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Abstract

For real-time systems, correctness of a program not only depends on the produced
computational results, but also on its ability to deliver on time to satisfy specified
time constraints. The obvious example is safety-critical hard real time systems,
such as automobiles, avionic applications, for which failure to meet a specified
deadline not only renders the computations useless, but also can have catastrophic
consequences.

The speed and density of multi-core SoCs have outgrown traditional debugging
methodologies and makes computing the Worst Case Execution Time even more
difficult in its target environment.

We have addressed the problem using Infineon developed technology known as the
Multi-Core Debug Solution (MCDS). Using advanced on-chip trace techniques
that include on-chip trigger generation, trace data compression and trace storage.
MCDS provides only the relevant trace data to the debug tool.Without doing
Software Instrumentation or adding pins to the chip, MCDS enables real-time,
in-system debug and performance optimization non-intrusively.

Worst-case execution time analysis is the fundamental of real-time system design
and is therefore,an area which has been subjected to great scientific interest for a

long time.
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Chapter 1

Introduction

1.1 Background

The utilization of embedded programmable units in regular day to day existence
is continually expanding.A conspicuous case for this is current automobiles. Wiring
outfits are supplanted by bus frameworks, switches by savy switches and motor
controllers by ground-breaking CPUs.

This takes into consideration of extra sensors and a more powerful and effective
fault analysis and detection in case of any malfunction. Since the units in an
automobile need to work under outrageous conditions (as respects vibration and
temperature) with basically no preventive maintenance, the requirements on de-
pendability are raised impressively.

This remains constant at the hardware level, as well as for the expanding software
part in such frameworks. As these frameworks are likewise time bound frame-
works, the correctness of programming in such frameworks depends on functional
accuracy as well as on the on-time delivery of the figured outcomes.Most pes-
simistic scenario execution time (Worst Case) investigation processes upper limits
on the execution time of assignments in a framework [3].

As the general issue of deciding the WCET of a subjective bit of code is undecidable
(it is fundamentally the same as the stopping issue) one can’t hope to acquire the
correct esteem, rather, just an upper bound can be given.

Nonetheless, it is attractive for the WCET to be as tight as could reasonably be

expected.
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Figure 1.1: Worst Case Execution Time

1.2 Motivation

For real time frameworks, correctness of a program relies upon the final compu-
tational outcomes as well as on its capacity to convey results on time to fulfill
specified time limitations.Along with these lines, for a real time application, pre-
dictability concerning time is of farthest significance.

The conspicuous case is security basic hard real time frameworks,for example-
automobiles, aeronautical applications for which inability to meet a predetermined

due date renders the calculations pointless as well as leads to cataclysmic outcomes.

1.3 Problem Statement

The project encapsulates Feasibility on the Performance test for Worst Case Ex-
ecution Test for Microcontroller Abstraction Layer (MCAL) Drivers, Proposal on
the methods using the Infineon Hardware Capability, Design and Implementation

of the Worst Case Execution framework.

1.4 Objectives

e (Calculate the most correct Execution time of MCAL Driver APIs with no

overhead
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e To locate the most proficient strategy to Data Trace for Global registers
e Design and Implementation of the Worst Case Execution Test framework

e To reduce the Interrupt Locking time for MCAL Drivers

1.5 Research Challenges

To provide guaranteed WCET with minimal pessimism for MCAL drivers run-
ning on Infineon TriCore family. Regardless of research going ahead finished the
most recent thirty years, there is no real way to locate the correct on-chip most
pessimistic scenario execution time for any sensibly extensive bit of code running
on current processors.

Rather, the point of WCET examination when connected with regards to designing
ventures must be to locate a helpful,most appropriate and legitimate estimate of

the genuine WCET.

1.6 Scope

The scope of this project Framework for Worst Case Performance Test for Micro-
controller Abstraction Layer (MCAL) Drivers is only to Infineon’s Tricore family

microcontrollers.
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Related Work

WCET investigation is normally happened at two levels. The low-level, which is
done at object code, considering the effects of gear level features like pipelining
and cache. On the other side, high level examination is performed at the source

code which basically concentrating on describing conceivable paths of execution.

WCET ANALYSIS

J
[ ]

HIGH LEVEL ANALYSIS

LOW LEVEL ANALYSIS (CHARACTERIZING
[HARDWARE LEVEL POSSIBLE EXECUTION
FEATURES) PATH)
Eg: Cache and Pipelining Eg: minimum no of loop

iterations

Figure 2.1: WCET Analysis

As a rule, it depends on explanations given by the users to depict code execution
frequencies like maximum number of loop iterations.The problem of getting high
level analysis of the WCET by characterizing the context for the executed code.
With a single technique in view of symbolic articulations of the WCET, there is
a need to address two sources of over estimation of high level analysis:

subprogram calls and number of loop iterations.
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Figure 2.2: Different paths of Execution Flow

Customary systems register the WCET of a subprogram first and then, utilize this

value in all the calls to it, thus not exploiting the fact that a particular call may

have substantially more tightly WCET than others [4].

Similarly, a maximum

loop bound is utilized to acquire the most pessimistic scenario execution time of

a loop, overlooking the way that this loop might be executed by not as much as

this greatest number in various contexts.

This issue can be addressed by representing the WCET of a bit of code as an

algebraic articulation rather than a numerical number.

We depend on the intensity of computational polynomial math frameworks like

Mathematica or Maple to control, disentangle and assess these articulations.Note

that customary WCET is centered around nearby investigation and scarcely con-

siders the context in which a bit of code is executed. Though the new strategy

is all encompassing as in,it particularly addresses all conditions among different

code sections.
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2.1 Current Methodology: Rapitime

Rapitime is a 3rd party software by Rapita Systems, which creates programming
tools for on-target confirmation, improvement and code coverage of basic real
time implanted aviation and automotive softwares [3]. It is a robotized execution
estimation on-target timing examination apparatus. For real-time, embedded ap-
plications, RapiTime gathers execution traces to furnish you with execution time
estimation insights, helps assurance of most worst scenario execution time and

aides your advancement endeavors.

Buald

instrurment

Figure 2.3: Architecture of Rapitime

To calculate WCET, RapiTime collect the Execution traces, by putting some form
of Instrumentation in the start and end of the unit [11].

Instrumentation is a mechanism that is added to the code running on the target
that measures the time spent executing region of code.

The Software Instrumentation (additional code) might record the start and the
stop time of specific code units. This could be recorded in memory and retrieved
subsequently to derive high water mark. Frequently, a safety margin is added to

the value.
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Die LevelType Die_ ReadChannel (Dis_ChannelType ChannelTd)

J{RVS_T(10):{ |
uint3z PinPosition:
Dic_PorctlIvpe ForcHumber :
uintsg PinHumber :

Dic_LevelType RecWVal:
conat Ifx_FP #*GetPortRAddressPtr:
RertvVal = (Dio_LevelType) 0x00u:

PortHumber = Dio_ lGecPortHumber (ChannelTd) :
FinNumber = Dic lGecPinMNumber (ChannelId) :
{

GecPorthddreasPor = Dio_lGecPorthAdr (PortHumber) ;

FinPosition = ({(uint32) {(0=x1U) =< FinNumber) :

if ((PinPosition & (uint32) (GetPortiddressPror->IN.U)) = (uint32)0x00u)
i
RetVal = {(Dic_LevelTlype) O0xOlu:z
¥
I

{(RVS_T(.1) rreturn RerVal:} |

Figure 2.4: Software Instrumentation done by Rapitime.

SiNum APl Name Min Time(us) Max Time{us) WCET(us)

1 Dio_FiigChaninel 0.5800000000us 0.6600000000us 0.6600000000us
2 Dio_RezdChannel 0.5300000000us 0.5300000000us 0.5300000000us
3 Dio_ResdChannelGroup 0.3000000000us 0.3500000000us 0.3500000000us
4 Dio_ResdPart 0.3000000000us 0.3000000000us 0.3000000000us
5 Dio_WriteChannel (.5200000000us 0.5700000000u 0.5700000000us
3 Dio_ WriteChanrelGeoup 0.2300000000us 0.3300000000us 0.3300000000us
7 Dio_WritePort 0.3000000000us 0.3000000000us 0.3000000000us

Figure 2.5: WCET Results from Rapita Tool.
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2.2 Chipcoach

ChipCoach(Java)

C to Java interface

MCDS Trace Viewer (MTV)

’ Message ]
Trace configurer i Message viewer
decoder

MCD API (connecting to board, core, OCDS and MCDS
configuration)

Figure 2.6: Architecture of Chipcoach

The implemented software tool named ChipCoach is a post-processing tool for
embedded systems, which makes use of Infineons MCDS to gather trace data
and then analyze issues based on the trace data [2]. It exploits the tracing and
debugging functionalities of the MCDS infrastructure integrated in the AURIX

ED. The main purpose of using ChipCoach include:

e Automatic hardware configuration check: ChipCoach is designed to moni-
tor the configuration process of hardware modules and report the detected

violations of rules, which are predefined by the SoC designer and stored in

ChipCoach.

e Performance profiling and bottleneck analysis: ChipCoach are targeted at
the automatic detection of several types of performance issues including
shared resource contention, data locality issues, lock contention, blocked
interrupts etc. These issues are usually hard-to-detect and even invisible for

software developers.

e Specific module support: ChipCoach facilitates the usage of several hard-to-
use or important hardware modules for instance, memory protection unit,

DMA, clock control unit etc.
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e System exploration: ChipCoach helps users to understand and explore their

systems from different perspectives.
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Literature Survey

3.1 Tricore

TriCore is a 32-bit microcontroller architecture from Infineon, optimized for real-
time embedded systems.It unites the elements of a Reduced Instruction Set Com-
puter (RISC) processor core, a microcontroller and a DSP in one chip package [4].
The Instruction Set Architecture (ISA) supports both 16-bit and 32-bit instruc-
tion formats. TriCore avoids long muli-cycle instructions and provides hardware-

supported interrupts to reduce the interrupt latency and realtime responsiveness.

3.2 Infineon Aurix

The AURIX family is especially designed for automotive applications, e.g. Ad-
vanced Driver Assistance Systems (ADAS), powertrains and chassis control units
for braking, steering and suspension [8]. There are many device classes namely
AURIX TC38x, TC39x. The Infineon AURIX TC39x device is a widely-used
automotive microcontroller as shown in Figure 3.1.

It joins three ground-breaking advances inside one silicon die including RISC pro-
cessor design (Tricore), DSP and on-chip memory/peripherals [6]. The TC39x
device comprises of six Tricore processors having frequency upto 300 MHz.

A Tricore processor has L1 data cache and program cache implemented. Both

program cache and data cache are two-way set associative and least recently used

(LRU) based.

