
1of 21

Non-Work-Conserving Scheduling of 
Non-Preemptive Hard Real-Time Tasks 

Based on Fixed Priorities

Mitra Nasri Gerhard Fohler

Nov. 2015

Chair of Real-Time Systems

Technische Universität Kaiserslautern
Germany



2of 21

Why Non-preemptive Scheduling?

!ǇǇƭƛŎŀǘƛƻƴΩǎ 5ŜǎƛǊŜ

Å Control applications are affected 
by I/O delay (preemption length)

It is inevitable in 
many systems

Å Because of design 
or architecture

Å CAN networks
Å GPU

Preemption is 
expensive

ÅContextswitchoverheads
ÅDestructingcacheaffinity
ÅSharedresources

(needmutualexclusion)

More timing 
predictability

Å Better estimation of the
worst-case execution time
(WCET)

Å More predictabilityin cache
behavior
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Why Non-preemptive Scheduling is Hard?

Schedulable by npEDF

Not schedulable by npEDF

Schedulable by a non-
work conserving 
scheduling algorithm
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Why Non-preemptive Scheduling is Hard?(cont.)

Needs an exhaustive search
over all jobsandall possible values/locations of idle times

Preemptive, D=T Preemptive, D<T

Without considering idle times in the schedule, we cannot find a solution.

ÅNo known optimal scheduling policy

ÅNo known strategy for idle time insertion

Non-Preemptive
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State of the Art
Non-Preemptive 

Scheduling

Kim 1980, Jeffay1991, 
George 1996, Park 2007, 
Andersson2009, Marouf 2010Σ Χ

SchedulabilityTest
(npEDF, npRM, FP) 

Heuristic Algorithms
(gEDF, cEDF)

Non-Work Conserving 
Algorithms 

(for HarmonicTasks)

Ekelin2006, Li 2007

Deogun1986, Cai1996, Nasri 2014

Deogun
1986

Cai
1996

Nasri 
2014

No deadline miss if

Ɓ Constant integer period 
ratio K І 3

No deadline miss if tasks have 

Ɓ Integer period ratio KiІ σ

Ɓ Constant period ratio K = 2

Precautious-RM

No deadline miss if tasks have 

Ɓ Integer period ratio KiІ 3

Ɓ Constant period ratio K = 2

Ɓ Integer period ratio kiІ 1 and 
enoughvacant intervals

Period Ratio Exponential complexity
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A Closer Look at the 
Idea of Precautious-RM
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Precautious-RM Idea: An Efficient Decision

Feasible by a 
non-work conserving 
scheduling algorithm
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non-work conserving 
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idle idleidle

How Precautious-RM Works
¶Rule1: UseRMpriorities (shorterperiodshavehigherpriority)

¶Rule2: Schedulea taskonly if it will not causea deadlinemissfor the next instance
of 1̱, otherwise,insertan idle intervaluntil the next releaseof 1̱

idle

ÅOnline algorithm (online decisions)
ÅO(1) computational complexity

ÅLimitations of the existing schedulability test
ÅIt is only for harmonic tasks 
ÅIt is pessimistic 
Åit assumes each task has ci = 2(T1ςc1)
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Simple Idea, Interesting Results

¶Howgoodis this idea?

K= max{ki}, where ki is the individual period ratio in the task set
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Simple Idea, Interesting Results

¶Howgoodis this idea? It is a big progress!
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¶Extendingthe schedulabilityof Precautious-RM to LooseHarmonictasks
¶Looseharmonictasks:

¶Improvingthe schedulabilitybypriority grouping
¶Tasksare assignedto priority groupsand they are only allowedto be scheduledif the

headof the groupisscheduled

¶Presentinga priority grouping algorithm which theoretically dominates
schedulabilitytest for Precautious-RM
¶Thewisefit!

Contributions of This Work
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Vacant interval

Precautious-wa {ŎƘŜŘǳƭŀōƛƭƛǘȅ ¢ŜǎǘΩǎ LŘŜŀ

3̱

1̱

2̱

v2 = 3×0.5 -1 = 0.5

v3 = 2×0.5 -1 = 0

The schedulability test

v1 = 0.5

Calculating the vacant intervals
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Next Improvement: Priority Grouping

¶Priority grouping
¶It helpsto improvethe schedulabilityby wastinglessvacantintervals

1̱ :(1, 10)

2̱ :(13, 50)

3̱ :(14, 60)

4̱ :(5, 60)

5̱ :(4, 90)

2(T1-c1) = 18

{ 3̱ + ̱ 5}

{ 2̱ + ̱ 4}

{ 1̱}

c2 + c4 = 18

c3 + c5 = 18

This job took one vacant interval for itself

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

¶Therestriction

head

head

tail

tail

The solution

Permit the tail tasksto be executedonly if the headtask

isscheduledin the samevacantinterval.


