APP4RTA

For Analyzing Response Time & End-to-End Chain Latency

Source: https://gsoc-doc.readthedocs.io/en/latest/contents/ui.html



https://gsoc-doc.readthedocs.io/en/latest/contents/ui.html

1. APP4RTA Location

Run ‘APP4RTA.java’ in ‘org.eclipse.app4mc.gsoc_rta.ui’ package.

2. Search Amalthea

|| APP4RTA — O X

Amalthea Mode Search Amalthea APPEZRTA
Task Name PU Num

EVENT CHAIN MODEL Calculate Reset
Reaction (Implicit) Reaction (LET) Task Chain >
Best-Case Best-Case
Worst-Case Worst-Case
Initial Reaction (Implicit) Initial Reaction (LET)
Best-Case Best-Case
Worst-Case Worst-Case
Age (Tmplicit) Age (LET)
Best-Case Best-Case
Worst-Case Worst-Case
Single-core Initial Reaction Single-core Worst-case Reaction
Critical-Case Critical-Case
Best-Case Best-Case
Worst-Case Worst-Case

Based on the horizontal line on the middle, the upper part is for response time and mapping
analysis and the lower part is for end-to-end event chain latency analysis. The first thing to
do is deciding a target Amalthea model. Click the ‘Search Amalthea’ button.



3. Navigate to The Amalthea Folder

| £ APP4RTA

Amalthea Model

Task Name PU Num

EVENT CHAIN MODEL

Reaction (ITmplicit)
Best-Case

Worst-Case

Initial Reaction (Implicit)
Best-Case

Worst-Case

Age (Tmplicit)
Best-Case

Worst-Case
Single-core Initial Reaction
Critical-Case
Best-Case

Worst-Case

Navigate to the folder where the target Amalthea model file is located.

|| Open File x
p

Lookn: [ appemc.axampiescotjava ]v. |L‘-ﬂ_ = IIﬂHBSlEZi

] .settings

= bin

kL] model-input
oo

] xtend-gen

File Name: |

Files of Type: |Amalthea models |~

[Comn ][ cance |

Calculate Reset

Reaction (LET) Task Chain >
Best-Case

Worst-Case

Initial Reaction (LET)
Best-Case

Worst-Case

Age (LET)
Best-Case

Worst-Case

Single-core Worst-case Reaction
Critical-Case

Best-Case

Worst-Case

o X
APPARTA



4. Select & Open Amalthea

[£] APP4RTA - o x

Amalthea Model APPEZRTA

Task Name PU Num

|| Open File e
p

M‘mﬁ:m\\ [~ (@& =) =]
< |03 cnatiengemodel_TCs.amxmi 1

File Name: [chaien geModel_TCs amxmi

Files of Type: |Amalthea models |'

EVENT CHAIN MODEL Calculate Reset
Reaction (Implicit) Reaction (LET) Task Chain >
Best-Case Best-Case
Worst-Case Worst-Case
Initial Reaction (Implicit) Initial Reaction (LET)
Best-Case Best-Case
Worst-Case Worst-Case
Age (Tmplicit) Age (LET)
Best-Case Best-Case
Worst-Case Worst-Case
Single-core Initial Reaction Single-core Worst-case Reaction
Critical-Case Critical-Case
Best-Case Best-Case
Worst-Case Worst-Case

Select and open an Amalthea file. In this example, a multi-core Amalthea model is chosen.



5. Amalthea Model Loaded

|| APP4RTA — O x

ChallengeModel_TCs amxmi Search Amalthea APPLRTA

Num

0: Denver se Time 1: Denver Response Time 2= AST Response Time 3 Response Time

4: AST Response Time  5:AST Response Time  6:GPU_def  Response Time

Schedulability \
Cumulated Memory-Access Cost

Cumulated Contention

EEEEEEE

Computation 2

Response Time Sum

EVENT CHAIN MODEL | [»| caicuiate | Reset |
Reaction (Implicit) Reaction (LET) Task Chain >
Best-Case Best-Case
Worst-Case Worst-Case
Initial Reaction (Implicit) Initial Reaction (LET)
Best-Case Best-Case
Worst-Case Worst-Case
Age (Tmplicit) Age (LET)
Best-Case Best-Case
Worst-Case Worst-Case
Single-core Initial Reaction Single-core Worst-case Reaction
Critical-Case Critical-Case
Best-Case Best-Case
Worst-Case Worst-Case

After a model is loaded, it shows all the tasks (1) and processing units (2) that the selected
model has.