10



CHAPTER 3. LITERATURE SURVEY

e | RAM
AMUT)
ey ——

ELAME
AMU{O)
p——

NN | \

NEERE

Lhpgdl | ' ’EEH

8 ii: ﬂé"ﬂ
1L :

LR Hgist 2 LI

¥ - -
-
1
- 1
= Mgk Mas shgreibcantly different funotonalty in TCI A-Step. See ohapier o0 detais )

1
i* = erodetp by PO n ol Feailabile o TOXE A Step. =

Figure 3.1: Aurix 2G Architecture

11



CHAPTER 3. LITERATURE SURVEY

Local data memory in the core actually consists of several memory modules
namely Data Scratch Pad RAM (DSPR), Data Cache (DCACHE) and cache tag
memory. Similar to local data memory, local program memory has several blocks
including Program Scratch Pad RAM (PSPR), PSPR and cache tag memory.
Cache tag memory meant to be used as general memory blocks but for testing
purpose, which is not covered in this research. All these memory blocks are Error
Correcting Code (ECC) protected [7]. Global memories such as Local Memory
Unit (LMU) and Program Memory Unit (PMU) are used to store data and pro-
gram. Providing local memory to universally useful use and gives access to isolate
blocks of Emulation and Debug Memory (EMEM) is the main task performed by
LMU. Data stored in LMU is also protected by ECC. A special feature named On-
line Data Acquisition (OLDA) is also supported by LMU. The OLDA is a range of
memory which can be written without causing errors but no memory is addressed.

The PMU controls the flash memory and the boot ROM.

3.3 MCAL Drivers

MCAL remains for Microcontroller Abstraction Layer. With regards to embedded
programming improvement, the MCAL can be characterized as follows:

MCAL is a product module that directly accesses to all the external devices and
on-chip MCU fringe modules,which are mapped to memory.

Moreover,it makes the upper software layers (Basic programming layer, or BSW,
Application Layer) free of the MCU.MCAL empowers an extremely noteworthy
favorable position of the layered engineering of the AUTOSAR consistent design
which makes both the application and the middleware (Basic Software layer) au-
tonomous of the hidden equipment platform.This renders tremendous advantage
to the product advancement cost and time, as there is a move from coding to

configuration in the ECU configuration approach.

12
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Figure 3.2: AUTOSAR MCAL Software Module Architecture

3.4 Infineon’s Multicore Debug Solution

Infineon MCDS IP is designed for debugging and tracing the CPU execution,
bus, or any other IP functionality during run time without halting or stopping
the target execution [1] .The module is a part of Emulation Extension Chip of
AURIX/AURIX-plus family (Emulation Device). The detailed information about

the IP is discussed in the next Chapter.
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Figure 3.3: Architecture of Aurix TC39x Micro controller
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3.5 Automotive Software Engineering Environ-
ment

Automotive Software Engineering Environment (ASEE) is conceptualized to pro-
vide a unified software development,testing and debug environment across all
stakeholders (Development, Software Validation, System Testing, Test Automa-
tion, Continuous Integration etc.) for the Infineon AURIXTM embedded software
platforms [6]. It is an umbrella of state-of-the-art tools and frameworks with high

level of automation.
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Lib
T T “ i
Libearies |
Bifaces L |[ Tresus Lb | [Memtocd Lb][ DASLib || WPLib Ematon] [CANL)  [UNUB] [FlexRay L] [ igisl U [nalog L
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|
______________ I I | ‘ _______:___:_________::_._________________.,-____________;____T:_________J_________.__;_i,.___________.:’_____.
: I s ' Endaion | | COLLN | [ Fotay | ‘
Tods Bifaoes Trests ‘ Mool Drs e | Tos || Tk o | — —
Hardware Farot 26 Deiee Emylabion HY CAN Li\H'."’:mﬂz.“'.‘.‘ Diglal HIY | Analog Hil

Figure 3.4: ASEE Architecture

The ASEE uses robot framework as a skeleton and extends the already available
features by writing its own (python) libraries which are developed following the
generic approach of robot framework. These libraries aim to encapsulate the entire
complexity by providing simple keywords (functions) to interact with the device
in order to build, flash, execute and/or communicate with the device [5]. From

the software engineer point of view this looks like just calling simple words: ”Start
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Simulation”, ”Start Flash” and Run Test Case 2” from an Microsoft Excel, html,
tsv, plain text, or robot file. The Figure 3.4 shows the architecture of Automotive
Software Engineering Environment. The ASEE framework is divided into four
segments User Interface, Libraries, Tools and Hardware.

User Interface: As seen from the ASEE architecture the user will not directly
interact with the hardware directly. The user will interact with the hardware using
keywords (API) which are provided by python libraries through Robot Framework.
These python libraries are written in such a way that they can configure the
hardware by using appropriate tools by taking input from configuration files. This
will eliminate the difficulty that the user will face in configuring different the tools
to communicate with the device and save lot of time.

Tools: Tools helps to configure the hardware based on the requirements. These
tools may be developed in house or taken from the vendors. For example, MTV
TraceViewer, which helps to configure, trace and decode the traces generated
by MCDS.EB tresos Studio permits ECU designers and incorporates to check the
consistency of arrangements and to create code for essential programming modules
for an AUTOSAR standard core.

Libraries: Robot Framework is a generic automation framework which provides
complex functions in a simple way using simple words, enabling the user to focus
on their main topics. This is possible using Robot Framework Libraries. These
libraries aim to encapsulate the entire complexity by providing simple keywords
(functions) to interact with the device. These libraries aim to encapsulate the
entire complexity from the user and abstracting hardware components (LIN, Flex
ray, CAN) necessary to communicate between PC and Device under test. ASEE
makes use of the standard libraries which are provided already along with Robot
Framework to handle generic operations like String manipulations, XML parsing,
operating system and so on.

Hardware: Hardware layer consists of all the hardware that is being used in the
particular test environment. For example the controller used is AURIX Tricore .

PCAN device is used to generate CAN traffic in some CAN test setup.
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3.6 Robot Framework

Robot Framework is a python-based, extensible catchphrase driven test automa-
tion system for end-to-end acknowledgment testing and acknowledgment test-
driven advancement (ATDD)[8]. It can be utilized for testing disseminated, het-
erogeneous applications where check requires contacting a few advances and inter-
faces.

The system has a rich system around it comprising of different non-exclusive test
libraries and instruments that are created as independent tasks. Robot Framework

is open source programming released under the Apache License 2.0.

3.6.1 High-level Architecture

Robot Framework is a non specific, application and technology autonomous sys-

tem. It has an exceptionally secluded engineering as outlined in the Figure 3.5.

Test Data

---.- Test data syntax

Robot Framework

Test Libraries

System Under Test

Figure 3.5: Robot Framework Architecture

The test data is in straightforward, simple to- alter tabular format. At the point
when Robot Framework is begun, it forms the test data, executes test cases and
creates logs and reports. The center system does not know anything about the
objective under test and the connection with it is taken care of by test libraries.
Libraries can either utilize application interfaces specifically or utilize bring down

level test devices as drivers.

e Test Data
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Robot Framework test data is characterized in table form, utilizing either
hypertext markup language(HTML), tab-separated values (TSV), plain con-
tent, or restructuredText (reST) formats. Which format to utilize relies upon
the unique condition, however the plain content format is prescribed if there

are no extraordinary needs.

Robot Framework chooses a parser for the test information in light of the
document augmentation. The expansion is not case-sensitive and the per-
ceived extensions are .html, .htm and .xhtml for HTML, .tsv for TSV, .txt

and spacial.robot for plain text, and .rst and .rest for reStructuredText.

e Test Libraries
Robot Framework’s actual testing abilities are given by test libraries. There
are numerous current libraries, some of which are even packaged with the

core framework, however there is still a need to make new ones.

Python classes resides inside a module.If the name of a class implementing a
library is exactly same as the name of the module, Robot Framework permits
dropping the class name when bringing in the library. For instance, class
MyLib in MyLib.py record can be utilized as a library with simply name
MyLib.

This additionally works with sub modules so that if, for instance, par-
ent.MyLib module has class MyLib, bringing in it utilizing just parent.MyLib

works.

3.6.2 Example Robot File

The users can interact with the ASEE through Robot file. The user can control
what has to be done using Robot file. User will use the APIs (keywords) provided
by different ASEE python libraries to define what has to be done in what order
for a particular test condition. The Figure 3.6 show how a simple Robot file looks

like.
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**¥* Settings **¥
Documentation Keyword-driven example test cases.

# This way it is possikle to include keywords from other files

Library BuildLib

Library UVELik ${COM FORT}
Library FlashLib

Suite Setup Suite Init

Suite Teardown
*%% Tarizhles ***

*k% Heywords **¥
Suite Init
[Documentation] Suite init sequence
Setup Suite
Init Build Lib
${bin_file} = Start Build
Init Flash Lib
Start Flash £{bin file}
Bezget Dewice
Connect To Dut

Suite Delete
[Documentation] Suite delete seguence

**% Test Cases **+*

Test Case Demo
Log To Conscle Hello ASE ENV 2.0!

Run_Dic_Demo

Run Demoapp 0334x
Fun_Dma_Demo

Run Demoapp 04

Figure 3.6: Example of Robot File

3.6.3 Exmaple Test Data File

Figure 3.7 demonstrates an illustration Test Data record which is .xml format.
The user can send the data required through this file to the test libraries. As soon
as the Robot Framework is started,processing of the test data gives the required

data.
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<root>
<hseMain>
<ASE_VERSION>2.0</ASE_VERSION>
<PYTHON_PRATH ays_path="yes">tools/python</PYTHON_ PATH>
<RESULT_PATH>../demo/results</RESULT_PATH>»
<ASE_LIB>tools/ase lib</ASE LIB>
<DOC_PATH»doc</DOC_PATH»
<LOG_LEVEL>DEBUG</LOG_LEVEL>
<ECLIPSE_PRIH>c:/sofit/aurix2g sw mcal/eclipse/eclipse.exe</ECLIFSE_PRTH>
<TQQLS_BIN 2ys_path="yes">tools/bin</TO0LS_BIN>
</RseMain>
<RobotLib>
<ROBOT_OPTIONS/>
<REBOT CPTIONS/>
<ROBOT_TAGS/>
</RobotLib>
<Tresoslib>
<TRES05_ROOT>C:/sofit/aurix2g_sw_mcal/tresos/tresos</TRES05_ROOT>
<IRES0S_CFG_MODE>MDM</TRESOS_CEG_MODE>
<TRES05_WORKSPACE>1 ToolEnv/2 Tresos</IRES0S_WORKSEACE>
<TRES0S_PROJECT NAME>DemoApp</TRESCS PROJECT NAME:»
<TRESOS_OUT_DIR>0 Src/AppSw/CfgMcal</TRES0S_QUT_DIR>
</Trescslib>
<BuildLib>
<BUILD TOOL»BifacesLib</BUILD TOCL>»
<COMPILER_PATH>
<Gnuc_FATH>c:\sofit\aurix2g sw _mcal\hightec\bin</Gnuc_FRTH>
<Tasking_PATH>c:\sofit\aurix2g sw mcal\tasking\ctc\bin</Tasking PATH>
</COMPILER_PATH>»
<SRC_FOLDERS>../demo/extern/McIsar, ..\demo\DemoWorkspace\lMcalDemo\0 Src</SRC_FOLDERS>
<INCREMENTRL>YES</INCREMENTAL>
<DEVICE>AURIX2G</DEVICE>
<COMPILER>Gnuc</COMPILER>
<DERIVAIE>TC39%</DERIVATE>
<AUTOSAR>422</AUTCSAR>
<BUILD DEPENDENCY/>
<BUILD DISCARD/>
<RIM LICENSE>174B8fulicservl.muc.infinecn.com</RIM LICENSE>
</BuildLib>

