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Agenda

- High Level introduction to the QorlQ Debug IP
- Trace support
- Performance support
- Freescale tools
- Trace tools
- Performance analysis tools
- Common Use Cases
- Cores
- Memory related
- Other SoC components (DPAA)
- Q&A
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Stage — What Do We Need to Think About?

- Accessibility
- Concurrency
- Bandwidth

- Intrusiveness
- Security

- The answer?
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Physical Access

One Bit
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Physical Access: Magnetic Core Memory
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External Cache and Math Coprocessors
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Board-Level Access
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Ethernet or USB JTAG Probe

- Pros: Ubiquitous. Inexpensive, Single-socket, Daisy-Chainable
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All on One Die
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Single Core — Software Debug

Instruction Data Run Control

Breakpoints Watchpoints Halt, Step Printf

Application Software
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Single Core SoC
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Instruction Data
Breakpoints Watchpoints

Application Software

Operating System

L 2

L 4
Z “freescale"

Multicore Application Migration
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Halt, Step
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Multicore Application Migration

Instruction Data Run Control rintf
Breakpoints Watchpoints Halt, Step P

Application Software

i i ]
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Hypervisor

/ Multiple cores and Data

J j / Path Accelerators
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Breakpoints Watchpoints
Application Software
r[coer]

Multicore Application Migration

Run Control fintf
Halt, Step P
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Multiple cores and Data
Path Accelerators
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Breakpoints Watchpoints
Application Software
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Multicore Application Migration

Run Control fintf
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Multiple cores and Data
Path Accelerators
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Breakpoints

Multicore Application Migration

Data Run Control
Watchpoints Halt, Step
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Multicore Application Migration

Instruction Data Run Control
Breakpoints Watchpoints Halt, Step
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PME
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Multicore Application Migration

Instruction Data Run Control
Breakpoints Watchpoints Halt, Step

B SEC bath Accele

Breakpoints Watchpoints Run Control Trace
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JTAG Limitations

- JTAG
- Sample rate
- Bandwidth

- P4080 Debug Trace Sources
-8 x Cores at 1.5 GHz
-2 X DDR controllers
-L1, L2, L3 caches
- 2 X Frame Managers

= 1 X 10G Ethernet controllers
= 4 X 1G Ethernet controllers

- Queue Manager
- 3 X PCle controllers MHz
- 2 x serial RapidlO™ controllers
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Two Sides to Accessibility

- Accessibility is a double-edged sword
- Great during development process
- Great during lab or field debug

- However

- Provides an attack surface for hackers

- Access Methods

- Debugger
= High-Speed Serial
« JTAG
- Target-Resident Code Instrumentation
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QorIQ P4 Series P4080 Block Diagram
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DDR Debug

-

DDR Transaction Message

Field Name | Value
Source Core 7
Type Write

Size 8 Double Words

Address OX004F_0120 coppression

Timestamp 05426984  Granular :

Next



OCeaN Address
Message

OCeaN Data Payload
Message

Field Name
Source

OCeaN Debug Port
ReqType

Priority

Size

Address XOR

Compression

Timestamp = Granular

Field Name
Source
Payload Data
First Beat
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Trace

Watchpoint Message

Field Name

Source Processor

Watchpoint Source Indicators
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Data Address Compare x 2
Interrupt Taken
Return from Interrupt
Event In x 2
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Sync Message

Field Name

Source Processor

Address Space Identifier

Program Counter (full address)

Timestamp




Core Debug

Trace

Indirect Branch History Msg

Program Trace

Field Name

Source Processor

Branch Type

Instruction Count since last branch

Change of Flow Target Address

Direct Branch History

Next



FREESCALE TECHNOLOGY FORUM
FTF . POWERING INNOVATION

Debug IP Details




pR{
QorlQ™ P4080

>
<&
< QorIQ™ P40z -

32 KB 32 KB
D-Cache I-Cache

4 -

64-bit
— DDR-2/3
Memory Controller

64-bit
— DDR-2/3
Memory Controller

eOpenPIC <
CoreNet
PreBoot Loader -=— Coherency Fabric
. . Peripheral
Security Monitor -€— PAMU PAMU PAMU PAMU Airc'gsfﬁgmt Unit
Internal BootROM <€— ¢ ¢ ¢ ¢ ¢
Power Mgmt <€ FMan EMan Real Time Debug
A RapidlO Watchpoint
~<—
SRIIE eLBC SEC || |QMan Parse, Classify,| | Parse, Classify, UM.e;sséa'\%S 2x DMA _I%rosgr
SPI - Distribute Distribute nit (RMU) 99
< Buff Buff Perf |CoreNet
2x DUART Test |, u,er - | |, u,er I | Monitor| Trace
4% 12C <—| | Port/ | |PME | [BMan 1GE|[1GE 1GE|1GE PCle || sRIO
SAP 10GE 10GE SRIO
2% USB 2.0/ULPI <] 1GE|[1GE 1GE|1GE —
~<—
Clocks/Reset Y Y ¥ Y Y ¥ Y Y ¥ Y Y A
GPIO <
e o 18-Lane 5 GHz SerDes

L £

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis,
mobileGT, PowerQUICC, Processor Expert, QorlQ, Qorivva, StarCore, Symphony and VortiQa are trademarks of Freescale Semiconductor, Inc.,

' ' ™ 44 Reg. U.S. Pat. & Tm. Off. Airfast, BeeKit, BeeStack, CoreNet, Flexis, MagniV, MXC, Platformin a Package, QorlQ Qonverge, QUICC Engine,
' reesca e Ready Play, SafeAssure, the SafeAssure logo, SMARTMOS, TurboLink, Vybrid and Xtrinsic are trademarks of Freescale Semiconductor, Inc. All

other product or service names are the property of their respective owners. © 2012 Freescale Semiconductor, Inc.




) 4

P4080 Debug

N,
>

i

32 KB
D-Cache

I
i

A=

32 KB
I-Cache

i

CoreNet

i

QMan

BMan

Debug / Development Bus (to all debug IP)

FMan FMan
Parse, Classify, Parse, Classify,
Distribute Distribute
| Buffer | | Buffer |
1GE| 1GE 1GE -1GE
10GE 10GE
|1GE|1GE| |1GE| 1

Y

| IEEE 1149.1 (JTAG) |

P

Hi

Nexus

64-bit
DDR-2/3
Controller

|

64-bit
DDR-2/3
Controller

v
 DDR Debug

SoC

Seq.

vents

Perf Monitor

!

