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JETSON TX2 JETSON AGX XAVIER

GPU

DL Accelerator

Vision
Accelerator

CPU

Memory
Storage

Video Encode
Video Decode
Camera

PCl Express
Mechanical

Power

256 Core Pascal @ 1.3GHz

6 core Denver and A57 @ 2GHz

(2x) 2MB L2

8GB 128 bit LPDDR4
58.4 GB/s

32GB eMMC

(2x) 4K @30
HEVC

(2x) 4K @30
12 bit support

12 lanes MIPI CSI-2
D-PHY 1.2 30Gbps

5 lanes PCle Gen 2
1x4 +1x1 | 2x1 + 1x4

50mm x 87mm
400 pin connector

7.5W / 15W

512 Core Volta @ 1.37GHz
64 Tensor Cores

(2x) NVDLA

(2x) 7-way VLIW Processor
8 core Carmel ARM CPU @ 2.26GHz
(4x) 2MB L2 + 4MB L3

16GB 256-bit LPDDR4x @ 2133MHz
137 GB/s

32GB eMMC

(4x) 4Kp60 / (8x) 4Kp30
HEVC

(2x) 8Kp30 / (6x) 4Kp60
12 bit support

16 lanes MIPI CSI-2 | 8 lanes SLVS-EC
D-PHY 40Gbps / C-PHY 109Gbps

16 lanes PCle Gen 4
1x8 + 1x4 + 1x2 + 2x1

100mm x 87mm
699 pin connector

10W /7 15W / 30W
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¢ ERADM/\—F1)7I)LFA LLinux

¢ Linux For Tegra(LAT)IE. /N\—FY7 L34 LOSTI LY
o NAF)EH(Jetpack DH—RILEYTILEALIE)

ARMG64E wkUbuntu 16.04/18.04
NVIDIA JetPack3.2.1/4.0 SDK
POSIX-API

ROS1/ROS2

o 1—U—A2AM—)L
¢ Concurrent Real Timett& Y7 ILRAA LY IO T

0 A—TAVTATATIL &IT VAL LIRS ATS)

¢ shield/run/cpu/libccur-rt/libfbs/e.t.c.
¢ NightStar™ F/\yX2 4 &EHTY—IL \

o NightView™ YJ—ZXLARJLT/\vH

NightTrace™ A XU 7544 >< N | G H T S TA R

NightProbe™ 7—4E€=%4
NightSim™ 74— X501 —5
NightTune™ /\DJ#—<I 2 XAFa1—+
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- RedHawk for JetsonD 54> 77

T e T 2 Y e

3.10.96 R24.2 October 2016
7.3 X 4.4.38-rt49 3.1 R28.1 November 2017
7.3.1 X X 4.4.38-rt49 3.2 R28.2 May 2018
TX1: R28.2
7.3.2 X X X 44.38-rt49 3.2.1 TX2: R28.2.1 July 2018
RedHawk | AGX Xavier mm NVIDIA LAT
4.9.108 : R31.0.1 November 2018
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Ubuntu x86 FRAF AT L

RedHawk Linux
& NisghtStar
BE JetsonflAHAH
BAFE vk

NightStarTools
SAEI R —/N\

Ethernet

LAN
NightStarTools
SR —N

>\N\GHTSTAR

@ Jetpack 3.2.1 with LAT /1> A k—
U

¢ $chmod +x JetPack-L4T-3.2.1-
linux-x64_bxx.run

¢ $ ./JetPack-L4T-3.2.1-linux-
X64 _bxx.run
¢ RedHawkf/ U A—5MaE—

¢ $ cd /media/ubuntu/RedHawk 7.3
aarche4/Packages

¢ $scp *.deb ubuntu@IP7 kL
A:tmp
¢ RedHawkA >R k—)L(JetsonTx
L T)
¢ $cd/tmp
¢ $ sudo apt install ./ccur*.deb
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NightView™ Y —ZXLRJLT/\vH
NightTrace™ /R 7 FHS54H
NightProbe™ F—42E=4
NightSim™ 77— 3 R 5oa1—7
NightTune™ /74— XFa1—7F

