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* Product overview

e Using TSO
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Timing and Stack Optimizers (TSO) - EszERgs”

e Computed for all possible inputs, produces an upper bound
on the ...

o Execution time
o Stack usage

* Noticeable features:
o Performs static program analysis
No need to write tests
o Lightweight tool configuration
Uses a typical hardware (HW) model based on PPC 603e
No need for a precise target description
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Timing and Stack Optimizers (TSO) | EemmEn
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e Debug tool to be used on the left hand side of the V-cycle
o Interactive mode to find timing bottlenecks and stack fillers
o Design support tool

* Allows to compare the performance of different designs

* Tool Qualification not required

© 2013 ANSYS, Inc.
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TSO Tool Architecture ( haLEaEk
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TSO Use Flow
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1. Create a TSO
configuration & 10 2
x| Category Code Message -
4l
Code Generator —
i information Log Files LOGFIL Log Files
WY Information Generated Files GENFIL KCG- Generated files
i, Information Generated Files GENFIL Timing and Stack Analysis Tools Generated files
o ABC_N_ABC_N_aiTc
8] ABC_N__ABC_N_aiT ais
i = = 'L Information Generated Fies GENFIL Build Generated files c
= i O Makefile
Q ABC_N__ABC_N.eff
i, Information Generated Files GENFIL Code Generator Generated files
§8 150 -5 e | & .
. .
— == 3. Launch Timing
i » =2
( ] MTC A D Build A Simulat Script ), Ei L d +
& Timing and Stack Anslysis Tooks (TS0 - or Sta Ck An a |yse r B L
General | Advanced Verfier Usage I Imported Operators | I
Session Name: S{Cosfiaustionl |
€6 AbsintxTc 21 .
CPU T e e B ) Stack Optimizer Analysis Result
—|  cPu: optimizer i —r———
. 3 rac
Type: optim S e g7, TSO_O1EXP_1 Session
Basic clock: |1 Desatan: Agiss for SCADE generated ey i 1/2013 10:31:53
Timing Optimizer Analysis Result onsiLabs2\ArayExamples.otp
User sis file: T Teneat TSO_O1EXP Session —
[ ::;:d: 64
[l Confguration: i _F, Caloud_F
Analyrer:
Max usrodt
sy
Expanded wodes: Cacul_F_2
oot nputs aed outsuts &5 olebal variables:
S Ciptismisation bevel:
Result Overview
40 56
Calls WCET {sum) \--: ET (max) | CWEET {arg) 36 1z
705 705] 00 7 [ 144
. —— T T T — - ' ' '
ssana|  swa| ssanod saena ssna|  ssemon|
4 a0
4. TSO Results Reports - -
i S WCIT (max)  WEET tavg) CWET {maz)  CWERT Lave)
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WSS Product Overview ~ ESIERE,

 Framework combining

o Two analyzers
- Timing computation
. Stack use

o Mechanisms for reporting their results
« Textually (XML files)

« Graphically in the SCADE Editor
— to manage Timing and Stack sessions

— Displaying Timing or Stack analysis results of a selected session from the Timing
and Stack tab
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NWSSH Product Overview

e Timing Optimizer:
o Estimates upper bounds for the
an application or parts of the application
o Why watching WCET upper bound from TSO is useful?

« Gives WCET estimates early in the design phase
« Helps supervising the evolution of WCET all along the design phase

of

Note: partial estimations can be used as inputs for an overall timing analysis

e Stack Optimizer:

o Determines

« Single routines or

- The whole application
o Why watching stacks upper bounds from TSO is useful?

« Verifies the absence of stack overflow for a given setting of stack parameters

either in

- Gives a gauge to size the stacks
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NWSSH Product Overview
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 Interactive mode (Absint tool)

1y Timing and Stack Optimizers: Niltemporary_file-7952.apx* . AR B L L L LR A
Project Analyses  Help
<
EEO® . &
T&sS Optimizers 4 Analyses - Overview (1) T8 Optimizers \ Analyses - Overview 1)
@ Welcame D Type Result Expected Result i Wekome P Trpt Rest Expected Resul #
Configuration 3 B Timing Optimizer Conimtion 1 Ay entry B Stack Optimizer 80 bytes
i Files faul_processing_reset_new_queue_store faults 241 cycles 1 Fies
B optimier faul_processing_new_queue_store_faults 147050 cycles B otencer -
/" hnalyses 7 Ay
Source files Source files
Visualization Visuslization
{4 Configurations Messages for analysis Analysis_entry: §&l Configurations Hessages o arelyss Analyshs_enlry:
Analyses A messages kg @ B Analyses Mewagn by o @ B (]
f00 Create iming Optimizer - Analysis_entry (0 Errors, 0 Wamings): Finished after 4 seconds i) Creste 1 Stack Optimizes - Analysis_entry (3 Erors, ) Waming): Finished aiter ] second
O » + Control Flow Reconstruction S » o Contred Flow Revorsteuefon
1 » o Value Analysis e T Stack Analysis
v l_ Analysis_entry » & Cache & Pipeline Analysis T sy ntry B Thisis pomer Sdaan, Release: 12,10, ik 188055, Tag: fiags/sta 2112710/ 17
» « Prediction File Optimization Aeadysng stadk hegh...
— Sourcefiles » « Path Analysis (ILP Bascd) (St S ity e water ine of 51148 fa the hasp,
Information » « ILP Solving Information ¥ Memwry Clessfcaton snd Contents Statsbis:
» « Applying Path Analysis Results Cabniting maging Vermony [rneength ek mavasrald, debudtarvele
Messages » & Reporting Messages Calakitrg mapoing Fshed Incementa].
“—— Sourcefiles > « Visualization — Sourefles Magpirg confertsmeradtve s tig fnd 56 5005 (55 scpe 8003)
» o Cache & Pipeline Analysis Magpigreached 8 rutnes it sl 1 contets,
TC symeols » « Prediction File Optimization T syt * o pont fterahen pocessed 01 nudes *comens:
. » « Path Analysis (ILF Based) g Strtng exiended feashiity analyus..
Variables » & ILP Solving Wariables ¥ Fuer-ponliteretion procesed 396 s * ortents:
Functions » « Applying Path Analysis Results Funcbions Rurving stack analyoer hackend...
= . > « Reporting —_ Enumeratng firasbie calstacks fr _aT_pratvae'...
@ Sections » + Visualization @ Sectioms Wring tetepertfle...
. Finished after 4 seconds with 0 errors, 0 warnings Wetng e ..
Beortng oil..
Wring wml resdt...
Lest process tock 8367 s arel el ot e then M (R3S 0 VB of meemry
v i
= Thes i nesultrewer, Release: 12,10, Buld: 1550
Cakuatng rapong Farmony (mas-dengh =, max-u
Wy resched Sroutives with overal 13 confents.
Cokninng mapping frished (4],
[ ' Veustiatica
§l Finished after | second with 0 emoes. U wamings

Timing
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NWSSH Product Overview

12

e Results reporting
« Textually in .xml files

« Graphically in the SCADE Editor

=] =

Timin

g Optimizer Analysis Result

TSO _Q1EXP Session

Simote
Eeoer] —
€3 TSO_O3EXP
$ TSO_O1_1 Date:
§ TSO_O1EXP_1 Project:
# T50_03_1 Configuration:
# TSO_O3EXP_1 Analyzer:
Max unroll:

Default unroll:

KCG version:

Expanded nodes:

Root inputs and outputs as global variables:
Optimization level:

Macro on assert:

Name length:

Significant length:

Debug:

Keep probes:

Root reset function CWCET: 194 cycles
Root cycle function CWCET: 77176 cycles

Cycle functions

20/11/2013 18:09:30
Q:'\Prerequisites\Labs2\ArrayExamples.etp
TSO_O1EXP
Optimizer