RapidIO
Message 2x DMA
Unit (RMU)
— —>
PCle ||PCle PCle || sRIO
SRIO

by 4oy

YY
NPC

Trace
Buffer

(16K)

Aurora

18-Lane 5 GHz SerDes

'
|

L 4
“freescale-

45

-triggers

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis,
mobileGT, PowerQUICC, Processor Expert, QorlQ, Qorivva, StarCore, Symphony and VortiQa are trademarks of Freescale Semiconductor, Inc.,
Reg. U.S. Pat. & Tm. Off. Airfast, BeeKit, BeeStack, CoreNet, Flexis, MagniV, MXC, Platformin a Package, QorlQ Qonverge, QUICC Engine,
Ready Play, SafeAssure, the SafeAssure logo, SMARTMOS, TurboLink, Vybrid and Xtrinsic are trademarks of Freescale Semiconductor, Inc. All
other product or service names are the property of their respective owners. © 2012 Freescale Semiconductor, Inc.



¢
e500mc Debug

32 KB

D-Cache I-

P

32 KB
Cache

CoreNet

i

64-bit

SoC events

DDR-2/3
Controller
| —
; Select
64-bit 2
DDR-2/3 2
Controller Seq. 5
o
|

FMan FMan
QMan 0 )
Parse, Classify, Parse, Classify,
Distribute Distribute
| Buffer | | Buffer |
BMan 1GE| 1GE 1GE
10GE 10GE
1GE ||1GE

Debug / Development Bus (to all debug IP)

Y

1cE
|

l

l
YY

NPC

RapidlO
Message 2x DMA Cntrl/Arb.
Unit (RMU) ——,

K Buffer

(16K)
PCle || PCle PCle|| sRIO
SRIO

e

by '

18-Lane 5 GHz SerDes

L £

L 4
Z “freescale"

46

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis,
mobileGT, PowerQUICC, Processor Expert, QorlQ, Qorivva, StarCore, Symphony and VortiQa are trademarks of Freescale Semiconductor, Inc.,
Reg. U.S. Pat. & Tm. Off. Airfast, BeeKit, BeeStack, CoreNet, Flexis, MagniV, MXC, Platformin a Package, QorlQ Qonverge, QUICC Engine,
Ready Play, SafeAssure, the SafeAssure logo, SMARTMOS, TurboLink, Vybrid and Xtrinsic are trademarks of Freescale Semiconductor, Inc. All
other product or service names are the property of their respective owners. © 2012 Freescale Semiconductor, Inc.




e500mc Debug

- Static Debug Features (“Classic” Debug):

Breakpoints and watchpoints

Execute instructions from a halted state (instruction jamming)

Software access to debug resources through memory mapped bus architecture
Hardware access to memory mapped resources through JTAG (or high-speed serial)
- Real-Time Debug Features:

Program (instruction) and Data Trace, Ownership trace, Data acquisition.
Watchpoint (event) messages and triggering

Status messages

Trace queue management policy

Timestamp capability

All features (static/real-time) are programmable by external development tools (memory
mapped) or by embedded software

- Performance Monitor
- Each core provides 4x 32-bit performance monitor counters (PMCs)
- PMC overflows can generate events to SoC event processing module (x-triggering)

- PMC count values can be captured into shadow registers in response to a trigger. The
shadow registers can be accessed non-intrusively
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DDR Debug

- Provides visibility to DDR transactions by monitoring DDR
memory controllers (2)
- Source 1D
- Transaction type, size, and address
- Other transaction attributes
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DataPath Debug

- Provides visibility to queuing operations in architected Queue Manager
(QM)
- Frame queue ID, queue type (enqueue/dequeue)
- Channel number

- Portal number, portal type

- Provides visibility to debug context info within each Frame Manager (FM)
- Trace data from each processing stage (BMI, QMI, KeyGen ...)
- Sophisticated frame comparators for each sub-block
- Fine granularity frame tracing control

- Generates performance events from all DataPath blocks (FM, QM, BM, PME)
- Supports event controlled halting
- Generates watchpoint (event) trace
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Event Processing Unit (EPU)
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EPU Block Diagram

- The Event Processing Unit (EPU) receives event notifications from CPUs, SoC
blocks or off-chip and generates appropriate watchpoint cross-triggers.

- Programmable front-end mux pares down the many signals/events to be
processed

- Sequencer module within the EPU applies logical functions (and delays) to
incoming events to detect certain conditions and provide the appropriate cross-
triggers

- EPU can trigger by matching event/transaction types, addresses
- Sources: CPU cores, SoC blocks, perfmon. counters, external triggers
- Targets: CPU cores, SoC blocks, Nexus trace output

- Example Usage:
- Allow breakpoint on one core to halt any combination of other cores
- Correlated breakpoint groups supported (ex. 0-8 cores per group)
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Nexus Port Controller (NPC)

N,
>

i

32 KB
D-Cache

I
i

=

32 KB
I-Cache

i

CoreNet

i

QMan

BMan

FMan FMan
Parse, Classify, Parse, Classify,
Distribute Distribute
| Buffer | | Buffer |
1GE| 1GE 1GE -1GE
10GE 10GE
|1GE|1GE| |1GE| 1

Debug / Development Bus (to all debug IP)

Y

| IEEE 1149.1 (JTAG) |

P

Hi

Nexus

64-bit SoC events
DDR-2/3
Controller
| —
64-bit 2
DDR-2/3 Seq 2
Controller ) c
o
L -
-triggers

!

RapidlO

Message 2x DMA Cntrl/Arb.

Unit (RMU)

I — Trace
Buffer
(16K)

PCle || PCle PCle|| sRIO

SRIO

by 4oy

18-Lane 5 GHz SerDes

L 4
“freescale-

54

Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+, C-Ware, the Energy Efficient Solutions logo, Kinetis,
mobileGT, PowerQUICC, Processor Expert, QorlQ, Qorivva, StarCore, Symphony and VortiQa are trademarks of Freescale Semiconductor, Inc.,
Reg. U.S. Pat. & Tm. Off. Airfast, BeeKit, BeeStack, CoreNet, Flexis, MagniV, MXC, Platformin a Package, QorlQ Qonverge, QUICC Engine,
Ready Play, SafeAssure, the SafeAssure logo, SMARTMOS, TurboLink, Vybrid and Xtrinsic are trademarks of Freescale Semiconductor, Inc. All
other product or service names are the property of their respective owners. © 2012 Freescale Semiconductor, Inc.




A 4

4\
Nexus Port Controller (NPC)

- Provides top level control of trace messages from all clients
- Front-end buffers and arbitration logic to capture multi-client trace data
- Data received by NPC is lossless (barring loss of high-speed link)

- Provides internal trace buffer (16 KB for QorlQ P4080)
- Mechanism to capture data for probeless environment (or production)
- Selectable client trace captured into buffer (ex. capture trace from CPU #1, 2, 7)

- Provides interface to high-speed serial link trace transmission off chip
= Xilinx Aurora - link layer communications protocol for point-to-point serial
= Two (2) bidirectional SerDes lanes dedicated for Nexus
= NPC formats (pre-translates) data into octet pairs - sent to SerDes

- Provides support for alternative egress mechanisms (DDR, parallel AUX)
- Generates Global watchpoint event used to synchronize timestamps
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CodeWarrior PA10 Trace Tools




PA10 Trace Viewer

- Displays decoded trace

- Trace can be collected internally (Nexus Buffer or DDR) or external via the Gigabit TAP
- Supports all cores, DDR, Ocean, FM and QM Manager

- Captured data is decoded and presented in trace viewer.