6. Integer Mapping

|| APP4RTA - O x
Amalthea Mode! ChallengeModel_TCs. amxmi Search Amalthea APRERTA
Task Name

0S_Overhead n 1 0: Denver Response Time  1: Denver Response Time  2: AST Response Time  3:AST Response Time
Lidar_Grabber 1
DASM 1
CANbus_pollingd |3 Synchronous
EKF . Asynchronous
Planner o Worst-Case
PRE_SFM_gpu., 3 Average-Case

Best-Case
PRE_Localizatf. |3 4: AST Response Time 5 AST Response Time  6:GPU_def  Response Time
PRE_Lane_det] |5 Calculate
PRE_Detection.

Reset

SFM
Localization Schedulability

Lane_detection

Detection Cumulated Memory-Access Cost
Cumulated Contention
Computation
Response Time Sum
EVENT CHAIN MODEL v | Calculate Reset
Reaction (Implicit) Reaction (LET) Task Chain >
Best-Case Best-Case
Worst-Case Worst-Case
Initial Reaction (Implicit) Initial Reaction (LET)
Best-Case Best-Case
Worst-Case Worst-Case
Age (Tmplicit) Age (LET)
Best-Case Best-Case
Worst-Case Worst-Case
Single-core Initial Reaction Single-core Worst-case Reaction
Critical-Case Critical-Case
Best-Case Best-Case
Worst-Case Worst-Case

When the ‘Default IA’ (1) button is clicked, each task’s box (2) is automatically filled with an
integer number. This indicates that a task is about to be mapped to the corresponding
identity number of processing unit. One can also write an integer number in each box
manually. The ‘Default IA’ means an integer array to map all the tasks to processing units
and that is specifically designed to make the ‘ChallengeModel_TCs.amxmi’ model schedulable.
Therefore it is always possible that it does not serve for other multi-core models. However,
the ‘Default IA’ would only contain numbers of 0 when a single-core model is loaded.



7. Assign Tasks to Processing Units

|| APP4RTA — O b4

Amalthea Model ChallengeModal_TCs. amxmi Search Amalthea | AFF‘”‘
Task Name  PUNum

05_Overhead " I Defualt 1A 0: Denver Hesponse Time 1: Denver Response Time 2 AST Response Time L0 Response Tlme.

. Plgpetr DASM Localization CANbus_pd
Lidar_Grabbe
ar_Grabber |4 @ 1 PHE_Detectio! Lidar_Grabber PRE_SFM_gp
DASM 1 PRE_Lane_de
CANDus_polling |3 Synchronous PRE_Localiza
EKF . Asynchronous
Planner o Worst-Case
PRE_SFM_gpu... |3 Average-Case £
Best-Case
PRE_Localizati.. |3 4 AST Response Time  5:AST Response Time  6:GPU_def  Response Time
PRE_Lane_det- [3 | | calculate EKF Lana_datectio SFM
PRE_Detection... | - 0S_Overhead Dwetection
Reset
SFM 5
Localization 2 Schedulability
Lane_detection |5
Detection n Cumulated Memory-Access Cost
Cumulated Contention
Computaton 2
Response Time Sum
EVENT CHAIN MODEL | || Calculate | Reset
Reaction (Implicit) Reaction (LET) Task Chain >
Best-Case Best-Case
Worst-Case Worst-Case
Initial Reaction (Implicit) Initial Reaction (LET)
Best-Case Best-Case
Worst-Case Worst-Case
Age (Tmplicit) Age (LET)
Best-Case Best-Case
Worst-Case Worst-Case
Single-core Initial Reaction Single-core Worst-case Reaction
Critical-Case Critical-Case
Best-Case Best-Case
Worst-Case Worst-Case

When the ‘Enter IA’ (1) button is clicked, each task is mapped to the corresponding
processing unit (2). Since there are 7 processing units in the ‘ChallengeModel_TCs.amxmi’
model, it shows 7 pairs of lists. The list on the left side of each pair is for listing names of the
tasks that are mapped to the corresponding processing unit while one on the right side is for
listing response times of the corresponding tasks.