Figure 3.7: Example of xml Test Data File

3.6.4 Log File

Robot framework creates reports and log documents after the test execution, Fig-
ure 3.8 demonstrates an example Log File.Log files contain insights about the
executed experiments in HTML format. They have a hierarchical structure demon-
strating test suite, test cases and catchphrase points of interest. Log records are
required each and every time when test outcomes about are to be investigated in
detail. Despite the fact that log records likewise have insights, reports are better

to get a more detailed and high level overview.
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|_REPORT |
" Carring
Login Tests Test Log AN 450230 2300
LR
Test Statistics
Total Statistics Total | Pass | Fall
Crigical Tests T ]
All Tests ]
| Suatistics by Tag | Toted | Pass | Fal | E&!
3 ————
Statistics by Suite Total | Pags | Fall
Login Tests, Tl 10
g Invole Login 5160
e Waid Liogin 1 1 ]
Test Execution Log
| TEST SUTE Login Tests ey
Fiall Mame:= Logen Tests
Sowrra: fprivatestmp Sesaniumibrany-demariogn _tests
Start/ End | Elapsed: AMOTH ATHEAZ 433 1 20M0TH AT A3 557 1 0001124
Sutus: T eribcal test, 7 passed, | fafed
Tiesttotal, 7 passed. [ faled
[ TEST SUTE: Inwalid Logn Emwdal
| B TEST SUITE:Valid Login p—
Full Name: Login Tests Vaid Logn
Documeniation: Azt suba with 3 smghe fest for vabd login. Thes lest has 2 workfiow Bat i ereatid using keywonds fom e resource Bl
Soumce: fprrvatetmpSaleniumibrary-demodogin_tests'vald_login bd
Start | End | Elapsad: 07N T I8 998 J 2010721 172023 556 1 DO:00-8 637
Stahys: 1 crifical test. 1 passed [ faled
1 testiotal, 1 passed, [ faled
EITEST CASE Vald Logia Es

Full Name: Logn Teests i Liogn Ve Login
Saant [ End | Elapsed: 0T 178525 | 0TI 172023555 1 000004630
Sutus: PASS ferieal)

B KEYWORLD himl_resource.Open Browssr To Login Page
EIKEYWOAD himl_ resource dagut Usernams demo
EIKEYWORD: himi_resource daput Passwond mods

[ KEYWORLD himi_resource. Submit Credentials
EIKEYWORD himi_resource Welcome Page Should Be Open
[ TEARDOWN: Selenurnl ibeary Close Browser

Figure 3.8: Example of Generated Log File
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Chapter 4

Multicore Debug Solution

4.1 MCDS Architecture

The hardware-level operations are gathered by MCDS via observation blocks.
There are two types of observation blocks: Processor Observation Block (POB)
for core tracing and Bus Observation Block (BOB) for bus tracing.

The Shared Resource Interconnect (SRI) allows parallel transaction among differ-
ent hardware modules.

The System Peripheral Bus (SPB) mainly connects CPU’s, peripherals. In order
to trace both bus transfers, two BOBs for both SRI and SPB are embedded in
MCDS [9].

It creates time stamps on the buffered trace messages. On the other hand, it
also handles the trace qualification across core boundaries. For example if a core
executes a specific routine, then bus tracing is enabled . Debug Memory Controller
(DMC) is an equipment module that is in charge of bundling tracing messages into
a packed structure and send from various sources into the tracing buffer(EMEM)

which keeps the temporal order of messages in binary format.
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* 1 POB: Processor Observation Block
J BOB: Bus Observation Block

[ Bamory controller |

J MCX: Multicore Cross Connect
MCX: cross connect )

WONE
&

1 OCDS: On Chip Debug Support
POB BOB

1 SRI: Shared Resource Interconnect

] SPB: System Peripheral Bus

CPUs OCDS | |SRI/SPB

Figure 4.1: Architecture of Multicore Debug Solution

4.2 MCDS Features

e Infineon has successfully developed and deployed a technology known as the

Multi-Core Debug Solution (MCDS) to address that problem.

e Using advanced on-chip trace techniques that include on-chip trigger gener-
ation, trace data compression, and trace storage, MCDS provides only the

relevant trace data to the debug tool.

e Without adding pins to the chip, MCDS enables real-time, in-system debug
and performance analysis practical by tracing the relevant information at

the relevant time.
e Non-intrusive debugging.
e Compression of trace messages to save memory.
e Can be placed outside of production die.
e Independent of physical interfaces between chip and debug host.

e Core runs at full speed
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e Access to internal buses
e No changes to the application code are required.
e The target does not need to be halted to gather data.

e The real-time performance of your application is not affected by data collec-

tion

4.3 'Trace Memory

The term trace memory is found in many different places when tracing is in

progress or has been done.

e Small, local (primary) FIFOs inside the Trace Units. Each observation block
contains several trace units, which in turn may all generate a different mes-
sage at the same time. Therefore, small local FIFOs are required inside the

trace units.

e Width and depth depend on kind and size of messages characteristic for the

containing unit.
e Local (secondary) FIFO’s in the Observation Blocks.

e The building block is called MSU (message sequencer unit) and takes care

that the primary FIFOs are emptied strictly sorted by time tag.

The buffer memory, which is available to store the trace data is 1IMB in TC39x
and 8KB in TC38x. This imposes a difficulty to gathertrace data for all test cases

being executed in one shot.

4.3.1 Continuous Tracing with High Speed Tool Interface

The use case described can be considered as single shot measurement. The
recorded time(trace depth) is limited by the amount of on-chip memory. For
some applications like performance measurement the trace depth can be extended

off-chip. Four preconditions must be met: At least two memory tiles can be
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used for tracing. The data transfer channel to the tool has enough bandwidth.
The average trace bandwidth is less than the tool bandwidth. The peak trace
bandwidth does not cause overruns of the on-chip buffer memory.

Debugging an Infineon TriCore device requires a Lauterbach Debug Cable together
with a Lauterbach Debug Module. The Debug Cable comes with a license for de-
bugging.Lauterbach offers an off-chip trace solution for AURIX devices equipped
with a serial off-chip trace port (Aurora Giga-Bit Trace, AGBT). For devices of the
AUDO-NG family, a parallel off-chip trace is available. Lauterbach offers multi-
core debugging and tracing solutions (particularly for AURIX devices), which can
be done in two different setups: Symmetric Multiprocessing (SMP) and Asymmet-
ric Multiprocessing (AMP).AURIX devices can be traced with an On-chip Trace
or a Serial Off-chip Trace (AGBT) if a connector is available on the target.

4.4 MCDS Clock

MCDS runs on BBB clock, which is read from CCU registers. We can change
the clock of the IP(doesnt make any sense to it). If the target application runs
on different frequency then u have to confirm the clock of BBB to make your

calculation accurate.

+ { > mF
FS1_clock 100 M-z -
FSE_dock 300 MHZ » CPUR
GTM_diocKk 200 MHz
. e
. SRI_dock 300 MHZ
> Dividers = sPy
SPB_dock 100 MHz _:_ [— _“—*‘
BEE dock 1S5S0 MHz
SP8°2_dock 200 MHz 3 * wcDs
REFCLK1 12.5 MHz | p—
1 »| scu
| ST
r - RCU
— S
REFCLKZ_clock

Figure 4.2: MCDS Clock
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MTYV sets the clock automatically, when the device is connected (or reset), ac-
cording to core 0. Please note that in MTV between reset and clock system
configuration the frequency can be different. To avoid that the clock systemis
not yet configured, this automatic measurement will only bedone while CPUO is
running. MTV gives us the timings in form of ticks. Suppose the BBB clock is set
to 150MHz. Then the execution time of 1 tick is 6.6ns.

4.5 Functional Description

4.5.1 Trigger logic

Trigger logic is depending on the wide range of comparators present inside MCDS.Each

observation blocks has these different comparators for the triggering Logic.

trace . A
A-B /A
BOUND ] 0zA<BH w-
RANGE | § B
Register
File GENERIC_MAGNITUDE_COMPARATOR

Figure 4.3: Trigger Logic

4.5.2 Event logic

Event logic will qualify the trigger pool. When consolidating trigger outcomes, two
primary cases are conceivable:Either the event is given by various triggers which
need to coordinate simultaneously (e.g. address in range AND data equivalent
to numerical value) or something needs to happen if no less than one from an
arrangement of triggers (e.g.address lower than base OR higher than top of stack)
matches.

As the second case regularly requires ANDing triggers to figure out the components
of the OR set, it was chosen to consign the OR function to the event’s customers,
specifically the Action Definitions. The number and sort of triggers associated with

every event rely upon the area of its usage.
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event pool
b9 | select] | qualin] T:feel"
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=1 | action
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level
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AlQD

o selectl | quaiiff_,|

e

LvO

Register
File GENERIC_ACTION_LOGIC

Figure 4.4: Trigger Logic

4.5.3 Action logic

Action logic activates the required trace capture.All the activities inside MCDS is
regulated by standardized registers called activity definitions. Frequently, some-
thing needs to happen if no less than one from an arrangement of events (e.g.
address lower than base OR higher than best of stack) happens.While a simple
boolean OR seems to fit the bill, the distinction between edge and level requires

a little more effort.

trigger13]
»| qualify
ElQ15 f——| » = event
»
triggerf0]
»| qualify
ElQ0 ﬁ/\
Register
File GENERIC_EVENT_LOGIC

Figure 4.5: Trigger Logic
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4.6 MCDS Tracing

Various kind of information can be collected by the MCDS. POB is able to trace
core related information including program flow, data accesses and core states. For
program flow tracing, three alternatives with different granularity are provided,
which are instruction tracing, flow tracing and compact function tracing. The

alternative is selected as a compromise of tracing duration and granularity.