- Core (Program) Trace presented in either source, assembly or mixed views

.| main.c = TraceDatal &2 =B
= Trace - TraceDatal - Hello_world-core0 M o4 m FE 2
L Call/Branch 14 : -
Index |Event So... Description Type Timesta. ..
Source | Target
1-1 SaiC Device id = 0x1020001d (P40580 reve) Infa 1]
1-2 core 0 Debug skatus = 0x0, Care running. Info 12759659
1-3 core O Function main, address = 0x10015¢c, main Linear 12789715
1-4 core_0 gﬂSrD':irc”‘}m‘?'QrE:éfgggr'eig”ichaldng?;g = rmain printF Function Call | 12790126
1-5 core 0 Branch and link instruction occurrence Infa 12790126
} Branch from printf to prinkf, Source address = . .
1-6 core_0 0100353, Target address = O 1003dc. printF printF Branch 12790501
Call Frarm prinkf ko _wFprinkf_r. Source address = . . .
1-7 core_0 O%100414, Tarqet address = Ox 100430, printF _wFprinkf_r Function Call 12790501 3
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PA10 Trace View: Raw Nexus Messages

- For advanced debug cases, developers need to see the ‘raw’ Nexus
messages, no decoding needed.

- CodeWarrior PA 10.1.2 has a view that allows viewing these raw Nexus

ﬂ!’“ Software Analysis &2 =8 @ main.c @ _ start_eS00mc_crtl.c @ interrupt.c ET P4080D5_init.c = TraceDatal &2 =08
Software Analysis & @ B || = Trace - TraceDatal - P4080-core0 M o4 ek [@;{‘! A
MName Trace Nexus Message o _ ‘s . . call/Branch 4 T - . Show Nex
ndex |Event So... escription =} imesta... | [
o [ PAOB0-cored P Source | Target st L4
B TraceDatal = Irace @ Nows besy | 10 SoC TCODE=1, ID=0:1020001d (1) Device D 0
El TraceDatal0 = Trace & News Mess|= 1-1 SoC Device id = 0:1020001d (P4080 rev2) Info 0
"= TraceDatall £ Trace @ Mexus Mess 2-0 core_0 TCODE=0, SRC=0, STATUS=0:0, TSTAMP=2212302 (2) Debug Status 2212302
El TraceDatal2 = Trace @ Nexus Mess 21 core 0 Debug status = 0x0. Core running. Info 2212302
B TraceDatal3 = Lo © News Mess 20 core0 | TCODE=9, SRC=0, MAP=0x0), I-CNT=0, PC=0:100178, S 2212320
"=} TraceDatald = Trace &) Nexus Mess - TSTAMP=2212329 (3) il
=1 N Mess
B TraceDatal5 = 1ece @ SEHS s 3-1 core_0 Functicn main, address = 0100178, main Linear 2212329
= TraceDatals = Trace @) Nexus Mess
TraceDatals = Trace Nexus Mess ) TCODE=33, SRC=0, EVCODE=0xa, I-CNT=9, CDATA=0x, .
E e g LoMErES 4-0 core_0 TSTAMP=2212702 (4) Correlation 2212702
€| (1} | 2 "all fram main tn ine Snorce address — M N0 3 T
onsole \z, asks roolems 2 ecutables | % rror Lo rogqress EXUS essages - TraceData
El Consal Tasks 2 Probl {2 Executables | 9] Error Log | 53 Progress | @) Nexus Messages - TraceDatal &2 =0
Timestamp  Source Type Details |
‘F.)'-' <search>  <search= <search> <search> <search> l—l
0 SoC Device ID TCODE=1, ID=0x1020001d (1)
2212302 core 0 Debug Status TCODE=0, SRC=0, STATUS=0:0, TSTAMP=2212302 (2)
2212329 core 0 Sync TCODE=9, SRC=0, MAP=0x), [ CNT=0, PC=0x100178, TSTAMP=2212329 (3)
2212702 core_ Correlation TCODE=33, SRC=0, EVCODE=0xa, I-CNT=9, CDATA=0:, TSTAMP=2212702 (4)
2212897 core_ Indirect Branch History w/ Sync TCODE=29, SRC=0, BTYPE=0:0, I-CNT=7, F-ADDR=0:1001a0, HIST=0:d1, TSTAMP=2212897 (5)
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Nexus (Raw) Trace View

- Ability to turn on interleaved Nexus Messages in the existing Trace Editor.
- ‘Nexus Messages’ view, opened from Software Analysis view.

|@F Software Anabysis 7 08 menc I8 __stast_e500me_cnd.c Lol iterrupt . [ P40BODS _int.c mm nadt =
Software Analysis & W = || % Trace - TraceDatal - P4080-cored “« <« > w0 @,9 QA
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T TraceData12 § Toace g 21 core 0 Debug status = 0. Core running. Info 2z
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Critical Code View — Bare Metal Only

- Flat Profiler (counts each function execution)

- Allows analysis of the flat profile of your application either at a
functional or file level

Lt] main.c Critical Code 22 = O
iZritical Code ._File Coverage
fddress Furnction Coverage ¥ | ASM Decisi,,.  85M Co...  Time (CPJ ...  Size -
0x10018c  main FO % 0% 15 o,126,692 a0
Qx1001e0 memset 38,03 % 11.11 % a4 1,501 2a4
Ox100390  printf 63,16 % 0% 24 381 152 _
Ox100430 _wFporinkf r 10,21 % 3,97 % 366 14,326 0,932
0x102740 swsebup r 39,81 % 15,358 % 41 1,229 412
Q:x103df0 Fflush ¢ 19,55 % Q.76 % 36 774 74
Qx1041f0  __sinit Q6.3 % S0 % 104 1,650 432
Ox104b40  _localecory r 75 % 0 % 3 252 16
:x104b30 smakebuf ¢ 47,66 % 33,33 % Bl 1,193 51z
Ox104d30 _roalloc ¢ 22,49 9% 0,85 % 130 3,873 2,312
Ox105690  mernchr TE 14 % 38,89 9% 146 2,775 2a0 -
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Call Tree View — Bare Metal

