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hat is Nexus?

*Nexus is an industry standard debug standard for embedded microcontrollers.

*Growing out of a white paper written in 1998 from Freescale (then part of
Motorola) along with Agilent Technologies (then HP) on a new debug standard,
the Nexus Consortium joined forces with the IEEE-ISTO to release the first

version of the standard, the IEEE-ISTO 5001-1999.

*The standard was updated in 2003 to address enhancements and minor oversights

(IEEE-ISTO 5001-2003).
*An additional update was released in 2012 that adds support for the IEEE 1149.7 and
Nexus messaging over an Aurora protocol link.

*The standard covers not only the debug protocol but also the pin interface and
connectors, driving a new level of standardization

*To date, Nexus is implemented on MCU devices from several semiconductor
companies on a wide variety of core types.

*Information on the Nexus Consortium can be obtained at www.nexus5001.0rg
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exus Overview

*Nexus provides a real-time debug and calibration interface

*Nexus utilizes a packet based message structure to transmit MCU debug
information, such as program flow, process, or MCU data, out of the
processor on a high speed, variable width bus.

*Bus width and speed dictated by bandwidth requirements for a given MCU.
*Support multiple processor cores over a single interface

*The Nexus standard defines 4 levels of features, Class 1, 2, 3, and 4.

*Each class has a minimum set of features that must be implemented.
Additional features are optional.

*Program flow trace uses branch trace messaging.
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The Nexus standard
defines debug from
Class 1 (static debug)
all the way through to
Class 4 with memory
substitution and port
replacement

exus Class Definition

Class 1

Run Time Control

Class 2

Class 3

Data Trace

Class 4

Run Control

v

Memory and
Port Substitution



exus Class Definition — Class 1

Class 1

Run Time Control

Class 2

Dynamic Debug

Class 3

Data Trace

Class 4

ebug

Class 1

* Read/Write MCU registers / memory

* Set / Clear Breakpoints

» Stop / Start code execution

» Control entry into / exit from debug mode
(from reset and user modes)

» Stop execution on hitting a breakpoint
and enter debug mode

- Single step instructions
* Read Nexus device ID




!gexus Class Definition — Class 2

Elass 3

Data Trace

Class 4




exus Class Definition — Class 3

B FEew e memsm w e

Class 3

All class 2 features plus:

* Real Time Data Access - Registers /
memory can be read/written real time

* Real Time Data Trace (WRITES)

Optional Features:

* Real Time Data Trace (READS)
* Transmission of additional data used
for data acquisition
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Class 1

Run Time Control

Class 2

Dynamic Debug

Class 3

Data Trace

Class 4

exus Class Definition — Class 4

Class 4

All class 3 features plus:

* Watchpoint Triggering — Allows a
watchpoint to trigger trace event

* Memory Substitution - MCU can run
code from memory in development tool
(ROM emulation)
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How Does It Work?

*Nexus messaging is based on change of flow / data operations.

This significantly reduces the number of pins required for a Nexus implementation.

*Looking at program trace

A change of flow is anything that disrupts the linear code execution flow (branches
taken, exceptions and interrupts).

Each time a change of flow event happens, the nexus module issues a BTM (Branch
Trace Message) to the development tool.

Each BTM contains key information including
« Number of instructions executed since last change of flow

« For indirect branches / exceptions - information on relative branch target or
exception vector address.

When the trace is complete, the debugger is then able to re-construct the program
flow since it knows the start point and any changes of flow.

Initially and periodically a SYNC message is transmitted with full absolute address.
This gives the debugger a start and intermediate reference point.
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“Nexus Auxiliary Output Messages

*Nexus Messages consist of a 6-bit TCODE followed by a variable number
packets (the number of packets for each TCODE is defined in the standard)

*Packet Types

e Variable: Variable length packets, minimum length is 1. Must end on a port
boundary. End defined by MSEx protocol

e Vendor-Fixed: Fixed length field length is defined by chip vendor (by Nexus
standard). Can be o length for unneeded fields.

e Vendor-Variable: Variable length field, can be vender defined as o length for
unneeded fields. Must end on a port boundary. End defined by MSEx protocol.

*Messages can be Sync or Non-sync
e Sync messages include full address and are required under certain conditions
e Non-sync only include relative address change
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ypes of Trace Messages

* Ownership Trace Messages

e Provides capability to trace the process, task, or thread switching
* Program Trace Messages

e Provides trace of code execution
* Data Trace Messages

» Provides capability to trace processor (or client) memory accesses,
including address and values

* Watchpoint Trace Messages

* Provide exact timing when events occur
* Data Acquisition Trace Messages

e Provides user program control of data transmitted from the device
* In-Circuit Trace Messages

e Provides custom trace capabilities for information that can’t be handled
by any of the above message types.
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race Message Example

« Direct branches (conditional or unconditional) are all taken branches whose
destination is fixed in the instruction opcode.

»  Messages for taken direct branches includes how many sequential instructions
were executed since the last taken branch or exception.

 Indirect Branches are program discontinuities that are calculated or not known
at compile time.

Direct BTM
Vendor defined 1-8 bits Vendor defined 6 bits
Timestamp Instruction Count | Message Source TCODE (ox3)

= = = .

Optional For multi processor

; Number of : ;
timestamp to Compressed . : : systems to identify =~ Message transfer
: instructions since ;
record time event (delta) address last BTM which processor sent code
occurred / message /
\ \ \
Vendor defined Variable length 1-8 bits Vendor defined 6 bits

Timestamp U-ADDR Instruction Count | Message Source TCODE (0x3)

= Indirect BTM
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ddress Compression

Full address is transmitted periodically, but address compression is used to
reduce the number of bits that must be transmitted in the majority of trace

message.

A1 = Previous trace message full address

Az = Current trace message full address

CA2 = Current trace message compressed address

Compression (by Nexus Module)

Al (Ox0002F124) 0000 | 0000 | 0000 | 0010 | 1111 | OOO1 | OO10 | 0100
A2 (Ox0002F256) 0000 | 0000 | 0000 | 0010 | 1111 | OO10 | O101 | O110
CA2 =Al1 XOR A2 0000 | 0000 | 0000 | 0000 | 0000 0111

0011

0010

In compressed address CA2, high order o’s are suppressed = Transmits 0;372

Decompression (by Development Tool)

Al (Ox0002F124) 0000 | 0000 | OOOO | 0010 | 1111 | OOO1 | 0010 | 0100
CA2 (0x00000372) 0000 | 0000 | 0000 | 0000 | OOOO | 0011 | 0111 | OO10
7 | A2=A1XOR CA2 0000 | 0000 | OOOO | 0010 | 1111 | 0010 | 0101 | OO10
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Auxiliary port only

Combined JTAG / Auxiliary port. In this implementation, read/write access is performed

over the JTAG port. The standard allows Nexus messages to be sent over JTAG, however this
is not realistic due to JTAG bandwidth

* Auxiliary port can be the “low-speed” Parallel Nexus interface or the high-speed Serial (Nexus