2

2

KCG 6.4

Calcul_F, Calcul_F_2
false

1

false

Timing
Analysis

false
Result Overview

Filevigw @ Scadl @ Timing and StaCKI

SCADE Path ¢ Calls WCET (sum) WCET (max) WCET (avg) CWCET (sum) CWCET (max) CWCET (avg)
€ | check 1 705 705 705.00 77176 77176 77176.00
fE + Algo_2 1 20618 20618 20618.00 20618 20618 20618.00
ME |+ Algo 1 55853 55853 55853.00 55853 55853 55853.00
Reset functions
SCADE Path t Calls WCET (sum) WCET (max) WCET (avg) CWCET (sum) CWCET (max) CWCET (avg)
FE | check 1 194 194 194.00 194 194 194.00
Dependencies functions
Name ft Calls WCET (sum) WCET {max) WCET (avg) CWCET (sum) CWCET (max) CWCET (avg)

© 2013 ANSYS, Inc. February 16, 2015
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WWSEH Product Overview - E2LEREL
A
 —
EF: Stack Optimizer Analysis Result
- -[E8 ArayExamples etp
-2 Check )
TSO_01 TSO_OQI1EXP_1 Session
TS0O_O1EXP — —
TS0_03 ol ] o
TSO_0EXF Datl.!. 21,‘11,’2[?13 10:31:53
2 A Project: Q:\Solutions\Labs2\ArrayExamples.etp
Configuration: TSO_O1EXP
¥ O_03_ Analyzer: Optimizer
g TSO_O3EXP_1 Max unroll: 2
Default unroll: 2
KCG version: KCG 6.4
Expanded nodes: Calcul_F, Calcul_F_2
Root inputs and outputs as global variables: false
Optimization level: 1
Macro on assert: false
Name length: 200
Significant length: 21
Debug: false
Keep probes: false
Result Overview
Root cycle function stack usage: 144 bytes
Root reset function stack usage: 40 bytes
Global (with dependencies) stack usage: 144 bytes
Cycle functions
SCADE Path Stack CStack
g Check 40 56
g Algo_2 56 112
23 Algo 88 144
Reset functions
SCADE Path Stack CStack
Fileview | 3] Scadl %5 Timing and Stack I b Check 24 40

Stack Analysis
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USING TSO
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Using TSO: Configure The Tool

15

e Click on the icon of the Code Generator toolbar to
display available settings

N

&ﬁ.rﬁming Optimizer v|1ﬂ @ |ﬂ|

 To run Time or Stack Analysis on SCADE Suite models, it is
recommended to use a specific configuration

o Create a new configuration from one of the list of available
configurations as KCG

T/p click on the top menu of the Workspace and check the
Code Generator toolbar to display it

© 2013 ANSYS, Inc. February 16, 2015 © Esterel Technologies - An 1SO 9001:2008 Certified Company - Confidential & Proprietary




WSS Using TSO: Configure The Tool EIEBEL

e In the Code Integration tab
o Set the Target radio button and set Timing and Stack Optimizer

r—Svs_lttl'm_:;s M1 . .
= - ——— o Once this target is selected,
Code Generat Timing Optimizer | . . .
e h— T —— “Timing and Stack Analysis Tools”
Debug I Compiler Build | Timing =& Tk Analysis Tools ..
General I Optimizations | Expansion | Code Integration |Currfigumtiun tab IS |nserted
(71 MNone
@ Target | Timing and Stack Optimizer &
@ Adaptor  |INTEGRITY-178B :\f
T E Select “Timing and Stack
a TG nmerier Wiepper 2 Optimizer” target
Period:  [7/2
[Frcm root node v] Offzet: |72
Unit: n/a
| oK || cCancel |[ Hep

16 2013 ANSYS, Inc. February 16, 2015 © Esterel Technologies - An 1SO 9001:2008 Certified Company - Confidential & Proprietary



Using TSO: Configure The Tool -~ EsmERe

g R
\
| 1%} Code Generator |Ts0 v Uncheck “Generate loop bounds
| General I Optimizations | Expansion | Code Integration | Corfiguration | |f annotations” to Suppress IOOp bounds
Debug | Compier | Buld | Timingand Stack Analysis Tools | | annotations in the TSO engine
[¥] Generate loop bounds annotations / configuration file (checked by default
[7] Generate types copy functions
\[Check “Generate type copy functions”
to generate copy functions field by
field for complex types instead of
using the _kcg_assign macro file
(unchecked by default) Y,
OK || Cancel || Hep

17 © 2013 ANSYS, Inc. February 16, 2015 © Esterel Technologies - An 1SO 9001:2008 Certified Company - Confidential & Proprietary



18

Using TSO: Configure The Tool

e Standard Cross-Compiler and standard CPU are

automatically chosen

© 2013 ANSYS, Inc.

Settings R .

B |
18 Code Genemtu:ur\ \Nning Optimizer "I
N\~
General | Optimizdtions | Expansion |Ne Imteqgration | Corfiguration

Debug Compyler

Compiler: | MPC GNUC

Preprocessor definitions:

Build

| Tlmilﬁ\aqd Stack Analysis Tools

CPUtype: |MPCE03e

Additional linkeer options:

Additional compiler options:

0K || Cancel ||

Help

February 16, 2015
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ANSEH Using TSO: Configure The Tool - Esiesgs’

> .

* Reminders:

Set Build options in

Set Code generation optimizations the Build tab

in the Optimizations tab

/

Settings \ / l PR ) [ Settings T |-l ]

1% Code Generator \ / ['ﬂming Optimizer v] 18 Code Generator \/ ['ﬂming Optimizer v]
Debug | Cumpiler\ﬂ Build | Timing and Stack Analysis Tools General I Optimizations %ansinn | Code Integration | Configuration
General | Optimizations | Expansion | Code Integration | Configuration Debug I Compiler | Build | Timing and Stack Analysis Tools

Optimization level: i Additional include directories: M S I "

[7] Local variables as static

[ Input thresheld:

Bxcluded files:
|:| Rising_FL_imported.c

| ||
0Kk | [ Cancel |[ hHep || oK | [ Cancel |[ Hep ||

19 2013 ANSYS, Inc. February 16, 2015 © Esterel Technologies - An 1SO 9001:2008 Certified Company - Confidential & Proprietary



Using TSO: Generate The Executable

e Click on the Build icon of the Code Generator toolbar

o To generate C code and

o To produce an executable with the cross-compiler

% | Ts0

ESTEREL"

echnologies

> .

ﬁ Category Code Message -

Code Generator

l i Information Log Files LOGFIL Log Files

LM |rformation Generated Files GEMFIL KCG- Generated files

= l Infarmation Generated Fles GEMFIL Timing and Stack Analysis Tools Generated files
O ABC_MN_ABC_M_aiTc
O ABC_M__ABC_MN_aiT ais

= i Information Generated Files GENFIL Build Generated files =
O Malkefile
O ABC_MN__ABC_M elf

L. Information Generated Files GENFIL Code Generator Generated files

| | | r'-.lMessages I.‘-'-.II'-*ITE .}5. Curnp I.‘-'-.IE!uiId I.‘-'-.ISimuIatn:nr ;-'-.ISn::ript .}5. Ermrorz Log f-'r || « L]
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ASSE Using TSO: Call The Tool

21

e Use the dedicated toolbar in SCADE Suite to launch TSO

tool
\

- o§ | &

Note: before building the TSO code, the toolbar is not active

g8 | Ts0 -] L

T/p click on the top menu of the Workspace and check the
' Timing and Stack Analysis Tools toolbar to display it

© 2013 ANSYS, Inc. February 16, 2015 © Esterel Technologies - An 1SO 9001:2008 Certified Company - Confidential & Proprietary



Using TSO: Call The Tool

e TSO toolbar:

Click to call
Timing Analyzer

& Ts0 & e | &

Click to open Timing and

Click to call J
Stack Analysis Tools settings

Stack Analyzer

22 © 2013 ANSYS, Inc. February 16, 2015 © Esterel Technologies - An 1SO 9001:2008 Certified Company - Confidential & Proprietary



ADNEH Using TSO: Call The Tool Ty

e TSO settings:

- These settings can be modified after

: having built the code: they only affect
& 10 B e L the Analyzers

« Change the name of the Analyzer

(e— —— session from the Session Name field
G Timing and Stack Anshysis Tocs (TS0 = - U.seful when the sesspn namg musfc be
different from the active configuration
General |F~dvanced Verfier Usage | Imported Opemtors| /m/ el
Session Mame: ${Corfiguration)
CPU
Type: optimizer <
-\ o .
Basic dod. [ e [ CPU options are frozen
Izer ais file: [E\~

~—" Set an user ais file pathname from -
User AIS file field if need be to @
customize the behavior of timing
ok || Cancel |[ Hep | analysis with specific annotations

23 © 2013 ANSYS, Inc. February 16, 2015 © Esterel Technologies - An 1SO 9001:2008 Certified Company - Confidential & Proprietary



Using TSO

e TSO settings:

§8) 150 & e &

_ r

Settings

| §% Timing and Stack Analysis Tools [TSO

/I

| General | Advanced Verfier Usage | Imported Herators |

Call The Tool

~ ESTEREL",

« Can specify the time cycle and the
stack usage for any imported operator
defined in SCADE Suite models from
the Imported Operators tab

« For each operator you select in the
given list of imported operators:

24

T
-
Imported Operator Cycles Bytes ae Path i
Rising_FL_imported ilot
AcosR analy... mathest
ArnshR Zanahs rriathiend i
] 1 F
2.
. N p—
[] Specify operator data: 1 cyclefsiand 1| bytels) <€
Other C functions: use the syntax <name::<cycles:-<bytes:;
<« I
- 3,
OK || cancel || Hei

© 2013 ANSYS, Inc. February 16, 2015

Check Specify operator data field to
enable the specification of time cycle
and stack usage values or if the
selected operator must not be analyzed
(set 0 in data)

Specify a time cycle value in cycle(s)
and a stack usage value in byte(s) field

Specify other C functions that are not
present in the model as follows:
<functionname>:<nb cycles>-
<stack size>
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Using TSO:

25

e TSO toolbar:
(150

Call The Tool (EaLEEE

-3 | &

€ Absint XTC 2.1

Click “Analyze

Runnable:
Mode:

Save XTC

Description

The following items are
CPU: optimizer

about to be analyzed

Analysis type: TimingExplorer

Analysis entry

NJA

1 Analysis

for SCADE genera ted binary

Timing”

Processing request...

To launch timing analysis

Skip Stop

2013 ANSYS, Inc.

February 16, 2015
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 Abbreviations

“ESTEREL

Technologie

Using TSO: Results Report JEEIER

8/

26

Abbreviations

Acronym

Definition

WCET contribution of the function without descendants,

WCET [sum) ) -

) o i.e. sum of the function WCETs computed for each context
WEET [mas] WCET of the functien without descendants,

) L i.e, max of the function WCETs computed for each context
WCET (aval WCET average of the function without descendants,

! =l i.e. average of the function WCETs computed for each context
CWCET (sum) Cumulative WCET contribution of the function with descendants
CWCET [max) Cumulative WCET of the function with descendants

CWCET (avag)

Cumulative WCET average of the function with descendants

Stack

Stack usage of the function

CStack

Cumulative Stack usage of the function with its parents

2013 ANSYS, Inc.

February 16, 2015
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Using TSO: Timing Analyzer Report

27

e Once the timing analysis is completed
o The current session is stored in the Timing and Stack tab

~ESTEREL"

[Technologies R

=]

=& Pl
=3

ot etp

74

Date:

Project:
Configuration:
Analyzer:

Max unroll:
Default unroll:
KCG version:

Root node:

Root inputs and outputs as global variables:
Optimization level:
Macro on assert:
MName length:
Significant length:
Debug:

Keep probes:

Root reset function CWCET: 2071 cycles
Root cycle function CWCET: 16140 cycles

Cycle functions

SCADE Path

TSO Session

14/11/2013 16:08:55
C:\Program Files (x86)\Esterel Technologies\SCADEG.4.2\examples'\Pilot\Pilot.etp
TS50

Optimizer

2

2

KCG 6.1.3

Pilot::Pilot

false

1

false

200

31

false

false

Result Overview

WCET (max) WCET (avg) CWOCET (sum) CWCET (max)

Calls WCE". (sum)

CWCET (avg)

File\iew @ Framewsork, @ Timing and ... ’7

€ |pwlinear:: ClockCounter 1 173 173 173.00 173 173 173.00
g Pilot:: Waiting_FL 1 / 267 267 267.00 267 267 267.00
g Pilot::VelocityRegulation 1 / 945 945 945.00 1895 1895 1895.00
€ |Ppilot:: SquareSum 18 10 6.00 18 10 6.00

m

o The session results view is automatically displayed

© 2013 ANSYS, Inc.

February 16, 2015
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WSS Using TSO: Timing Analyzer Report
* The following information is available for each session at
the top level of the Results view:

o A title specifies if it is a Timing Optimizer report and a subtitle
identifies a session name based on the current configuration

o A summary of the code generation options
o The results overview

Timing Optimizer Analysis Result

TSO Session

Date: 15/11/2013 14:23:13
Project: Q:\Pilot\Pilot.etp
Configuration: TS0

Analyzer: Optimizer

Max unroll: 2

Default unroll: 2

KCG version: KCG 6.1.3

Root node: Pilot::Pilot

Root inputs and outputs as global variables: false
Optimization level: 1

Macro on assert: false

Mame length: 200

Significant length: 31

Debug: false

Keep probes: false

Result Overview

Root reset function CWCET: 2071 cycles
Root cycle function CWCET: 16140 cycles

28 © 2013 ANSYS, Inc. February 16, 2015 © Esterel Technologies - An 1SO 9001:2008 Certified Company - Confidential & Proprietary



WSS Using TSO: Timing Analyzer Report ~ESIEREL
* Results table for the Cycle functions (root operator and

descendants)
o Contains results for all non-expanded nodes

Cycle functions

SCADE Path # Calls WCET {sum) WCET {max) WCET (avg) CWCET {(sum) CWCET {max) CWCET (avg)
[Z | pwlinear:: ClockCounter 1 173 173 173.00 173 173 173.00
23 Pilot:: Waiting_FL 1 267 267 207.00 267 267 207.00
23 Pilot::VelocityRegulation 1 Q45 Q45 945.00 1895 1895 1895.00
i€ | Pilot:: SquareSum 3 18 10 6.00 18 10 6.00
[T | Pilot::Rising_FL_imported 0 0 0 -1.#] 0 0 -1.#]
FE | Pilot:: Pilot 1 1072 1072 1072.00 16140 15140 15140.00
i<Z | Pilot::MvtCalculus 1 Jal 7Bl 761.00 1543 1543 1543.00
T | Pilot:: Module 1 476 476 476.00 6115 6115 6115.00
I | Pilot:: GetMvtMode 1 256 256 256.00 256 256 256.00
23 Pilot:: DetermineVelocity 1 1029 1029 1029.00 7613 7613 7613.00
[4E | Pilot:: DeterminePosition 1 340 340 340.00 820 820 820.00
i€ | Pilot:: DeterminePointPosition 3 480 173 160.00 480 173 160.00
IE | Pilot:: Derivate 3 459 172 156.33 459 172 156.33
[4Z | Pilot:: CorrectVelocityAxes 3 a50 360 316.67 950 360 316.67
i | Pilot:: Command 1 804 804 804.00 42432 42432 4242.00
23 Pilot:: CheckTelemetry 1 440 440 440.00 a50 a50 950.00
i<Z | Pilot:: CheckPosition 1 1187 1187 1187.00 10570 10570 10570.00
g | Pilot:: CheckPointPosition 3 337 113 112.33 337 113 112.33
[T | Pilot:: Approach_FL_textual 1 515 515 515.00 515 515 515.00

29 © 2013 ANSYS, Inc. February 16, 2015 © Esterel Technologies - An 1SO 9001:2008 Certified Company - Confidential & Proprietary



Using TSO: Timing Analyzer Report

30

* Results table for the Reset functions

o Contains results for all non-expanded nodes

~ESTEREL"

Reset functions

SCADE Path # Calls WCET (sum) WCET (max) WCET (avg) CWCET (sum) CWCET {(max) CWCET (avg)
i€ | pwlinear:: ClockCounter 1 58 58 58.00 58 58 58.00
T Pilot:: VelocityRegulation 1 367 367 367.00 533 533 533.00
i€ | Pilot:: Pilot 1 328 328 328.00 2071 2071 2071.00
T | Pilot:: DetermineVelocity 1 315 215 3215.00 475 475 475.00
i€ | Pilot:: Derivate 3 160 55 53.33 160 55 53.33
T Pilot:: CorrectVelocityAxes 3 166 58 55.33 166 58 55.33
i€ | Pilot:: Command 1 176 176 176.00 709 709 709.00
g Pilot:: CheckTelemetry 1 175 175 175.00 233 233 233.00
i< | Pilot:: CheckPosition 1 326 326 326.00 1034 1034 1024.00

© 2013 ANSYS, Inc.

