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Domain-Specific Systems - It All Starts Here

Highly-heterogeneous applications

+

Performance needs

+

Power/energy-efficiency needs

+

Security/privacy needs
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Domain-Specific Systems - It All Starts Here
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Highly-heterogeneous applications

Performance needs

Power/energy-efficiency needs
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Security/privacy needs

SW+HW
support for
Cooperative
Perception »

Conventional schedulers are not
optimized for the characteristics
of heterogeneous chips which
calls for more intelligent and
efficient scheduling
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Outline

1. DARPA’s Domain-Specific System on Chip (DSSoC) Program
— Agile development of efficient and programmable SoCs

2. EPOCHS Agile Flow Methodology
— Target: embedded processors for AVs

3. STOMP for Agile Evaluation of Scheduling Policies
— And the AVSched suite of policies
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1. DARPA’s Domain-Specific System on Chip (DSSoC) Program <
— Agile development of efficient and programmable SoCs
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DARPA’s Domain-Specific System on Chip (DSSoC) Program’

Program Manager: Dr. Tom Rondeau

24 Jul 2018 |17:00 GMT

= Goal: to develop programable heterogeneous DARPA Picks Its First Set of
SoCs to significantly improve performance of Winners in Electronics Resurgence
applications within a domain Initiative

Teams announced in design, architecture, and
materials and integration programs under the $1.5
billion effort to remake U.S. electronics

We target the domain of
embedded chips for
connected/autonomous cars

By Samuel K. Moore

= Cooperative perception
— Cars exchange locally-generated maps Source: IEEE Spectrum (July 2018)
— Each vehicle merges its local map
and the received ones in real time

computer vision  software radio

* https://www.darpa.mil/program/domain-specific-system-on-chip
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2. EPOCHS Agile Flow Methodology
— Target: embedded processors for AVs
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Efficient Programmability Of Cognitive Heterogeneous Systems

\ ; “EPOCHS” = our proposed solution for the design
challenge presented by the DSSoC program
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Efficient Programmability Of Cognitive Heterogeneous Systems

EPOCHS Agile Flow Methodology

EPOCHS Compiler Ontology &
Reference + Design Space
Application Scheduler Exploration

Domain-Specific Accelerators +

'SoC:Hardware: ' NoC + Memory
‘ Architecture

Agile methodology to quickly design and implement an easily programmed
domain-specific SoC for real-time cognitive decision engines in connected vehicles

IBM Research
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Efficient Programmability Of Cognitive Heterogeneous Systems

EPOCHS
Reference

Application

B _ A
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AV Application: ERA and Mini-ERA

= ERA: Cooperative perception for AVs m—
— Occupancy map generation and fusion (CARLA+ROS+GNURadio)
— DSRC-based V2V communication? i -

/ > () vav : il e .
( I ) Communications Real-Time \ ] H g T
Map Fusion / “

EPOCHS Communication
Reference Fabric ‘

Application

(((. Computer
Fh Map
Vision Generation

Sensing Fabric

-

https://github.com/IBM/era

~—~, Digital encoded data from -

= Mini=ERA: G otherveficlesornfasiructre
— Scaled down-version of ERA viterbi
Image Input b Decoding

— Intended to drive the initial
demonstration of our FPGA

Classification

5 Object Classified object
Ky —5

Vehicle control

3 Decision Analytics |~ actuation
SoC prototype () § | > ¢ commands
| FFT-1D _ o :
FMCW Radar i Distance estimation ninj-ERA Code

1 httost//eithub.com/bastibl/erieecB02-11 e e https://github.com/IBM/mini-era
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https://github.com/bastibl/gr-ieee802-11

Outline

3. STOMP for Agile Evaluation of Scheduling Policies <
— And the AVSched suite of policies
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Efficient Programmability Of Cognitive Heterogeneous Systems

Compiler
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STOMP Overview

Task arrival
» Probabilistic
(e.g. exponential)
* Realistic (trace-based)

task

« ” . . task

Pluggable” Scheduling Policy il
* The user is only required to implement the abstract

