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Task Model Scheduling Response-Time Bound Evaluation Conclusion

Processing Graphs

Response Time

e Node = Task

 Edge = Precedence constraint

* Goal:
e Response time < Deadline

Source
(invoked sporadically) Q @
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Task Model Scheduling Response-Time Bound Evaluation Conclusion

Processing Graphs of Gang Nodes

e Nodes are rigid gang tasks

T Number of

G——p—w
@—@

* Rigid = Same number of
threads for all jobs of t;
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Task Model Scheduling Response-Time Bound Evaluation Conclusion

Heterogenous Compute Platform

Compute unit 2
M, processors

@ @ * Multiple compute units
/ : \  Each node assigned to a

compute unit

 Each compute unit has

‘ e multiple same-speed
' Compute unit 1 processors

M, processors
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Task Model Scheduling Response-Time Bound Evaluation Conclusion

Scheduling processing graphs on multicore+GPU

GPU-accessing task GPU kernel

N

Block of threads
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Task Model Scheduling Response-Time Bound Evaluation Conclusion

Determine response-time bound of DAGs formed by gang tasks

Assumption: Constrained deadline
Scheduling: Work-conserving, Semi work-conserving

Each DAG receives dedicated number of processors on each compute unit
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Scheduling Response-Time Bound Evaluation Conclusion

Work-Conserving Scheduling

Highest priority Lowest priority
T

2 1 5 7 2| 13
> 3 Try out all ready jobs

Idle processors 3
' \‘ -------------------- V unscheduled ready job :
Does not fit! |- - e job’s processor requirement >
Siy | TTTTTTTTTToTmmsmmooes number of idle processors
processors | 77T
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Scheduling Response-Time Bound Evaluation Conclusion

Semi Work-Conserving Scheduling

Highest priority Lowest priority
T
> 3 Try until a job does not fit
8
T il 3 unscheduled ready job :
---------------------- job’s processor requirement >
Siy | T TTTTTTTTTTTomsmmooes number of idle processors
processors | 77T
N e )
L | eemmsanes Time ;



Scheduling Response-Time Bound Evaluation Conclusion

Why Semi Work-Conserving Scheduling?

Scheduling in NVIDIA GPU is semi work-conserving when all GPU work is
submitted from the same address space (and some more constraints)

1. Amert et al., RTSS 2017
2. Bakita and Anderson, RTAS 2024
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Assumption 2: Sequential node (one thread per task)

Assumption 1: One co
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Response-Time Bound Evaluation Conclusion

Response-Time Bound

i. Some processors can be idle ii. Different number of

\\ idle processors
7
.

Assumption 1: One compute unit

Assumptio ZSeeruener d(eﬁe—t-h-readp r task)
TTTTTTTTTTTTT Gang Multiple threads
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Response-Time Bound

Step 1: Determine the minimum number of busy processors when 1; is ready but unscheduled

Sporadic g\ﬁéggﬁeseké [():I%g n%?cdpl?lggrgﬁﬁw%r?él glgorithm
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Possible interfering tasks

Upper bound total interference

Step 2:




Response- Time Bound Evaluation Conclusion

Response-Time Bound

Any path can be a critical path

Determine a set of nodes (not necessarily on a path) that upper bounds interference time

Smaller height

Possible interfering tasks




Response-Time Bound Evaluation Conclusion

Response-Time Bound

Compute unit 2

M, processors

(x)
(12 (s

o > g (17—t
| @ Compute unit 1 @

M, processors

Scheduling in different compute units

Assumption 1: ©ne compute aiatt can be different

Multiple units
=N
L]
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Evaluation Conclusion

Evaluation

Bound under X

Work-conserving vs. Semi work-conserving scheduling

Bound under work-conserving

1.04

1.031 : :
A -~ Semi work-conserving

1.02 1

> 1 means
higher bound

1.00— — =

1.00 1

Bound ratio

Work-conserving

0.99 - |

0.98 L, . ! . .
01 02 03 04 05 0.6 §7 0.8 0.9

Edge Probabilities
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Evaluation Conclusion

Evaluation

GPU as a shared resource vs. scheduling platform

Block of threads

GPU kernel
8 &
With locking Without locking
CPU-only DAG response-time bound DAG of gang tasks response-time bound
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Evaluation Conclusion

Evaluation

Bound under X Locking-based GPU access vs. Default GPU scheduling
Bound under default scheduler

2.2 - ?—Q’#*-——d_‘
/Y.D_ \\ Locking-based
o[ 1s- | [He et al., RTSS 2022]
> 1 means ©
. - | 1.6] I
higher bound =
3| 1.41 |
(an]
1.2- | T Default
1.0 -

01 02 03 04 05 06 .07 038 0.9
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Evaluation Conclusion

Evaluation

B Locking [ Default

-
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)

response time (ms)
2

Maximum observed
@

1 HOG 4 HOG
instance instances

GPU partitioning using 1ibsmctrl

Histogram of Oriented Gradients [Bakita and Anderson, RTAS 2023]
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Conclusion

Conclusion & Thank You!

Compute unit 2
M, processors

o |-
N \ Number of IX
73

threads processors (P
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@ : Compute unit 1 Ti’me

M, processors

O

% 2

m
processors

Semi work-

1.02 1 = conserving bound
01— — — ‘/ ratio
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1.00{ = t e 3

1
i |
Time \ Work-conserving
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bound ratio
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