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Job Releases
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Budget Enforcement
Schedulers use timers to prevent budget overruns

Self-Suspensions
Tasks can use POSIXclock_nanosleep() to suspend themselves
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Earliest expiring 
timer is programmed 

into hardware

[ƛƴǳȄΩǎ hrtimer subsystem

But, earliest timer 
could belong to the 
lowest-priority task!

May interrupt a 
higher-priority task!

Key Problem
hrtimers does not take into 

account the priority of the process 
that created the timer
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These operations need to be 
inexpensive to work well in practice
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the earliest timer with 
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1: Find the earliest timer at each priority level

A Range Minimum 
Query! (RMQ)

2: Among these, find the earliest timer in the priority 
range [curr_task_prio, max_system_prio]



1 2 3 ΧΧ 140

NULL

Priority Level

51

1: Replicating Red-Black Trees



1 2 3 ΧΧ 140

NULL

Priority Level

52

Earliest timer for each 
priority level

1: Replicating Red-Black Trees



10

20 10

30 20 4010

[0] [1] [2] [3]

min [0,1] min [2, 3]

min [0, 3]

53

2: Range Minimum Query ςSegment Tree



10

20 10

30 20 4010

[0] [1] [2] [3]

min [0,1] min [2, 3]

min [0, 3]

54

Leaf nodes are the 
earliest timers for 
each priority level

2: Range Minimum Query ςSegment Tree



10

20 10

30 20 4010

[0] [1] [2] [3]

min [0,1] min [2, 3]

min [0, 3]

55

Provides an efficient, O(log N)mechanism to find the earliest 
timer in the priority range

[curr_task_prio, max_sys_prio]

2: Range Minimum Query ςSegment Tree



10

20 10

30 20 4010

[0] [1] [2] [3]

min [0,1] min [2, 3]

min [0, 3]

56

2: Range Minimum Query ςSegment Tree

N = number of (fixed) 
priority levels

Constant time 
operation!

Provides an efficient, O(log N)mechanism to find the earliest 
timer in the priority range

[curr_task_prio, max_sys_prio]
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Further details in the paper!

Open-source implementation at
https://people.mpi-sws.org/~bbb/papers/details/rtas17p/

TimerShield Implementation
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HP Task Response Time

From 1 to 100 LP
cyclictesttasks

1 KHz control loop with 
approx. 200˃s 

computation time

cyclictesttasks
which periodically call 

clock_nanosleep()

Taskset parameters based on S. Kramer, D. Ziegenbein, and A. Hamann, 

ñReal world automotive benchmark for free,ò in WATERS, 2015.
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Means 60% of the 
measured samples have a 
response time Җ 214.8us
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1 LP cyclictest

50 LP cyclictests

100 LP cyclictests

Long tail,
high unpredictability
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Response timewith 1, 50 or 
100 LP timers remains 

consistent!

Slight shift due to cache 
effectsof increasing number 

of low-priority tasks
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How Bad Can It Get?

¦ǎƛƴƎ [ƛƴǳȄΩǎ timerfd API

Linux (and POSIX) provide no protection, and 
specifies no upper limiton timer creation
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Idle system

100 LP timers 1000 LP timers
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Nearly 45us (22%) response-
time increasewith 1000 

low-priority timers