February 16, 2015
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Using TSO: Timing Analyzer Report

31

* Results table for Dependencies functions

o Contains results for all non-Scade functions that are generated and
called by the SCADE Suite-generated code

o Dependencies are calls to external code

o Appears only if external code is used in the model

~ESTEREL"

.

Dependencies functions

Name f Calls WCET (sum) WCET (max) WCET (avg) CWCET (sum) CWCET {max) CWCET {(avg)
g sqrt 1 1338 1338 1338.00 a621 a621 5621.00
FE | numtest 3 1989 670 663.00 1989 670 663.00
g ldexp 1 1096 1096 1096.00 2108 2108 2108.00
g frexp 1 514 514 514.00 1526 1526 1526.00
€ | __ermo 2 684 342 342.00 684 342 342.00
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e Sort the Cycle functions table by WCET to pinpoint the

“worst offenders”, candidates for model optimization

ESTEREL

Root reset function CWCET:
Root cycle function CWCET:

Cycle functions

SCADE Path

2071 cycles
16140 cycles

Result Overview

Click column header for sortin

g

Calls WCET {sum) WCET (max) WCET (avg) CWCET (sum) CWCET (max) CWCET (avg)

[T | pwlinear:: ClockCounter 1 173 173 173.00 173 173 173.00
23 Pilot:: Waiting_FL 1 267 267 267.00 267 267 267.00
I | Pilo ::VelocityRegulation 1 945 245 945.00 1895 1895 1895.00
i€ | Pilot:: SquareSum 3 18 10 6.00 18 10 6.00
f<€ | Pilot::Rising_FL_imported 0 0 0 -1.#] 0 ] -1.#]
I | Pilot:: Pilot 1 1072 1072 1072.00 15140 15140 15140.00
i€ | Pilot:: MvtCalculus 1 761 761 761.00 1543 1543 15432.00
lE | Pilot:: Module 1 476 476 476.00 6115 6115 6115.00
i< | Pilot:: GetMvtMode 1 256 256 256.00 256 256 256.00
E | Pilo :: DetermineVelocity 1 1029 1029 1029.00 7613 7613 7613.00
i€ | Pilot:: DeterminePosition 1 340 340 340.00 820 820 820.00
[4Z | Pilot:: DeterminePointPosition 3 480 173 160.00 480 173 160.00
i€ | Pilot:: Derivate 3 459 172 156.32 459 172 156.32
T Pilot:: CorrectVelocityAxes 3 950 360 316.67 Q50 360 316.67
i€ | Pilot:: Command 1 804 204 804.00 42432 4242 4242.00
[T Pilot:: CheckTelemetry 1 440 440 440.00 as0 as0 250.00
i€ | Pilot:: CheckPosition 1 1187 1187 1187.00 10570 10570 10570.00
{<Z | Pilot:: CheckPointPosition 3 337 113 112.33 337 113 112.33
[T | Pilot:: Approach_FL_textual 1 515 515 515.00 515 515 515.00
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Using TSO: Timing Analyzer Report

e “Worst offenders” at the top level

~ESTEREL"

Root reset function CWCET: 2071 cycles
Root cycle function CWCET: 16140 cycles

Cycle functions

SCADE Path Calls

Result Overview

m WCET (max) WCET (avg) CWCET (sum) CWCET (max) CWCET (avag)

i€ | Pilot:: CheckPosition 1 ITeY 1187 1187.00 10570 10570 10570.00
i€ | pilot:: Pilot 1 1072 1072 1072.00 165140 16140 15140.00
23 Pilot:: DetermineVelocity 1 1029 1029 1029.00 7613 7613 7613.00
[“E | Pilot:: CorrectVelocityAxes 3 950 260 316.67 950 360 316.67
23 Pilot:: VelocityRegulation 1 245 945 945.00 1895 1895 1895.00
[“E | pilot:: Command 1 804 204 804.00 4242 4242 4242.00
i | Pilot:: MvitCalculus 1 761 761 761.00 1543 1543 1543.00
[“E | Pilot:: Approach_FL_textual 1 515 515 515.00 515 515 515.00
i€ | Pilot:: DeterminePointPosition 3 480 173 160.00 480 173 160.00
i€ | Pilot:: Module 1 476 476 476.00 6115 6115 6115.00
i€ | Pilot:: Derivate 3 459 172 156.33 459 172 156.33
23 Pilot:: CheckTelemetry 1 440 440 440.00 950 950 950.00
i€ | Pilot:: DeterminePosition 1 340 340 340.00 820 820 820.00
i€ | Pilot:: CheckPointPosition 3 337 113 112.33 337 113 112.33
23 Pilot:: Waiting_FL 1 267 267 267.00 267 267 267.00
i€ | Pilot:: GetMvtMode 1 256 256 256.00 256 256 256.00
T pwlinear:: ClockCounter 1 173 173 173.00 173 173 173.00
[« | Pilot::SquareSum 3 18 10 6.00 18 10 6.00
I | Pilot:: Rising_FL_imported 0 0 0 -1.#] 0 0 -1.#]

33 © 2013 ANSYS, Inc. February 16, 2015

© Esterel Technologies - An 1SO 9001:2008 Certified Company - Confidential & Proprietary



Using TSO: Timing Analyzer Report
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e “Worst offenders” at the low level

Result Overview

Root reset function CWCET: 2071 cycles

Root cycle function CWCET: 15140 cycles

Cycle functions
" SCADE Path ——— CllsWCET (sum) 4 WCET (max) WCET (av) CWCET (sum) CWCET (max) CWCET (avo)
4T | Pilot::Rising_FL_imported 0 S 0 -1.#] 0 0 -1.#]
i€ | Pilot:: SquareSum 3 18 10 6.00 18 10 6.00
T | pwlinear:: ClockCounter 1 173 173 173.00 173 173 173.00
i€ | Pilot:: GetMvtMode 1 256 256 256.00 256 256 256.00
[ Pilot:: Waiting_FL 1 267 267 267.00 267 267 267.00
i€ | Pilot:: CheckPointPosition 3 337 113 112.32 337 113 112.332
[ | Pilot:: DeterminePosition 1 340 340 340.00 820 820 820.00
[ Pilot:: CheckTelemetry 1 440 440 440.00 950 Q50 950.00
i€ | Pilot:: Derivate 3 459 172 156.32 459 172 156.32
i | Pilot:: Module 1 476 476 476.00 6115 6115 6115.00
f< | Pilot:: DeterminePointPosition 3 480 173 160.00 480 173 160.00
T | Pilot:: Approach_FL_textual 1 515 515 515.00 515 515 515.00
i€ | Pilot:: MvtCalculus 1 761 761 761.00 1543 1543 1543.00
[ | Pilot:: Command 1 204 204 804.00 4242 4242 4242.00
g Pilot:: VelocityRegulation 1 Q945 945 945.00 1895 1895 1895.00
T Pilot:: CorrectVelocityAxes 3 Q50 360 316.67 Q50 360 316.67
f<E Pilot:: DetermineVelocity 1 1029 1029 1029.00 7613 7613 7613.00
i | Pilot:: Pilot 1 1072 1072 1072.00 16140 16140 15140.00
I | Pilot:: CheckPosition 1 1187 1187 1187.00 10570 10570 10570.00
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35

