
Scheduling result and boundsScheduling result and bounds

For any action For any action αα on a resource  on a resource (λ,π)(λ,π) we have we have

upper response time boundupper response time bound
⎡⎡load / λload / λ⎤⎤π + π - 1π + π - 1

lower response time boundlower response time bound
⎡⎡load / λload / λ⎤⎤ππ

  jitter jitter 
π - 1π - 1

Processes Processes P1P1,,P2P2,, …  … ,,PnPn on VBSs  on VBSs u1u1,,u2u2,, …  … ,,unun, are schedulable, are schedulable

if if ∑∑ui ≤ 1ui ≤ 1



Programmable temporal isolationProgrammable temporal isolation

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

smaller smaller ππ  ⇒⇒
++ smaller jitter smaller jitter

+ + VBS response time closer to „ideal“ response timeVBS response time closer to „ideal“ response time

-- higher administrative overhead  higher administrative overhead 

(more scheduler invocations)(more scheduler invocations)

        Finding the right Finding the right λλ,,ππ is difficult. is difficult.

server design server design 
problemproblem



Real-world example
loop {loop {

    sensor_datasensor_data = read( = read(sensorssensors););
    actuator_dataactuator_data=compute(=compute(sensor_datasensor_data););
    write(write(actuator_dataactuator_data););

    log(log(actuator_dataactuator_data););
    update_internal_state();update_internal_state();

} until (done);} until (done); control-loop periodcontrol-loop period

low latencylow latency

less stringentless stringent
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action 1action 1

action 2action 2

different throughput and latency requirements different throughput and latency requirements 
for different portions of codefor different portions of code



list array matrix/tree

time

space

Implementation
● constant-time scheduling algorithm
● different queue management plugins

(lists, arrays, matrices, trees)

t 

n  tn O  t 2n

O  log t nlog t O n2


trade off time and
space complexity

n – number of processes   t – number of time instantsn – number of processes   t – number of time instants 



            ResultsResults

scheduler overheadscheduler overhead

break-even point

Maximum duration(Maximum duration(μμs) for increasing s) for increasing 
number of processesnumber of processes

Standard deviation for increasing Standard deviation for increasing 
number of processesnumber of processes



            ResultsResults

scheduler overhead (scheduler overhead (listlist))

20 scheduler 20 scheduler 
runs had 100runs had 100μμs s 

durationduration

scheduler execution variancescheduler execution variance
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scheduler overhead (scheduler overhead (arrayarray))



            ResultsResults

scheduler overhead (scheduler overhead (matrixmatrix))



            ResultsResults

space complexityspace complexity

750 processes750 processes



            ResultsResults

bare-metal experimentbare-metal experiment



            ResultsResults

bare-metal experimentbare-metal experiment

●  in theory response time jitter isin theory response time jitter is

    one periodone period

●  in practice the jitter may be more in practice the jitter may be more 

  than one period but still boundedthan one period but still bounded

scheduler scheduler 
overhead accountingoverhead accounting



ConclusionConclusion

VBS scheduling enables:VBS scheduling enables:

● temporal isolationtemporal isolation

● trading off throughput and latencytrading off throughput and latency

● controlling the response-time jitter of controlling the response-time jitter of 

individual process actionsindividual process actions

● trading off space and time complexity of the trading off space and time complexity of the 

scheduling overheadscheduling overhead

http://tiptoe.cs.uni-salzburg.at/http://tiptoe.cs.uni-salzburg.at/
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Thank you!Thank you!
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