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Complex, cyber-physical DoD systems depend on correct
timing—any timing failure could be disastrous. What's
more, while these systems drive demand for use of
multicore processors, concern about timing has led to
disabling all processor cores except one—Ilimiting system
capability.

We aim to develop a solution to overcome this obstacle.
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DoD Systems Include Software
That Has Real-Time Requirements

Carnegie
Mellon
Lniversity

Using All Processor Cores W hile Being Confident about Timing [DISTRIBUTION STATEMENT A] This material has been approved for public release 7
© 2021 Carnegie Mellon University and unlimited distribution.



Research Review 2021

Satisfying Real-Time Requirements
Is a Challenge for the DoD in General

Carnegie
Vietlon

Using All Processor Cores W hile Being Confident about Timing [DISTRIBUTION STATEMENT A] This material has been approved for public release 8
© 2021 Carnegie Mellon University and unlimited distribution.



Research Review 2021

Carnegie

Satisfying Real-Time Requirements Loy

sohtwars
Engineenng

Is Challenging for Upgrading the Blackhawk UH-60 Helicopter™

S —

Using All Processor Cores W hile Being Confident about Timing [DISTRIBUTION STATEMENT A] This material has been approved for public releas:
© 2021 Carnegie Mellon University and unlimited distribution.



Research Review 2021 Carnegie
Mellon
Luniversity

Satisfying Real-Time Requirements
Is Challenging for Upgrading the Blackhawk UH-60 Helicopte
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“The trick there, when you’re processing flight critical information, it has to be a
deterministic environment, meaning we know exactly where a piece of data is going
to be exactly when we need to — no room for error,” Langhout says. “On a multi-
core processor there’s a lot of sharing going on across the cores, so right now we’re
not able to do that”
- Jeff Langhout, Acting Director, U.S. Army Aviation and Missile Research
Development and Engineering Center (AMRDEC)

Source: “Army still working on multi-core processor for UH-60V,” May 2017, Available at
https://www.flightglobal.com/news/articles/army-still-working-on-multi-core-processor-for-uh-6-436895/.
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Software Executing on a Multicore Processor s
Hardware Trends
« All computers are multicores. <°rel Core2 Core3 CoreN
« Most chip makers do not offer L1/L2 L1/L2 L2 77 L1
single core. | I I
* Most multicores have shared

Last-Level Cache (L3)

memory.

Memory Bus (and Mem Controller)
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» Shared hardware resources
impact timing. Core1 Core?2 Core 3

* 103 times slowdown has been L1/L2 L1/L2 L1/L2

observed.* I I I

Last-Level Cache (L3)

Memory Bus (and Mem Controller)
I i i i i

DRAM DRAM DRAM DRAM DRAM

ee e
Bank O Bank 1 Bank 2 Bank 3 Bank B
*H.Yun and P. K. Valsan, “Evaluating the Isolation Effect
of Cache Partitioning on COTS Multicore Platforms,”
OSPERT, 2015.
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* Shared hardware resources
impact timing. Core1 Core?2 Core 3
« 103 times slowdown has been L1/L2 L1/L2 L1/L2
observed [Yun15].
» Current methods cannot deal ’ I
with undocumented resources. Last-Level Cache (L3)

* Even for the case that
resources are documented,

Memory Bus (and Mem Controller)

current methods can only I I I I I
analyze/manage a small DRAM | | DRAM | | DRAM | | DRAM DRAM
set of them. Bank 0| |Bank 1| |Bank2| |Bank 3| """ |Bank B
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« Shared hardware resources
impact timing. Core 1 Core 2 Core 3
» 103 times slowdown has been L1/L2 L1/L2 L1/L2
observed [Yun15].
 Current methods cannot deal / I I I
with undocumented resources. Last-Level Cache (L3)
» Even when resources are
documented, current methods Memory Bus (and Mem Controller)
can only analyze/manage a I I I I I
small set of them. DRAM | | DRAM | DRAM | | DRAM DRAM
* The problem is getting worse: Bank 0| | Bank1| |Bank2| |Bank3| ‘""" |Bank B

* Slowdown increasing
* More undocumented h/w
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» Shared hardware resources
impact timing. Core 1 Core 2 Core3
» 103 times slowdown has been L1/L2 L1/L2 L1/L2
observed [Yun15].
» Current methods cannot deal ' I I I
with undocumented resources. Last-Level Cache (L3)
* Even when resources are
documented, current methods Memory Bus (and Mem Controller)
can only analyze/manage a small I I I I I
set of them. DRAM | | DRAM | |DRAM | | DRAM | | DRAM
e The pr0b|em 1S gettmg worse: Bank O Bank 1 Bank 2 Bank 3 Bank B
* Slowdown increasing

* More undocumented h/w
We need a new method to compute response times of processes.
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Many real-time systems within the DoD have all processor cores except one
disabled in order to be confident about timing.