e Sort the Cycle functions table

candidates” for

ESTEREL

.-

to see the “the best

Cycle functions
" SCADEPath | Calls# WCET (sum) WCET (max) WCET (avg) CWET (sum) CWET (max) CWCET (avg)
i | Pilot: : CorrectVelocityAxes 3 Q50 360 316.67 Q50 360 316.67
i€ | Pilot:: SquareSum 3 18 10 6.00 18 10 6.00
i | Pilot:: Derivate 3 459 172 156.33 4569 172 156.33
i€ | Pilot:: CheckPointPosition 3 337 113 112.33 337 113 112.33
i€ | Pilot:: DeterminePointPosition 3 480 173 160.00 480 173 160.00
i€ | pwlinear:: ClockCounter 1 173 173 173.00 173 173 173.00
i | Pilot:: Approach_FL_textual 1 515 515 515.00 515 515 515.00
iE | Pilot::Module 1 476 476 476.00 6115 6115 6115.00
i€ | Pilot:: DeterminePosition 1 340 340 340.00 820 820 820.00
23 Pilot::VelocityRegulation 1 Q45 945 945.00 1895 1895 1895.00
23 Pilot:: DetermineVelocity 1 1029 1029 1029.00 7613 7613 7613.00
23 Pilot:: CheckTelemetry 1 440 440 440.00 950 950 950.00
i€ | Pilot:: Pilot 1 1072 1072 1072.00 15140 15140 15140.00
iE | Pilot:: GetMviMode 1 256 256 256.00 256 256 256.00
f4Z | Pilot:: MvtCalculus 1 761 761 761.00 1543 1543 1543.00
iZ | Pilot:: Command 1 804 804 804.00 4242 4242 4242.00
i€ | Pilot:: CheckPosition 1 1187 1187 1187.00 10570 10570 10570.00
23 Pilot::Waiting_FL 1 267 267 267.00 267 267 267.00
i€ | Pilot::Rising_FL_imported 0 0 0 -1.%] 0 0 -1.#]
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Using TSO: Timing Analyzer Report

* To display detailed results for a Cycle function

Result Overview
Root reset function CWCET: 2071 cycles
Root cycle function CWCET: 16140 cycles
Cycle functions
SCADE Path Calls WCET (sum) 4 WCET (max) WCET {(avg) CWCET (sum) CWCET {max) CWCET (avag)
i€ | Pilot:: Rising_FL_imported 0 0 0 -1.#] 0 0 -1.#]
{E | Pilot:: SquareSum 3 18 10 6.00 18 10 6.00
[E | pwlinear:: ClockCounter 1 173 173 173.00 173 173 173.00
I | Pilot:: GetMviMode 1 256 256 256.00 256 256 256.00
T Pilot::Waiting_FL 1 267 267 267.00 267 267 267.00
i< | Pilot:: CheckPointPosition 3 337 113 112.33 337 113 112.33
{4E | Pilot:: DeterminePosition 1 340 340 340.00 820 820 820.00
< Pilot:: CheckTelemetry 1 440 440 440.00 Q50 950 950.00
[ | Pilot:: Derivate 3 459 172 156.33 459 172 156.33
i€ | Pilot::Module 1 476 476 476.00 6115 56115 5115.00
{4 | Pilot:: DeterminePointPosition 3 480 173 160.00 480 173 160.00
I4Z | Pilot:: Approach_FL_textual 1 515 515 515.00 515 515 515.00
f4€ | Pilot::MvtCalculus 1 761 761 761.00 1543 1543 1543.00
f€ | Pilot:: Command 1 804 804 804.00 4242 4242 4242.00
i Pilot::VelocityRegulation 1 Q45 945 945.00 1895 1895 1895.00
[4E | Pilot:: CorrectVelocityAxes 3 950 380 316.67 950 360 316.67
T Pilot:: DetermineVelocity 1 1029 1029 1029.00 7613 7613 7613.00
T LDilot.-Dilot 1 1072 1072 1072.00 16140 16140 16140.00
i) Pilot:: CheckPosition 1 1187 1187 1187.00 10570 10570 10570.00

Click on a function name
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e Detailed results

o A summary of the Timing Analyser results of the session

~ ESTEREL

W Technologies B
Y .

o A horizontal stacked chart table shows the contribution of each non-
expanded descendant (using a different color for each node)

o Access from the SCADE Path to descendants detailed results

Calls: 1
CWCET (sum): 10570 (65.49%)
WCET (max): 1187 (7.35%)
CWCET (max): 10570 (65.49%)
CWCET (avg): 10570.00

B 2

Pilot::CheckPosition Cycle function descendant

SCADE Path

Pilot:: DetermineVelocity

Pilot: : CheckPosition Cycle function

CYCLE

Contribution

€ Function Pilot::CheckPosition detail (session TSO)

7613

72.02

3 1

T Pilot:: DeterminePosition 1 CYCLE 820 7.76
T Pilot:: CheckTelemetry 1 [ CYCLE 950 5.09
[ Pilot:: CheckPosition o| |cyYCLE 1187 11.23
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Using TSO: Timing Analyzer Report

e At any row of the table, click on ﬂ , to locate the

corresponding function in the SCADE Suite model
o Network view of the selected node is opened

~ESTEREL"

[Technologies )iy

SCADE Path Calls WCET (sum) # WCET {max) WCET {(avg) CWCET (sum) CWCET {max) CWCET (avg)

|’<5 Pilot:: CheckPosition 1 1187 1187 1187.00 10570 10570 10570.00
<2 [Wilot:: Pilot 1 1072 1072 1072.00 16140 16140 16140.00
T | Pilo - DetermineVelocity 1 1029 1029 1029.00 7613 7al3 7613.00

1
— CheckTelemetry > Telematry'slid
. > ObjectVel
( s B
1
I L DieterminaPaosition Lletesmne el iy > Fesianyae
Pasitions
—|—> Velvalid
InitizlAxes Position >—T
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Using TSO: Call The Tool T

39

[Technologies g

e TSO toolbar:

§8 | Ts0 M

2 a] | L]
O | l = Click “Analyze
The following item is about to be analyzed

lysi : ck
2:3:"'5'5 i :;mizer Sta c k”
Runnable: Analysis entry
Mode: MfA
Description:  Analysis for SCADE genera ted binary

Processing request...
To launch stack use analysis

Messages

e XTC Skip Stop

2013 ANSYS, Inc. February 16, 2015
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Using TSO: Stack Analyzer Report

40

* Once the stack analysis is completed
o The current session is stored in the Timing and Stack tab

E
= - Pilot etp
=23 Pilot::Pilat

A o

e amaa

g Ts0_1
Date:
Project:
Configuration:
Analyzer:
Max unroll:

Default unroll:
KCG version:
Root node:

Optimization level:
Macro on assert:
Name length:
Significant length:
Debug:

Keep probes:

Global (with dependencie:

Cycle functions

Root inputs and outputs as global variables: false

Root cycle function stack usage:
Root reset function stack usage:

SCADE P7.th ¢

Stack Optimizer Analysis Result

TSO_1 Session

15/11/2013 16:16:35
Q:\Pilot\Pilot.etp

TS50

Optimizer

2

2

KCG 6.1.3

Pilot::Pilat

1
false
200
31
false
false

Result Overview
168 bytes

96 bytes
stack usage: 248 bytes

CStack

FileView | 3] Framework @ Timing and Stack

PMt::SquareSum

1| | | vy | |

ilot::Rising_FL_imported o] 168

Dl e Dilnk

] A0

/

o The session results view is automatically displayed
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Using TSO: Stack Analyzer Report