(via Aurora interface)
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*The Nexus standard defines 2 possible Nexus port configurations

Combined JTAG / Aux

JTAG AUX-in
(4-6 pins) (1 pin)

Control and Data
Read / Write
messages

AUX-out
(6-17 pins)

Program, Data,

Ownership Trace,

Watchpoint
messages

Nexus AUX In / Out

AUX-In
(3-5 pins)

Control / Data
request
messages

AUX-out
(6-17 pins)

All Nexus output
messages
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exus Aurora Trace

Aurora Channel

Partners

Aurora
Lane 1

Parallel

Aurora
Channel

A

Trace

Data Nexus
Aurora
Interface [\

User
Interface

Aurora
Trace

Aurora
Lane 3

hardware

<

Aurora
Clock

Xilinx® Aurora Protocol

A scalable, hi-speed serial, link-level interface
Common protocol for single and multi lane channels
Serial Full Duplex or Serial Simplex operation
System-Synchronous or Asynchronous operation
Arbitrary data transfers: packets or words

Optional Flow Control & Expedited Messaging
8B/10B Data Encoding

Nexus over Aurora

The parallel Nexus Message Data Output and Message
Start/End Output information is encapsulated into an
Aurora Protocol Data Unit (PDU).

Can be simplex or duplex.




uro ra'wl_ra ne Striping

Lane 0

| D3 | D2 |/scPs sCPY |
Transmitting Data Receiving Data
| D5 | D4 | D3 | D2 | D1 | DO |/5CP/y|/SCPY; | > | D5| D4 | D3| D2 | DI | DO |/SCPIy /SCP/ B>

| D5 | D4 | D1 | DO |

Lane 1

Aurora is a protocol for taking parallel data and serializing it over a LVDS
connection

The Aurora protocol handles dividing the incoming parallel data into
different lanes

20



Aurora Protocol

eAurora transmits continuous data. If there are no Nexus messages, Idle
messages are transmitted.

*Clock Compensation (CC) symbols are transmitted periodically

*User PDUs are the actual Protocol Data Units (Nexus trace messages)

| N octets ‘

| User PDUs |
CRC inserti ’ $ N octets ‘ 2 octets \
msertion | User PDUs | —- ‘
‘ 12 octets
Padding/Clock Comp | ' User PDUS | | L (2: ;((::tets }
Link Laver F E lati ’ 2octets‘ y ’12 octets| ‘ 2 octets | 2 octets ‘
mk Layer Frame Encapsulation ‘ ScP ‘ User PDUS cc ‘ User PDUS ‘ — | —
2 octets \J ‘12 octets‘ ‘ 2 octets | 2 octets |

8B/10B Encoding
- /scp/ | /UserPDUs/ | /CC/ | /User PDUs/ | CRC/ | /ECP/ |
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* Normally, access to memory must be done through the core, one
location at a time.

e Requires that the core be stopped

e Tool must write the address to a register

e For writes, the tool must load the data into another register

e Then an instruction be forced into the core to perform the actual transfer

e For reads, the data would be read from a register after the instruction
executed

* Nexus read/write access allows better throughput of data reads or
writes by performing block reads or writes of memory
e Address is written to a start R/W address register
e For write data is written to R/W Data register

e R/W Control register written with number of words to transfer, transfer
word size

e RDY pin signals when the tool can write additional data.
e (Can be done while the core is running
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exus Trace Advantages

*Inherent Multi-core support including core identification in
trace messages

eInstruction Trace via Branch Messaging to reduce
bandwidth requirements.

*Data Trace support (reads and/or writes)
*Optional Support for time-stamping of messages

*Minimum definitions for feature supported






Automotive Nexus MCU Roadmap .z, .ccale-
I Qorivva MCUs e >

RCPU s o e

: * - \

MPC5645S

MPC5566
MPC5567

MPC5565 MPC564xA

MPC5554

MPC5746M

Execution

[0 Single Core
Dual-Core

[ Multicore

| MPGsepA -/
MPC5553 _ - =
MPC564xB/C - — = = =) MCU1
MPCs5534 <3l -
MPCs65 MPC563xM ~ <>
MP B/C/D
MPC561
2000 2004 2010 2012 2013 2014
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IEEE1149.7 Interface

A

Y Y

ow-End Nexus Trace“”SOIUt’iyon

JCOMP RDY TDI TCK(C) TDO TMS(C) MCKO MDO MSEO

EVTI
-
50 S
289
2= =
[
Y \ /

JTAG Port Controller

Nexus Port Controller - Aux Port

* Optional IEEE 1149.7 powers up in pass through mode and can be enabled by the tools using

only the pins available in the 1149.7 2-pin mode.
* 4 to 16 MDO pins, either 1 or 2-pin MSEO.
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FC5500 Nexus Interfaces

<&

C 4
' ™
2 “freescale
»| MMU . | Off-chip
ETPU €20026 "| Cache ‘J:D Mem & 1/0
»| Engine| C | Engine 7 XBAR
1 | D| 2 eDMAC l¢——» <3| On-chip
€ «» Mem & 1/0
RIW I v
= Reg, | [ program, Data, Data,
Re y R/W Ownership, :
g, Program, pata, Data, Watchpoint Watchpoint
Halt, Ownership, Halt, Trace Trace
step, Watchpoint step, | —& A
cont Trace cont .
- 7Y Read/Write
yy E Access
Buffer DMA
Buffer ETPU Buffer e200z6 A NXDM
A NDEDI A NZ6C3 -
v.......1........................y-........................‘.........y
+
JTAG Controller - NPC 4 il
JTAG Port b y
RDY used only é & & é & B B é é ...................................... é
for RIW A
o e RDY TDI TCK TDO TMS JCOMP EVTI MSEO[0:1] MCKO  MDO (4 or 12) EVTO
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JTAG + Parallel Nexus + Serial Nexus

Parallel Serial (Aurora)
JCOMP RDY TDI TCK(C) TDO TMS(C) EVTI EVTO MCKO MDO MSEO TX+-  CLK+/-
// \'\ ,’/F \\
=z A !
IEEE1149.7 Interface o) %
w - NAP
A A 2 g MSEO[0:1]
X MDO[0:30] *
\
o
| —— P NAL
v Yy \ v Y
JTAG Port Controller NPC - Auxiliary Port

* Optional IEEE 1149.7 powers up in pass through mode and can be enabled immediately using the 1149.7 2-

pin mode.
» Parallel or serial interfaces can be selected. It is preferred that they not share the same pins. The parallel

i interface can be set to 4, 8, 12, or 16 bits wide.
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Key Functional Characteristics

2 x e200z4 in delayed lock step operating up to
180 MHz Power Architecture e200z4
computational cores

Embedded Floating point unit

* ISO 26262 - ASIL-D assessment
*+ 4 x12-bit Analog to Digital converters (16

channels each)