Therefore, the objective of this project is to develop a solution to overcome this
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New verification procedure Method to obtain abstractions Configuration
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Schedulability analysis of tasks with co-runner depend ion times - a0
| This grogram imgh the cdability test in It Andersson et al,, *Schedilatality Anatysts uf Tasks with Co-Munner-Dependent Execution Times * ACM TECS, 2018,
; Numier of tasks S Number of processons 2
r
M il mb Prionity F Defauit Co-runner
Inter-amival of reqarement  spead specdication
_ bme . w
Teskl |13 1.5 1 3 1
I Segment 1 0,25 as E3, 131, 1.0}, (14, 111 .51 {15, 1), 1.0}, ({{S, 211 101}
Segment 2
Segment 3
Task2 20 20 1 2 i1 _
Segment 3 0.29 03 ((f3, 111 0:3]. [[{a, 111 T.0L [1[3, 311, 1.0}, [[3, 2], 100}
Segment 2
Segment 3
Task3 20 120 1 3 2
Segmant 1 025 05 I, 11l 101, (2 111 051
Segment 2
Segment 3
Tazk4 20 20 1 i2 12
Segment 1 0.25 as LI0L, 10, 051 012, 11 100
Segmant 2 |
Segment 3
Tesks 225 |2.2% 2 i1 2 ; _ - ; o
Segment T 0.5 10 tlliz, 10, 10}, (liz, 11} 1,00l
Segment 2 0.125 a3 fif3, 15, 03] {12,111 10|
Segment 3
(¥
Do scheduiability analysis
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A
dine  Number  Priorty Default Co-rurmes
Inter-armval of requiremest  speed spedification
Teskl |15 s 1 i3 1
| Segment i 023 03 [£1£3, 111 2.0 [i[s. 2]}, 03], {15, 11 1oL {3, 21} 1.08
| Segment2
Segment 3
Task2 |20 120 1 2 , - : :
| segmenti Taskset Is schedulable © . 1o, 115, 101 1,01, 1115, 211 101
| Segment 2 { Upper bounds on the response L-
| Segment 3 Y times of task are as follows:
: For task 1: 0.5
Task3 20 20 1 3 For task 2: 1.0
Segment | For task 3: 0.5 1l 051 =
Segment 3 For task 4: 1.0 E E
For task 5: 1.75 L
Segment 3
Taska 20 20 1 2 o | l -
Segmet 3 wana e d— i ettt LI
Segment 3
Segment 3
Tasks 225 2.75 2 1 2
Segment L 0.5 3 10 »m[L 111 L0l m_z 1]l Lo}
Segment 2 0125 0% [y, 112 ©.5) [{12. 111, 10}
Segment 3
v
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2 thread sythread2
end sythreadl;

thread Lsplesentatios mythread). Lep

properties
Priority et 2;
; Poricd =» 2319 »s5;
(—= Deadlipe = 1232 »s;

Compute Execution Time > 46 »5..40 »5;
corunnerinfepropertyset::taskid = “task3®;
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ba@ba-desktop: ~/ga_find_wcet

File Edit View Search Terminal Help
ba@ba-desktop:~/ga_find_wcet$S more myconf
(6]

262144

ba@ba-desktop:~/ga_find_wcetS ./ga_find_wcet myconf ./bubblesort
0.306359
ba@ba-desktop:~/ga_find_wcet$S time ./bubblesort < ascending_integers.dat

real Omo.002s
user Omo.001s
sys Omo.001s
ba@ba-desktop:~/ga_find_wcet$S time ./bubblesort < descending integers.dat

real Om0.275s
user Ome.275s
Sys Omo.000s
ba@ba-desktop:~/ga_find_wcet$ time ./bubblesort < worstcaseinput GA inputfile.dat

real OmO.308s
user OmO.308s
sys omo . 000s
ba@ba-desktop:~/ga_find_wcet$ [
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