* The following information is available for each session at
the top level of the Results view:

o Atitle specifies if it is a Stack Optimizer report and a subtitle identifies
a session name based on the current configuration

o A summary of the code generation options
o The Result Overview

Stack Optimizer Analysis Result
TSO_1 Session
Date: 15/11/2013 16:16:35
Project: % Q:\Pilot\Pilot.etp
Configuration: TS0
Analyzer: Optimizer
Max unroll: 2
Default unroll: 2
KCG version: KCG 6.1.3
Root node: Pilot::Pilot
Root inputs and outputs as global variables: false
Optimization level: 1
Macro on assert: false
Name length: 200
Significant length: 31
Debug: false
Keep probes: false
Result Overview
Root cycle function stack usage: 168 bytes
Root reset function stack usage: 96 bytes
Global (with dependencies) stack usage: 248 bytes
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Using TSO: Stack Analyzer Report

42

* Results table for the Cycle functions
o Contains results for all non-expanded nodes

Cycle functions

SCADE Path Stack CStack
T pwlinear:: ClockCounter Q5
i Pilot:: Waiting_FL 168
feE Pilot:: VelocityRegulation 3z 144
g Pilot:: SquareSum 120
T Pilot:: Rising_FL_imported 168
i Pilot:: Pilot 24 48
g Pilot:: MvtCalculus 56 168
&3 Pilot:: Module 24 120
23 Pilot:: GetMvtMode 0 48
fE Pilot:: DetermineVelocity 24 95
g Pilot:: DeterminePosition 24 a6
i Pilot:: DeterminePointPosition a6
i Pilot:: Derivate a5
fE Pilot:: CorrectVelocityAxes 144
g Pilot:: Command L 112
g Pilot:: CheckTelemetry 24 Q5
i Pilot:: CheckPosition 24 72
23 Pilot:: CheckPointPosition 96
feE Pilot:: Approach_FL_textual 168

© 2013 ANSYS, Inc. February 16, 2015
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Using TSO: Stack Analyzer Report ~EsIERgy

e Results table for the Reset functions
o Contains results for all non-expanded nodes

Reset functions
SCADE Path 1t Stack CStack
fE pwlinear:: ClockCounter 0 g0
faE Pilot:: VelocityRegulation 24 20
fa pilot:: Pilot 24 48
T Pilot:: DetermineVelocity 24 95
&3 Pilot:: Derivate 0 95
faE Pilot:: CorrectVelocityfxes 0 20
3 Pilot:: Command 8 56
T Pilot:: CheckTelemetry 2 20
&3 Pilot:: CheckPosition 24 72
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Using TSO: Stack Analyzer Report

44

* Results table for Dependencies functions

o Contains results for all non-Scade functions that are generated and
called by the SCADE Suite-generated code

o Dependencies are calls to external code
o Appears only if external code is used in the model

Dependencies functions
Name ft Stack CStack
23 sqrt 48 168
23 numtest 32 248
T Idexp 43 216
&3 ispos 16 184
23 frexp 32 200
T __ermo 1a 232
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Using TSO: Stack Analyzer Report

e Other features:

o Sort by column any “Stack Use” results table (by Stack or CStack fields)
o Locate each function in the SCADE model

45

ESTEREL

© 2013 ANSYS, Inc.

February 16, 2015

Reset functions
SCADE Path Stack ¢
fE Pilot:: VelocityRegulation I 24 I 20
& Pilot:: DetermineVelocity 24 Q5
[ Pilot:: Pilot 24 48
f<E Pilot:: CheckPosition 24 72
f Pilot:: CheckTelemetry a 20
& ilot:: Command 2] 56
f4E wnear:: ClockCounter 0 20
B rrectVelocitydxes
23 ctVelocityA 0 80
fE 0 96
> TelzmatnyValid
7>C)b)a:t\'al
3 Velocity FositionValid
VelValid e . .
— Pilot:;CheckPosition
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Using TSO: Compare Timing Sessions

46

e Select two Timing sessions in the “Timing and Stack” tab

e Right-click Compare sessions

= . Pilot _etp
== Filot::Pilot

<IEd

§ TS0_1

Y TSD_Iﬁ Compare Sessions

Properties...

ESTEREL

)

[

Filetfiew ﬁl Frameswark, @ Timing and Stack.

Sessions Comparison Between TSO(ref) and TSO_2(vs)

Root node:

Root inputs and outputs as global variables: fzls

Optimization level:
Macro on assert:
MName length:
Significant length:
Debug:

Keep probes:
Expanded nodes:

Root cycle function CWCET:
Root reset function CWCET:

Cycle functions

/ Pilot::Pilot
/ false

/1

/ false
/ 200
/31

/ false
/ false
/ Pilot::CheckPosition

cycles / 15390 cycles

/ 1747 cycles

Calls WCET (sum) WCET (max) WCET (avg)
SCADE Path i i i

ref vs Diff % ref ws Diff % ref wvs Diff % ref vs
b pwlinear::
23 ClockCounter 1)1 0(0.00 173( 175 2 1.14 173( 175 2 1.14 173.00| 175.00 2.00 1
2 Pilot:: Waiting_FL 1)1 0(0.00f 267| 293( 26 8.87 ) 267 293| 26 8.87 ] 267.00| 293.00 26.00 ]
| Pilot:: ~ _ ~ ~ _ ~
<€ VelodityRegulation 1|1 0(0.00f 945| 862| -83| -9.63 ) 945| 862| -83| -9.63 ] 945.00| 862.00| -83.00( -9,
23 Pilot:: SquareSum 303 0(0.00 18| 159| 141 | 88.68 10 81| 71| 87.65 6.00 53.00 47.00| 88
B Pilot:: ) ) .
2 Rising_FL_imported ofo 0(0.00 0 0 o] 0.00 0 0 o] 0.00 -1.#] -1.#] 1.#R| O
i< | pilot:: pilot 1)1 0(0.00)1072|1347 | 275 | 20,42 1072|1347 | 275 | 20,42 1072.00 | 1347.00| 275.00( 20
el o - - - B -
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Using TSO: Compare Timing Sessions &

Sessions Comparison Between TSO(ref) and TSO_2(vs) ° Sessions Comparison

Root node: Pilot::Pilot / Pilot::Pilot

Root inputs and outputs as global variables: fzlc= / false .

Optimization level: 1 /1 (@) Res u |tS view

Macro on assert: false / false

MName length: 200 J 200 .
Sionfican length: - Summary of each session
Debug: false / false

Keep probes: false / false CO nfigu ration

Expanded nodes: / Pilot::CheckPosition
Root cycle function CWCET: 16140 cycles / 15390 cycles

Root reset function CWCET: 2071 cycles / 1747 cycles L4 Resu ItS ta b I es
Calls WCET (sum) WCET (max) WCET (avg) O A D iff Re p O rt a | | OWi n g to

ref vs Diff % ref ws Diff % ref wvs Diff % ref vs Diff

SCADE Path

b pwlinear:: |t b t

S B 1| 1| o|ooo| 173| 175| 2| 1aa] 173| 175 2| 1.1a] 173.00| 175.00| 2.00| 1 CO”]pa re resulits etween
B4 | pilot:: waiting_FL 1| 1| o|c.oo] 267| 203| 26| s.e7| 267| 203| 26| s@.87] 267.00| 293.00| 26.00| 8

v [ Pilot:: ~ ~ ~ B - ~ Th f' 1 f

M| velogityrequlation 1| 1| o|o.00] 945| s62|-83|-9.63] 945| 82| -83|-9.63| 945.00| 862.00| -83.00] -9, ° e |rSt session (re

i | pilot:: Squaresum 3| 3| o|ooo] 18| 1s9|141|sses] 10| 81| 71i|s87ss 6.00| 53.00| 47.00| 88

B Pilot:: ) . , COlU n) and

i Rising_ FL_imported o| o| ofo.00 0 o| o| o.0 0 o| o| o.0 -1.#1| -1#| L#R| 0 m

i | pilot:: pilot 1| 1| o|o.00]1072|1247| 275 20.42 | 1072|1347 | 275| 20.42 | 1072.00|1247.00| 275.00] 20

- 1

« The second one (vs column)

o A Diff column computes the difference between sessions

- To easily identify differences, values are represented in two different colors:
— Values that represent a benefit of time are colored in green
— Values that represent a loss of time are colored in red
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Using TSO: Update a Timing Session &z’

48

e Select a Timing session in the “Timing and Stack” tab

e Right-click Update session

o Overwrites the timing results recorded from a previous session using
the same configuration

= - Pilot etp

=3 Pilot::Pilot

g [T #% Update Session

] )

i
g T B4 Properties...