4.6.1 Instruction tracing

The Instruction tracing records the ending time of each instruction execution. It
provides very detailed information of the program execution but consumes the

tracing buffer fast.

Index TimeR  Opoint  Origin - Operation  Address Symbaol

1 1 CPUO CPUO P ADDIC2CC  corell_main

2 1 CPUO CPUOD P ADOIC2D0D  corell_main

3 3 CPUOD CPUD P ADDIC2D4  corell_main

1 1 CPUO CPUO P ADDIC2DS  corellumain

5 6 CPUO CPUO P ADDIC2DC  corellmain

G 8 CPUD CPUD P ADDIC2DE  corellmain

T 9 CPUD CPUOD P ADDIC2E2  corellomain

8 11 CPUOD CPUOD P ADDIC2EG  corell_main

9 12 CPUD CPUD P ADDIC2EA  corellLmain

10 14 CPUD CPUD P ADDICZEE  corellinain

11 16 CPUD CPUD IP CALL ADDIC2F2  corellnain

12 25 CPUO CPUO P ADDO22C4 Ifx_OSTask_ApplicationInit
13 26 CPUO CPUO P ADD0D22C6  Ifx_OSTask_Applicationlnit
14 10 CPUO CPUOD P ADDIF2E0  EE_oo _StartOS

15 11 CPUOD CPUD P ADDIF2EA EE_oo_StartOS

16 11 CPUO CPUO P ADDIF2ES EE_coStartOS

17 11 CPUD CPUO P ADNF2EC EE.ocoStartOS

Figure 4.6: Instruction Tracing

4.6.2 Flow tracing

Flow tracing offers a balance between the tracing duration and the tracing gran-
ularity. It does not trace detailed instruction execution but the discontinuity of
the program flow, which are caused by function calls, branches and interrupts.
The continuous part is by default considered as that the PC is continuously in-
cremented. In this way, the ending time of each instruction is not available but it

saves the tracing bandwidth.
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4.6.3 Function tracing

The least bandwidth-requiring alternative is compact Function tracing, which only
generates messages when function calls and function returns are observed.

This alternative consumes little bandwidth but it also omits detailed execution
information. For instance, the detailed branch execution and even leaf functions

are not contained in compact function tracing.

Index TimeR Opoint Origin Operation  Address Symbaol

1 17 CPUD CPUD IP CALL AODDIC2F2  corell_main

2 17 CPUD CPUOD IP CALL ADDD22C4 [ OSTask_Application
3 i CPUO CPUD IP CALL AODIF3IGE EE_ooStartOS

1 i CPUO CPUD IP CALL AODDO1CHD Ht;;Ttl'lp“uuk

Figure 4.7: Function tracing

The examples above are decoded by TraceViewer,which is an MCDS configuration
and trace decoding tool. The .elf file is also given to provide the detailed binary
and symbolic information. Timer shows the time stamp information. The time
stamp is added after a message is generated. For instruction tracing, a message
is generated when the instruction has been executed. While, for flow tracing, the
generation of a message is triggered when a discontinuity happens. Accordingly,

a function call or return creates a compact function tracing message.

4.6.4 Data tracing

The Data Trace gives us all the read /write operations being done. It provides the
value been registered at specific address. We can even configure the IP in a range

qualification to get the read/write operation traces.

4.6.5 Bus tracing

The bus trace gives all the operations being performed by the SPB/SRI.
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Index TimeR Opoint Origin Data Operation Address Symbol
1 19889 SPB CPU0D.DMI FFFCooOE R32 SV Foos61o0 .SCU
2 19911 SPB CPU0.DMI FFFCOOOE R32 SV Fo036100 .SCU
3 19916 SPB CPUO.DMI  FFFCOOOE R32 SV Fooiéioo  SCU
1 19934 SPB CPUODMI  FFFCOOF1 W32 5V Fooz6cioo  SCU
5 19938 SPB CPUD.DMI  FFFCOOF2 W32 SV Foos61o0 .SCU

Figure 4.8: Bus tracing

4.6.6 OLDA trace

The Online Data Acquisition (OLDA) is an address space where writes can com-
plete without error but no memory is addressed. This allows production code
to be writtern which writes data to memory, where the memory is only present
in Emulation Device. When running on an Emulation Device, the user can map
EMEM to the OLDA region address space using the memory overlay feature, and
the write data is then stored in the EMEM. When running in the Production
Device, a default slave(when OLDA is enabled) terminates writes to the OLDA
address space without error, even though no memory exists at the target address,
and the write data is discarded.

In the event that OLDA support is empowered in a default slave, direct write
accesses to (without redirection) the OLDA run are not so much execute and they
do not create a bus error trap.

Redirection of accesses to real memory is accomplished internally to the processor
generating the access. Redirected accesses will therefore not have an address lying

within the OLDA address range when they are placed on the SRI.

4.7 Aurix Tools

The implementation of the proposed methodology is developed on the basis of sev-
eral existing tools. DAS and MTYV are the most important ones. DAS deals with
the connection to devices while MTV is focused on MCDS tracing and decoding.
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4.7.1 DAS

The DAS architecture was designed for multi-device multi-core systems with very
demanding emulation requirements. It ensures a single interface to different equip-
ments including system and software debugging, silicon debugging, silicon valida-
tion and tool chain debugging. The same tooling interface supports various device

representations from ESL model to end product to reduce cost and risk.

Wrapper
DUTpy
C 5 ific L
ore speciiictayer MCXDAS API .dll
Client Socket Layer DAS AP .dll
__________________ TCP/IP (remote orlocal)
Server Socket Layer
UDAS Server
Device Specific Layer
S USB orEthernet
Access Hardware Miniwiggler, etc.
ITAG, DAP, etc.
Device

Figure 4.9: Block Diagram of DAS

The detailed structure of DAS is shown in the block diagram Figure 4.7. The tool
interface is on software level (DAS Application Programming Interface (API)),
which is implemented in a .dll file. This layer provides the abstraction of the
device connection. In this way, the connection will be transparent for the tool. On
top of this layer, MCD API is created to better fulfill the requirement mentioned
in [5]. The connection between computer and access hardware is via either USB
or Ethernet. The access hardware here means miniWiggler, which is a converter
from the USB to the debugging interface for example DAP/SPD/SWD/JTAG.

For development boards provided by Infineon, an onboard miniWiggler is already
integrated on the PCB so that the board can be connected directly from the

computer via USB.
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4.7.2 MCDS TraceViewer (MTV)

Behind the graphical user interface of MTV there are two main building blocks:
e The Trace Decoder
e The MCDS Configuration Control

The trace decoder is very generic and decodes any trace generated with any MCDS
configuration. The MTYV user controlled MCDS configuration is restricted to a
quite static MCDS resource usage. This allows extracting the user level represen-
tation of the MCDS configuration just from the MCDS register settings. There
is no restriction for MCDS configurations provided with .mcdsc files, but please
note that arbitrary configuration changes with the MTV user interface are note
supported. We can say, as if it provides 10% of configurations options as that of

MCDS IP. MTV is a part of the DAS installation

MTYV file formats

MTYV supports the following file formats:
e .mcds for trace data and configuration exchange
e .mcdsc for configuration only exchange
e Standard ELF files for code, data and symbols

.mcds data file format
The .mcds file contains all the information needed to decode a trace, in a very
compact format.

Features

Compact

Contains all the information which is needed for a complete trace decoding

Traced data

e MCDS version and configuration

Binary code snippets, needed for program flow decoding (optional)
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e Data and Code symbols (optional)
e Supports a comparison with a text diff tool
e Can be used as a configuration file to produce traces.

The .mcds file format consists of several sections. The sequence of sections has to

be as listed as shown in figure.

Section Marker Note

Header None Version and device information

MCDS Config START_OF_MCDS_CONFIG MCDS configuration

Symbols START_OF_SYMBOLS_IN_TRACE Symbaols in trace, imported from ELF file (optional)
Code START_OF_CODE_IN_TRACE Code in trace, read from device (optional)

Trace Data START_OF_TDR Trace Data Raw (TDR)

Figure 4.10: .mcds File Format

File header

The file header contains version and device information:

MecdsFileFormatVersion=1.0
McdsDevice=AURIX_ED
McdsDeviceUsed=0x201E9083
MecdsToolUsed="MTV V1.1”
McdsFrequencyMHz=150.0
RecordingDate=2016-06-02
RecordingTime=14:19:59
MecremVersion=1.1.0

MecdsDevice := AURIX_ED — A2G_ED — AURIX_MINIMCDS — A2G_MINIMCDS

MecremVersion reflects the version of the mapping of user features to MCDS register
settings.
Section MCDS config

This section lists all MCDS registers which do not have their reset value.

e The addresses are from the CPU point of view.

32



CHAPTER 4. MULTICORE DEBUG SOLUTION

e The redundant name of the register is for information only and can be omit-

ted.

e The redundant name of the MCDS registers is for information only and can
be omitted. A tool reading a .mcds file will usually just ignore the names

and not check the consistency of register addresses and names.

START_OF _MCDS_CONFIG
F90E8014 00018E84 MCDS_-MUX
F90E8204 0000E000 MCDS_FIFOBOT
F90E820C 00011FFF MCDS_FIFOTOP ...

Usually only the MCDS_MUX register value is required for full trace decoding.
Exceptions are Function (CFT) traces which need to be indicated to the decoder
by MCDS register settings.

The full register information can be used to reproduce the same trace situation
with the device.

Section symbols

This section lists code and data symbols which were used in the trace and found
in the loaded ELF files. Note: Code Symbol format is CS@jaddress; size;jname;,
Data Symbols start with DS@.

START_OF_SYMBOLS_IN_TRACE

CS@800009DA 5C FunclFX_ OSTASK_EVENT1

CS@80000AEE 12 FunclFX_ OSTASK BACKGROUND

CS@8000196C 26 IfxPort_setPinMode

CS@80001BFE B4 IfxScuCcu_getPllFrequency

DS@600007D4 4 EE_TRQ_nesting_level
DS@600007D8 4 EE_tc_active_utid
DS@70019600 500 __USTACKO
DS@800004E0 2C EE_th_dispatch_prio
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Section code
This section contains all code which is needed for the trace decoding. A text

format was chosen to enable a file comparison with a text diff tool.
e Each line represents 32 address aligned bytes.

e The format is CS@jaddress;, followed by the data starting with byte 31 and

ending with byte 0, structured in 4 byte words.

START_OF_CODE_IN_TRACE

31282724232019161512118 ... 0

C@A0000860 FO54FF59 1FC2F054 FF19F600 0091AE40 80000240
000D18ED ... C@QA0000880 2041F24B FCCCDF1B F3D4D07B 00342319
0000F2C5 122A006D ... C@A0000940 0000FFC5 2020AE40 80000240
000D1BD9 006D0004 F25FF280 ... ...