+ 2.5MB Flash memory with ECC

+ 384KB SRAM with ECC

* End-to-End ECC on data paths

+ ECC implemented in peripheral memories

(FlexCAN, FlexRay

Nexus Debug Features

Nexus Class 3+

+ e200z4 Nexus client
+ 2 X Nexus XBAR bus trace clients (one on

DMA and the Zipwire interface. A second bus
trace client for FlexRay )

* 4-bit parallel Nexus interface on low-pin count

144 QFP package and higher package (144QFP
and 257 BGA)

+ 2-lanbe Nexus Aurora Trace port on larger
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package (257 BGA)

|PC5744P Block Diagram and Features

System

: PowerPC™
Integration 2200
Z4 Core Z4 Core
PMC Safety
Checker

Interrupt
Controller

VLE

S-FPU

64 bit Crossbar Fabric with E2E ECC

= e B

Bridge

Bndge

Crossbar Slaves

00 SAFE
%’ ASSURE’

by Freescale



erial Nexus Debug Solution

JTAG + Serial Nexus
* [EEE 1149.7 Eowers up in
lgaaISletil 2(1')11&11 lel(lilOde e JCOMP RDY TDI TCK(C) TDO TMS(C) ? EVTO Serial (Aurora)
immediately using the l;l L]
1149.7 2-pin mode. \
°1, 2, 4, 6,0r8 lanes of IEEE1 149.7 Interface
Aurora can be
implemented. (only 2 or 4 NAP
planned today) i
e Aurora Clock must be Trace
supplied from external tool NAL Memory
(625 MHz or 1.2GHz).
Y vy Y Y 4 }
e Trace output can go to JTAG Port Controller NAR - Auxiliary Port
either the physica
interface (NAL/NAP/pins)
Or memory.
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“MPC5746M 4M Block Diagram

Key Functional Characteristics COMPUTATIONAL SHELL PERIPHERALS CONTROL SHELL

+ Two independent 200 MHz Power 200MHz Cores S 200 MHz Core

Architecture z4 computational cores 200MHz Crossbar 100 MHz Crossbar - 50 MHz Periphery

» Single 200 MHz Power Architecture SWT Power™ SWT

e200z4 lockstep 220074 STM 20024 20074 STM

» Delayed lock-step for ASIL-D safety I

+ Single I/O Core 200 MHz Power i
. g st ViE

Architecture z4 core

* 4M Flash with ECC - | PMU |

+ 320k total SRAM with ECC
» 128k of system RAM (incls. 64k

standby on 292 PBGA pac kage) Hi Bandwidth Cross Bar Switch with ECC — 200MHz ' Platform Cross Bar Switch with ECC — 100MHz
» 192k of tightly coupled data RAM

DERENERERERERERN
DL LU

8 SAR converters - 60 total ADC
- 930 SAFE

channels
* GTM - 120 timer channels
Z “freescale- 31 %o ASSURE

+ eDMA controller - 64 channels

Key Nexus Features

+ Nexus trace to memory on
Production and emulation devices

+ Nexus Aurora Interface (2 or 4-
lanes) on Emulation Device

+ Expanded Trace memory on
Emulation Device (1IMB)

* Nexus Class 3+

!




C57xxM Trace Block

lagram

Mmcu ! NAP
— — CLOCK — el — CLOCK — -
DOMAIN 1 DOMAIN
—_— l e
NEXUS NEXUS NEXUS LVDS DE:L%HN;\;
PORT AURORA AURORA Vo TOOL
CONTROLLER "> LINK PHY (NAP) PADS
(NPC) (NAL) -
or DATA
sExiia :> : —N] SmsoL seriaLizer | 2022t 1Lvos| fTx DATAIn-1) o
H T x_data[n-1
ROUTER 1 _t/ Accum. R p — .
AR ' » : . :
1 l S [ D . . . .
1 Lvps| [ Tx_DATA[0]
= Rx_data[0!
' .t tx_data[0] Lo SepFoc detald)
| |
T NAL T
CONFIG nal_clock CLOCK extl_phy_clock PHY_CLOCK
< : REGS . = GEN and < Sakl L‘f_?s — PHY_CLOCK
Peripheral Control /O UF N
Bus A CONTROL ['F;,, .-}:mr:
mcu_clock : (double line) differential signal
pbridge_bus " (non-bold) single signal
' m=dge (bold) multiple signals
aurora_config 1 == control signals
B . T = = = clock domain boundary
] data flow and signals
]

1.25GHz Clock from external debug tool to MCU
1.25G bits/sec Aurora trace lanes from MCU to debug tool

MPC5746M - 2 or 4 lanes

MPC5744P - 2 lanes =

- Z “freescale"



MPC5746M Emulation Device Né;L;sl_Trace Flow

Production Die
5 >
HIEREEE coe1 | SV
L L
NXMC_1 NXMC 0 | ot || N#4C4 \ Neaca GTMDI
Core 0 Core 0
y L Y y A J f
PD NAR
A
Overlay/Trace SRAM
(16K)
DWPU BD_NAR
Y
NAL Overlay/Trace SRAM
1M
NAP .
Buddy Die
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Tool

* NAR: Nexus
Aurora Router

* NAL: Nexus
Aurora Link
(formatter)

e NAP: Nexus
Aurora Physical
Interface

* Nexus Clients
e NZ4C3 e200z4
core processing
Unit
e NXMC Nexus
Crossbar bus
trace client

e Sequence
Processing Unit



) Signal Terminations

Aurora (83B10B

Tool In target - On-chip
system ' circuitry
Clock On-chip |
transmitter | receiver
10 pF
: . : Aurora Input Clock
—
§ 100 Q 1.25 GHz
- | —  MCU
iE ] | -
100 Q :
— | -
\ i
10 pF -
_ Aurora Data Lanes
Aurora Two to four Aurora Aurora
receiver lanes are supported. | transmitter — (1-25 Gbps)
10 pF
100 Q _
— | i -
[ i
10 pF i

SP

% Debugger terminations typically included i
on chip (eg. Xilinx FPGA) i
% MCU input decoupling capacitors need to —
be located close to device
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" Real time debugging and Trace Analysis

* Embedded software in engine and transmission
controllers needs to be tested and validated for
performance, safety and quality assurance.

