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MCS: Physical Criticality Side
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MCS: Schedulability Side

HI-critical task .

Hl-mode LO-critical task .

Sur (LO) Swr (HI) p. Sio (LO) Do
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MCS: Schedulability Side

HI-critical task .
Sur (LO) Spur (HI) Dy,
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Multi-core MCS
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Problem Statement

Arbitrate accesses
to the shared
memory bus such
that memory
latency
requirements of all
tasks are satisfied

Mitigate mode
switches in MCS
utilizing dynamic

memory re-
arbitration
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Outline

\
How to obtain memory
requirements?

\

‘Real-time arbiters for MCS?

\

N\
‘ Criticality awareness
‘ Proposed solution
/

|
\ Requirement awareness
‘I\/Iitigating mode-switches )

using Carb capabilities
/

‘ Evaluation
/
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Traditional MCS model

* Originally proposed for single-core MCS

task = (CL,DeadlineJWCET 1))

Calculated in isolation (no
interference amongst cores)
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Traditional MCS model

* Originally proposed for single-core MCS

task = (CL,Deadline,|WCET 1))

Calculated in isolation (no
interference amongst cores)

To account for interferences in multi-core

task = (CL,Deadline, Wwc interference|)

WCCT (1), WC #requests,

Obtained by static analysis or
simulation

WC memory time X #requests
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Execution Time Decomposition

I I computation time

‘ D I memory request

Schedulability condition:

f(WCET) < f(deadline)
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Execution Time Decomposition

I I computation time

I memory request

v

Schedulability condition:

f(WCET) < f(deadline)

!

f(WCCT,WC memory time, #mem requests) < f(deadline)
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Execution Time Decomposition

I I computation time

I memory request

v

Schedulability condition:

f(WCET) < f(deadline)

!

f(WCCT, d@nemory t@memory requests) < f(deadline)
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Real-time Arbiters for MCS?

Requirement Criticality
Awareness Awareness
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Real-time Arbiters for MCS?

Requirement Criticality
Awareness Awareness
PRR _
(ISCA 2009)
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Real-time Arbiters for MCS?

Requirement Criticality
Awareness Awareness
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Real-time Arbiters for MCS?

Criticality
Awareness

Requirement
Awareness

RR
PRR

WRR/TDM

HRR (RTSS
2011)/
Distributed
TDM
(RTAS2015)
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Real-time Arbiters for MCS?

Criticality
Awareness

Requirement
Awareness

RR

PRR

WRR/TDM

HRR (RTSS 2011)/
Distributed TDM
(RTAS2015)

CArb
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CArb Arbitration

Level 1:
Inter-Class HWRR CPh =2
C3C2C3|C1|C3|C2CIICT
< H = 8 >
733]
A
Level 2:
Intra-Class
HWRR

(1) Tasks of same criticality
combined into same class
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CArb Arbitration

Level 1:
Inter-Class HWRR CPh =2

Level 2:
Intra-Class
HWRR

(1) Tasks of same criticality

(2) Two-tier Hierarchical combined into same class

Arbitration To separate the

interference across classes
Mohamed Hassan/ RTAS 2016 20



CArb Arbitration

Level 1:
Inter-Class HWRR

Level 2:

Intra-Class e >
HWRR _ 2712 T23T13|T33|T13)| -

(1) Tasks of same criticality

(2) Two-tier Hierarchical combined into same class (3) Harmonic WRR with
Arbitration To separate the

_ optimal assignment to
interference across classes
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Criticality Awareness

4 )

Interference decomposition:

* Intra-class (same criticality): T 13 suffers a WC interference of 1 slot from 7 ,5

* Inter-class (other criticalities): T {3 suffers a WC interference of 2 slots from ¢; or 1 slot
from ¢,

N /
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Criticality Awareness

T 13T 230127137 230117 21

7

Dynamic re-arbitration
* What is the right arbitration decision to decrease interference on 7 {3?

g Solution 1: throttling tasks of class ¢,
My s nocfiectatalion

& »
< »
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Criticality Awareness

T 13T 230127137 230117 21
A A A A A N

Dynamic re-arbitration
* What is the right arbitration decision to decrease interference on 7 {3?

g Solution 2: throttling all tasks of class ¢4
M unnecessarily conservative!
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Criticality Awareness

A A I 4
T 13T 230127137 23011 T 12
A A A A A N

Dynamic re-arbitration
* What is the right arbitration decision to decrease interference on 7 {3?

M How much “decrease” is enough ?

