNEWIGTN SERVERSHVISS
.uUlammabIe)

e chai

ngJrﬂfﬂ es)

s -'"'-._;-_.-\'-" S el b

time

)
Q)
({1
(P
)
[_
U
@
(R
([
(@
N



Resources and VBS

virtuall periodic resourrces

period i limit A utilization A/it

« VBS Is determined by a bandwidth cap (u)
* VBS processes dynamically adjust speed (resource)
ATl = U and A2/f2 = U

* generalization ofi constant bandwidth servers (CBS)
[Abenil and Buttazzoe 2004]



One process on a VBS

= action a1 — action a2 =

process

process
running
on a VBS

response time

response time under VBS under VBS



VBS

process a
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VBS
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Scheduling result and bounds

Processes P1,P2, ... ,Pnon VBSs ul,uz, ... ,un, are schedulable

if Yui = 1

For any action a on a resource (A,11) we have
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Programmable temporal isolation

the “speed” of an action is programmable
(influencing response time and jitter)

smaller m =
+ smaller jitter

+ VBS response time closer to ,ideal” response time

™ Finding the right A1t is difficult.
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Real-world example
loop {

sensor_data = read(sensors);
actuator data=compute(sensor _data);
write(actuator data);

ORI CILENGY

log(actuator_data); .
update_internal_state(); } less stringent

} until (done); control-loop period



Real-world example
loop {
sensor_data = read(sensors);

actuator data=compute(sensor_data); }

write(actuator data);

- actionrz

log(actuator_data);
update _internal_state();

} until (done); control-loop period

different throughput and latency requirements
fior different portions of code



Implementation

« constant-time scheduling algorithm
 different gueue management plugins
(lists, arrays, matrices, trees)

trade off time and
space complexity

array matrix/tree

O(log(t)+nlog(t))

O(t+n)

N - number off processes t - number of time instants



S~ Results

scheduler overhead

== hitmap_array_max | == Ditmap_array_stddev |
= list_max ' ' - list_stddev
= Matrix_max ' == Matrix_stddev

break-even poi nt-

Maximum duration(jus) for increasing Standard deviation for increasing
AUMMBEr off processes number of processes



= Results
scheduler overhead (list)
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=~ Results

scheduler overhead (array)
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=~ Results

scheduler overhead (matrix)
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=, Results

space complexity

memory usage
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Response time (ms)
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bare-metal experiment
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Response time (ms)
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Conclusion

VBS scheduling enables:
e temporal isolation
 trading off throughput and latency
» controlling the response-time jitter of
Individual process actions
 trading off space and time complexity of the

scheduling overhead

http://tiptoe.cs.uni-salzburg.at/



Conclusion

VBS scheduling enables:
« temporal isolation

e trading

e control| Trizine ol D
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 trading off space and time complexity of the
scheduling overhead

http://tiptoe.cs.uni-salzburg.at/



VBS

selected related work

VBS T, | RBED

« CBS does not allow changing of the period and limit
« RBED and VBS differ on the level of abstractions provided



Release strategy
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Logical response time jitter
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