* The use of the NEXUS debug interface on the
microcontroller allows the Lauterbach debugger real
time access to the cores to display source code and
to have read/write access to memory without
Interference with the cores’ real time code execution.

o

RVED FOR POWER TRACE
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" Lauterbach NEXUS class3 debugger

NEXUS class3 debugger features:
e Run control: Single Step, Run, Break
e Source code listing
e Read/write real time memory access
e Flash programming

e Real time Trace: Program execution, Data r/w
nistory

e Advanced features: Function Runtime
Analysis, Code Coverage Analysis, History
based trace debugging
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Run control, Source code listing, r/w real time memory access

JR1=E|
File Edit Yiew Yar Break Run CPU Misc Trace Probe Perf Cov TraceonVar MPCSXXX ‘Window Help
(ki deeeipn 2R o Huim &eaie 8 2 &/IRGSIAPRSBLYLOCC IRGS IA PR SB LV LO CC

=101 =101 x|

1l Break | ¥Made DC 40004818 40010080 R21
addr/line _ source | T T yesf 40006BA8  RY 38 R17 7953499 R25  1ABD94A4
| 4000C018 R1M  4@@06BAB R18  3DCDB2A1 R26  E1D699B1
int func19(long x1, short x2 ) /* Parameter: Long,Short */ 40004618 Ri1  400@6BD8 R19  BS61829E R27  95175A75
sl Rt Lo
for (int y = 0; 1% 5; 0o
- — oe St ¥ + ? R i 21 R14 10048888 RZZ  D218218F R3M 45
40006BD8 R15 CAABWEBB R23  650BBBSE R31  4P@AGBA8
t 1%x2;
14l IR 1B SFIDCF78 HER 8 CR  8542F84E LR 4080947C
TBU  7DFB737F USPRGACIF78F44 CTR 40000608 1P 400080242
int func20(short x1, short x2, short x3 ) /% Parameter: 3 ShortJ
117 |{ PRGA CZD3D6BB  SRRA A4FB  IVPR HSR  B2008000
= 118 for (int y = 0; y < 10; y+4) PRG1 93EA1SB?  SRR1 DEAR  8819442A PVR 81558001
119 val_a ++; PRGZ 9D265C66 CSRRA B3461218 ESR @ DEC  98656A32
PRG3 B678B953 CSRR1 2233AAB3  HCSR DECAR 7BI3EBCA
return x1%x2%x3; PRE4 26152B1A MCSRRA 2BB4 MCAR 40010008 [CR
122 |} PRGS 1321@8C3D MCSRR1 TSR ']
PRG6 BC56@3B1 PID ]
int func21( 1 1, short x2, short x3 % P ter: Long,sh |SPRE7 88014548
e N BHARET PRES BB456284 UCLE _SPES WE _ CE _ EE _ PR
@ 126 for (int y = 0; y < 20; y++) PRGI 10847848 EP = M = Db o IS DS RI
127 val_a ++; il |

FE‘B::var.walch flags

T 2] [soviman] ervi

TRUE ,
« TRUE ,
+ TRUE ,

- BALSE,
« TRUE ,
- TRUE ,
- FALSE,
« TRUE ,
- TRUE ,

- EALSE,
- TRUE ,
- EALSE,
« FALSE,
« TRUE ,
- TRUE ,
« FALSE,

K

= (static bool [491) [D:8x48083018]1 flags = (

=|nl Xl 2 5
e LUE [ ‘Wi\ownl ¥ Args ¥ Locals ¥ Caller J Task:

—mllfunclg( =]

main()
- nResult = 1278945280
- nCount = 14

-

func19( (long)
—-002||__start(
2

=3
2

7}
L

— |end of frame
< | Mz

=

etulate | frigger | devices ] trace Data | Var I List I PERF I SYStem I Step | Go | Break | sYmbol | other I previous I
[SV:40000242 Yyram\mainyfunc19+0x28 |stopped (insideline) | | | | HL P,
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Real time trace: Dual Core Program execution
[/ ptozaeezsazas

Fle Edt Yiew Var Break Run CPU Misc Trace Probe Perf Cov OMAP4430app Window Help

Mk [T vn Z N DD el @ 22|

nalyzer.List def ti.zero ti.back /t = =10] x|
HSetup..| M Goto.. | FiFind.. [ AfChart | BiProfle | EIMIPS 3 Goto.. | #3Find.. | #Chart | ElProfle | EIMIPS | # More| X Less
record run address ‘cucle data g%l Iti.back  [ti.ze | record run le ta 1 |ti.back |ti.zera |
51 for ( i =0 ; i {= SIZE ; flags[ i++ ] = TRUE ) ; Fy Fy
cnp ri,#08x12 ; 1,118 . 51 for ( i =0 ; i {= SIZE ; flags[ i++ ] = TRUE ) ; <0.005us -117.185us ¢
ble Bx4A3268B4 ¥ ¥
strb r2,r12,+r11 - 51 for ( i = 0 ; i {= SIZE ; flags[ i++ ] = TRUE ) ; <0.005us -117.185us =
add ri,rl, #8x1 ; 1,1,8
51 for ( i =0 ; i <= SIZE ; flags[ i++ ] = TRUE ) ; 17.578us -99.607us
51 for ( i = 0 ; i (= SIZE ; flags[ i++ ] = TRUE ) ;
cnp ri,#0x12 ; 1,418 51 for ( i =0 ; i <= SIZE ; flags[ i++ ] = TRUE ) ; 23.437us -76.170us
hle Bx4A3260B4
strb r2,[ri2,+r1l 51 for ( i = 0 ; i {= SIZE ; flags[ i++ ] = TRUE ) ; 23.437us -52.734us
[ add ri,rl,#8x1 HEB 1% 15 3 |
51 for ( i =0 ; i <= SIZE ; flags[ i++ ] = TRUE ) ; 23.437us -29.297us
51 for ( i = 0 ; i (= SIZE ; flags[ i++ ] = TRUE ) ;
cnp ri,#0x12 ; 1,418 51 for ( i = 0 ; i {= SIZE ; flags[ i++ ] = TRUE ) ; 23.437us  -5.860us
ble Bx4A3268B4
strb r2,[r12,+r1] 51 for ( i = 0 ; i (= SIZE ; flags[ i++ ] = TRUE ) ; 5.860us 0.000us
add ri,ri,#0x1 R 7e b1
53 for ( i =0 ; i <= SIZE ; i++ ) <0.005us 0.000us
51 for ( i =0 ; i <= SIZE ; flags[ i++ ] = TRUE ) ; {
cnp ri,#0x12 ; 1,118 55 if ( flags[ i ] ) <0.005us 0.000us
hle Bx4A3260B4 {
strb r2;[r12,+r1] 57 prinz = i + i + 3; <0.005us 0.000us
[ add ri,ri,#0x1 ;. Egd 58 k =i+ prinz; <0.005us 0.000us
register int i, primz, k;
51 for ( 1 =0 ; i {= SIZE ; int anzahl;
chp ri,#0x12 ; I
hle Ax4A326084 anzahl = 0; .005us 0.000
NR :4A3268B4 ptrace while ( k {= SIZE ) <0.005us 0.000us
strb r2,[r12,+r1] {
add ri,ri,#8x1 i i,i,H = 61 flags[ k ] = FALSE; <0.005us 0.000us |
62 k += primz; <0.005us 0.000us
51 for ( i =0 ; i <= SIZE ; flags[ i++ ] = TRUE ) ; 59 while ( k <= SIZE ) <0.005us 0.000us
cnp ri,#0x12 ; 0,18 {
hle B 4 61 flags[ k ] = FALSE; <0.005us 0.000us
62 k += primz; <0.005us 0.000us
53 for ( i =0 ; i (= SIZE ; i++ ) 59 while ( k <= SIZE ) <0.005us 0.000us
| mov r2,10x0 {
61 flags[ k ] = FALSE; <0.005us 0.000us
55 if ( flags[ 1 ] ) 62 k += primz; <0.005us 0.000us
ldrb ri, [r12,+r2] 59 vhile ( k <= SIZE ) <0.005us 0.000us
cnp ri, #0x0 {
beqg Px4A326130 61 flags[ k ] = FALSE; <0.005us 0.000us
62 k 4= primz; <0.005us 0.000us
57 primz = i + i + 3; 59 while ( k <= SIZE ) <0.005us 0.000us
Isl ri,r2,#8x1 HILw 5 Y 3 {
add r3,rl, #8x3 61 flags[ k ] = FALSE; <0.005us 0.000us
58 k = i + prinz; 62 k 4= primz; <0.005us 0.000us
| add ri,r2,r3 i rl,i,prinz 59 while ( k {= SIZE ) <0.005us 0.000us
register int i, primz, k; {
int anzahl; 61 flags[ k ] = FALSE; <0.005us 0.000us
- 62 k 4= primz; <0.005us 0.000us ~|
< | W < Oy
|
1=2
emulste | wigger | devices | trace Data Var List PERF | S¥Stem Step Go | Breek | Register | svmbol [ FPU | MMX |  MMU | TRANSiion| CACHE | oer | previous |