»
|

Intra-interference =0

»
|

T 13723012 T137T230117137T23T12T13T 23T 21

A A

A A
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Requirement Awareness-WC latency

(1) Inter-class interference latency

Level 1:
Inter-Class HWRR

- from tasks of other classes

Level 2:
Intra-Class
HWRR

Separation between these two is
(2) Intra-class interference latency el er [VEE

—> from tasks of same class
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Requirement Awareness-Optimal Assighment

Target:

minimize schedule
hyperperiod

Level| 1:
Inter-Class HWRR

) ch =2
C3 CACIC1IC3IC2ACIC
- H — 8

713 23 a3 fag) o3 [Fez 713 [72d [rag
& ’ ~ « N A 7 x A 7
Level 2: —
Intra-Cl i
hwre o Faltalmald | Pt | Felsreiar arslral
1 czﬁ—liz - CH2 =E > CH3 = 6
C Col | Cs
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Requirement Awareness-Optimal Assighment

Target:
minimize schedule
hyperperiod

Level| 1:

Inter-Class HWRR Qg =
C3 CaC3[C1/C3[ColC3IC]
-« H =8 >
(C.1) memory /m
latency requirement i | 713 23 g faz [53 [fez 713 723 [Ta3
K ’ ~ w N A 7 x A 7
Level 2: ——
Intra-Cl !
T wRR . ATl | Pt tslredria | | Felarmia arsalre) ]
! czﬁ—liz - CH2 =E > CH3 = 6
' Cof | Cs

fawcece T@memory @#memory requests) < f(deadline)
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Target:
minimize schedule
hyperperiod

(C.1) memory

latency requirement

Requirement Awareness-Optimal Assighment

Level| 1:
Inter-Class HWRR

cE =2
@[ﬁ[ﬁ]@@@!@l
— &

Level 2:

Intra-Class

HWRR

C1

b2

To4T13(733

711721

\-__v__-"
Class slot

,.Zz;&
H — (8 Class slots) = (22 Task slots)
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Requirement Awareness-Optimal Assighment

Target:
minimize schedule
hyperperiod

(C.2) Starvation:
H=>CP =2

Level| 1:
Inter-Class HWRR

) R =2
C3 CACIIC1IC3IC2ICIICT
- H =38 >

— | S&

(C.1) memory

latency requirement

M9 [regd [M32] [Ta2] [T52 [Te2 [T13] [T23 [733

Level 2:
Intra-Class
HWRR

(C.6) Periodicity:
total number of task slots
of a class is integer (C.4) Periodicity:

multiple of its hyperperiod 3 9 | C3 |C 3 | Co C3 1C1 H is integer multiple of
T13[T23T13[T12T22]T3

o|T2dqT13(T33(T1 112171 3[T2 4T 13 T42|T52(T62T23T13 733711724 -
; i - = class periods
Class slot L2=3 Task slot
< H = (8 Class slots) = (22 Task slots) >
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A: Function of the Criticality Level?

"WC computation time and WC memory requests are obtained by same
methods: timing analysis or simulations
WC computation time is a function of the CL > why not WC memory
requests?

~

e Execute a distinct schedule per operation mode

e CArb: run the optimization framework per CL (operation mode)

Mohamed Hassan/ RTAS 2016

31



Dynamic Re-arbitration- The Problem

* Problems with traditional approach:

1. Suspending [-critical tasks at the (I + 1)-mode entails having no guarantees for
those tasks

- They are still critical tasks! (WMC 2013)

2. Mode switching at the OS scheduling level results in huge overheads (RTAS
2015)

- Minimizing those switches is highly desirable!
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Schemel: Prioritized CArb

e Don’t suspend [ tasks.

* Allow them to access memory only on slack slots =2 eliminated their
memory interference

* total execution time = computation time + interference delay

Sur (LO) Sur (HI) Dy, Spo (LO) Do

Y o eeem| |
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Schemel: Prioritized CArb

The maximum increase in execution

time that PCArb can mitigate without

P — mode switching
HI-mode KLO-mode B PCArb switch

SHI (LO) ‘ SHI (I_II) DHI SLO (LO) DLO
B

.
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Scheme?2: Prioritized CArb Is A Special Case!

A set of schedules that provide some
guarantees to [ tasks while mitigate

execution-time increase in higher-CL tasks

HI-mode /LO-mode N

Sui ({‘”) Dy S.o (LO) Dio

||
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Evaluation: Avionics case-study