NIGHTSTAR TOOLS
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File View Shell Process Source Evenlpoint Data  Tools Help

PIIEZ==PEET I X990

ightView Debugger

E-B BE

Eventpoirs Data
Type | D v| Location | PID |EnabhdlbnorelHil:lCrol:innlICmdl N e |W“e
@ Break 1 tska line 33 in <ttype=() 23850 Yes o 1 1 No 5 @ Sheiis
3 tskaline 37 in <ttype>() 23855 Yes 0 0 0 Yes i g local
4 0x401aBF10 23855 Yes o 0 ono ) E—
5 tska line 24 in caller() 23855 Ves o O 0 No - g3 23855 tsk Stopped at breakpoint 1 at tsk a 33
6 tska line 14in <track ty... 23855 Yes 0 0 0 Yes <envionment> (0x40198420)  PID 23850
‘ <admin> (0x4019fdfd) PID 23851
yosemite_sam (0x401c01a0) PID 23852
(2= e T - 3 bugs_bunny (0x401b8800) PID 23853
+ 10 Task body track 1s track (0x40150fc) PID 23854
A begin t (0x401a9640) PID 23855
i; .;Z'TECT #0 0x08042919 in <t type=() at sk a line 33
14 accept it Monitorpoint Values 1000 ms between samples
15 or i ? (na)
16 terminate; e e
17 end select;
18 end loop; ]
+ 19 end track;
+ 20 task type caller: Ej m
+ 21 task body caller is Data raptor shell
+ 22 begin
23 loop Messages
=24 t.e; print i
+ 25 delay 0.8123; end monitor
26 end Loop; enable .
+ 27 end caller; raptor: 23855 Monitorpoint 3 set at tsk.a:37
+ 28 bugs_bunny : caller: watchpoint/disabled/write at $esp
+ 29 yosemite_sam @ caller: enable .
. 30 task body t is Error: The expression "§esp” is not located in memory for process raptor:23855
+ 31 begin [E-watchpoint_cmd025]
+ 32 accept e do Warning: "." contains no eventpoints. [E-evpt-utilsB12]
[ EE ada. text_io.put_line ( ) Error: An empty set of eventpoints was specified. [E-evpt-utils0l4]
+ 3 end e; watchpoint/disabled/write/address $esp size 4
+ 35 for i in 1,.10 loop enable .
+ 36 accept e do raptor: 23855 Watchpoint 4 set
37 track.it: patchpoint/disabled at tsk.a:24 eval $eax =
38 end e; enable .
39 end loop; raptor:23855 Patchpoint 5 set at tsk.a:24
40 abort bugs_bunny; monitorpoint/disabled at tsk.a:14
41 abort yosemite sam; print feax
42 end t; end monitor
43 begin || |enable .
44 t.e: | | raptor:23855 Monitorpoint 6 set at tsk.a:14 -
45 end tsk; - -

Command

tsk - raptor-23855 - Stopped at breakpoint 1
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7&#97“)1/75\0%:?
BARNTFS5A
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NightTrace - New Sessi