[C-T: 0000049653 -759.395ms | C-Z: 0.000
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219
-18968513

-18968511

-18968583
220

221
-18968588

18968504
221

-18968503

-18968582
221

~18968499

|
run address cucle data 'sumbol [ti.back [ti.zero =
B
// get result of sum .
nResult = WaltAndGetTransferllata(), ¥
bl Bx89C Mai tAr R
F :0000889C ptrace nn\dena\llaltﬁnd;eﬂrmsfer])ata 0.280us  -1.820us
int WaitAndGetTransferData()
stuu ri,-8x18(r1) i r1,-16(r1)
D:4@0BFF78 wr-long 4008FFBE \\deno\Global\__SP_END+8x778 0.320us  -0.7008us
nflr r
stu r31,8x08C(r1) ollCycles,12
D:4800FFB4 wr-long DB[HDBDB \\dem\Eilnbal\_SP END+8x784 0.180us  -8.6080us
stu r,Bx14(r1)
D:4@8@BFFBC wr-long DIMBDDE‘! \\deno\Global\__SP_END+Bx78C B.180us  -B.588us
int nPollCycles = 0;
li r31,0x0 ; nPollCy
while (nRequestType != 0)
luz ri2,-8xFDB(r13) ; riZ,nRequestTupe(ri3)
D:4000BB3C rd-long 00PBEPBZ \\deno\Global \nRequestType 0.160us  -B.34Bus
nbar ] i
cnpui |12 Bx8 i
e nPolleclesH
add i r31,r31, Bxt ; nPollCycles,nPollCycle H
h Bx0B8
F :QB00ABBA ptrace .mo\HaitAndGetTransferDatatdxi4  0.28@us  -B.B6Bus
while (nRequestType != 0)
luz ri2,-8x7FDA(r13) ri2,nRequestType(ri3)
D:4000003C rd-long 00pAeAe2 \\demo\Global\nRequestType 0.400us  @.348us
nbar bx0 i
cnpui r'12 Hxﬂ
i . nPollt:gclesﬂ
addi r31,r31,0x1 i nPallCycles
b Px6BA
F :0000A8BA ptrace .mo\HaitAndGetTransferDatat@x14  B.300us  @.640us
while (nRequestType !'= 0)
luz ri2,-@x7FDa(ri3) ri2,nRequest Type(ri3)
D:4800803C rd-long 00000002 \\demo\Global\nRequestType B.400us  1.840us
nbar Bx@ i 8
cnpui |12 Bxﬂ
h . nPollecles-H
addi r31,r31,Bxl nPallCy
b BxBBA
F :A8AAABBA pirace .mo\WaitAndGetTransferDatatdx14  @.380us  1.348us
while (nRequestType != 0)
luz ri2,-8x7FDB(r13) nRequest Type (r13)
D:4800803C rd-long 00080002 \\deno\Global \nRequest Tupe 0.480us  1.740us
nbar oxB 8
cnpu i ri2,0x8 v
AP

2|

bl

Bx378
F :AABBA378 ptrace

int func14(char x1)
{

st
nf
st
st
nr

cl

Tu
lu
nt
adl
bl

wu ri,-8x18(r1)

Ir rd

u r31,8xBC(r1)

W rd,0x14(r1)

r3i,r3

return 2%x1;

rlslui r3,r31,8x18,0x1

2 r31,8x0C(r1)

2 rd,;0x14(r1)

Ir ré

di ri,ri,Bx18

r
D:4800F788 wr-long
D:4808F794 wr-long
D:4800F79C wr-long
D:4808F794 rd-long
D:4800F79C rd-long
F :PB0@OEBC ptrace

\\deno\deno\funci4

/* Parameter: 1 Byte ¥/

4B00F798 \\demo\Global\__SP2_END+@x788
800@8921F \\deno\Global\__SP2_END+@x794
BBOBOESC \\demo\Global\__SP2_END+@x79C
A008921F \\demo\Global\__SP2_END+@x794
BBPARESC \\demo\Global\__SP2_END+@x79C
\\demno\deno\nain_corel+8x34

func15( (shart) 66 ),

r3,8x42

408 . 360us

1.408us
8.700us
8.848us
8.720us
8.08980us
8.680us

run “ocle data ‘sushol tiback Iti.cero
ntlr ré 2|
addi ri,r1,0x18 .
blr ¥
10970486 D:4000F768 wr-long 4800F778 \\demo\Global\__SP2_END+@x768 1.440us -422.780us ~
10978484 D:4@88BF77C wr-long #00BBAGE \\deno\Global\__SP2_END+Bx77C 0.848us -422.748us
-1097@481 D:4800883C wr-long 90PARRAR \\deno\Global\nRequest Type B.668us -422.68Bus
~10978473 D:4888F77C rd-long #BAABAGD \\deno\Global\__SP2_END+Bx77C 1.320us -428.768us
~10970472 F :00008A68 pirace ..demo\demo\ProcessRequests+@x98  B.840us -428.720us
H
275
r r29,8x14(r1) ;
~1097@451 D 400@F 76C rd-long BBDMBDD \\demu\GluhﬂI\__SPZ END+3x78C 2.300us -418.4208us
luz r30,8x18(r1)
~1097@450 D 4808F 798 rd-long EIMES \\demo\Glnhal\,_SPZ-ENDmx'iSD B.848us -418.388us
rd1,Bx1C(r1) i
10978449 D 4000F794 rd-long BDDDSZIF \\denu\Glubal\__SPZ END+8x794 0.848us -418.348us
luz rd,8x24(r1)
~10978448 D:4800F79C rd-long a¢ 84 \\demn\GlnhaI\__SPZ END+@x79C 0.84@us -418.308us
ntlr rd
addi ri,rl,8x20
blr
~10978352 F :PA0OREBA pirace \\deno\demo\nain_corel +dx2C 9.940us -408.368us
432 funcld( (char) 66 ),
Sl r3,0x42 ]|