8. Measure Response Time

|| APPARTA - O x

APPERTA

Amalthea Model ChallengeModal_TCs. amxmi Search Amalthea |

Task Name PU Num

0S_Overhead n T ey 1 _l]. Denver L gpofice Time 1: Denver Response Time 2 AST Response Tlmg - .Resnonse Tlmg

Lidar Grabiber — 13358534500 CASM 1302430000 p Localization ||39259009750C] |CANbus_pB¥ 602880000 ps
- | Enter 1A pUetectio|| 73565439500 Lidar_Grabber|| 18265272000 PRE_SFM_gg| [ 28] 1995000

DASM e -

CANbus_polling # Synchronous 1

EKF Asynchronous

Planner Worst-Case

PRE_SFM_gpu... Average-Case 2 < > (| € > < > £ > < > || £ >

4: AST Response Time 5: AST Response Time  6:GPU_def  Response Time

PRE_Lane_det_ |5 { 3 [ExF [4788430000 p|  [Lane_detectio|[56045200000 |  [SFM 2000000000 p|
PRE Detection. 05_Overhead || 73942150000 Dwetection 2000000000 p

1

1

3

4

o

3
PRE_Localizati... |3 |

3

0

SFM 3

Localization 2
5 Scheduleable! )

Lane_detection

Detection Cumulated Memory-Access Cost
5361668000 ps
Cumulated Contention
24795710000 ps 5 4
Computaton
635075050500 ps
Response Time Sum
665232428500 p.
EVENT CHAIN MODEL | || Calculate | Reset
Reaction (Implicit) Reaction (LET) Task Chain >
Best-Case Best-Case
Worst-Case Worst-Case
Initial Reaction (Implicit) Initial Reaction (LET)
Best-Case Best-Case
Worst-Case Worst-Case
Age (Tmplicit) Age (LET)
Best-Case Best-Case
Worst-Case Worst-Case
Single-core Initial Reaction Single-core Worst-case Reaction
Critical-Case Critical-Case
Best-Case Best-Case
Worst-Case Worst-Case

(1) Choose the offloading mode between ‘Synchronous’ case and ‘Asynchronous’ case. (2)
Choose the execution case between ‘Worst-’, ‘Average-’, and ‘Best-Case’. (3) By clicking the
‘Calculate’ button, each task’s response time is calculated and printed on the right list of each
list pair (4). All analysis results appear in (5) which include: ‘Schedulability’, ‘Cumulated
Memory-Access Cost’, ‘Cumulated Contention’, ‘Computation’, and ‘Response Time Sum’.



9. Task Chain Analysis

Lane_detection

Scheduleable! )

|| APP4RTA
Amalthea Model ChallengeModel_TCs. amxmi Search Amalthea |
Task Name  PUNum
0S_Overhead n —rerer— _0. Denver Fssoonse Time:
. _l—_ Planner 13358534500
Lidar_Grabber |1 | Enter 1A PRE_Detectio|| 73565439500
DASM ;] —
CANbus_polling |3 & Synchronous
EKF B Asynchronous
Planner 0 & Worst-Case
PRE_SFM_gpu... |3 Average-Case £ > | <€ >
Best-C ' )
PRE_Localizati... |3 tense 4: AST Response Time
PRE_Lane_det. |3 | S [ExrF [4788430000 p
PRE_Detection... | - 05_Owverhead || 73942150000
L | Resat
SFM 6
Localization 2 Schedulability
5
6

Detection

Cumulated Memory-Access Cost

5361668000 ps

Cumulated Contention

24795710000 ps

Computation

635075050500 ps
Response Time Sum
665232428500 ps

Best-Case

Worst-Case

Age (Tmplicit)

Worst-Case

ritical-Case

Best-Case

Initial Reaction (Implicit)

Single-core Initial Reaction

402348334000 ps

883304754000 ps

402348334000 ps

898304764000 ps

4750000000 ps

528956430000 ps

Mot Single-Core.

Mot Simgle-Core.