File  Wiew Dasmons Search Summary Profiles Timelines Tools  Help
»
PO RB-FPP: IR DAL K
Trace Custom Kernel Timeline
Evenis
Offsel | Eveni | cpul Process 'nuuul Time (sec)|  Tag | Description I;]
29318 SYSCALL_ENTRY 2 23310 23310 0037972081 Entering system call f_sigprocmask from pc=0xffffe410
29319 SYSCALL_ENTRY o 23172 23172 0037974145 Entering system call i_sigprocmask from pc=0xffffe410
29320 SYSCALL_EXIT 2 23310 23310 0037975821 Exited system call nt_sigprocmask [l
29321 TRAP_EXIT 1 23285 23285 0037977049 Exception handling for Page-Fault complete
20322 SYSCALL_EXIT o 23172 23172 0037978031 Exited system call n_sigprocmask
29323 SYSCALL_ENTRY 2 23310 23310 0037979192 Entering system call i_sigprocmask from pc=0xffffe410
29324 IRQ_ENTRY 13 unknown PID unknown TID 0.0379847 69 Interrupt local_timer (IRQ=1)
29325 SYSCALL_EXIT 2 23310 23310 0.037986426 Exited sysiem call ri_sigprocmask
29326 SYSCALL_ENTRY 1] 23172 23172 0037987713 Entering system call n_sigprocmask from pc=0xfffie410
29327 TRAP_ENTRY 1 23285 23285 0037988863 Exception Page-Fault occured at pc=0x83a365¢ faultaddress=0x84. ..
29328 SYSCALL_EXIT 1] 23172 23172 0.037988710 Exited system call n_sigpracmask
29329 SYSCALL_ENTRY 2 23310 23310 0037991848 Entering system call ri_sigprocmask from pc=0xffffe410
29330 IRQ_EXIT 13 unknown PID unknown TID 0.037992983 Interrupt handling for local_timer (IRQ=0) exited @
29331 TRAP EXIT 1 23285 23285 0037394394 Excention handling for Page-Fault complete
Custom Keme| Timeline
hydra CPU O B
timer
Page-Fault
I_sigprocmask
2317223172
SYSCALL_EXIT
hydra CPU1
local_timer
Page-Fault
munmap
2328523285
TRAP_EXIT
hydra CPU 2
local_timer
Page-Fault
rt_sigprocmask
23310:23310
SYSCALL_EXIT
| | F 031s | F.U B1s |
Interrupt | Exception L L L L
Syscall [KernelEven 01s | s I1s
r ! I I ! | I I I r I I I | I I I F I I I I
I T
Start Time 0.000000000| Hover offset=25085 cpu=1 id=SCHEDCHAMGE proc=23311 thr=23311 time(sec)=0.031848787 (0.006137638 from current)
Current Time 0037987 692) 23312 switched out (runnable): 23311 switched in
End T!me 0.074794420 Current offset=29325 cpu=2 id=SYSCALL_EXIT proc=23310 thr=23310 time(sac)=0 037986426
Duration 0.074794420) - -
Exited system call rt_sigprocmask “
-
< | 1D
Interval : 48528 events (0 to 48527), 0.074794420 seconds (0.000000000 10 0.074794420)  Current Time : 0.037987 692

s
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File  View Monitor

Teols  Help

NightTune

PH2 BB @933 S Hen o

[keng [-] 5 o W <>

B

kong CPU Usage:

kng Natwerk Activity

cPUD =

CPU1 |
cPUZ | ]