1.400us
2.1088us
2.148us
2.868us
2.988us
3.50@us

1
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#3Find.. | fdChart | Bl Profile
eSS cycle data sumbol [ti.back ti.zero ]
D:4888883C rd-long B88BBRA3 \\demo\Global\nRequestType 8.480us -8.348us 3
mbar ox8 ; *|
cnpw i r'12 Bx. ¥
neq x o -
222 nPollecles++
addi r31,r31,6x1 ; nPoliCycles,nPollCycle
b P=8BA
F :08080888BA ptrace ..mo\HaitAndGetTransferData+Bx14 8.388us -8.848us
F :0880808314 ptrace \\demoxdemo\funci3 2.188us 8.8088us
while (nRequestType !'= 0)
- luz riz2,-8x7FpA(ri3d) ; riZ,nReque e(ri
—aenn457 D:48808803C rd-long 88008803 \\demo\Global\nRequestTgpe 8.480us 8.3608us
—AARnR456 3 F :08808088BA ptrace ..mo\HaitAndGetTransferData+Bx14 8.388us 8.668us
1
1
1 int funcl3(int a, int ¢, int e ) /* arguments and locals stack-tracking */
72 11 {
1 stuwu ri,-8x28{r1) ;i r1,-324(r1)
—A8AnA45s (1 D:4880F 758 wr-1long 408088F 778 \\demo\Globhalx__SPZ_END+Bx758 8.728us 8.720us
mbar axa ; 8
cmpuw i riz2,oxe -
beq Bx8C8 )
222 nPollecles++-
addi r31,r31,6x1 ; nPollCycles,nPollCycle
b Px8BA
—A080A453 (1 D:4000F 7680 wr—quad B0PARAA7AAABARZ2A “\“demo\Global\__SP2_END+Bx760 .B60us .788us
—AABnA451 |1 D:40080F 768 wr—quad B0BRAR6GAANBARA3 \\demo\Global\__SP2_END+Bx768 .B60us 8.8408us
—AABAR449 |1 D:408080F 770 wr—quad B0PBOAN20000ARA1 “\demo\Global\__SP2_END+Bx770 .B6Bus 8.9808us
221 while (nRequestType !'= 0)
E - luz ri2,-8x7FDB(ril) ; ri2,nRequs Type (ri3)
—AABBn447 D:48808803C rd-long IBBBBBEB \\demn\G lobhal\nRequestType .480us 1.868us
1 mflr ra
1 stmnuw r26,8x8(r1) ; £,80r1)
—APABNA446 @ F :000008BA ptrace ..mo\WaitAndGetTransferData+Bx14 8.3080us 1.368us
1 stu ra,ox24(r1) ; rB,36<¢(r1D)
—AABAA445 |1 D:4880F 77C wr-long IBBBBBSB \\demoxGlobal\__SP2_END+Bx77C .508us 1.480us
mbar Bx8
cnpuw i r12 Bxﬂ
neq t )]
222 nPollecles++ :
addi r31,r31,6x1 NP ycles,nPollCucles; 1
b Bx8BA
221 while (nRequestType !'= 0)
- luz ri2,-8x7FDa(r13) 2 snNRequestTy
1 mr r3i,r3 ; r
1 nr r38,r4 ; ©,r4
1| mr r2g,rs i e,rs
1 int b, 4, f; -
4 L 41




Dual Core Function Runtime Analysis: Chart Display

Adenordenoyfunc19 0
\Wdenovdeno\nain_cored : i<
Wdlenondeno\ funcz® : 0

\\deno\demno\func21 : B
HenosMWaitAndGetTransferData: 14y
“Adenordenosfuncll: 95
“Adenosdenosfunc22 i A5
denordenosfunc23 (94
odenodenoSetTransferData : 0 4
\wdenodeno SetRequest : 04
Wdenovdeno\sieve : 09
\\deno\deno\get_pin: @&y
\Adenovdenoyset_pin: 9
Wienondenofunc1@: 0%
\Wienondenoyfunc13: 95
\Wdenondenoyfuncld 95
Wdenovdeno funcls: 0 <)
“denosdenosfuncl6 0
Wdenondenosfuncl? 04y
‘Wdenodeno func18: 0
(other) : 14

(UNKNOMN) : 14
“Adenosdenosfunc1d 15
\Wienovdeno\main_corel: 1%
Wdenovdeno\func1S: 14
\Wdenondenofuncl6: 14
\denovdenosfunc13: 14
\Adenovdeno\ProcessRequests : 146
denosdenoGetPendingRequest : 14
\denovdenosGetTransferData: 14
\Ademordeno\sum : 1 5
\WdenovdenosSetTransferData: 14
enodeno\AcknoledgeRequest : 14
\Wdenosdenoynext 14y
\\deno\deno\fac : 14}

-lojx
& Setup... | iii Groups... | 3% Config...| ¥ Goto...
: —108562536 [-Z2: +26.40Bus scale:
: -2 .315500000s —2.3154503&34
address < 1 —|
(other) : 04 =