- Displays a tree view of your code using a tree view
- Synchronized to source

' T
L] main.c (E Call Tree 22 = 0O
Function Mame Mum Calls | % Totalc... | % Total timesi... | Inclusive Time (Cy,..
1 100.00 100,00 a0z, 204
1 100,00 100,00 01,795
1 100.00 100.00 Q01,414
__swsebup r 1 16.67 100,00 10,102
F _smakebuf 1 100,00 100,00 8,573
F _ sinit 1 16.67 100.00 3,151
-_F _localecorm_r 1 16.67 100,00 252
e -_F skrlen 1 16.67 100,00 483
| B sprintr | 2 33.33 100,00 673,100
| +| 2 100,00 100.00 a871,858
Dark gray nodes
indicates the
functions that
- consume the most
Sd time abieGT POWTQUICC, Posessor Expert, Qoi0, Qorva, StarCore, Symphony andVoriQa re rademarke o Frosscals Somcondueor. n.
= freescale" | R R N
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Performance Data View (Bare Metal Only)
- Hierarchical profiler
- Presents

- Self time (exclusive time for a function)

- Hierarchical time - time spent in that function and its children

@ mair.c ﬂj Ferformance &3 = 0
Function MNarme Mum ... | Inclusive | MinIn...  MaxInch..  AwglIncl..  Percen.. Exclusive  MinEx...  MaxExcl.. | &wgExcl.,
swsetup 1 10,102 10,102 10,102 10,102 1.12 1,229 1,229 1,229 1,229
FFlush ¢ 1 559,056 559,056 559,056 559,056 95,22 774 774 774 774 —
sinit 1 3,151 3,151 3,151 3,151 0.35 1,650 1,650 1,650 1,650
localecony ¢ 1 252 252 252 252 0.03 252 252 252 252
P 8,673 8,673 8,873 8,873 0,95 1,193 1,195 1,193 1,193
malloc ¢ 1 6,298 6,293 6,208 6,208 0.7 3,878 3,878 3,878 3,878
memchr 9 2,775 354 1,916 354 0.31 2,775 354 1,916 354 w
< | >
— £
Search: 2 O =~ @~
Caller Caller Calles Mum Calls  Inclusive  MinlIn...,  MaxIncl.. AwglIncl.. | Percen... Percen...
_awsetup_r __smakebu,., 1 8,873 8,873 8,873 4,873 100 100
__smakebuf v _malloc_r 1 6,295 f, 295 6,295 6,295 100 gz.01
_ smakebuf r _fstat r 1 59z 592 592 g9z 100 11.61
__smakebuf v _isakby_r 1 490 490 490 490 100 £33
Callze
jsakky r, £.55%] 3 | |
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LTTng Trace: PA10 LTTng Viewer

- Features
- Project View - Project management
- Events View - Table view raw events

- Time Frame View - Time-based
navigation in the traces

- Histogram View - Event distribution
analysis

- Control Flow View - Processes state
analysis

- Resource View - System resources
state analysis

- Statistics View - General traces
statistics

- Integrated Help

- GUI Based Configuration — GUI based
trace configuration

L £

Z “freescale"
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» Provides visualization for the Linux® Tracing
Toolkit, next generation — LTTng
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PA10 Linux Trace Support: LTTngX

- Freescale’s enhancement to the standard Eclipse Linux LTTng Tools Viewer

- Displays LTTng Trace events together with (synchronized) Nexus events in CodeWarrior’s
LTTng views.

- With this feature it is possible to capture both LTTng kernel tracing and Nexus program trace,
and then view the data, time synchronized, in the LTTng views.

2= Pro EECor{ =0
- SA Nexus traces can be imported into LTTng

— = 0Tng-Nexus ) i
projects and added to experiments

— (& Experiments [1]
- (= mixed [2]
®: forktest
= satrace
— = Traces [2]
B forktest
= satrace

L £
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LTTngX

i= Events - mixed 52 =0
Timestamp Source Type Reference Content
163.167050600 e5'00mc__core_0' Info TraceData2 (festi—coreO) ' Debug status - 0x0. Core mnning.
163.167050790 : Kernel Core metadata/0/core_marker_id | forktest alignment:0,size_t:4,int:4,name:page_fault_get_user_entry,pointer:¢

D) 163.167052896 : e500mc_core_0: Info TraceData2 (test2-coreQ) Branch and link instruction occurrence

an 163.167055892 ; e500mc_core_0: Info TraceData?2 (test2-core0) Branch and link instruction occurrence
163.167058043 : Kemnel Core metadata/0/core_marker_forr: forktest name:page_fault_get_user_entry,format:address #p%Iu write_acce:
163.167060710 ; Kernel Core metadata/O/core_marker_id : forktest alignment:0,size_t:4,int:4,name:swap_out,pointer:4,event_id:3,long:
163.167063163 : Kernel Core metadata/0/core_marker_forr: forktest name:swap_out,format:pfn %lu filp %p offset %Iu,channel:mm

)] 163.167064721 | e500mc_core_0: Branch TraceData?2 (test2-core0) Branch from ? to printf. Source address = ?. Target address = 0x103
163.167065510 : Kernel Core metadata/O/core_marker_id | forktest alignment:0,size_t:4,int:4,name:bio_complete,pointer:4,event_id:12,
163.167068417 : Kernel Core metadata/0/core_marker_forr; forktest name:bio_complete,format:sector %llu size %u rw(FAILFAST_DRIVE| ¥

- The events and control views displays color-coded Nexus
events intermixed with the LTTng events (time ordered)

= Control Flow 2 % Resources| & Statistics BEe e s s » Y SO
Process Brand PID TGID PPID CPU Birth sec Birth nsec TRACE 163:170 163:180 163:190 163:200 163:210 163:220 163:230 163:240 163:250

] 0 ] 0 0 000000000; forktest

] 0 0 0 0 000000000; satrace

0 0 4] 1 0 000000000; forktest

0 0 0 1 0 000000000; satrace

0 0 4] 2 0 000000000; forktest

0 0 0 2 0 000000000; satrace

4] 0 0 3 0 000000000; forktest .

® £
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LTTngX

[l Histogram 22 - [ Problemsw =0
Current Event (sec) Window Span (sec) Window Center (sec)
[163.217050600 | [0.100000000 | [163.217050600 ;
163.167050600 163.267050600

o AR |”|||||||||||M| ST (e 1 (N Y 1 u il

T 67050600 183.984277149

Orange: mixed Red: Nexus Blue: LTTng events
LTTng and Nexus events
events

- The histogram view displays color-coded events
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PA10 Performance Analysis Tools

Goals: S ST ————
- Investigate performance problems related to Core © = o e
and SoC Components : e
- Improved Application Analysis capability — beyond Shesepe
standard Trace and Profile. ]
- Leverages the QorlQ Debug IP (P4080, P3041, :
P5020, P5021 and P5040) 1 2 L e A i Bl (e e Il T o
First Available in PA 10.0 -
- Support for P4080, P3041,P5020, P5021 and 1 i il k-
P5040 devices T i T T e e -
Scenario Tool available |
- Stand alone, simplified version that allows user to <
run common “canned” performance configurations. ) — il |0 R Ao S SO |

£} man_we.c £ Performance Anaiyss Configuration Eoor

Events selector

Select .".: e'e".'_' o mant 5 comfpure for performance analysis Cap ab i I Itl eS

- Captures real-time data from Performance Analysis
registers while target code is running

- Captured data are then displayed in both graphical and
tabular formats

- Ability to export data for use in a spreadsheet.

