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Why Multi-Core Processors?

Processor development trend
* Increasing overall performance by integrating multiple cores

Embedded systems: Actively adopting multi-core CPUs

Automotive:
— Freescale i.MX6 4-core CPU
— NVIDIA Tegra K1 platform

Avionics and defense:

— Rugged Intel i7 single board computers
— Freescale P4080 8-core CPU
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Shared Hardware: Multicore Memory System
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Shared Hardware: Multicore Memory System
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Shared Hardware: Multicore Memory System
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How Bad?

Slowdown
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Different for Applications (PARSEC Benchmark)

« 1 attacker = Max 5.5x increase
o 2 attackers 2 Max 8.4x Iincrease
o 3 attackers 2 Max 12x increase

We should predict, bound and
reduce the memory interference
delay!
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Some Solutions

Partition Resources (e.g. cache partitioning)
+ Provides isolation of those resources that are

partitioned
- Many resources cannot be partitioned

Model Resources and Do Offline Analysis
+ Can be performed on all resources for which we have documentation

- Many resources are undocumented

Reorganize the application software so that at each instant, there is at
most one process that can issue memory requests.

- Requires local memory
- Does not work if working set is larger than local memory

- Costly to reorganize s/w

9
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Some Solutions

Partition Resources (e.g. cache partitioning)
+ Provides isolation of those resources that are

partitioned
- Many resources cannot be partitioned

Model Resources and Do Offline Analysis
+ Can be performed on all resources for which we have documentation

- Many resources are undocumented

Reorganize the application software so that at each instant, there is at
most one process that can issue memory requests.

- Requires local memory
- Does not work if working set is larger than local memory

- Costly to reorganize s/w
Is there an alternative?

10
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Some Solutions

Partition Resources (e.g. cache partitioning)
+ Provides isolation of those resources that are

partitioned
- Many resources cannot be partitioned

Model Resources and Do Offline Analysis
+ Can be performed on all resources for which we have documentation

- Many resources are undocumented

Reorganize the application software so that at each instant, there is at
most one process that can issue memory requests.

- Requires local memory
- Does not work if working set is larger than local memory

- Costly to reorganize s/w
Describe the effect of the sharing of hardware resources on the speed

of execution of a process
+ Allows timing guarantees on undocumented multicore

Relies on the abstraction: speed of a process as a function of its co-
runners (currently obtained through measurements)

11
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[ ] .
=
L1/L2

The blue, red, and green tasks execute at
different times = no slowdown

L1/L2
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’

The blue and red tasks execute at
the same time = slowdown = increased execution time of blue and red.
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L1/L2
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The blue, red, and green tasks execute at
the same time = slowdown = increased execution time of all tasks.
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Cblue:4

Co-runner Speed
set

L1/L2 {} 1
{red} 0.5

{green} 0.45
L1/L2 {red,green}  0.25

The blue, red, and green tasks execute at
the same time = slowdown = increased execution time of all tasks.
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-L1/L2
-L1/L2

Cblue:4

Co-runner Speed Exec
set time

0 1 4
{red} 0.5 8
{green} 0.45 8.88
{red,green} 0.25 16

The blue, red, and green tasks execute at

the same time = slowdown = increased execution time of all tasks.
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Obtain taskset
Taskset T {yes,no}
Parameter e Schedulak_)lllty o
(e.g., through analysis
measurements)
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How does schedulability analysis work?

Define reqlp(z,I1,i,t) as the optimal value of the objective function of the following:

maximize E E E dug

i’ €hep(7,IL,7) EV/ seS(r,ILi’ k")

subject to

1 xC¥

/ / t
Vi’ € hep(r,I1, 1), Vol € Vir, Ve s i X dis £
i € hep(7,IL,i),Vv;; €V; Zp\\Z S\ (@ k) X dus < l-T'z'.’
seS(t,ILi’ k)
Vi’ € top(r,IL, 1), Vo i € Vi, Zp\\, S\{(i,k)} X du, < xUB{r, IL 4", Kt}

s€S(T,ILi’ k')A
(3@ ,k") s.t. (" €hep(T,ILi))A((i" k" )ESs))

Vs € S(r,1I) s.t. (3(e", k") s.t. (i € hep(r,1I,1)) A ((i", k") € s)),dus € R>q
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How does schedulability analysis work?