Code Coverage Analysis: HLL Function Level

& BzTrace.COY¥erage.ListFunc . =] |
P Setup..| A Goto... | @List + Add | Sload. | E2Save.. | @ it
address tree coverage executed B4 504 108 taken nottaken bytes —|
P:P00001FB—B0BBRFBY | © \demo partial | 83.890/ =——— 1. 1. 3352. 2812. =
P:P00001F0——00ROB27B funcl0 ok (100 .0007 =— a. 8. 148. 140.
P :0000027C——0B000B313 funcil ok 100.000/ —————————— a. 8. 152. 152.
P:P000A314——-00800377 func13 ok 100.000/ e——————— a. a. 100. 108.
P :P000A378--BABAA3A3 funcid ok 100 .0007 (=————— a. . 44, 44,
P :00BAA3A4——-BABBA3D3 funcls ok 100 .0007 \=—— a. a. 48. 48.
P :p000A3D4—0ABBA3FF funclé ok 100.000/ —————— a. a. 44, 44
P : 00000400—00000473 funcl? ok (100 .0007 \=——— a. a. 116. 116.
P :p0000474—000084D7 funci8 ok (100 .0007, =—— a. a. 108. 108.
P :p00004D8-—-0B0ROA543 func19 ok (100.0007, =— a. 8. 108. 108.
P : 0000A544-—BAOBBSBF func20 ok 100.000/ ————————— a. 8. 124. 124.
P :0ABARSCO-—-BARAR637 func21 ok 100 .0007 |=——— a. . 128. 120.
P : AAPBA638-—BABABGAF func22 ok 100.000/ e———— a. a. 128. 128.
P : 8000A6BA-—-B00ABGFF func23 ok 100.000/ —————— a. 8. 88. 80.
P :00000700—BABBA7CB sieve ok 100 .000% ——————— a. a. 204 . 204 .
P :000007CC—000007FB SetRequest ok 100.0007 ———— a. 8. 48. 48.
P :P0AOA7FC—DPORAS1F GetPendingRequest ok 100.0007 =—— 8. Q. 36. 36.
P :0P00NB20-—000NBB43 GetTransferData ok (100 .0007 =— a. 8. 36. 36.
P :PPRPAS14—BABBAB73 SetTransferData ok 100.0007 (=——————— a. . 48. 48.
P :000B874——0BOOAB9B AcknoledgeRequest ok (100 .0007 =————— a. . 40. 49.
P :A0ABABIC—BABARBE3 WaitAndGetTransferData ok 100 .000)/ e———— a. 8. 72. 72.
P : 0000ABE4—BA0BA93B fac ok 100.000/ ———— a. 0. 88. 88.
P :0B0A93C—BABBA993 sum ok 100 .000% (———————— a. a. 88. 88.
P : A000A994—0BAVABICF next ok (100 .0007 —— a. 8. 60. 60.
P :pAPAR9DA——0BARBOA7B ProcessRequests partial | 90.697/ —— 1. 1. 172. 156.
P :p0PBOA7C——BPBBBAD7 start_corel never | 0.800% a. 8. 92. 8.
P :PABABADS——BABBBBAT enable_timehase never | 0.0808% a. 8. 48. a.
P :A000ABAS—BABARB7F configure_pin never | 0.800% a. 8. 128. 8.
P : AP0ANBSA—BAVABBF 3 set_pin ok (100.000/ =—— a. a. 116. 116.
P : APABABF 4—BRPBBC3B get_pin ok 100.000/ ———————————— a. 8. 72. 72.
P :p00BAC3C——BABBREST main_corel partial | 74.074) —— a. 8. 548. 400.
P : ABARESS-—BAPABEBR7 main_corel partial | 54.166/ ————— a. a. 96. 52.
P : 0ABABEBS-—-BAVABFB7 main never | 0.800% a. a. 80. 8.
A« AW




¢ Up Il Break | ¥Mode
coverage __addr/line code label nnemonic __comment =
. Al
void main_corel()
never 423 {
never SF:@@@BBESE 9424FFFD  main-cor..:stwu ri,-0x40(ri) ; r1;-16(r1)
never SF:@@8@BOESC [7C080206 nflr rD
never SF:00000E6A (33E4000C stu r34,0x0C(ri) ; nLoopCount,12(r1)
never SF:0B000E6A (30040044 stu r0,0x44(r4) ; rd,28(rl)
never 424 mnsigned int nLoopCount = 0;
never SF:00@BPEGS [IBE0DOOD 1i r34,0x0 ; nLoopCount,8
never 425 enable_timehase();
never SF:@0B0BE6C [1BFFFCED bl 0xAD8 ; enable_timebase
while (1)
{
ok 428 funcl3( 1, 2, 3 );
ok SF:0800BE78 (36600001 li r3,0x1 o
ok SF:0BABBE74 (3880002 li r4,Bx2 ; rd,2
ok SF:0BAARE7S (36AVAAA3 1i r5,8x3 ; 15,3
ok SF:0@00BE7C (1BFFF499 bl Ax314 ; funci3
ok 430 ProcessRequests();
ok SF:PPARPESA |1BFFFB51 bl Ax908 ProcessReq
ok 432 func14( (char) 66 );
ok SF:0000BE84 38600042 li r3,8x42 r3,66
ok SF:0APOBESS (1BFFFAF1 bl Bx378 ; funcid
ok 434 funcl5( (short) 66 );
ok SF:BPBBOESC (36600842 li r3,8x42 ; r3,66
ok SF:0@00PE9\ (1BFFF515 bl Ax3A4 ; funcis
ok 436 funcl6( (long) 66 );
ok SF :00ABPES4 (36600042 li r3,0x42 3,66
ok SF:BP@ABOESS (1BFFF53D bl Ax3D4 funcie
ok 438 nLoopCount++;
ok SF:@BBBBESC (3BFFAAA1 addi r31,r31,6x1 ; nLoopCount,nLoopCount, 1
ok 439 }
ok SF:0@00BEAA (1BFFFFDA b BxE7@
never 440 |}
never SF:@@@BBEA4 (23E4000C luz r34,0x0C(rd) ; nloopCount,12{r1) J
never SF:@BBOPEAS (200410044 1wz rD,0x44(r1) ; r@,28(r1)
never SF :@BBABEAC [7CO003A6 ntlr rd
never SF:AB00PEBA (38240040 addi ri,rd,0x40 ri,ri,1
never SF:000BOEB4 [1E800020 blr
<
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& Seup..

Trace history based debugging: Context Tracking System

AfChart | S Chart | % More| X Less|

221
-00008093

75

-apeaB1a3 | -

nPollCycles = 37
nPollCycles++;
nPollCycles = 38
-
nRequestType = 1
while (nRequestType '= 0)
- v
nPollCycles = 38
nPollCycles++;
nPollCycles = 39
nRequestType = 1
while (nBequestType '= 0)
b = 37
d = 1924
f =52
a=37
ci=i52
e=0
int b, 4, f;
h = atcte;
b =89
. - v
= 52
b =89
=37
f = b+a;
f =126
d = 1924
f = 126
b =

=10lx|
FEZEBFFF SP» 4PB@@B4A ~
6CFF1FIC  +04 @B@ABCFS

D48 40000088
400008838 RY 7C R17

FFBB762D R24
FFFFFFFF  R25

R2 92aC R10 37 R18  FFCYDEFF R26  BAEFBSFF  +AC BPPABOAR
R3 1 Ri1 1 R19 CBOEFBDF RZ7 4BEFF3E@ +0C 000ABGA1
R4 1 Ri2 1 R28 E77EF636 RZ8 1 +10 08008008
RS 37 R13 4000800C R21  EF9@E7?FF R29 oD +14 @POBODA8
R6 13 R14 FSE7EF/C R2Z  66F7BFF6 R3M E7 +10 @PAAB0AR
R7 @ R15 FBF32BFC R23  6EFFDF47 R31 25 +1C 46000802C

20 9P0APPAA
IBL  3E26BIBA HER 8 CR 40000008 LR ap48  +24 91010100
TBU @ USPRGOFCBESFAB CIR 1194 1P @84 +28 910100081

4

th'immﬂ

~0B@[[waitandGetTransferbata()

—@P1|main_core0()

+2C 91000108

2FABASIF SRRU  EFBDFBFF IVPR FFFF@BO@ MSR @ +30 @pe10100
3FFF7FCD SRR1 B7748CSF DEAR B73CABD4A PVR 81698808 +34 ARA180A1
BDDF3FDF [CSRRA 1BC7DIFB ESR @ DEC @ +30 91000100
9937DFDD CSRR1 FEEAEE71 MCSR @ DECAR 42DCEEES +3C 00010000
6BF66EE2 MCSRROFDBFFCSE MCAR  FFFFFD2C  TCR 8 +40 910180008
FF2F3ECF MCSRR19CFAF21F TSR 8 +44 @1088101
C3AC6EBA PID 8 +48 0p0An100
D9ZEZEDF +4C 81000001
DSE2EFBF UCLE = SPE - e = CE: = EE - PR +50 9PRARBA1