cPus [
o

100 Collisions/Sec
500
Legend: System - E
kong Physical Memery (kE) b=t B
PID | Stale | Size |55:Pu|Anmiu|Ni==|RPri| :Ll Command - |~
Usage
Racy |7—|
————————————————
0 024756 1388 Waiting 2024 00 a0 0 of
18918 Running 2468 998 02 0 0 OT
Uzre Wi 31235 Waiing 2924 0.0 al 0 0 of
31983 Waiing 3748 0.1 al o 0 of
Reclaimable [ca:nes C\ean] [ca:nes thenack] [ca:nes Dirty 32738 Waiting 2920 00 al o 0 ol
1540 Waiing 2812 00 al 0 0 of
Free 1542 Waiing 2868 0.0 al 0 0 oOf
2027 Waling [ 190
Recency: 1431 Waiing 2068 0.0 al 13 0 of
1435 Waiing 540 00 al 13 0 of
LowiHigh: Low: L) 137 waiting 5572 00 all 18 0 O
1439 Waiing 3248 00 al 13 0 of
High: E 23871 Waitng 5568 0.0 al 19 0 of
23872 Waiing 18248 00 al 18 0 of
kg CPU Shislding and Binding 626 Waiing 2854 0.0 al 13 0 of
—|| o7 wating 540 00 al 13 0 of
kong: AMD Opteron(im) Processcr B50 || o8 wating 5572 00 al 18 0 oOf
629 Wating 3256 0.1 al 13 0 of
238 Waiing 5572 040 al 13 0 of
7 © @ CPUD [15% Usage] 23832 Waiting 18252 00 all 19 o o7
Bound Processes: 1 Threads: 1 13758 Waiing 2864 00 O« 13 0 OT
Bound Interrupts. 0 13763 Waiing 540 00 O« 13 0 oOT
13764 Waiing 5572 00 O 19 0 OT
# O cPUT [100% Usage) 13766 Waiing 3036 01 O« 19 0 OT
Bound Processes, 1 Threads. 1 23847 Wailing 5572 00 O 19 0 OT
Bound Interrupts 0 23852 Waing 18248 00 O 18 0 OT
L) 22133 waiting 2854 00 O« 13 0 OT
FO® cPu2 [59% Usagel 213  Waiing 540 00 Od 19 0 OT L
Sound Processes 13 Threade. 21 2135 Waiing 5572 00 Od 19 0 OT
2027 paramake (35) 22136 Waiing 2864 00 O 19 0 OT
\ 13758 make 234 Waiing 5572 00 Od 19 0 OT
i 13783 51 23815  Waiing 1824 00 O 19 0 OT
4376teh 32714 Running 27888 00 a0 0 of @ niuneser
- 13766 make &~ @ mario
3 :
P [k F#_root

Input Pkis/Sec
Input Errs/Sec

Oulpul Pkis/Sec |
Output ErrsiSec [
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RedHawk Embedded for ARM64 Jetson TXn

¢ W-RHLE-DEVC-01-AJ

RedHawk Embedded 1-user Development Package for ARM64
Jetson TXn

¢ W-RHLE-DEVC-02-AJ

RedHawk Embedded 2-user Development Package for ARM64
Jetson TXn

¢ W-RHL-DEVC-01-A

RedHawk Development Package Additional User Seat for ARM64
Platforms

© W-RHLE-TGT
RedHawk Embedded Per-Target Charge

17 & concurrent
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BE ABFF1E S REE
1ZEEHR—K(SSS)
WebHBR—kEURIMIH—E X

ConcurrentProblemReport
DU AbyTHR—k
JA7zyat)LYR—k

RedHawk for ARM64 JetsonfR5FH—
EX
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BEYR— LR

@ RedHawk Linux for ARM64 Jetson|ZlX, FidiB#EHHR— I, H—EANESE
nxv,

o 1FERMDEFA—IL. Web, BLUVEREIZLDTI=HILYHR—

(EH AE~£MEAR 9:00-17:00T. £ A. AiKB. FRFR. d—ILTV

D4—OHRZERETET),

¢ RedHawk Linuxfi—=JLENightStary—ILD A ) O—RRIEEL T YT
T—kERYTF,

¢ RedHawk&NightStard#Ei)!)—X,

¢ RedHawk LinuxM#ZZHHR—kE, RedHawkD )7 ILAAL LA—FRIL TR
TL3a—)L, 5473, BELUConcurrent Real-TimettABHFELI-21—
TA)TATHRELTVET,
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https://www.concurrent-rt.co.jp/customer-support/

BARY Ak

e

@) Real-Time Linux RTOS professi- X S

- Q% |Q sz

G Q (i)i‘ https:/fwww.concurrent-rt.com, 67%

<£concurrent

e SOLUTIONS  PRODUCTS  INDUSTRIES  RESOURCES  COMPANY  SUPPORT

HOW TO BUY

Customer Support

s @3
Technical Support & Training

Go o the Technical Support Form Technical education courses and policies

lutions

S
Professional Services

- QW QAxz I @
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REAL-TIVIE

c o @ redhawk.concurrent-rt.com

.( redhawk.concurrent-rt.com

This site provides you access to Concurrent Real-Time software products and updates to those
products that execute on the following platforms:

= RedHawk Linux

= CentOS

= Red Hat Enterprise Linux

= Ubuntu
You can download NUU, Concurrent Real-Time's Network Update and Installation utility, browse

product repositories to manually download software packages, or create customized Update CD
images for immediate download.