Use-case requirements

Processor Scheduling using [21] || Optimal CArb parameters |

Tl D Sa1 A Partition Core MEmMOory access requirements TW;] (CWp, Z1)
T s | ms) ’ TDM across ’
14| 25 1.06 500 1 1 " Mig < 5.02us 6
To4| 50 3.00 500 2 1 partitions and Moy < 8.11pus 3 (3, 4)
T34| 100 2.7 500 3 1 RM within Mg4 < 23.1Tus 1 ’
T, 200 1.09 500 4 1 e M < 45.96us 2
44 partition(Sha/ 44
13| 25 0.94 1000 6
T23 50 1.57 1000 5 2 2Mqy3 + Mog + M3z < 6.45us 4
33| 50 1.68 1000 4
T43| 50 1.5 1000 3 (6, 4)
53| 50 2.94 1000 3
T=a| 200 6.75 1000 1
| T12] 50 5.4 4000 7 3 | 0.4 Mio < 1.7Tus | 1 | (3,1) |
T11| 50 2.4 2000 5
To1| 200 0.94 2000 2
31 50 1.06 2000 2 3 0.6 4Myq + Moy +4Mgq + My, < 28,77 5
41| 200 2.28 2000 3
51| 25 1.75 3000 20 (12, 5)
61| 100 12.87 | 3000 6
T71 200 0.47 3000 9 4 1 8Mg1 +2Mgy + M71 + 2Mgq + 4Mgq < 24.17 3
rg1| 100 1.24 3000 6
1.62 3000 10

21 task

and 4
classes

)

partitions

Mohamed Hassan

Run optimization
solver to obtain
CArb parameters

Derive memory

requirements per class
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Evaluation

Memory access requirements

Mg < 5.02us

Maos < 8.11pus

Magaq < 23.1Tus
2My3 + Mgz + M33 < 6.45us
Mio < 1.7Tpus
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8Mgrq1 +2Mg1 + M71 + 2Mgy + 4Mgp < 24.17
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Evaluation: Dynamic Re-arbitration

T D S Partition| Core| U A Mps) Tw| CW]|
(ms)| (ms)

T13 5 1 1 1 0.5| 2000 M3 < 0.22 1 4
T3 5 1 2 1 0.5 2000 Mggq < 0.22 1
Ti2| 2 2 1000 1
Too 10 3 3 2 1 1000 2Mq0 + Moo < 1.28 1 2
11| 10 2 2000 1

g 4 3 1 5000 3Mqyq1 +2Mspq < 2.9 1 2

6 task

and 3
classes

Mohamed Hassan/ RTAS 2016
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Evaluation: Dynamic Re-arbitration

The maximum increase in execution
time that PCArb can mitigate without

Lower WCET estimate o
mode switching

a1 (HI) Dy S0 (LO)  Dio

T
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Evaluation: Dynamic Re-arbitration

f(WCCT,WC memory time, #memory requests) < f(deadline)

T
LO-mode 0.88 E
0.87 o
0.86
0.85 2
0.84 3
- . l-l--D.B-BE
0.82 =
wi‘ 0.81 ©
_________________________________________ 0.80 5
(2.03,8.05) (2.063.09)  (2.12,318) (S;,55) 7
1000 990 980 970 960 950 940 930
— Core Frequency (MHz)

== Cond. =@=noDynamiCe@=Schedule2=fg=Scheme2=@= Schemel
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Evaluation: Dynamic Re-arbitration

f(WCCT,WC memory time, #memory requests) < f(deadline)

Y N\
LO-modg Schedule 2

CO0O0O00000
C0Q00 Q0 Q0 Q0 00 00 00 Q0
ORRrNWPRAR OO J00
Schedulability Cond.

1000 990 980 | 970 960 950 940 930
— A Core Frequency (MHz)

== Cond. =@=noDynamiCe@=Schedule2=fg=Scheme2=@= Schemel
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Evaluation: Dynamic Re-arbitration

f(WCCT,WC memory time, #memory requests) < f(deadline)

Y R
LO-mode Schedule 2 ghemel: PCArb \ 0.88 ©
0.87 S
0.86 Y
0.85 2
‘ 0.84 7
¢ s cumm sams sams § D,B3 E
\ 0.82 =3
w' 0.81 ©
_____________ 0805
(2.03,8.05) (2.043.09)  (2.12,318) (5;,55)! ik
1000 990 980 | 970 960 950 940 930
— N ore_Frequency (MHz)

== Cond. =@=noDynamiCe@=Schedule2=fg=Scheme2=@= Schemel
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Summary

\
‘ CArb: Criticality- and Requirement-aware Bus Arbiter for MCS

‘ How to decompose WCET to derive memory latency requirements
\

‘ Optimal harmonic arbitration to satisfy memory latency requirements
/

’ Separates interference amongst different criticalities

Benefits of a criticality-aware arbiter

mltlgate mode switching * prevent unnecessary suspension of tasks

Mohamed Hassan/ RTAS 2016



Evaluation: Synthetic Experimentation
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Final CArb Schedule
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Area Overhead

. i [ Td fr2g fr3d Tad 53 [ed) mmg |
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