- Any and all PerfMon registers are available for data capture
- Data captured via USB TAP, Ethernet TAP or Gigabit TAP
- Graphical Data display

Events Couviers Configured  State  Optons | Analyre
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Performance Monitor Configuration

= £ 01_GENERAL_EVENTS
& INSTRUCTIONS_PER_CYCLE
@ INSTRUCTIONS_PER_CYCLE ALT

& [€] INSTRUCTION, FETCHEL

[€] INSTRUCTION_FETCHED LUPMCO
2 [€] MsTR, COMPLETEL
[€] INSTR_COMPLETED UPMC1
[E] MicRo OPS COMPLETED
[e] mic !
@ P E = [TIONS
B @ PROC_CYCLES
@ PROC_CYCLES UPMC3

£ [’:'% 02_INSTRUCTION_TYPES_COMPLETED
| Bt ettt b AR Do =

L6} main_tw.c | €] Pecformance Analysis Configuration Editor &3 - =)
' Events selector
Select the events you want to configure for performance analysis.
‘ type filter text
Events Counter | Id Description f_‘
= &5 P40B0-EVENTS ‘
= &% cores

- e

0x00000004
0x00000004
0x00000002
0x00000002
Ox00000003
0x00000005
0x00000007
0x00000006
0x00000001
0x00000001

1111

Instructions per cycle (Using same care cycle count, in case the cores belong t I
Instructions per cycle {using core count}CORED:INSTR_COMPLETED/CORED:
Fetched instructions. 0, 1, 2, 3, or 4 per cycle. {instructions written to the IQ.

Completed instructions, 0, 1, or 2 per cycle

CCompleted micro-ops. 0, 1, or 2 per cycle. {1 for each standard instruction,
Micro-ops decoded. 0, 1, or 2 per cycle, {2 for load/store-with-update)
Processor cycles that occur when the pm_event

0 to 1 transitions on the pm_event input.

Every processor cycle

<

£

Il

| |8

Events | Counters | Configured | State | Options | Analyze |

L £
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Scenarios Tool

- What

- Stand alone version of PA10 performance
scenarios.

- Tool allows for quick selection of performance
scenario), application of scenario and results
display

- Approach:

- Delivered as standalone component (no
CodeWarrior needed)

- Runs in both Windows and Linux Hosts

- Can be easily updated in the field with e e e — A

additional scenarios. e R et ‘

- Schedule

- Version 1.1 Available today — download from
http://www.freescale.com/webapp/sps/site/pro
d_summary.jsp?code=PE_QORIOQ OPTI SUI
TE&fsrch=1&sr=4

L £
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Performance Analysis Scenarios

File Help
Hm o
L™ Praject Explarer = <:==g'> ~

[=-1=F performanceanalysisdata
[#-[= run_2011.08.11,15,20.07.¢
@[ run_2011.08.11,15,23.57.¢
- run_2011.08.11,15,25.28.:

|=| connection

#-1=F Scenarios

L £

5 *Scenatio_Container.pfs £3

Scenatio O~

+-[] 4 CPU - Core ComplexTraffic {Cache ops and cact 1=
[[] 4 cPuU - Branch Miss Ratia

< CPU - MMU Misses and data TLE,¥SP reloads
4 CPU - MMU Misses and instruckion TLE, YSP relo:
4 CPU - Data MMU Miss Cycles

4 CPU - Data MMU Miss (with Data side L2 MMU n
4 CPU - Inkerrupts

4 (CPU - CPU usage in Supervisor and User privileg &
< CPU - CPU utilization and IPC
4 CPU - Cache operations

oOooooooo

g L L o

T R = R R =2 B B B R R R R

|:| 4 Sbepl - T argaratrar o I Ushe™ 1=
4 Step2 - Run-time Measurement (A1)

< Step3 - Run-time Measurement (Care)
%4? Stepd - Run-time Measurement (SEC)
[] 4 Steps - Run-time Measurement (FMan)
[] 4 Stepd - Run-time Measurement {Qfan]

B[] 4 L1,CoreComplex,CareMet, DDR comba - Memary 1=
[#-[] 4 PU, GMan combo - CPLU laading with packet ra
B[] 4 CareMet - qualified traffic

B[] 4 DPAA QMan - QMan Dequeue Counts

w1 A BRA A ABlas S ae e mnsm amd Fiamn i s e

£

53 Progress

Mo operations to display at this time,

[.l_ Petformance Analysis Events

'
= < DOR - DOR. traffic with page miss and callision a 2= >

~
| Raw Event Counts (per samp
Events
- e ® DDR1:SIMPLE_0_READ_CYCLES.2
- COREQ @ DDR1:SIMPLE_1_WRITE_CYCLES.3
00 1 | @ DDR1SIMPLE_2_FORCED_PAGE_CLOSINGS_NOMR
[ DDR2 _
[ METRICS @ DDR1:SIMPLE_3_FORCED_PAGE_CLOSINGS.A
I PRIMARY © DDR1:SIMPLE_4_FORCED_PAGE_CLOSINGS_FROM
954,000 n ®
L]
GE2400 - & L
770,800 o
. 673,200 £ 0% e o l
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Identifying Cache Performance Imbalance

- aleizl
e nt o 1 8, AP st | 22 ey
. " ‘._,..',___ is i va; h;‘.,é“g"";'y |p;; nc&\d” E;lnl ialo §;'1|n|uy (por wcu;{é) = mm—
Selected scenario captures R oy s nfaopoe et =
overall traffic as well as | +
individual subsystem traffic L > CPU
including traffic from cores, | ¥ oo | Sl Accesses
Fman and Qman s _
Total traffic P
to CPC1 =
and CPC2 e , v Smdl
s il
Unbalance 5] rvmm Qman
between platform cmns
caches 1= .' s | o CPC2
3= : o ——_ Access
Fman ] 1 3 - 1 =
cpc2 | i |
. Access Ry ——— - = Pl o
TS W e »

» Imbalance can be seen by analyzing these subsystems:
—Majority of CPC1 accesses are made by the CPU (top right)
—Majority of CPC2 access are from Fman and Qman
—Remainder of the traffic is due to PCI
 Analysis suggests that DDR interleaving is not configured properly.
* Fixing the configuration provides a performance boost.
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Qoriqg-dbg Tools

-« What:

gorig-dbg — a Linux kernel module mapping QorlQ DCSR memory-mapped registers into the
debugfs pseudo-file system.

