Real time scheduling for
advanced automotive
systems




GPU and GPGPU

1. Same types of processor

2. GPU: only graphic operations




Complete self-driving car has shown up on the road in
California




Tesla

8 cameras,
Nvidia Drive PX2,
running 4 Neural

Networks




Different kinds of works that will be scheduled on GPUs

1. Tracking

2. Obiject Detection
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- 3. Traffic Sign Recognition




Tracking



http://www.youtube.com/watch?v=9DJDe-IwgXQ

Object detection
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http://pjreddie.com/darknet/yolov2/

Traffic sign recognition

(c) 2013 f: 13514

ref:https://www.youtube.com/watch?v=gD-axktFWt0



http://www.youtube.com/watch?v=qD-axktFWt0

GPU hardware

GPU Memory
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GPGPU operations and state migration

GPU ecritical section
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OS Concerns

1. Allocation

2. Budgeting
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GPUSync Overview

1. A Synchronization based approach

2. Improve average-case performance
while maintaining SRT
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High level design for GPUSync

Engine Locks

A | 2717
request GPU

—— | Allocator




Allocators design

1. Allocators

token holder

p=3, g=number of
GloliSaake=sPt Clali=
FIFO length
executed on CPU

2. Recontiguration
f1s tunable




Allocators design

Cost predictor
Critical section length = execution time +

potential migration cost + estimated waiting
time.
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More about allocators design

1. Engine locks
A mutex is associated with each CkE and EE
a Job Is allowed to hold at most one at a time
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More about allocators design

1. Migrations
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~ Supports both P2P and system memory migration
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Budgeting Concern

1. Budgeting




Budgeting Concern

1. Signaled overruns

Pseudocode 1 Example of budget signal handling.

> Enabled/disabled on try-block enter/exit.

function BUDGETSIGNALHANDLER()
throw BudgetException();

end function

procedure DOJOB()
t + GetToken();
gpu <— MapTokenToGpu(?);
try:
DoGpuWork(gpu); > Main job computation.
catch BudgetException:
CleanUpGpu(gpu); > Gracefully cleans up state.
finally:
FreeToken(?);
end procedure




Budgeting Concern

1. Early releasing

~ Continue executing overrunning job when




Solving Integration

1. Two types of threads:

OS kernel-level threads, one per GPU,
processes GPU interrupts.




Solving Integration
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Observations via evaluation

1. A synchronization-based approach to GPU
scheduling is effective at supplying tasks
with provisioned execution time.

2. Budget enforcement can penahze