AFC1C8DE P = ME — DE .~ 15 - DS - RI +54 9PARARBR ~|
4

- nTransferData =

Var.Frame /Locals /Caller

¥ Args

 Locals ¥ Caller | Task: |
Al

- nPollCycles = 37

- nResult = 1

- nCount = 231

= nLoopCount = 13
- etpucd_state = 1

// wait for result inmediately
nResult = WaitAndGetTransferData();
end of frame

1<
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* Electromechincal systems comprise a substantial segment of the
feature & function set of modern automobiles & trucks

* Asa function of the rising demands on drivability, convenience,
safety, and environmental impact, the number and complexity of
electronically controlled/implemented vehicle functions is
increasing steadily

* Today's mid-size cars are commonly equipped with engine and
transmission controls, electronic controlled brakes, occupant safety
controls as well as driver assistance and infotainment systems
re%ultling in 40 or more electronic control units (ECU‘sglon one
vehicle

* A modern engine control module can process 250 million
instructions per second, and the control software may contain over
500,000 lines of code and upwards of 20,000 function parameters

* A complex vehicle ECU network is interconnected to share data
between ECU's utilizing many dirrerent communication buses
including CAN, Flexray, LIN, and Ethernet ﬂ- =
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Calibration is an essential part of the development process of systems
and vehicles from the first prototypes in the lab until the validation &
release of production

During Calibration, an optimized set of ECU parameters is determined
for a new vehicle & is commonly used in the development the various on
vehicle control systems including: Engine, transmission, hybrid
systems, battery, electric motor, chassis, braking, and vehicle control
systems.

During Calibration, the tuning of vehicle characteristics is performed to
meet the customer/vehicle requirements for fuel consumption, comfort,
drivability, stability, performance and legislative standards (EPA, CARB,
etc...)

Calibration is performed live/real time, while the vehicle/system is
running in a lab environment, in a dyno environment, and in extreme
conditions (temperature, weather, altitude, etc...)



* Availability of ECU parameters/variables in real time to the
calibration engineer is an essential aspect of a calibration system

® During calibration, ECU parameter measurement is also essential, as
thousands of variables can be simultaneously measured. Some
hybrid and vehicle control systems require high speed
measurements of variables/parameters changing faster than 5ouS




Calibrated function: ~ W30
y=m*x+Db
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Rapid prototyping (RP) of new control algorithms is a common
practice in the Automotive industry

Use of an RP system enables the test of new control algorithm’s /
strategies before all the production pieces/parts are available

The ability to quickly evaluate and revise a new function is key to
efficient software design

External bypass is one of the more common methods of RP whereby

new functions run on external RP hardware. This can include connection to
sensors and actuators via the ECU or via external RP hardware [/O

For an automotive real time system, the round trip time from the
input to calculation to the output is critical.

The use of Nexus provides high speed real time interface directly to
the microcontroller, enabling the bypass with complex control
algorithm’s calculated off-board the main target micro controller



Experiment
Environment

Dedicated
Real-Time Link

H igh Speed Nexus
uC Interface

Scheduling & Cooperation =

l‘#‘g =

et g (et U8 P e
S =N s ENY P anssmmmes N L
s CTYYEMAS vl 00O

i
i
|

20 ms “*
o B

e R

Datpa Exchange|

Standard ECU functions: New functionson
e.g.: ignition, injection, lambda, ... external RP HW




The availability of a Nexus interface on the Microcontroller enables
the Calibration and RP systems to have a real time high speed
access to the software parameters/variables

Via the Nexus interface, a calibration engineer has access to the
ECU data via a PC based graphical user interface, and can view and
tune the ECU software/parameters in real time

Via the Nexus interface, an RP engineer has access to the ECU SW
in real time. Algorithms or parts of algorithms can be bypassed to

test new control strategies. RP system can also include additional
IO hardware to provide additional ECU IO when needed.

The Nexus 5001 standard has continued to evolve, enabling access
to the ever increasing complex ECU control software, the ever
increasing bandwidth demands, and the ever increasing high speed
requirements for modern vehicle control systems

The introduction of Aurora in the 2012 revision to the Nexus 5001
standard will further enable the increasing demands of future
vehicle electronic control systems
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Instrumentation Strategies

* GM Powertrain has developed instrumentation
strategies that are used across entire generations of
ECU programs, including:

e ECMs (Engine Control Modules)
e TCMs (Transmission Control Modules)

e Hybrids (Hybrid Control Modules)

* Today’s webinar will touch on two of the common
strategies (Gen 2 & Gen 3) with a focus on the tools
used in the development of ECU software and
calibrations

56



Tool Use Cases

® There are 3 primary use cases employed at GM in the
development of ECU software and calibration

e Calibration: Measurement and calibration tools
e Software Development: Software debugging / trace tools
e Feature Development: Rapid prototyping tools

* The next few slides illustrate how these tools are being
used on the Gen 2 and Gen 3 controller programs at GM
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J Gen 2 Overview

e External instrumentation - instrumentation was
outside of the development ECU

* Each ECU supplier was required to implement a
mezzanine / daughter board for instrumentation

» All 3 tool interfaces could not be used simultaneously
e Maximum of 2 tools could be connected at the same time
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Gen 3 Overview

e Internal instrumentation - instrumentation was inside
of the development ECU

* Common internal instrumentation (COTS) eliminated
the need for supplier designed daughter board

» All 3 tool interfaces can be used simultaneously
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Gen 3 Implementation
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Gen 3 Implementation

* Measurement & Calibration, Debug & Trace, and RCP

Developer’s
PC







Gen 2 Measurement & Calibration
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Gen 3 Measurement & Calibration with Trace & Debug
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Gen 3 Internal Instrumentation (XETKV2)
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Gen 3 Bench
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Lower Development Costs

¢ Elimination of the “one off” instrumentation solutions that were
only used on a single program

e Seems obvious — but multiple instrumentation solutions were used
simultaneously at GM prior to the common “generational” strategy

* Programs share development equipment - efficiency/cost gains
e As older programs ramp down their equipment needs also diminish
e Newer programs utilize common equipment from older programs

* Don’t need skills / training for multiple tool sets

* Common tools used across the organization allows developers
(software and calibration) to move across programs quite easily

e Increases Powertrain’s ability to move people more effectively



Benefits to Common

* Powertrain’s instrumentation strategy being used as a
model for other parts of GM

* ECU development in other parts of GM are being
asked to follow Powertrain’s common instrumentation
approach

* The Nexus Standard has played a significant role for
realizing these benefits at GM
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Questions and Answers

During the Webinar, Send questions to the Host using
the Chat Window




For more information on Nexus 5001 Forum, please visit:

WWW.Nexus5001.0rg