Section trace data
This section contains the trace data. This can be linear trace of any size or the
image of a circular buffer.

START_OF _TDR

<binary data>

The decoding starts with the first byte until no trace data is available or an
MCDS <endoftrace>message is found. In case of an <endoftrace>message it is
automatically checked, whether this is the image of a circular buffer. The pre-
condition is that the size of the trace data is a multiple of an MCDS paragraph.

If the <endoftrace>message is not found in the highest paragraph, the decoder
starts a second circular pass from the beginning of the following paragraph. If
this circular pass ends at the same <endoftrace>message, it is considered as the

image of a circular buffer and the second pass is displayed, otherwise the first pass.

.mcdsc configuration file format
The .mcdsc configuration file contains the complete sequence of register accesses

required for setting up and starting the trace recording, including OCDS enabling
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and EMEM configuration. The addresses are from CPU point of view. Note: The
redundant name of the MCDS registers is for information only and can be omitted.
A tool reading a .mcdsc file will usually just ignore the names and not check the
consistency of register addresses and names.

McdsConfigFileFormatVersion=1.0

MecdsDevice=AURIX_ED

McdsDeviceUsed=0x201E9083

McdsToolUsed="MTV V1.1”

RecordingDate=2016-06-02

RecordingTime=14:19:59

McremVersion=1.1.0

F0000478 000000A1 CBS_OEC

F0000478 0000005E CBS_OEC

F0000478 000000A1 CBS_OEC

F0000478 0000005E CBS_OEC

F000047C 00000300 CBS_.ONTRL

F90E6000 00000100 EMEM_CLC

F90E6034 00000002 EMEM _SBRCTR

F90E8000 00000000 MCDS_CLC
F90E8018 AAAAAAAA MCDS_SESSIDL

Message Format

traced data: This is the information itself. Examples are the current value of the
instruction pointer or the number of a watchpoint. trace type:It is obvious that the
traced binary data is impossible to interpret unless the type of information is given.
core ID:As soon as the message is taken from the primary FIFO, the source has to
be attached to the message to facilitate reconstruction. An alternative would be
to personalize the trace type, but that would spoil the reuse concept. time tag: At

some time the messages are stored in FIFOs. To maintain the chronological order
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when they are taken from different FIFOs, a tag is attached. Same tag means same

instant of creation. time stamp: When sorting messages into the trace buffer, care

is taken to put time stamp messages first. All subsequent messages are then not

older than the most recent time stamp.

traced data |

_,-"'//...rf

TD | trace type |

TD|Tr] core ID ]

T [ 1T ] D | length |

MSB T [ 17T ] D |L] tmetag |

LSB

time stamp | TD | TT o (LT | 1T ID | L] time stamp

Figure 4.11: Message Format

Snapshot of MTV TraceViewer
File menu:

wv MCDS Trace Viewer

SN Device MCDS Edit Help

Open mcds Flle, . Alt+M
Open _glf File... Alt+E
Load Additional .elf File.__
Unload All ell Files

Load mcds{c) Config File... Alt+C
Save mcdsc Config File...
Save Trace as _mcds File.. Alt+S

Exit

Figure 4.12: File Option
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Device menu:

Figure 4.13: Device Option

MCDS menu:

5% DAS JDS TriBoard TC3X7 TH V1.0 TETKGNT - MCDS

Figure 4.14: MCDS Option

MCDS can trace 2 CPUs at a time, Therefore, we can configure two CPUs differ-
ently in form of OpointCPUx and OpointCPUy.
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CHAPTER 4. MULTICORE DEBUG SOLUTION

MTYV Default Settings:

Opoint CPUO Trigger
» Status Trace » Application Reset Trigger
» Function Trace » OCDS Suspend Trigger

» OLDA Trace

Opoint SPB
> SPB Error Trigger

Opoint SRI
» SRI Error Trigger

Figure 4.15: MTV Default Setting

Trigger Trace on IP address:

0 STATE
48| STATE
08| STATE
48| STATE

00 CFT P START
TREMIER TRACE

Figure 4.16: Trigger Trace on IP address
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Program Flow and Data Trace:

W DS, (AR5 o
uo

5, DS, Owie, I

Figure 4.17: Program Flow and Data Trace
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Qualified Flow and Data Trace:

i
G ST Wik outes. 15
N'D_'_ﬁ'; a

2‘ CALL el
0 Iﬂ'Ml“l\ At

A AT,
l r.nms_ TSy GuiSo

Figure 4.18: Qualified Flow and Data Trace

Recording:

[ 4 |Recorngres. posttnggeryelow

Hot attach of device if not connected
DAP frequency is set to 30 MHZ if below 2 MHz
Sets an MCDS default config if no config is present

Figure 4.19: Recording

40



Chapter 5

Implementation and

Experimental Evaluation

5.1 Execution Flow

Figure 5.1 demonstrates the Flow of Execution of the MCAL Driver module.
Code flashing is finished by Infineon Memtool. Regression Execution is done by

Universal Validation Platform (UVP).

MCAL driver
configuration

Build Lib

Flash Lib

Execute Lib

Measure Lib S

ASEE Architecture

Figure 5.1: Execution Flow
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5.2 Methodology

e Data Trace for Global registers (SFR)

Pre to Actions
Post
Post Trigger Event Trigger
" logic
.hex/ elf MCX
Instrument | EATrace Event rfw
TestFile for Elf decoding Trigger (SFR logic L] action
OLDA Trace | range) [Triggers Events
—
Bound Ls| oLDA Trigger Event Olda
& Range logic L] trace
Run Test MCDS Trace Evaluate Modified
cases Viewer Traces | Results > SER
Binary Data
(EMEM)

Figure 5.2: Data Trace for Global registers

e Performance Test: Maximum execution time of MCAL Driver APIs.

‘WSection Pre to Actions
{ - Post ]
Driver File Post Trigger Event Trigger
Schm File logic
: hex!.elf
Jhexf.e
N Program Event Time MCX
Elf decoding Trace Trigger low stamp
] - [Trigger oEe Events
1
ITn::l_' ',__'::_F;::r Bound OLDA Trigger F”‘?”‘ Olda
— & Range agic | ;
OLDA Trace & trace
Run Test MCDS Trace Evaluate Performance
cases Viewer Traces Results > Test: Execution
Binary Data time of MCAL
(EMEM) Driver code

Figure 5.3: Performance Test for MCAL Drivers
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CHAPTER 5. IMPLEMENTATION AND EXPERIMENTAL EVALUATION

5.3 Design of the Library (ExecutionTraceLib)

As the MTV GUI provides limited configuration options of MCDS, we perform

various triggers and qualifications, configurations directly on MCDS registers.

e With the help of DUTpy Library (built on DAS), we can configure the MCDS
registers using advanced on-chip trace techniques that include on-chip trigger
generation mapped with different types of Traces like Instruction, Function,

Flow, Data.

e The Binary trace generated in Buffer Memory is decoded to get to get the

Execution Test Traces.

e And thereafter this decoded trace information can be mapped with symbol

table and parsed to get the min/max time of an Driver API.

Execution Trace Library
(ASEE Framework)

C++ to Python Interface (DUTpy)

‘ MCDS Trace Viewer (MTV)

Trace Message Message
‘ configure Decoder Viewer

MCD API (connecting to board, core, OCDS and MCDS
configuration)

Figure 5.4: Integration of ExecutionTraceLib with ASEE Framework
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Robot File

ExecutionTrace Lib

Libraries
2N
DAS Lib
Tools DAS
Aurix 2g Hardware

Figure 5.5: Architecture of ExecutionTraceLib

Robot a MCDS EMEM
File =
D
3
Ulpo
T A Registers
3 <
& MCDS p s
é i N y Tricore
; Mini MCDS
&
ASEE o
Host 'j R Target

Figure 5.6: Block Diagram of Execution Trace Library
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CHAPTER 5. IMPLEMENTATION AND EXPERIMENTAL EVALUATION

5.4 Execution of the Library

TEST (3G _EFC NAME =1
MUTOSR VERSION NDER TEST= 422
COMPTLER_USED FOR_TEST  + Tasking

remt B4 ke LR e

Figure 5.7: Execution Setup

B DUTpy py |3| B eMeds_reg py |3| B _init__py 3 | B Bccution TraceLib py £3 | [l ase_env_cfgaml &) [H IntTest_Fs_17_Dmu (2).robet E3

5 Library BuildLib

& Library OVPLib

7 Library FlashLib
Library ParamGenLib
Library ExecutionTraceLlib
Library ExecutionLib
#Library SaleaelibOpt
Library DasLib

14 Test Setup Suite Init

15 Test Teardown Suite Delete
#%% Variables *#%

19 #x#% Heywords #%&

20 Suite Init

21 [Documentation] Suite init seguence

22 Setup Suite

23 Init Build Lib

24 Init Flash Lib

) OVPLib.Init Execution Lib

26 Init Param Gen Lib

27 Init Execution Trace Lib

28

29 Suite Delete

30 [Documentation] Suite delete segquence

31 Log to Console TearDown

32

313 ##% Test Cases *%%

34 TestCase001

35 [Documentation] These are UVP Testcases

36 [Tags] Regression

i) Init Build Lib

38 ${bin_file} = Start Build

HE Init Flash Lib

40 Program Flash ${bin_file}

41 Init Param Gen Lib

42 Read 5TS

43 #Gen OVE

44 #5tart Function Trace

Sl ParamGenlLib.Start OVP

46 #5top Trace

47 Log to Console ove

4% TestCased02

50 [Documentation] These are UVP Testcases

Figure 5.8: Robot File snapshot
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E DUTpypy 3 | H fxMeds_reg.py £3 | H _int__py 3 | B Eecution Tracelib py £3 [ ase_env_cfgaanl B

30 <CTC_SKIF_FUNCTICH>»test %,main</CTC SKIP FUNCTION>
a1 <CTC_¥ML_GEN>False</CTC_XML GEN>
92 | </CTCLib>»
25 <Suitelib>
94 <SUTTE_ROOT>C:\git-repos\aurix2g_sw mcal_te3xx\04_Validation\01_Integration_Test\01_Implementation</SUTTE_ROCT>
95 <BUILD TMPL>C:\git-repos\aurix2g sw mcal tc3xx\09 Integration\DemoWorkspace\McalDemo\TC39B</EUILD TMPL>
96 <BUILDSPACE>buildspace</BUILDSPACE>
7 o <SUITE>