Define reqlp(t,I1,i,t) as the optimal value of the objective function of the following:

maximize E : Z

i’chep(7,I1,7) ¢ EV/ s€

subject to

Vi’ € hep(r,IL, i), Vo¥ € Vi,

ke (mIL))A((i" k") €5))
Vs € S(r, 1) A AT s.t. (i € hep(r,IL,1)) A ((i", k") € s)),dus € R>q

These™are variables. Everything else is a constant. Hence, the above is a
linear program—can be solved quickly.
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How does schedulability analysis work?

Define reqlp(z,I1,i,t) as the optimal value of the objective function of the following:

maximize E E E dug

i’ €hep(7,IL,7) EV/ seS(r,ILi’ k")

subject to

/ / 1' /
. . k 4 -k TR
Vi' € hep(7,11,4), Vo, € Vi, E PWir o\ {(i,k7)} X dUs < [T | x C

seS(r,ILi' k') B
Vi’ € top(r,IL, i), Vo € V., va\, (i gy X dus < xXUB(7,IL 7 K, t)

s€S(T,ILi’ k')A
(3@ ,k") s.t. (" €hep(T,ILi))A((i" k" )ESs))

Vs € S(r,1I) s.t. (3(e", k") s.t. (i € hep(r,1I,1)) A ((i", k") € s)),dus € R>q

Schedulability analysis (timing verification) is done as follows:
THEOREM 4.2. (V7; € 7.(3t € [0, D;].reqlp(7.11.4,t) < t)) = 7 is schedulable on II
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How does schedulability analysis work?

Define reqlp(z,I1,i,t) as the optimal value of the objective function of the following:
maximize Z Z Z dug
i’ €hep(7,IL,7) EV seS(t,I1,i’ k")

subject to

/ / 1' /
. . k 7 8 - 1k
Vi' € hep(7,11,4), Yoy, € Vi, Z PWir o\ {(i,k7)} X dUs < [Ti/] X Cyr
s€S(r,ILi’ k')
Vi’ € top(r,IL 1), Vol € Vir, D pWh o\ (a3 X dus < XUB(r, IL 4, K/, 1)

seS(T . 11.i k' )N
(3@ ,k") s.t. (" €hep(T,ILi))A((i" k" )ESs))

Vs € S(r,1I) s.t. (3(e", k") s.t. (i € hep(r,1I,1)) A ((i", k") € s)),dus € R>q

Schedulability analysis (timing verification) is done as follows:
THEOREM 4.2. (V7; € 7.(3t € [0, D;]. vreqlp(7.11.4,t) < t)) = 7 is schedulable on II

This is a generalization of the classic response-time analysis for Rate-Monotonic.
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Obtain taskset

(e.g., through
measurements)

Taskset Schedulabilit
Parameter  |——=r=rmrmre— 4
aramete parameters analysis

{yes,no}

Advantage: Able to offer real-time guarantee even for h/w that is

not documented (assuming that task parameters are OK)

Limitation: Scalability
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A tool that offers timing guarantees of software
executing on undocumented multicore
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Fill out parameters describing the software

Activitles [Tk =

S

Task 1
segment 1
Segment 2
Segment 3

Task 2
Segment 1
Segment 2
Segment 3

Task 3
Segment 1
Segment 2
Segment 3

Task 4
Segmemt 1
Segment 2
Segmernt 3

OFBSFEPoMas

Task 5
Segment 1
Segment 2
Segment 3

Task 6
Segment I
Segment 2
Segment 3

Task 7
Segment 1
Segment 2

Tue 10:42

Schedulability analysis of tasks with co-runner dependent execution times
This program implements the schedutability test in B, Andersson &t al,, *Scheduiability Analysis of Tasks with Co-Runner-Dependent Execution Times, " ACM TECS, 2018,