Fileigm @ Frame... @ Timing a...

| Date:

g TS0 3 €

@ TS0 3.1 Project:
Configuration:
Analyzer:
Max unroll:

Default unroll:
KCG version:
Root node:

Root inputs and outputs as global variables: false

Optimization level:
Macro on assert:
Name length:
Significant length:
Debug:

Keep probes:

Root reset function CWCET: 2071 cycles
Bont cvecle function CVWCEFT- 165140 cvurcle

Timing Optimizer Analysis Result

TSO Session

15/11/2013 14:23:13
Q:\Pilot\Pilot.etp

TS0

Optimizer

2

2

KCG 6.1.3

Pilot::Pilot

1
false
200
31
false
false

Result Overview
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WSS Exercise 1: Goal ~ ESIERE,

e Learn how to

« create a Timing Analysis session in this SCADE model, where an imported and
function operators are implemented

« create a Stack Use Analysis session in this SCADE model, where an imported
and function operators are implemented
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AVSEE Prerequisites

* To avoid problems due to Windows length path limitation
o To work on this exercise, use a virtual drive named “Z”

« Launch a Dos cmd
Specifies the virtual drive “Z:” to assign the path of the user Labs folder to

obtain the following virtual path “Z:\Prerequisites\Exercise 1”
« subst Z: <Prerequisites Exercise 1 path>

___________________________________________________________________________________________________________________

Tip: Run the batch environment named CmdVirtual TSO 1.bat located at
the root of the TSO Exercises folder
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NLWSYSH Exercise 1

e Step 1.1:
o Open “Z:\Prerequisites\Exercise 1\impOp.etp”

e Step 1.2:

o Generate “TSO” Timing Optimizer Analysis session
 Build the code related to “TSO” configuration
« Launch Timing Analyzer Optimizer for this configuration
o Show the “TSQO” session results
« Locate the imported and function operators

e Step 1.3:

o Generate “TSO_1" Stack Optimizer Analysis session

-

« Launch Stack Analyzer Optimizer for the “TSO” configuration 2,
o Show the “TSO_1" session results

« Locate the imported and function operators
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DWWSEH Exercise 1 ~ESIEREL

e Step 1.4:

o Customize the Timing and Stack Optimizer to avoid to measure myFunc
in each analysis
« Create a new configuration named “TSO_AIS” based on TSO one
« Set “Prerequisites\Exercise 1\myAlS.ais” in the User dais file field
« Generate “TSO_AIS” Timing Optimizer Analysis session
— Build the code related to “TSO_AIS” configuration ~o”
— Launch Timing Analyzer Optimizer for this configuration . J

— Show the “TSO_AIS” session results
— Check that myFunc takes 0 cycles
« Generate “TSO_AIS” Stack Optimizer Analysis session
— Launch Stack Analyzer Optimizer for the “TSO_AIS” configuration

— Show the “TSO_AIS” session results
— Check that myFunc takes exactly 16 bytes of stack
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Using TSO: Compare Stack Sessions

ESTEREL

e Select two Stack sessions in the “Timing and Stack” tab

e Right-click Compare sessions

Technologies,

Expanded nodes:

[ Pilot::CheckPosition, Pilot::DetermineVelocity

gﬁj—iﬁ?m Sessions Comparison Between TSO_1(ref) and TSO_3(vs)
£5 750
§ ot / Pilot::Pilot
{-23 TS0 2 and outputs as global variables: [ false
% tion level /1
8 0O on assert: / false
: / 200
ficant length J/ 31
"] Debug: [ false
k Keep probes: [ false

Filetiew @ Frame... '@ Tiring a...

Root cycle function stack usage: tes / 200 bytes
Root reset function stack usage: ytes [/ 80 bytes
Global (with dependencies) stack usage: tes [ 232 bytes
Cycle functions
R e Stack CStack
ref Vs Diff L] ref # Vs Diff O
T Pilot:: Rising_FL_imported 0 0 0.00 168 200 32 16.00
3 Pilot:: Approach_FL_textual 0 ] 0.00 168 200 32 16.00
223 pilot:: MvtCalculus 56| 56 o 0.00 168 200 32 16.00
3 Pilot:: Waiting_FL 0 ] ] 0.00 168 200 32 16.00

55
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Using TSO: Compare Stack Sessions

Cycle functions

Sessions Comparison Between

Expanded nodes: { Pil
Root cycle function stack usage: [ 20
Root reset function stack usage:

Global (with dependencies) stack usage:

Root node: / Pilot::Pilat
Root inputs and outputs as global variables: / false
Optimization level: /1

Macro on assert: / false
Name length: / 200
Significant length: /31
Debug: / false
Keep probes: / false

/ 232 bytes

ckPosition, Pilot::DetermineVelocity

and TSO_3(vs)

TR Stack CStack
ref vs Diff ref # vs Diff %
e Pilot::Rising_FL_imported 0 0 0 0.00 168 200 3z 16.00
e Pilot::Approach_FL_textual 0 0 0 0.00 168 200 3z 16.00
e Pilot::MvtCalculus 56| 56 0 0.00 168 200 3z 16.00
23 Pilot:: Waiting_FL 0 0 0 0.00 168 200 32 16.00
e Pilot:: CorrectVelocityAxes 0 0 0 0.00 144 176 3z 18.18
& Pilot:: VelocityRegulation 32 32 0 0.00 144 176 32 18.18
e Pilot:: SquareSum 0 0 0 0.00 120 104 -16 -15.28
€ pilot::Module 24| 24 0 0.00 120 104 -16 -15.28
e pilot:: Command 64| &4 0 0.00 112 144 3z 22.22

~ESTEREL"

o Results view

« Summary of each
session configuration

« Results tables

o A Diff Report allowing
to compare results
between

« The first session (
column) and

« The second one (
column)

o A Diff column computes the difference between sessions
- To easily identify differences, values are represented in two different colors:

56 © 2013 ANSYS, Inc.

— Values that represent a benefit of stack size are colored in
— Values that represent a loss of stack size are colored in red
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Using TSO: Update a Stack Session ~EaEse

e Select a Stack session in the “Timing and Stack” tab

e Right-click Update session

o Overwrites the stack use results recorded from a previous session using
the same configuration

Sx= g";ﬁ?w Stack Optimizer Analysis Result
€75 TS0
g TS0 TSO 3 Session
£3 750 2
3 TS0 21
3 q‘l i: 17/11/2013 23:00:17
@ TS ﬁoupdate Session réyect: C:\Program Files (x86)\Esterel Technologies\SCADEG.4.2\examples\Pilot\Pilot.etp
= ] onfiguration: TSO_3
% ' Properties.. ﬁnalyzer: Optimizer
Max unroll: 2
Default unroll: 2
KCG version: KCG 6.1.3
Root node: Pilot::Pilot
Expanded nodes: Pilot::CheckPosition, Pilot: :DetermineVelocity
Root inputs and outputs as global variables: false
Optimization level: 1
Macro on assert: false
Name length: 200
Significant length: 31
Debug: false
Keep probes: false

Result Overview

FilgYiew @ Frame... @ Tiring a... I_
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Using TSO: Model Optimization

e Use for in-lining a function

o Enables
- Faster execution time expected
« Less allocated variables

« But bigger compilation units
— Be aware that full expansion especially stresses KCG and C compiler

o “Merges” the stack of the callee with the caller one
« Possibly harm total stack size

o Disables

- Impact on test strategy: test at higher level becomes mandatory, but not
easy in all cases
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Using TSO: Model Optimization

 Use to get better performances
o -0 <level> inthe KCG command line, <level>=01to0 3
o 0: no optimization
« Level to use for simulation/debug
o 1:local variables optimization and Data flow simplification
« Remove unused, redundant, not observable and used once variables
« Limited visibility for simulation/debug (tunable with the help of probes and
“keep” pragma)
- Level by default to use
o 2: memories optimization and factorization

« Included Level 1 optimizations, merge of loops and better Boolean
variables assignments

- Limited visibility for simulation/debug (tunable with the help of probes
and “keep” pragma)
o 3:structure and array copies optimization
« Included Level 2 optimizations
- Level 2 and 3 are used to resolve issues on runtime performance

o A best optimization can improve code generation and compilation
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Using TSO: More on Model Optimization - zzss’

61

 —

 To know more on how to optimize SCADE Suite models for
code performance...