Also maps the cores’ performance monitor registers (PMR based) allowing access to both core
and SoC debug facilities.

Bridges between user space and kernel space especially for core performance register access

Easily accessed from user-space scripts or applications via standard file system operations.
- Approach

- Present tools in a manner that is familiar to Linux developers

- Ease of access from user scripts or applications via standard file system operations.
- Schedule

- Available now as part of Freescale Linux SDK 1.1

® £
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Accessing Counters Using goriq-dbg

1 #!/binS=h

2

3 # define the base directory

4 QORIQ DEG=/mnt/debugfs/gorig-dbog

5

& # Exsmwple to read Some COFE COUREErs.

-

=3 # set counter 0 to count clocks (1) ‘@10_3213333 _pu'l—r\lr
2 echo Ox00010000 > ${Q0RIQ DBEG}/cpul/pmlcal

10 -

11 # set counter 1 to instr complete (2) jUTt?t

12  echo Ox00020000 > ${QORIQ DBG}/cpul/pmlcal 1“?2;

15 .

14 # Set counter 2 to nuber interrupts taken (86) - : 4 i core cou‘ters
15 echo Dx0D0560000 > ${Q0RIQ DEG}/cpul/pmlcaZ ' '

16

17 # =et counter 3 to number LZ Cache accesses (110
18 echo Ox0O0SEQDOOQ > ${QORIQ DBG}/cpul/pmlcal

20  # enable all counters
21 echo Ox00000000 > ${Q0RIQ DBEG}/cpul/ prgeD

23 # read the 4 counters

=24 for i in "seq 0 3°:

&3 do

26 cnt="cat §{Q0RIQ DBEG} cpuld/pmcei{i:’
27 echo Core counter §{i} §{cnt}

28 done

31 #ztop counting
SE for i in "seq 0 3°:

33 do
34 cnt="echo 0 > ${QCRIQ DBG}/cpul/pmlcad{il”
35 done

36 # freeze all counters
37 echo Ox80000000 > ${Q0RIQ DBEG}/cpul/prgeD
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A
Simple Trace With qorig-dbg

1 #'/bin/sh

2

3 # define the base directory

4 QCRIQ DEG=/mnt/debugfs/qgorig-dbg

5 TRACE FILE=example-trace.out

3

7 # Example to collect HNexus trace

=]

29 # Disable the Lurora link

10 echo 0x40000000 > §${QORIQ DEG)/nal/nalgor

11

12 fireset the NPC (Erata: DEBUS M)

13 echo OxS0800001 > §{QORIQ DEG)/npco/ncr

14

15 #reset the N3IT state

16 echo Oxfff££fFff > §{QORIQ DEG!/npo/nst

17

1a # define EPU action to contral NPC suppression
19 echo 0x00000020 » ${QORIQ DEG}/epu/epacrl
20
21 # setup global suppression trigoger
22  echo 0x80000000 > §${QCRIQ DEG!/npo/stord
23
24 # enable the NPC (suppressed] with internal trace bhuffer (wrapped)
25 echo 0xS08S00002 > §{QORIQ DEG!/npc/ncr
26
27 # set core 0 to zend ownership trace with NPIDER, DAQ
26 echo 0x01002021 > §{QORIC DEG)/cpul/dcol
e
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Simple Trace With qorig-dbg

echo 0x01002021 > §{QCRIQ DEG}/cpuld/del

# Itart capturing trace
echo Ox00000001 > ${Q0RIQ DEG:/epui/epecrl
echo Starting trace

# Jend DAC
echo OxFEEDOOO1 > ${Q0RIQ DEG}/cpul/ddam

# 3Zend WPIDR
echo OxFOODFACE > ${Q0RIQ DEG:/cpul/npidr

# collect =2owe ownership ewvents for a second
sleep 1=

# 3top collecting trace
echo 0x00000001 > §{QCRIQ DEG}/epu/epecrl
echo Stopping trace

# retriewve the trace to a file
echo Capturing the trace
cat ${QORIQ DBG}/npc/trace buffer > ${TRACE FILE}

# reset core 0 tracing
echo 0x00000000 > §{QCRIQ DEG)/cpuld/del
echo Done
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“¥. srformance and Optimization Tools — What

Problems do We Address?

access performance information.

Extended Trace
Analysis

Raw decoded trace is important but needs special
expertise to understand.

Sophisticated correlation of the traces from multiple
cores.

Debugging the
Data Path

Data path applications require core and IP blocks
interaction.

Complex Because SoC is complex, measuring and understanding

Performance system performance is also a difficult and complex task. SoC Performance

Metrics Setting up device (counters, registers) is sometimes a .
non-trivial task. It requires access to extensive AnaIyS|S
documentation and information that sometimes is not
accessible outside Freescale

Intrusive Many of today’s solutions require use of agents on the

Performance target.

Monitoring Some solutions require that the devices be stopped to

There is no way to “single-step” through IP blocks while Data Pa_th
they operate on data. We must access the debug IP An aIyS|s
hardware.
Optimized Most 3" parties do not have access to same information
Enablement for as we do. Partner
Partners rd i illi i i i
Most 3" parties are not_W|II_|ng _to invest the time th_alt it _|_> Development
would take to learn the intricacies of the debug IP in our Ki
Silicon It
(PDK)
* IomEGT PonerOUICE, Brocessor xper, QarQ. Qorha, StrCor, Symphany and voriQa re ademarkeof Fresecale Semiconducio. nc
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Solving Multicore SoC Programming Issues

Software Problem

Code using SoC Hardware capabilities is not
producing the expected result. Where is the
error?

Bugs related to multiple cores accessing
shared resources can be difficult to solve.

What correlation is there between kernel
calls, user-space actions and SoC block
events?

My multi-core SoC SW crashed. What was
happening on the cores and in the SoC
blocks immediately before the exception?

Fogs > i
& Softweee Analyws | I mwinge

£ __start_e500me_crtlc o internaptc 1 PADSODS intt.c , I’W b

CodeWarrior Trace Solution

See what is happening “under the surface” with non-intrusive Nexus
trace.

Multi-core program trace shows you which cores are accessing various
resources in chronological order.