8 <SUITE_ENABLE>True</SUITE_ENABLE>
<SUITE_NAME>IntTest Fls 17 Dmu</SUITE NAME>
<SUITE_ID>21</SUITE ID>
<PRODUCT_MAME>SAKR-TC399XE256F3005BA< /PRDDUCT_NAH_E>
<SUITE_ACCESS MODE>SV</SUITE_ACCESS_MODE>
<FLT_INJ_ENABLE>0</FLT_INJ_ENABLE>
<VP_ENABLE>0</VP_ENABLE>
= <RobotLlib>
<ROBOT_TAGS>UVPTestCase</RCBOT_TAGS>
</Robotlib>
= <BuildLib>
<DEVICE>AURIX2G</DEVICE>
<COMPILER>Gnuc</COMPILER>
<DERIVATE>TC399</DERIVATE>
<AUTOSAR>»422</RUTOSAR>
<SFR_FOLDER>TC39B</3FR_FOLDER>
<BUILD_DEPENDENCY>*Stm Irg/*, *Irqg.c/*, *0_Src/%,%*03 Test Common/*, *Mcu/ssc*, *Port/ssc*, *Fls 17 Dmu/ssc*, *Mcallib/ssc*, *Src/It
<BUILD_DISCARD>*Demoliorkspace/**/CfgMoal/*,*/Fls_17_Dmu.c,*Main/*,*wdg_17_scu/*,*Eth 17 _ethmac/*,*Can 17 MomCan/*,*Ifx Cfg
<SRC_FOLDERS>C:\git-repos\aurix2g sw meal te3xx/05 Integration/MeIsar,C:\git-repos\aurix2g sw mcal te3xx/04 Validation/03 Te¢
[ <CONFIG_CHANGE_DICT><Element text=" /AURIX2G/EcucDefs/Fls/FlsGeneral /FlsInitApiMode” >}?LS_IEAL_SUPERV'ISOR</ElEmEnY:)(ElEment text
<SUITE_CFG>TC399/Fls 17 Dmu ConfigD2.epc</SUITE CFG>
<SUITE_CFG_INDEX>»2</SUITE_CFG_INDEX>
B </SUITE>
[ </SuiteLib>
<USER_VARS>»
<DECLARED_TEST_MACROS>-DBASE_TEST MODULE NAME=$ (SUITE NAME) -DBASE TEST MODULE_ID=§ (SUITE_ID) -DBASE_TEST MODULE TYPE=§ (SUITE T
<BUILDENV>VAL</BUILDENV>
- </USER_VARS>
Bl <ExecutionTraceLib>
<TRACE_TOOL>Mcds</TRACE TOCL>
<START_TRACE_FUNCTICN>Test Antomation</START_TRACE FUNCTION>
<COUNTER»1</COUNTER>
| </ExecutionTracelib>
-</root>

Figure 5.9: Ase_env Configuration File snapshot

Eclass ExecutionTracelib (object):

. T TP X

W B WL L) W W W WL
[SINT-I)

[

s
w

[T TS
- TS

s
5
H [

56 L o
&7 RCEOT LIBRARY SCOPE = 'TEST SUITE
8 _executionTracelib cfg = {}

69 elf file = NHone

_ (=elf):

Figure 5.10: ExecutionTrace Lib snapshot
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__author
__copyright_
_ wversion

_ all

import logging
from das import DUTpy

[Felass DasLib(object):

r logging.info("DasLib: Starting DasLib from ASEE"™)

El def get_k

attr_ls = dir(DUTpy)
fn 1= = []
= for attr in attr_ ls:
if attr.startswith(" "}:

continue
= if callable(gecaccr(DUTpy, attr)):
i fn_ls.append(attr)
r return fn 1=

_fn = Hone

=l if hasattr(DUTpy, name):

_fn = getactr(DUIpy, name)

args = (eval(a) for a in args)
#print ("Evaluated args are:", args)
return _fn(*args)

Figure 5.11: DAS Lib snapshot
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from sys import version info as swig python version info
if _swig_python version_info >= (2, 7, 0):
g_import_helper():
import importlib
pkg = _ name .rpartition('.')[0]
mname = '.'.join((pkg, 'Yy lscrip('.")
try:
retuorn importlib.import module (mname)
except ImportError:
retorn importlib.import _module ('
_DUTpy = swig_import_helper()
del swig_import_helper
elif swig python version info >= (2, &, 0):
def _import_helper():
from os.path import dirname
import imp
fp = Hone
try:
fp, pathname, description = imp.find module(’
except ImportError:
import _DUTpy
- return _DUTpy

, [dirname(_ file_ }1)

(ST ]
1 ot
]

—| try:
_mod = imp.load module (' , Tp, pathname, description)
finally:
—| if fp is not Hone:

~ fp.close ()
= return _mod

_DUTpy = swig_import helper ()
= del swig import helper

I%else:
import DUTpy
del swig python version info

I%try:
_SWig_property = property
I%except HameError:
pass # Python < 2.2 doesn't have 'property'.

I%try:

import builtins as _ builtin
I%except ImportError:

import _ builtin

Figure 5.12: DutPy.py snapshot
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BaoRd Rd R Ra RO R B3 k3 R RO R Rd Pa R3O R B3 B3 R Ra B3 R Ra B3 B3 Rd R RJ B3 B3 R Ra B3 R RJ R PR3 R

S84

# \brief 8C1C,
MCDS_TCZIDSGNL

# \brief 3000,
MCDS TCZIPBNDO

# ‘brief 2004,
MCDS_TCZIPRNGO

# \brief 9010,
MCDS_TCZIFBNDL

# \brief 2014,
MCDS_TCZIPRNGL

# ‘brief 32020,
MCDS TCZIPBNDZ2

# \brief %024,
MCDS_TCZIPRNGZ

# \brief 2030,
MCDS_TCZIFBND3

# \brief 3034,
MCDS_TCZIPRNG3

# \brief 3040,
MCDS TCZIPBND4

# ‘brief 2044,
MCDS_TCZIPRNG4

4 “brief 9050,
MCDS_TCZIFBNDS

# \brief 2054,
MCDS_TCZIPRNGS

Figure 5.13:

class Meds (cbject) :

o

meds_cfg = {}

ROBOT_LIBRARY SCOFE

def

__(=elf, cfg_dict=None):

if cfg dict:
self.mcds_cfg.update (cfg_dict)

self.DasLib_obj
self.result_path = self.mcds_cfg['R
self.trace_function

DasLib()

self.mcds_cfg['S

Comparator Sign Register ${x} #/
=0xFAD1ECLC

Comparator Bound Register S${x} #/
=0=xFA019000
Comparator Range Register ${x} #/
=0xrFAD1S004
Comparator Bound Register £{x} #/
=0xFA0132010
Comparator Range Register S{x} #/
=0xFR0129014
Comparator Bound Register $£{x} #/
=0xFAD12020
Comparator Range Register ${x} #/
=0xFA013024
Comparator Bound Register ${x} #/
=0xFAD12030
Comparator Range Register ${x} #/
=0xFA012034
Comparator Bound Register S${x} #/
=0=xFR019040
Comparator Range Register ${x} #/
=0xFAD1S9044
Comparator Bound Register ${x} %/
=0xFA013050
Comparator Range Register S{x} #/

=0xFAD12054

[FxMcds.py snapshot

def start trace(self,elf file=Hone):
logging.debug(elf_ file)
symbol_table file path = self.decode elf(elf file)

post_

self.

self.

self

self.

self.

self.

self.

self

self

self.

self.

self

self.

.DasLib_obj

-DasLib_obj

.DasLib_cbj.

trigger_start_address

trace_section_start_address

trace_section end address

DasLib _obj.
DasLib_obj.
DasLib_ob3
DasLib_obj

DasLib_obj.

DasLib_obj.

DasLib _obj.

Figure 5.14:

.run_keyword("ocds
.run keyword("mcds
.run_keyword ("ememinit")

srun_keyword("c

str(post_trigger_start_address))

self.find_ symbol address (symbol_table_file_path,
self.trace_function)

self.find_ symbol_ address(symbol_table_file_path,
. R CDE__')

self.find symbol address{symbol table £

RA

-Daslib_obj.run_keyword("servers")

ot

ngmy

Fi 0

2", str(IfxzMcds_reg.MCDS_MUX) ,
232", str(IfxMeds_reg.MCDS_TCXIPENDO),
4 Post-trigger

, str(IfxMcds reg.MCDS TCKIPRNGO),

e32"

)

itesz”, str(IfxMcds_reg.MCDS_TCXEVTO),

FEFEFEFE™)

MCDS.py snapshot I)
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H def stop trace(self, suite name):

self.DasLib obj.run keyword(
self.DasLib obj.run keyword("save
11 self.DasLib obj.run keyword("dis
12 logging.info ('Trace opped. ')

(= meds file name = suite name + " " + \
%5") + ".mecds"

r " "+ time.strftime ("SYimId-3E

os.rename ('test.mcds’', mods file name)

move (mcds_file name, self.result_path)

result_file = self.result_path + "\\" + mcds_file name
logging.info ("Trace File Patk " + result_file)

(= mtv_tool _path = self.meds cfg['TOOLS BIN']['ftext'] + AY
meds_trace vi
cmd = [mtv_tool path, result file]

r ret = subprocess.check output (cmd, timeout=300, stderr=subprocess.PIFE)

r.exe”

H def decode_elf(self, elf file=None):

e 3 re size of b
symbol table file path = self.result path + LA ks .
zymbol table file = open(symbol table file path, 'w+')
subprocess.Popen("nm -3 " + elf file, stdout=symbol table file)
symbol table file.close{)

time.sleep(2)

- return symbol_table file path

=] def fin

=(self, symbol_ table file name, symbol

zymbol table file = open(symbol table file name,
symbol address = None
for line in symbol table file:
if symbol in line:
line = line.split(" ™)
r symbol_ address = int(line[0], 16)

{THTE

symbol table file.close()
return symbol_ address

B3 R3 R3 ORI R ORI ORI ORI R B3 R3 ORI ORI BRI ORI KD ORI A3 B3 R RJ B3 BRI ORI ORI R3 R RD RJ BRI BRI ORI R B3 ORI ORI ORI R BRI R
raivg ry p

4
4
4
4
4
4
4

LT TS

Figure 5.15: MCDS.py snapshot IT)

EECHD ON

1

2

3 set PYTHON_PATH=%-cdpO\teools\python

4 set - PATH=%PYTHOL H% ; ¥PATH®

S set script_path=%~dp0\Iools\ase_lib

7 set PYTHONPARTH=C:\git-repos\aurix2g wval_ frameworkh\ase_enviTococls\ase_lib

9 python -¢ "from ExecutionIracelib import ExecutionIracelib; Executiontracel=ExecutionTracelib(); Executiontracel.init_execution trace_lib()r