 To do practical exercises...

e ... Please, request the SCADE Advanced Training:

o Optimize SCADE Suite Models and Code Performance
« How the SCADE Suite model architecture influences performances
« How to manage SCADE Suite main functions and constructs

« How SCADE Suite KCG code generation options impact runtime
performance of the generated code

- How to use efficient modeling patterns

* Training courses on TSV and TSO (interactive mode and
.ais format file) are arranged by Absint on demand.
Please don't hesitate to contact support@absint.com
(http://www.absint.com/services.htm)
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Annex: Brief Description Of AIS Format - zzss’

* TSO can be supplied with several kinds of annotations and
specifications that help it

o Todo its analysis
o To improve the precision of the results

 The format of these annotations and specifications is
called AIS (saved in .ais files)

Annotation/Specification * Analyser:

1. Sis relevant for stack

The clock rate of the processor T ,

analysis
Naming the compiler A 2. s describes annotation
Specification of contexts T of minor importance
Declaring additional start points for timing analysis T for stack analysis
Declaring that addresses are routine entries A 3. Tis relevant for timing
End specifications telling exec2crl to stop decoding A analysis
Control-flow: targets of computed branches, never-returning routines, etc. A 4. Ais relevant for all
Addresses of memory accesses S-T analyses in an uniform
Specification of register values and definition of user registers s-T way ’/%(

z
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Annex: Brief Description Of AIS Format - zzss’

Annotation/Specification * Analyser:

Assertions, e.g., about register values A 1. Sis Irelgvant for stack
Describing the cache(s) T ana y5|§ .

. . T 2. s describes annotation
Properties of memory areas including timing A ) )

- : : of minor importance

Additional execution time T .

. o . . for stack analysis
Requesting the WCET contribution of non-routine snippets T : -

- - - 3. Tis relevant for timing
Code snippets that should not be analyzed and their properties A analysis
V|olat!on of the calllng conventions A 4. Ajis relevant for all
Handling of software interrupts A analyses in an uniform
Infeasible code, i.e. code that is never executed A way
Values of conditions A

wn
1
—

Recursion: maximum call depth - number of recursive routines calls
Iteration counts of ordinary loops s
Timing specification for loops

Iteration counts of irreducible loops —and more

Commands that cause timing analysis to produce certain output
Introduction of symbolic names for program points and areas

> -
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b

ALDEH Step 1.2: Timing Analysis session

'gﬁ-l:pp Timing Optimizer Analysis Result

] TS0 |

§ TS0 TSO Session
Date: 27/11/2013 10:04:27
Project: Z:\Solutions\Exercise 1\ImpOp.etp
Configuration: TS0
Analyzer: Optimizer
Max unroll: 2
Default unroll: 2
KCG version: KCG 6.4
Root inputs and outputs as global variables: false

L\\» Optimization level: 1

Macro on assert: false
Name length: 200
Significant length: 321
Debug: false
Keep probes: false

Result Overview

Root reset function CWCET: 639 cycles
Root cycle function CWCET: 2251 cycles

Cycle functions

SCADE Path + Calls WCET (sum) WCET (max) WCET (avg) CWCET (sum) CWCET (max) CWCET (avg)

€ |useImp 1 903 903 903.00 2251 2251 2251.00
{4 | myFunc 1 242 242 242.00 242 242 242.00
€ | mean3Cycles 1 1106 1106 1106.00 1106 1106 1106.00

Reset functions
SCADE Path + Calls WCET (sum) WCET (max) WCET (avg) CWCET (sum) CWCET (max) CWCET (avg)
€ | useImp 1 374 374 374.00 639 639 639.00
[ | mean3Cycles 1 265 265 265.00 265 265 265.00

Dependencies functions

FileView | i3] Scade @ Ttisiig ) Sk Name ¢ Calls WCET (sum) WCET (max) WCET (avg) CWCET (sum) CWCET (max) CWCET (avg)
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AR Step 1.3: Stack Analysis session

67

~ESTEREL"

N Technologies B

b

= 3 ImpOp_etp
-3 uselmp

Fileview | 3] Scade %3 Timing and Stack

Stack Optimizer Analysis Result

TSO_1 Session

Date: 27/11/2013 10:05:16
Project: Z:\Solutions\Exercise 1\ImpOp.etp
Configuration: TS50
Analyzer: Optimizer
Max unroll: 2
Default unroll: 2
KCG version: KCG 6.4
Root inputs and outputs as global variables: false
Optimization level: 1
Macro on assert: false
Name length: 200
Significant length: 31
Debug: false
Keep probes: false
Result Overview
Root cycle function stack usage: 96 bytes
Root reset function stack usage: 64 bytes

Global (with dependencies) stack usage: 96 bytes

Cycle functions

SCADE Path # Stack CStack
g useImp 40 56
HE myFunc 24 80
HE mean3Cycles 40 a6

Reset functions

SCADE Path Stack Cstack
HE uselmp 24 40
HE mean3Cycles 24 64

Abbreviations
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Step 1.4: Timing Analysis session

68

Date:

Project:
Configuration:
Analyzer:
User AIS file:
Max unroll:
Default unroll:
KCG version:

Timing Optimizer Analysis Result

TSO _AIS Session

20/12/2013 12:24:52
Z:\Solutions\Exercise 1\ImpOp.etp
TSO_AIS

Optimizer

Z:\Solutions\Exercise 1\myAIS.ais
2

2

KCG 0.4

Root inputs and outputs as global variables: false

Optimization level:
Macro on assert:
Name length:
Significant length:
Debug:

Keep probes:

Root reset function CWCET: 574 cycles
Root cycle function CWCET: 978 cycles

Cycle functions

false
200
31
false
false

Result Overview

SCADE Path 1 Calls WCET (sum) WCET (max) WCET {avg) CWCET (sum) CWCET (max) CWCET (avg)
E | useImp 1 925 925 925.00 978 978 978.00
€ | myFunc 0 0 0 -1.#] 0 0 -1.#]
€ | mean3Cycles 1 53 52 53.00 53 53 53.00

© 2013 ANSYS, Inc.

February 16, 2015

'

b

ESTEREL "
e

© Esterel Technologies - An 1SO 9001:2008 Certified Company - Confidential & Proprietary



Step 1.4: Stack Analysis session

69

Cycle functions

Stack Optimizer Analysis Result

TSO AIS 1 Session

Date: 03/01/2014 14:53:20
Project: Z:\Solutions\Exercise 1\ImpOp.etp
Configuration: TS0_AIS
Analyzer: Optimizer
User AIS file: Z:\Solutions\Exercise 1\myAlIS.ais
Max unroll: 2
Default unroll: 2
KCG version: KCG 6.4
Root inputs and outputs as global variables: false
Optimization level: 1
Macro on assert: false
Name length: 200
Significant length: 31
Debug: false
Keep probes: false
Result Overview
Root cycle function stack usage: 56 bytes
Root reset function stack usage: 64 bytes

Global (with dependencies) stack usage: 54 bytes

SCADE Path Stack Cstack
T uselmp 40 26
T myFunc 26
T mean3Cycles 0
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