» Combines open-source Linux kernel trace from LTTng with Nexus trace
* Exposes possible correlations
» Support for single process user-space trace is available

» Post-mortem configuration supported
« See the last events that occurred before the crash

Software Analysis = | % Trace - TraceDatal - P4080-core( oA o {6 P 3
Name Yeace I Callforanch 7 [ Nesus mase
« §1 POBY-cond lnoa:EEvﬂnt So... Descoption S—‘;_ --'";F Type Tmesta... |

T TreceDmal 3 Liacs 10 %o TCODE=1, ID=0:1020001d {1) Device 0

T TaceDaald § Toe 1-1 SeC Device id = (h1020001 4 (PE8O revd) ko 0

T TerceDseall B liace 29 tore 0 | TCOOE=D, SRC=0, STATUS=Ou), TSTAMP=2212302 (2} Deborg Stetuy 2212302

B Tacebual2 $ 1 21 core 0 Debug shatus = 0. Com running. e 212302

T TraceDatali 9§

TCODE=Y, SRC=0, MAP=2), I-CNT=0, PC=01001 73,
T TaceDatald § Tin 30 tore O TSTAMP=2212329 (3} a : Sync nnx
::’ .':3::: ; 31 core 0 Functicn main, address = 000178, main Lineas manN
} Trac
™ 1 TCODE=33, SRC=0, EVCODE=0ua, FCNT=0, COATA=MN, ~ 5
T TraceDatald '3 : “0 el o MP-I 0 ) Coerelation 2212902

L e B R )
"

@ Conscie & Tasks | |2 Problems O Executables | @ Error Log 55 Progress | 8 News Messages - TraceDatal

M froven et ine Sovies sddesce ~ O 10N G

Timestamp  Sowsce Type Details =
] Sl Deace D TCODE1, IDa0A02000d (3)

212302 core 0 Debug Status TCODED, SRC0, STATUS«On), TSTAMP# 2212302 (2)

2238 core 0 Sne TCO0ES, SBCa0, MAP, 1-CNT#0, PCoOu200178, TSTAMP 22123 (3)

212002 cove 0 Comelation TCODE=3], SRC0, EVCODESOua FENT =5, CDATASOL, TSTAMP 2212702 (4)

g core 0 Indeect Branch History w/ Sync  TCO0E=29, SRC=0, ETYPE=, I-CNT=7, F-ADDR=0:100120, HEST =08, TSTAMP=2212857 (3)
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Solving Performance Problems

Software Problem

Program is functionally correct and utilizing
SoC features, but not providing the hoped for

performance

CodeWarrior Performance Analysis Solution

Use on-chip event counters to identify bottlenecks

Unsure of which events should be measured Code
configure events and counters to help identify common user performance
issues

and how they should be used to identify
performance issues

Warrior performance analysis tools provide “canned” scenarios that

& Problems [é:l Tasks [:E Console ] 1 Properties | 1 Remote Systems LMW%W@@%QH1 Y B =

I

Events | Average Yalues = Metric Formula
CONSTRN

@.@. @ EIEI

METRICS

1,050,000,000

—_

Event counts

COREQINSTR_COMPLETED.1
COREQ:PROC_CYCLES.2

CORET:INSTR_COMPLETED.3
COREZINSTR_COMPLETED.4

000,000,000
950,000,000
900,000,000
850,000,000
800,000,000
750,000,000
700,000,000
650,000,000
600,000,000
550,000,000
500,000,000
450,000,000
400,000,000
350,000,000
300,000,000
250,000,000
200,000,000
150,000,000
100,000,000

50,000,000
0

Event Rate Summary (per second)

P
cogeu:ms*rﬁﬁo““

LeTeDt ETED &

corearRO0- ooaeﬁ NETR.OOMPLET coaezsNST"‘ QM
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Optimizing Array Accesses - 1

Two similar functions that are manipulating an array in memory

unsigned long long sumArrayNonOptimal (int
*array, int w, int h, int n)
{
unsigned long long ret = 0;
int i, x, vy;
for (i =0; i < n; i++)
for (x = 0; X < W} X++)
for (y = 0; y < h; y++)
ret += arrayly*w + x];
return ret;

unsigned long long sumArrayOptimal (int
*array, int w, int h, int n)

{
unsigned long long ret = 0;
int i, x, vy;
for (i= 0; i< n; i++)
for (y = 0; y < h; y++)
for (x = 0; X < W} X++)
ret += arrayl[y*w + x];
return ret;
3

Both functions algorithmically accomplish the same result. But when we
run them and measure their performance things are not quite the same

® £
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_dtimizing Array Accesses — How is the CPU
Doing?

% pebug - CodeWarrior Development Studic

File Edit Mavigate Search Project Run - Window  Help

J I:EJ@ ||_ﬂ|J J@Jf'iﬁ':ﬂ'm umlJ#@‘ 0 % JQ'J!!' i ﬁ#@:\?Debug%CIC++

] consals t| Tasks Jﬁ Remote Syskems & Problems | 3 Executables | = Properties TL analysispoints | [ Memary |j ®| Target Tasks =8|
=
= Vs
tvpe Filber bext
Evenks = I Averane Yalues Event Rate Summary (per second) 8
e CONSTANTS B CORECINSTR_COMPLETED_MCLR.2 %5
= CORED B CORETINSTR_COMPLETED_MCLR.G
¢ o[e] INSTR_COMPLETED.1 172,346,257.069973 —
- R 172,346,287 060073 800,000,000 =
1,200,000,000,000000 750,000,000 .
(8] PROC_CYCLES_MCLR.4 1,200,000,000,000000 R . -
= = TS mArra imal
~ COREL 700,000,000 SlIJ ‘ L fructi %
(8] NSTR_COMPLETED.S 728,070,851.201535 R50.000.000 Copistes el R i
- o ¥ 728,070,851.201535 S per second compare_d to o1
- [E] PROC_CYCLES MCLR.7 1,200,000,000,000000 00,000,000 sumArrrayNonOptimal oot
B METRICS 550,000,000 B
(@) COREQ:CPU_UTIL_MCLR. 1.000000 500000000 —
(@ CORED:INSTRUCTIONS_F 0.143622 S -
(@ CORED:INSTRUCTIONS_F 0.143622 E 440,000,000
-@ COREDINSTRUCTIONS_F 0.143622 2 400,000,000 -;-;
(@ COREL:CPU_UTIL_MCLR. 1.000000 | E 350,000,000 oz
@ COREL:INSTRUCTIONS_F 0606726 E R
“-(@) CORELINSTRUCTIONS_F 0.606726 300,000,000
250,000,000
200,000,000
150,000,000
100,000,000
50,000,000
0
COREQ:IMSTR_COMPLETED_MCLR.Z CORET:IMSTR_COMPLETED_MCLR.E
1 | 2
L |
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Memory Subsystem Performance Analysis

z

» Category: Core

s \\
- L1
/ Fetches Translates \ SEC 1. Instruction fetched

; 2. IL1 cache reload
IL1 Hit IL1 Hit - DL1
I-side D-side 3._Io SASIE
L2 Hit L2 Hit 4. DL1 cache reload
D-Reload, EMan - L2
I-Reload ’ Jcastout 5. L2 I-side access

6. L2 I-side hits
7. L2 D-side access
8. L2 D-side hits

Cacheops, Prefetch,

Cache inhibitegllaccess. etc - BIU
9. BIU master requests
BIU Master Requests I/0 )
- I-side req transaction 10. I-side BIU requests
- D-side req, Castout 11. D-side BIU requests
- Cache ops 12. D-side BIU castout requests
- Cache inhibited accesses - Stash