Mot Single-Core

Best-Case

Worst-Case

Best-Case

Worst-Case

Bast-Case

Worst-Case

Critical-Case
Best-Case

Worst-Case

Initial Reaction (LET)

Age (LET)

4630M%QQ0000 ps

9310000000007

463000000000 ps

536000000000 ps

425000000000 ps

Single-core Worst-case Riftwiio

Mot Single-Core

Mot Single-Core

1: Denver Response Time

DASM 1302430000 p
Lidar_Grabber|| 18265272000

< >

5 AST Response Time
[Lane_detectio| 56045200000

Task Chain >

1: Core1 (Denver)
Lidar_Grabber
Z: Core2 (AST)
Localization
3: Cored (AST)
EKF
4: Cored (Denver)
Plannar
5: Core1 (Denver)
DASM

Z A5T

Localization

6: GPU_det

SFM
Detection

Response Time

|[39259009750¢

< >

Response Time
2000000000 p|

2000000000 p

- O x
APPERTA

3 AST Response Time

CANbus_pollir|| 602880000 ps
PRE_SFM_gg| (26771995000
PRE_Lane_de{|0 ps (GPU Ta:
PRE_Localiza| |0 ps (GPU Ta:

Now that every task’s response time is measured, it is possible to measure end-to-end task
chain latency with the derived task response times. (1) To analyze end-to-end task chain
latency, a task chain in the combo-box should be selected first. (2) Click the ‘Calculate’ button,
then the selected task chain would be illustrated (3) and all measurement results would also
be printed out (4)(5). Since the observed Amalthea model is a multi-core model here, the
single-core analysis results are not available (5).



10. Change The Model

|&| APPARTA — O W
Amalthea Model ChallengeModal_TCs. amxmi 1 MMIH'A
Task Name PU Num
05_Overhead ’4— 0: Denver Response Time 1: Denver Response Time 2 AST Response Time  3:A57 Response Time
Lidar_Grabber — Planner 13358534500 DASM 1302430000 p| Localization || 392590097500 CANbus_pollir| (602880000 ps
. 1] PRE_Detectio|[73565439500 |  |Lidar_Grabber|| 18265272000 PRE_SFM_gy{| 26771995000
DASM ’1_ PRE_Lane_de{(0 ps (GPU Ta:
CANbus_polling |3 @ Synchronous PRE_Localiza| |0 ps (GPU Ta:
EKF [‘ 1 Asynchronous
Planner ’U_ @ Worst-Case
PRE_SFM_gpu.. |5 |  AverageCase < — - - = - > < > ¢ »
~ — (O BestCase <| OpenFil X
PRE_Localizati.. |3 | sy | 2] Open File t'rm
PRE_Lane_det.. |3 Iﬂj EKF . 1 5= 100 p
PRE De |[ : OS_WW I~ [@][&](=)[E8]E:] 100 p
_Detection... |o | S— .
SFM 6] ( [Cen Model_SingleTCs.amxmi 2
Localization 2 Schedulability
Lane_detection |5 Scheduleable! ;)
Detection e | Cumulated Memory-Access Cost I>
5361662000 ps
Cumulated Contention
24795710000 ps
Computation r
File Name: ChallengeModel_SingleTCs. amuxmi
635075050500 ps :
e ——— Files of Type: |Amalthea models [~
665232428500 ps
| 3 ncor |
EVENT CHAIN MODEL |Li-Lo.EK-P-DA |»| caicuiate | Reset |
Reaction (Implicit) Reaction (LET) Task Chain > 1:Core1 (Denver)
Best-Case 402348334000 ps Best-Case 468000000000 ps Lidar_Grabber
Worst-Case 893304764000 ps ~ Worst-Case 931000000000 ps Z Core2 (AST)
Localization
Initial Reaction (Implicit) Initial Reaction (LET)
Best-Case 402348334000 ps  Best-Case 453000000000 ps s
EKF
Worst-Case 898304754000 ps Worst-Case 538000000000 ps
4: Cored (Denver)
Age (Implicit) Age (LET) Plannar
Bast-Case Bast-Case
4750000000 ps 5000000000 ps. 5: Coret 0
Worst-Case 528956430000 ps Worst-Case 425000000000 ps DASM
Single-core Initial Reaction Single-core Worst-case Reaction
Critical-Case Mot Single-Core.  Critical-Case Mot Single-Core.
Best-Case Mot Single-Core. Best-Case Mot Single-Core.
Worst-Case Mot Single-Core. ~ Worst-Case Mot Single-Core

It is possible to change the observed model without clicking the ‘Reset’ buttons. Apply the
same process but this time with the ‘ChallengeModel_SingleTCs.amxmi’ file that is a single-
core Amalthea model (1) (2) (3).