Executiontracel.stop_trace(); Executiontracel.start_execution trace()”
10 REM call C:/git-repos/aurix2g val framework/ase_env/tools/issue_reset/IssucReset.exe LocalHost UDAS 0
11 call set »» abc.txt

Figure 5.16: Compiler.bat file snapshot
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J
Recycle Bin

Building
Building

c Tor core

_SafetyError.

for Tricore

-c for Tricor

trace.c for
-c_for Tricore

e O
1P _
Olda
e

o

SchM_Dma.c for Tricore
Schh

- Tricore

Eth_17_GEthMac.c for Tricore

e
SchiM 17 _Dmu.c for Tricove
SchM_Fr_17_Eray.c For Tricore
SchM_Gpt.c_for Iricore
chM_Icu_17_TImerlp.c
SchM_Mcallib.c for Tr
SchM_Meu.c_for Tricore
for Tr

re

-

Infineon
Intranet

for Tricore
ore

Tri
cu.c
core

Infra.c for Tricore
for Tricore
for Tricore
for Tricore

- Tricore
Tricore
Tricore

e
for Tricore

source
source
urce

Tricore
.¢ for Tricom

V20115 a" _val_franewor
ng fron the ASE Enu
h ‘git-repos/aurix2

File Target Device Log

File ;

onfigB2_422 AURIR2G_TC399.

inuc_SU_tc.hex
_17_Dmu_Fls_17. Conf igB2_422_AURIX2G_TC399_Gnuc_SU”*

tegration_Test~01_[mplementation\IntTe 1s_17_DmusUup\res

Execute Memtool Command

buildspace’lntTest_Fls_17_Dmu_F|

Current FLASH/OTP Device :
080000100 - 0xB0010583

¥ Enable

0x80010! - 0xB80013033
0:8001303C - 0x800162E1
0+800162E4 - 0x8001ABAD

Operation :

0:8001ABE0- 0x3001ABBF

IPFLASHU; 3 MByte OnChip Program FLASH

Erase ..

Progiam

Program all

0:802FE 280 - 0x802FE28D

l\felify A000C000h - ADODOFFFFh

Verify

Verify all

SW Prolect...

OOFF
Result :
040000000 - 0x40000000 I
Progress :

|

Cancel

UCBs

Info

Selup ...

Help

infineon

Disconnect I WReady for Memtool Command

Help Esit

Jilaa32:1330

Figure 5.18:

& Universal Validation Platform - CAgit-repes\aurix2g_sw_meal_tc3o004.

Test Fls_17

Flashing the .hex files to controller snapshot

22\

|_Integration_Test\01 1

File Edit View Project Run Tools Help
LA ’ T
ases ~ Generel |comaler step - Compler | Test Bench Step - Test Bench |Download Step - Dawnload |Parameters
I TestCase - [001-Int_Fis_Tc_Fn_t ]
TestCase - [002-Int_Fls_Te_Fi Name
TestCase Int_Fis_Tc_Fn_( Type
TestCase - [003—Int_Fis_Te_Fn_003_ASXXX_TE30 Desription
TestCase Int_Fis_Tc_Fn_( Requirement Id
TestCase Int_Fis_Te_Fi E Execution Settings
TestCase Int_Fis_Tc_Fn_( Execute
TestCase - [009-Int_Fls_Te_Fn_003_ £| |B pelay
| TestCase - [009-Int_Fis_Tc_Fn_009_ASXXX_TC3XX Delay Required
(TestCase - [015-Int_Fls_Tc_Fi Duration
TestCase - [016-Int_Fls_Tc_Fn_ Repeat Factor
restCase - D30-Tnt_Fs. Te. Fn_030_ASKH] Test Case Dependency List
TestCase - [030-Int_Fls_Tc_ Fn_030_ASKXS_TCI Time 0ut
TestCase - [030-Int_Fls_Tc_Fi [SjUscrCustenn Seitmes)
- B custom Settings
[ TestCase - [030-Int_Fls_Tc_Fn_t
Required
TestCase - [030~Int_Fls_Te_Fn_030_ASXXX_TE0H arle
| TestCase - [200-Int_Fls_Tc_Fn_Re_: File Name
TestCase - [201-Int_Fls_Te_Fn_Re_ rquments
I TestCase - [202-Int_Fls_Tc_Fn_Re_: Sequence
TestCase - [501-Int_Fls_Te_Flt Inj_SC & seript
TestCase - [502-Int_Fls_Tc_Flt Inj_sC Custom Script
TestCase - [503-Int_Fls_Te_Flt Inj_SC Sacumnca
[TestCase - [503-Int_Fls_Tc_Flt Inj_sC Name
TestCase The name of the Item

[503--Int_Fis_Te_Flt Inj_SC

« 0 B

_SVACO2\MCGroup.uvp. = =l
003 J
Int_Fls_Tc_Fn_003_ASXXX_TC3XX_C02_P02
Functional

[cover parentID=ITS_FLS_PRQ_FT_003][/cover][cover parentID=ITS_FLS_SAS_FT_003][/cc
True

None
o

1
(collection)
15

CustomSettings
False
File

String[] Array
1
Script

Figure 5.19: Universal Validation Platform (Executing Test cases Framework)
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44
BxBaCACA21

Core Connection Info
localhost
42569
Real HW
DAS JDE TwiBoawrd TC399 TH U2.8 TBZ1iFKBP
3

44
Bx08CHCHE21

MCD Core Connection Info
h z localhost
49569
eal HW
DAS JDE TeiBoard T
device_type: Bx2B205683
ice: TriCore—Family
BxCC283ESF
Core 3: CPU3 TriCore 1.6P

44
Bx08Cace21

CD Core Connection In
host = localhost
server_port: 49569
e Real HW
DAS JDS TeiBoawd TC39%2 TH U2.8 TB21iFKBP
@x7q289383

re—Family

Core 4: CPU4 TriCore 1.6P
44
BxBACcCACAEZ1

MCD Core Connection Info
: localhost
7569
Real HY
DAS JDS TriBoard TC39%? TH U2.8 TB21FKBP
282085883
TriCore—Family
BxCC283ESF
ggve 5: CPUS TriCore 1.6P
core_id: BxBACACHA21

core is connected successfullycore disconnectedreturn value is Btotal msjes=14686

Figure 5.20: Traces collection

C | ® filey///C:/git-repos/aurix2g_val_framework/ase_env/results/FLS_MCDS/log.htmi ¥
Full Name: IntTest Fls 17 Dmu Fls 17 Dmu Config02 422 AURIX2G TC399 Gnuc SV.IntTest Fis 17 Dmu REPORT
Source: Cigit-reposiaurix2g_sw_meal_tc3xa\04 ) 1_Integration_Te 1_Implementation\intTest_Fls
Start/ End /Elapsed: 20180530 15:49:56.0¢: 6/ 00:02:04.964

20180530 18:52:01.08¢

Status: 1 critical test, 1 passed.
1 test total, 1 passed, 0
- 3 IntTest Fls 17 Dmu
Full Name: IntTest Fls 17 Dmu Fls 17 Dmu Config2 422 AURIX2G TC399 Gnuc SV.IntTest Fls 17 Dmu.IntTest Fls 17 Dmu
Documentation: ven example test cases.

Source: g aurix2g Test\01_ImplementationtintTest_Fis_17_DmuintTest_Fis_17_Dmu.robot
Start/ End / Elapsed: 20180530 18:49:56.097 /
Status: 1 eritical test, 1 passed.
1 test total, 1 passed, 0
=/ EE50 TestCase002
Full Name: IntTest Fls 17 Dmu Fls 17 Dmu Config02 422 AURIX2G TC399 Gnuc SV.IntTest Fis 17 Dmu.IntTest Fis 17 Dmu.TestCase002
Documentation: These are UVP Testcases
Tags: UVPTestCase
Start/End/Elapsed: 20180530 18:49:56.215 / 20180530 18:62:01 043/ 00:02:04.828
Status: £ (eritical)
+ [ESIT Suite Init
+IE 3) svicuib Init Build Lib
+ I S(bin_file) = muius. Start Build
B KEYw Fasnti. Init Flash Lib
+ [[E15E50) rasniv. Program Flash ${oin_file}
+ S0 PaamGenLiv. Init Param Gen Lib
+ = 2} PacaméGenLib. Start Uvp
+ [[EET) ExecutonTracels. Stop Trace
+ [[EIIET) executontracens. Decode Trace
+ 3= 1) euitin.Log To Console UVP
L) TEA: Suite Delete v a2

Figure 5.21: Log File
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T IntTest_Fis_17_Dru_20180530-185200.meds - MCDS Trace Viewer

File Device MCDS Edit Help

TimeA TimeR [Ticks] Opoint [ oOrigin | Data | operation [ Address Symbol/Label [so]
1 0 0|SRIOLDA CPUODMI | 00000000 | W32 SV | AFE00004 | .OLDA 4
2 1438|1438 | SRI.OLDA CPUODMI | 00000000 W32 SV | AFE00004 .OLDA 4
3] 3122740836 SRL.OLDA CPUO.DMI 00000001 | W32 SV | AFE00004| OLDA 4
4 312551| 277|SRI.OLDA CPUO.DMI 00000001 | W32 SV | AFE00004|.OLDA 4
5| 1813804 )1253 | SRI.OLDA CPUO.DMI 00000006 | W32 SV | AFE00004|.OLDA 4
B 1613861| 57 SRLOLDA CPUO.DMI 00000006 | W32 SV AFE00004 | .OLDA 4
i 3314761 )0900 | SRI.OLDA CPUO.DMI | 00000006 | W32 SV | AFE00004 | .OLDA 4
8 3314810 49| SRI.OLDA CPUO.DMI 00000006 | W32 SV | AFE00004 | .OLDA 4
9o 4815602)0882 SRIOLDA  |CPUOOMI | 00000006 | W32 SV | AFE00004| OLDA - 4
10 4815737, 45|SRIOLDA CPUO.DMI 00000006 | W32 SV AFE00004| OLDA 4
1 6316617 )0880 | SR OLDA CPUODMI | 00000006 | W32 SV | AFE00004 .OLDA 4
12 6316663 46| SRIOLDA CPUO.DMI 00000006 | W32 SV | AFE00004 | .OLDA 4
13 7817542 )0879 | SRI OLDA CPUO.DMI 00000006 | W32 SV | AFE00004| OLDA 4
44| | 7817588| 46|SRLOLDA  CPUO.DMI | 00000006 | W32 SV | AFE00004 .OLDA - 4
15 9318470 )0882 | SRI.OLDA CPUO.DMI | 00000006 | W32 SV | AFE00004|.OLDA 4
16| 9318728 258 | SRI.OLDA CPUODMI | 00000006 | W32 SV | AFE00004 | .OLDA B 4
17 10819608 )0880 | SRI.OLDA CPUO.DMI 00000006 | W32 SV | AFE00004 | .OLDA 4
18 10819654 46 | SRI.OLDA CPUO.DMI 00000006 | W32 SV | AFE00004 | .OLDA 4
19 12320535 )0681 SRIOLDA | CPUODMI | 00000006 | W32 SV | AFE00004 | .OLDA 4
20 12320581 46 SRIOLDA CPUO.DMI 00000006 | W32 SV | AFE00004| OLDA 4
21 13821460 )0879 | SRI.OLDA CPUO.DMI 00000006 | W32 SV | AFE00004 | OLDA 4
22 13821506 46 SRIOLDA CPUO.DMI 00000006 | W32 SV | AFE00004| OLDA 4
23] 15322386 )0880 | SRI. OLDA CPUODMI | 00000006 | W32 SV | AFE00004| OLDA 4
24 15322432| 46| SRI.OLDA CPUQ.OMI 00000006 | W32 SV | AFE00004|.OLDA 4
25| 16623313 )0881|SR.OLDA | CPUODMI | 00000006 | W32 SV “AFE00004|.OLDA 4