Services:

= Document Library

= Network Repositories

= Browse Repositories

= Create Update Images

= Manage NightStar Licenses
= Customer Survey

Messages

nide | Most recent message on July 10th, 2018

+ | Jul 13, 2018 - RedHawk 7.3.2 Update Released (Jetson TX series)
+ | Jul 10, 2018 - NightStar 4.6 Released (i386/x86_64 and arm64)

+ | Jul 8, 2018 - RedHawk 7.5 was Released (i386/x86_64)

Coneurent Real Time Softuare For X

A

20
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©

© € © € € €0 COCQCFC O© ¢

letc/issue
/proc/cmdline
/proc/cpuinfo
/proc/interrupts
/proc/meminfo
/proc/modules
/proc/version
/proc/iomem
/var/log/syslog
/var/log/Xorg.0.log
letc/X11/xorg.conf
/usr/bin/gather
/usr/bin/shield
/usr/bin/Ispci

¢ ¢ ¢ © € © © ©C ©€ ¢ ¢

©

/proc/config.gz
/bin/dmesg
/sbin/Isirg -Im
/bin/netstat -
/bin/netstat -s
/bin/netstat -g
/sbin/ifconfig
/sbin/ifconfig -a
/usr/sbin/arp -a
/usr/bin/dpkg -

/bin/grep install
/var/log/dpkg.log

/bin/systemctl list-unit-files

@ = concurrent
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TURMYTHIR—I—ER

RedHawk LS DY IRz 7 =LA IXGNUY IR 7  AEEEDLinUXT 4
ARNJEa—2325475Y), Concurrent Real-Timett(Z&k->TEEE-(E

RSN TOENIATURB IV A—TA) T4 DY R— &%, FIREFET
R#ELET,

User Application

COTS Software (ex:ISAAC) SOUPR (exsRQOS)
Ubuntu Package

RedHawk Kernel

TXn Hardware (ARM, GPU & SoC Peripherals)

1
’ |I

Ubuntu
RHIHR—MLTS)kR &, 5EMIZEY(Ubuntul6.04LTSIE, 2021/4FC) X2 ) 7477 T—rAaZ 2T KV E

EBTRESNET, (EF2UTAT VI T DNV IR—ME, TOTzvar LY R—rTRESIET)

SOUP(Software of Unknown Provenance)
R BENFAGY IR T7 (SOUP) &lE. ERGXENGL, FEE=ZFITL>THFE SN, HhDORFKETEIC

X HEERICONT—YRHNGL, H5H3—F (Y—ILF[FY—Ra—F)
COTS(Commercial off-the-shelf) Y 7k 7
—— \ i O A — L[5 7=
BAD3d =T DYIET 7 REDYR—HL FRA-DEORMIH->THTVET AL concurrent
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E DHAWK 70 M| 7 I‘ye/a j- ) l/'lj',.-IT:—,Is'lj'— EX .

¢ THRDOEIOILEXKRICIKHLT., AhEFEYR—rERRHELET,
0 TINNAARRSA/\EH
© NNIA—IXVADHTEFa—=2T
o 77— 3> DiBiELRIF
o X )T4TVTT—rDINyIER—k

o V7 IEA LI AT LDEE ST
¢ FTA (Fault Tree Analysis)

0 NUFI—UTARE

o BREN—=2F

o AVHILTAVT . TDith
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< shield & cpua~wokr

o CPUa7ZEY—ILFEIVRAAZTOYY)T HITULR
=L4TTIX. sudo echo 1 > /proc/irg/default_smp_affinity AN