Number of tasks 5

Minimum Deadline Number Pronty Processor Execution  Default
requirement  speed

Inter-arrival
time

15 15
20 2.0
2.0 20
2.0 20
225 2.25

of
segments
1

(¥

3

LY

N

~N

0.25

0.25

0.25

025

Number of processors 2

Co-rutner
specification

05 {1113, 1]). 1.0], [T€4, 111, ©.5L, [{[S, 11}, 1.0L (1[5, 2], 1.0]]
05 (1113, 111 0.5], [T{4, 111, 1.0L [{[S, 111, 1.0}, [{5, 21}, 1.0]]
0.5 {{(f1, TiL 1.0}, [{f2, 111 0.5])
0.5 1111, 111 0.5], [1f2, 111, 2.0
10 {il11, 111, 1.0}, [if2, 1], 1.0}
05 {111, 1L 0.5), [[{2, 1]], 2.0])

Do schedulability analysis
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Click Here

Activitles [Tk = fue 10:42

Schedulability analysis of tasks v ith co-runner dependent execution times
This program implements the schedutability test in B, Andersson &t al,, *Schediflability Analysis of Tasks with Co-Runner-Dependent Execution Times," ACM TECS, 2018,

Number of tasks 5 Number of processors 2

=]

— Minimum Deadline Number Pronty Processor Execution  Degault Co-rutne

E Inter-arrival of requirement  spjred specification

= time segments

Task 1 15 15 1 3 1

' Segment 1 0.25 05 {1113, 1)), 1.0J, [Q(4, 111, 051, (1[5, 111, 1.0, [1]5. 2], 1.0}
Segment 2
Segment 3

Task 2 20
Segment 1 0.25
Segment 2
Segment 3

~N
o
-
-
.

<
W

(1113, 111 0.5], [T{4, 111, 1.0L [{[S, 111, 1.0}, [{5, 21}, 1.0]]

Task 3 2.0 20 1 3
Segment I 0.25 0.5 {{((1, LI} 1.0}, [{{2, 1]]. 0.5])
Segment 2
Segment 3

~N

Task4 20 20 1
Segment 1 025 0.5
Segment 2
Segmernt 3

N
~

{111, 11L 0.5], [f2, 11}, 2.00]

ENER~E N

TaskS 225 2.25
Segment 1 0.5 10 {1, 115, 1.0], [if2, 1]}, 1.01)
Segment 2 0.125 05 {111, 1jL 0.5}, [[{2, 1]), .00
Segment 3

(¥
-
~

Task 6
Segment I
Segment 2
Segment 3

Task 7
Segment 1
Segment Z

e Do sdwdclility analysis
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Click Here

Activitles [Tk = fue 10:42

Schedulability analysis of tasks v ith co-runner dependent execution times
This program implements the schedutability test in B, Andersson &t al,, *Schediflability Analysis of Tasks with Co-Runner-Dependent Execution Times," ACM TECS, 2018,

Number of tasks 5 Number of processors 2

=]

— Minimum Deadline Number Pronty Processor Execution  Degault Co-rutne

E Inter-arrival of requirement  spjred specification

= time segments

Task 1 15 15 1 3 1

' Segment 1 0.25 05 {1113, 1)), 1.0J, [Q(4, 111, 051, (1[5, 111, 1.0, [1]5. 2], 1.0}
Segment 2
Segment 3

Task 2 20
Segment 1 0.25
Segment 2
Segment 3

~N
o
-
-
.

<
W

(1113, 111 0.5], [T{4, 111, 1.0L [{[S, 111, 1.0}, [{5, 21}, 1.0]]

Task 3 2.0 20 1 3
Segment I 0.25 0.5 {{((1, LI} 1.0}, [{{2, 1]]. 0.5])
Segment 2
Segment 3

~N

Task4 20 20 1
Segment 1 025 0.5
Segment 2
Segmernt 3

N
~

{111, 11L 0.5], [f2, 11}, 2.00]

ENER~E N

TaskS 225 2.25
Segment 1 0.5 10 {1, 115, 1.0], [if2, 1]}, 1.01)
Segment 2 0.125 05 {111, 1jL 0.5}, [[{2, 1]), .00
Segment 3

(¥
-
~

Task 6
Segment I
Segment 2
Segment 3

Task 7
Segment 1
Segment Z

e Do sdwdclility analysis
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Conclusions

It is possible to provide timing guarantees of software executing on
undocumented multicore.
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Thanks!
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