11. Single-core RTA

|£| APPARTA

APPERTA

Amalthea Model ChallengeModel_SingleTCs amumi

=
0: AS7 Response @

Defualt 1A P :

; Task0 100000000008
| Enter 1A Task1 20000000000C

Task2 30000000000C
# Synchronous Task3 30000000000C

Asynchronous

Task Name _#PU
Task0

Task1

[&F;

Tasl

=G

& Worst-Case

Average-Case
Best-Case

| Calculate

[ Reset

Schedulability

Scheduleable! )

Cumulated Memory-Access Cost
Ops
Cumulated Contention
Ops

Computation
15000000000000 ps
Begonse Time Sum
2000000000000 ps

EVENT CHAIN MODEL | [»| caicuate | Reset

Reaction (Implicit) Reaction (LET) Task Chain >  1:Core1 (Denver)
Best-Case 402348334000 ps Best-Case 468000000000 ps Lidar_Grabbar
Worst-Case 893304764000 ps Worst-Case 931000000000 ps Z Core2 (AST)
Localization
Initial Reaction (Implicit) Initial Reaction (LET)
Best-Case 402348334000 ps Best-Case 468000000000 ps 3: Cored (AST)
EKF
Worst-Case 898304764000 ps Worst-Case 536000000000 ps
4: Cored (Denver)
Age (Tmplicit) Age (LET) Planner
Best-Case ATS0000000 Best-Case 5000000000
= o 5: Coret (Denver)
Worst-Case 528956430000 ps Worst-Case 425000000000 ps DASM
Single-core Initial Reaction Single-core Worst-case Reaction
Critical-Case Mot Single-Core.  Critical-Case Mot Single-Core
Best-Case Mot Single-Core. Best-Case Mot Single-Core.
Worst-Case Mot Single-Core Worst-Case Not Single-Core

The ‘ChallengeModel_SingleTCs.amxmi’ model only has one processing unit with four tasks.
As it is already mentioned, the ‘Default IA’ only contains numbers of 0 because a single-core
model is loaded this time. The process is the same.



12. Single-core Task Chain Analysis

|| APP4RTA — O b
Amalthea Model ChallengeModel_SingleTCs amami Search Amalthea | HFP‘”‘
Task Name  PUNum = ~ =

Taskd 0 Defualt 1A -0. Al ! sponse Time
Taski — Taskl 10000000000¢

0 | Enter 1A Task1 20000000000
Task2 0 B Task2 30000000000C
—— » | ® Synchronous Task3 90000000000

Asynchronous

& Worst-Case

Average-Case £ >
Best-Case
Calculate
| Reset
Schedulability
Scheduleable! )
Cumulated Memory-Access Cost
Ops
Cumulated Contention
0ps
Computaton
15000000000000 ps

Response Time Sum

EVENT CHAIN M Calculate I

Reset

Reaction (Implicit) Reaction (LET) Task Chain >  1:Core0 (A57)
Mot Multi-Core Best-Case Not Multi-Core Task3

Z Cored (AST)
Taskl

Wrst-Case Worst-Case Mot Multi-Core

Not Multi-Core.

Initial Reaction (Implicit) Initial Reaction (LET)
Best-Case Not Multi-Core Best-Case Not Multi-Core s
Task2
Worst-Case Mot Multi-Core Worst-Case Mot Multi-Core
4: Cored (AST)
Age (Tmplicit) Age (LET) Taski

Mot Multi-Core. Best-Case Mot Multi-Core

Worst-Case Not Multi-Core

Not Multi-Core

ingle-core Initial Reaction
16000000000000 ps ~ Critical-Case 19000000000000 ps

Single-core Worst-case Reaction

Critical-Case

Best-Case Best-Case 15000000000000 ps

t-Case 23000000000000

Worst-Case 16000000000000

Now that every task’s response time is measured, it is possible to measure end-to-end task
chain latency with the derived task response times. The process is the same. However, a
single-core model is analyzed this time. Therefore, latency results regarding single-core are
only available while multi-core results are not in this case.