13. Stash requests
» Category CoreNet

14. 1/O transactions

[ CoreNet * Category CPC

15. CPC read hit

16. CPC read miss
17. CPC write hit

18. CPC write miss

Read Hit Read Hit

- Read Miss - Read Miss ;
- Speculative read - Speculative read ;8 gig gmg: Prﬁss
- Write Cast Out - Write Cast Out '

21. CPC castout

* Category DDR
22. DDR page hit access
23. DDR page miss access

Page Hit
Page Miss

Page Hit
Page Miss
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- PA10 Performance Analysis — Measure Cache reloads

2 fScenario_Container_5020.pfs - CodeWarrior Development Studio
File Edit Mavigate Search Project Run  Pfs Editor - Window Help

I-HE e | & & Z-5%-F-58[%-0-%- |+~

. . = = ﬁ’m%q‘c++

=l E cache_misal-core0_RAM_PS020_Cache_Download [Code'watrior Download] s |
E| EPPC, cache_misal-core0.elf, core 0 {Suspendad)
E---uf’ Thread [ID: 0x0] (Suspended: Signal 'Halt' received, Description: User halted threa vI
3

o |

%5 pebug 53 = O |[69= variables 22 % Breakpoints} i Cache} i Registers\l E'@.Modules} =0

= _J|>E = - | EH—- =

B @| I T @ S | i o | Mo Y @ om - || Mame | value | Location |
I ‘_ )= argc -559035737 0:=000000000080010° Wirtual
e ESD » argy O:xdeadbeefdeadbeef 0x00000000003e0018 Yirtual
‘o GipalD_120423workspaceicache_misal-coreliRaM|cache_misakcorel.eff (513012 12 | ()= arraysize 0 0:00000000008dFFd0” Virkual

ki -
ﬂﬂ main, (@ rnain, c (@ *Srenario_Conkainer_S020,pfs 53 Disassembly &3 o= Outline} =0
E platform:,l'resourcJ.%cenarios,l'Scenario_Container_SlJZD.pfs I Enter location here j | & | 2L
Chiject I TestIndex I Description ﬂ 32 int main({int argc, char *argv;l
[ 4 cPuU - Utilization Scenarios For measuring usage, branch misse 2 00000000001003es: wflr r0 J
<4 CPU- Cache Scenatios for measuring cache operations, d 0000000001003 ec : =td r0, 16 (r=sn)
- Core cache related operations 00000000001003£0¢: stdu rsp,-128(rsp)
Draka L1 cache miss ratio ooooooooo001003£4: mr r0,r3
Instruction L1 cache miss ratio 00000000001003£5: std r4, 184 (rsp)
-[] 4 Backside LZ cache data hit r Backside L2 Cache Data Hit Ratio 00000000001005 fc stw rd, 176 (rap)
P -] 4 Backside LZ Cache Instructic Backside L2 cache instruction hit ratio - 53 int arraysize = TJ]IDTH*HE_IILI
ERTE S . B, — - P . 1 . f
< | 3 IJ 4] | 4
El consale 52 z, Tasksw JE Remote Svstems\l [L Problems} G Executables} = Propertiesw [.l Performance Analysis Eventsw L Analysispointsw u Memorﬂ =0

EPPC, cache_misal-coreD.elf, care 0

| RE[E[E] e B -9 -

kil

-

i

J 0 Selected Object: Data L1 Cache Miss Ratio
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Optimizing Array Accesses

Debug - CodeWarrior Development Studio

File Edit Mavigate Search Project Run - window Help

Iti-ElE w8 F-f-F-585-0-Q- Jﬂ"J'f" f B | %5 pebug FRIC/cH+

Console 4¢|Tas Remoate Systems Problems Executables Properties Analysispoinks Memory | |®| Target Tasl
El | ks | 48 % Problems | {2 bles | = T2 Anal a & k5| T8
bype Filker text
Events = | Average Valuesl ul Event Rate Summary (per Second)
v CONSTANTS ] EDHED%&TA_U_D&EHE_HELDADSQ
CORED . B CORET.DATA_L1_CACHE_RELOADS.4
BYcate L1 C 7,459,645, 345335
[8] PROC_CVILES.1 1,200,000,000, 000000 5,000,000
[B] TOTAL_TRANSLATED.: G2, 465,365,061 107
COREL 7,500,000 .
- 000,000 sumArrayoptimal has a
DATA_L1_CACHE_RE 1,964,244.616023 .oao,
[8] TOTAL_TRANSLATED.! 346,040,538, 486205 B .500.000 much lower number of
METRICS el cache reloads than
@ CORED:DATA L1 CAC 11.010566 ¢ 6,000,000 sumArrrayNonopgtimal
() CORED:DATA_L1_CAC 0.090822 5,500,000
(0 CORED:DATA_L1_CAC 479,337,301,973451 O
5,000,000
(@ COREL:DATA_L1_CAC 176.169931 O
() COREL:DATA L1 CAC 0,005676 ¢ E 4,500,000
) CORE1L:DATA_L1_CAC 125,711,655.425457 | 8 4 ono,000
G PRIMARY:ALL_Data_L 605,048,957, 398908 (T 4600000
(@ PRIMARY:ALL_Data_L 9,453,689,959358 (0 .E e
------ (@ PRIMARY:AN_core_tra 428,506,223.547312 (0 3,000,000
2.500,000
2,000,000
1,500,000
1,000,000
500,000
i}
| | ] CORED:DATA,_L1_CACHE_RELOADS.Z2 CORET:DATA,_L1_CACHE_RELOADS.4
4 3
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Optimizing Array Accesses — Analysis

- It is obvious from previous analysis that even though both
functions compute “answer” correctly, there are differences.

- One routine (nonOptimal)
- Is not very efficient CPU-wise
- Shows Inefficiencies in the use of the cache

- Why?
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Optimizing Array Accesses — Analysis

* This code accesses
memory walking down
the rows

 Each of these
accesses loads the

cache with data, but 11
it only uses the ’

1,2

1,n

first element 1in

array 21

2,2

2,n

* Subsequent accesses
cause cache to be

reloaded.
n,1

n,2

n,n

for (i = 0; i < n; i++)

(x = 0; X < W] X++)
for (y = 0; y < h; y++)
ret += arrayly*w + x];
return ret;

Non-Optimal

® £
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for (i= 0; i< n;
for (y = 0;

for (x

ret +=

return

This code accesses
memory by selecting a
row

Each of these
accesses loads the
cache with data

It then walks the
array by columns

The cache is not
reloaded until you
get to the end of the
Tine.

T++)

y < h; y++)

=0; X < W; X++)
arrayly*w + x];
ret;

Optimal
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