Python class BaseSchedulingPolicy — for example: task

class SchedulingPolicy(BaseSchedulingPolicy):
def assign_task_to_server(self, sim_time, tasks, servers):
if (len(tasks) == 0):

return None

- Task attributes

« Service time (probabilistic or trace-based)
» Target processing elements
For example:
1. Accelerator
2. GPU
3. CPUcore
* Power consumption
For example:
1. Accelerator: 200 mW Future work
2. GPU: 400 mW
3. CPU core: 900 mW

...« Others

for server in servers:

if (not server.busy):

task = tasl.(s.p:p(a( . casio PE 1 PE 2
s o (e.g. CPU core) (e.g. GPU)

return server

return None

IBM Research
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STOMP Intrinsic Operation

= STOMP consists of two integral parts:
— Meta scheduler = responsible for
application (DAG) pre-processing
— Task scheduler = assigns ready tasks to
available PEs to optimize target metrics

= Meta-Sched and Task-Sched communicate
via two queues: ready and completed

= Input: directed acyclic-graphs (DAGs) of
multiple tasks with associated real-time
constraints (priority and deadline)

Application
Level

s

Scheduler Overview

:

O-Ox=
©

Meta-Sched

SCHEDULER
(OS level)

task

task

task

task

task

Ready Queue

task

task

task

= 2

Completed Queue

Server 1
(e.g. CPU core)

Server 2
(e.g. GPU)

v

HW SoC

Server N
(e.g. accel.)
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Meta Scheduler

= Responsible for application (DAG) pre-processing:
— Track dependencies, assign task ranks, etc.

= Keeps ready tasks ordered by “rank”
— A task’s rank can be computed in different ways
— E.g. as a function of its criticality and deadline

Criticality;

Rank; =
an Deadline;

= Drops non-critical DAGs if deadline is missed
— All remaining tasks in the DAG are dropped
— Help reduce task traffic in the system

IBM Research
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Application
Level

-

Scheduler Overview

0‘0

©, OVO

SCHEDULER

(OS level)

Meta-Sched

g

3 task S
S K K &
S tas tas S
% task task g
8 task task Q
IS

@ task [S)
@]

HW SoC

Server 1
(e.g. CPU core)

Server 2
(e.g. GPU)

v

Server N
(e.g. accel.)




Task Scheduler Aoplicatin

Scheduler Overview

The user primarily defines the assignment actions: %
(here the task is scheduled to the fastest server type)
from stomp import BaseSchedulingPolicy ? %
class !

Invoked by SCHED each
:  time it schedules a task

def
- toaserver

if (len(tasks) == 0):

return No

target_server_type = tasks[0].mean_service_time_list[0][0]

Ready Queue

SCHEDULER
(OS level)
Meta-Sched
Q
S
task g
task task %‘
task task 2
QL
task task Q.
task §
O

HW SoC

for server in self.servers:
if (server.type == target_server_type and not server.busy):
Server 1

server.assign_task(sim_time, tasks.pop(0)) (e.g. CPU core)

return server

Server 2
(e.g. GPU)

Server N

(e.g. accel.)

return n

v
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Simulation Parameters and Configuration

= Example JSON configuration file:

"general" : {
"logging_level":
"random_seed":
"working_dir":
"basename":
“"pre_gen_arrivals":
Yifput_trace_rile™s
"output_trace_file":

i

Isimulation™ 3 4

"sched_policy_module":
"max_tasks_simulated":

"mean_arrival_time":
"distribution":
"power_mgmt_enabled":
"max_queue_size":

K IBM Research

"INFO",
0,

non
n ’
mni

false,

"policies.simple_policy_ver3",
10000,

50,

"Poisson",

false,

1000000,

""'servers"

}

"tasks"

{
""cpu_core"

Ilgpull
Ht_gceel”

4 "eoumit™
1 "coumi™
3 4 Teoumt™

g

Deiied g o
"mean_service_time" : {
Yepy_coret 3 B3O,
"gpu" 100,
whilte accellhs 0
H
"stdev_service_time"
‘"cpu_core"
ojall
"fft_accel"