—<I ne 1RA22350| 4R <BI NI NA 510 Nl ANNNNNNG | 11739 R aFFnnnnA| i Na ;

Figure 5.22: Trace Results

5.5 Configuring Hardware Directly

B ase_env_cfgaml 4 = fn_1024 mcdsc E3 |E med_loader_class cpp
4 McdsToolUsed="MIV V2.0"

RecordingDate=2017-12-04

RecordingTime=11:15:11

McrcmVersion=1.1.0

FO0000478& 000000A1 CBS_OEC

FOO00478 000000SE CBS_OEC

FO00047& 000000A1 CBS_OEC

FO000478 000000SE CBS_OEC

FO00047C 00000300 CBS_OCNTRL
FAOQOQ6000 00000100 EMEM CLC
FAOO0&034 00000002 EMEM SBRCTIR
FAOOQ&034 00000006 EMEM SBRCIR
FAQQ&6034 0000000E EMEM SBRCTR
FADO6020 SS5S555SFF EMEM TILECONFIG
FAOOQ&020 SS5S5555AA EMEM TILECONFIG
FAQQ&02E Q000000F EMEM TILECT
B9000000 FFFFEFFFF EMEM RFIFOBOT
B9000004 FFFEFFFFF EMEM @FIFOBOT+4
BO9000008 FFFFFFFF EMEM @FIFOBOT+8
B900000C FEFFEFFF EMEM R@FIFOBOT+12
B9000010 FEFFFFFFF EMEM @FIFOBOT+16
B9000014 FFFFFFFF EMEM RFIFOBOT+20
B900001& FFEFEEFEF EMEM RBFIFOBOT+24
BO900001C FFFFEFFF EMEM RFIFOBOT+28
BO9OFFFEO FFFFEFFFF EMEM BFIFOTIOP-31
BO9OFFFE4 FFFFEFFF EMEM BFIFOTOP-27
BO9OFFFE8 FFFFFFFF EMEM @FIFOTOP-23
BO9OFFFEC FFFFFFFF EMEM @FIFOTIOP-19
BOOFFFFO FFFEFFFF EMEM @FIFOTOP-15
BO9OFFFF4 FFFFFFFF EMEM BFIFOTOP-11
BSOFFFF&8 FFFFFFFF EMEM @FIFOTOR-T7
BOOFFFFC FFFFFFFF EMEM @FIFOTOP-3
FAOO6028 00030000 EMEM TILECT
FAO010000 00000000 MCDS_CLC
FRO10018 ARARARRR MCDS_SESSIDL
FAO01001C BBBBBBBB MCDS_SESSIDH
FRO10018 AAARAARR MCDS_SESSIDL

A FRATAAYT S DODDODDER WMONE SFCSSTRE

Figure 5.23: Register Configuration
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5 Erka05_1404_TCZeB_Trcore. - DAS JDS TrBoaed TC5 V2.0 TRVQOHT] - MCDS Trace Viewes =8 8
Fle Dewce WCDS Edt Hep | @ |
TimeA| TmeR |Tcksl Opont | Orgn |  Data | Operation | Address SymboliLael |'s0] Comment [sL|  Trace  [4]

1 0[CPUD CPUO P S000DAFE | FunclFX_OSTASK_BACKGROUND | 10 CFT IP START

2| 0 0/cPuo CPUO 30 STATE ISR=0 IEN=1

3 0 0/sPe £l 101/ STATE El=1 SAFEEI=!

4 2404380 4380 CPUO CPUO 366 STATE 1SR_START 1SR=1 IEN=1 Is

5| 2404381 1/CPUD CPUO 308/ STATE 1SR=11EN=0

8| 2404307 16/CPUD CPUO 368 STATE I1SR=1 IEN=1
8000088 | EE_isr2_Iy_0STask_BinkLeqisr 16| CALL (n2454

1 2494388 1/CPUO CPUO 1P CALL 80002CDC 1Stm_getFrequenty 0 MOV A% A1, A0 10 CFT
B000RCDE | IbStm_getFrequenty 2| CALL 0offfi0b3

8| 2404401 3/CPUO CPUO 1P CALL £0001006 ItrScuCeu_getSourceF requenty 0/ MOV.A4 A14, MO 11 CFT
80001084 INScuCey_getSourceF raquenty 1E | CALL Oifffieda

0 2404415 14 /CPUD CPUO IP CALL S00016FE | IbeScuCtu_getPIFrequency 0 MOV AAATS AT 12|CFT
50001CB0) ItiScuCcy_getPIF equency B2 RET

1 2494483 68|CPUD CPUO PRET 50001088 IhScuCey_getSourcer requenty 2 13 CFT
50001088 IteScuCeu_getSourceFrequency 22 RET

1 2404485 2/CPUD CPUO IPRET 80002CE2| Stm_gefFrequency 6| MOVHA A5, 0:/0030000 12 CFT
$0002CF8 | IbeStm_getFrequency 1C/RET

12 2404488 13/CPUD CPUO IPRET 6000088C | EE_s2_Ifv_OSTask_BinkLedlst | 1C|LEA A2, 0XI0000000 11,CFT
80000852 |EE_is2_tr_OSTask BinkLedist | 42| CALL Ox33a8

13 2494510 12/CPUO CPUO 1P CALL 80003C5A| EE_po_SefEvent 0 MOVAA A14, A1O 10 CFT
80003CT0 | EE_oo_Settvent 16| CALL (i 1a

14 2404515 5/CPUO CPUO 1P CALL 80003484 trace_fask_running 0/ MOV.A4 A1, AO 11 CFT
800034CA trate_task_running 40| CALL Difffeda2

15 2494530 15/CPUO CPUO 1P CALL £000196C | IPorl_setPinblode 0/ MOV A% A14, A1O 12 CFT
50001990 IhPort_selPinbode 24 RET

16 2404545 15|CPUD CPUD PRET §00034CE | trave:_task_running 44 MOVH D15, 0BieT0000 13|CFT

17 2404547 2|CPUD CPUO D000001F | W32 EFET1000| OLDA 1000
ANANANF frara tack ninning A4IDFT

Figure 5.24: Traces

5.6 Automation with bat files

mcds.bat file

ket MTV_EXE="mcds_trace_viewer.exe"
set MCDSC_FILE="SwDio.mcdsc"

%MTV_EXE% -batchMode %MCDSC_FILE% -resetDeviceFirst -
readCodeFromDevice -timeInName

Figure 5.25: mcds.bat file

Name Date modified Type Size

Swiio_171108_162907 08-11-2017 16:29 MCD5 File 1,037 KB
Swhie 08-11-2017 16:27 MCDSC File 5KB
[%5] mcds 08-11-2017 11:11 Windows Batch File 1KB

Figure 5.26: Trace Data

Cmd options

e Show Trace Data Raw information:

meds_trace_viewer.exe showTdrInfo

e Windows Explorer double click mode:

o4
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meds_trace_viewer.exe .mcds file name

meds_trace_viewer.exe .mcdsc file name

e Trace recording batch mode:

mcds_trace_viewer.exe -batchMode [-resetDeviceFirst] [-readCodeFromDevice]

[-timeInName] .mcdscfn

e File conversion batch mode:

meds_trace_viewer.exe -batchMode [-showTdrInfo] .mcds file name

Options:

-showTdrInf - Show Trace Data Raw (TDR) information as additional columns in
trace table

-batchMode - Record or convert a file as a command line option
-resetDeviceFirst - Device is reset (PORST), MCDS is configured and then CPUQ
is started

-readCodeFromDevice - After recording the code, which is used in the trace, is
read from the device and included in the .mcds file

-timeInName - The name of the .mcds file will be .mcdsc filename YYMMDD_HHM
MSS.mcds
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Chapter 6

Conclusion and Future Work

6.1 Conclusion

SMum AP Name | [Min Time(us) Max Tine(us) WCET{us)
i Dio, FlipChamn RapiTime 0.5800000000us 0.6600000000us | 0.6600000000us
MCDS(1s) 0.2574 03762
. RapiTime 0.53000000000s 0.5300000000us  |0.5300000000us
- Dio_Readd MCDS 0.1518 0.2838
i 3
3 Dio, ReadChamnelGroap RapiTime 0. 2000000000us 0. 3E00000000us |0 3500000000us
- MCDS 0.1452 0.1782
) RapiTime 0.3000000000ms 0.3000000000us  |0.3000000000us
] Dio_ReadPort
- MCDS 0.1452 0,198
¢ Dio Wi | RapiTime 0.5200000000us 0.5700000000us  |0.5700000000us
- MCDS 0.1518 1,264
— RapiTime 0.2900000000us 0.3300000000us  |0.3300000000us
Wi
6 Dio_WikeChamelGrotp MCDS 0.1056 0.1188

Figure 6.1: Comparison of Timings by RapiTime and MCDS

Above Figure shows the difference of timings calculated by previous Third Party
software Rapitime and Non-Intrusive current proven methodology. From the Re-

sults above we can conclude that current methodology is better than previous

as,

It improves accuracy of results.

Integrated with the present Architecture

56

Inclusion of less overhead time, as its not intrusive.

Independent of Third party software, timings calculated by hardware itself.




CHAPTER 6. CONCLUSION AND FUTURE WORK

e Can work in the Regression Framework

o Cost Effective

6.2 Future Work

Currently, these timings are Execution Timings. There are many factors which
needs to be considered and has a major impact on the WCET such as cache mem-
ory, interrupts, scheduling, bus availability etc. By considering all these factors,
an enhancement to current methodology will be done.

This is implemented only for one device. The management and configuration
framework for various devices with different version of MCDS; like MiniMCDS,

MCDSLite has to be done.
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