e
5.0
0
0.1




Running STOMP

ripper 00:44 ~/research/IBM/STOMP/stomp_clean: D




AVSched: Scheduling Policies

®m Mission Time Improvement m PE Utilization

= Policies conceived to optimize response time while o10 25,
meeting real-time and criticality (safety) constraints R i
— Real-time-aware-only schedulers Leafned, <4 1§
are not enough for AV applications @ssop g2 05 =
— AVSched also considers task criticality, showing Significant x O = 11 14 19 o 3
benefits over real-time-aware-only schedulers Heterogeneity Level (/i of Peak Performance)
Baseline gedulers
= Comparison against existing real-time-aware schedulers: complete only a fraction
— Workload: AV pipeline including object detection/tracking, m‘;fxit:jir:“j;‘;”sa;gif
localization, and mission/motion planning A ‘:nissing
— Metrics: mission time and PE utilization e tical DAG
— Scenarios: rural, semi-urban, urban e 2O deadline  <hFPTAD®

» 8single-core ARM Cortex-A57 CPUs

= AVSched achieves significant improvements ; 8single-core ARM Corte

over state-of-the-art real-time schedulers

1 tracking accelerator
5 1 localization accelerator
. ] i Iﬂ + 1 detection accelerator
Task criticality plays a key role II
driving AVSched’s decision Rural

Semi-U Urban

X Improvement
OFRLNWRAMUIOON OO
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Scheduler Library: STOMP Deployment into a Real SoC

* “Plug & play” approach

* Fast prototyping of
scheduling policies in
domain-specific SoC

EPOCHS-0 SoC

Applications
(ERA, Mini-ERA)

AV Application

f..m
-

Scheduler Library

AVSched: Scheduling Policies

*» Optimize for AV mission
‘@ é; *Real-time, safetyand  :
= :

ERA and Mini-ERA

Abplicatio criticality aware

Qol Mmet
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Scheduler Library and HPVM Compiler

= First beta version available: https://github.com/IBM/scheduler-library
— Tailored to Mini-ERA

— Extension to other Application

applications in progress (manually annotated with SL API calls)

_ Scheduling Policy  SL Manager \ (SI;::tZd‘L’JEl!e;; iLoiﬁgarv

: — Where all the magic happens ;
: — User-specified (plug & play)

: — Previously defined and
evaluated using STOMP

................................................................

EPOCHS-0
FPGA

b=

IBM Research


https://github.com/IBM/scheduler-library

Scheduler Library and HPVM Compiler

SL API

‘ —
. ' Manager
Repo API Summary

extern s
extern
extern (task_metadata_block_t*x mb);

extern (task_metadata_block_tx task_metadata_block);
extern (int task_id);

extern {5

extern (Vs

void (task_metadata_block_t* task_metadata_block);

extern
extern

extern

extern

v
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Scheduler Library and HPVM Compiler

Planned roadmap

HPVM Compiler

SL API

‘ <>
. ' Manager
Repo API Summary

extern status_t

extern task_metadata_block_tx scheduler_jobs_t task_type,
ta criticality_t crit_level, float *x task_profile);
extern (task_metadata_block_t*x mb);

extern (task_metadata_block_tx task_metadata_block);
extern (int task_id);

extern (OH

extern (D7

void (task_metadata_block_t* task_metadata_block);

extern (task_metadata_block_tx mb);
extern (task_metadata_block_tx mb);

extern (t netadata_block_t* mb);

extern

v
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Scheduler Library and HPVM Compiler

S Planned roadma
Application d P

Populates the repo
with different binary
- c c versions of kernels
Host Appllcatlon Binary (GPU, accelerators, etc.)

(ma:i:aily annotated with SL API calls)

HPVM Compiler

(W
Scheduling Policy  SL Manager
Repo

7

Performance/accuracy/energy
tradeoff curves that can be
used by AVSched

EPOCHS-0
FPGA
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Summary and Path Forward

AV Application

v‘

ERA and Mini-ERA

IBM Research
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STOMP: Simulation Infrastructure

Fast prototyping of scheduling policies
“Plug & play” approach

Several extensions being worked on to
increase realism

— E.g. power consumption models and
power management features

Generates a versi e application
annotated with Sc r Library calls

Exposes perfor racy/energy
tradeoff curves th e used by AVSched

AVSched: Scheduling Policies

Advanced scheduling policies for safety-
critical real-time embedded systems

Optimize for AV mission
Real-time, safety and criticality aware

AVSched outperforms state-of-the-art real-
time schedulers

EPOCHS SoC

Applications
(annotated)

Scheduler Library
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