Interrupt Shielding CORE
1

-

Unshielded CORE

CORE 2

Shielded CORE
Interrupt & COREO M

v| CORE 1
Yy aTHED
B X 2T
CORE 0
Down CORE
FRATELGLTBRTTa1—ILLELY)
25 @ = concurrent
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Arm3a7 Denveray e
s o PClexpressIRQE!|3A &
BA<T—EAH A< —FA 7y ] i T
. - : = shield —i C{Z1k
shield -p =L shield —| &1k
$ /bin/cat/proc/interrup. e tegral86_timer -e IPI -e CPU -e MSI
CPU® CpPU1 . CPU3 CPU4 CPUS
6: 24265352 0 & 0 0 0 01*% GICv2-32 egral86_timero
7: 0 11 gl b 0 0 0 02*% GICv2-33 Level ral8e_timerl
8: 0 e 6 Jl7__} ' 0 0 0 04*% GICv2-34 Level al86_timer2
9: 0 0 © 57124823 0 0108*% GICv2-35 Level 186_timer3
10: 0 0 0 0 19612390 0 .10*% GICv2-36 Level 86_timer4
S E R 0 e Q L O _____0__1820279020%% __GICv2-37 level __ tegraii6_timers
j 389: 0 0 0 55586218 0 0 08 GICv2-105 Level Tegra PCIe MSII
452 e - 1 Q20280218 - Qéﬁ%JEEE_EI&MS&QJﬂﬂL---JIﬂL---I
IPIO: 43576431 1838 1248 273422 46233811 57326658 Rescheduling interrupts
IPI1 2165 36 21 45 11227 2550 Function call interrupts
IPI2 0 0 0 0 0 0 CPU stop interrupts
IPI3 0 0 0 0 0 0 Timer broadcast interrupts
IPI4: 0 IRQ work interrupts

IRQ389 Tegra PCIe MSIh\Tegra PCle MSI-0Z#l|{#IL TL»

5D T, PCI

eDEPAHARIRILIZZDsmp_affinity2ZEE T 5

@ sudo echo 8 > /proc/irg/389/smp_affinity

26
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Denvera7IZl&, R
Ta— )L

FrylarHEBFLTLVD
CPUS IL—T

0 - 1 32K Data 2 64
(%) - 1 48K Instruction 3 64
0 0,3-5 2 2048K Unified 16 64
1 - 1 @K Data . 1 64
- - 1 oK Instruction 1
1 1-2 2 oK Unified 1
2 - 1 oK Data 1
i - 1 oK Instruction 1
P2 1-2 2 oK Unified 1
3 - 1 32Kk Data 2 64
3 - 1 48K Instruction 3
3 0,3-5 2 2048K Unified 16
4 - 1 32K Data 2
4 - 1 48K Instruction 3
4 0,3-5 2 2048K Unified 16
5 - 1 32K Data 2 64
2 6,35 5 codsk  UnsRfugtion 12 2
- nifie
27 ‘ 4 ctncurrent
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Tx2/Tx2i FlashDiski®[E
Tx2iMDFlash Disk T gEIL10%;

Tx2/Tx2i FlashDisk®E

300
Buffer TX2 TX2 TX2i TX2i —— O =
Size WRITE[M READ[Mb WRITE[M READ[Mb il
KiBytes bytes/Sec] ytes/Sec] bytes/Sec] ytes/Sec] 250
0.5 1.77 3.43 1.67 3.01
1 3.48 6.52 3.14 5.74
2 454  12.74 4.26 10.85
4 577  24.33 547  21.57 200 §
8 10.86  41.87 9.8  38.28
16 1861  70.88 1755  65.41
32 3026 1112 2742 104.16 150 1
64  18.08  159.99 16.2  149.94
128 30 20247  27.34  191.48
256  42.38 23454  39.46 220.74 |
512  59.94 253.03  49.92  239.96 100
1024  68.66 267.98  57.13  253.61 —— - .
2048 6953 276.05  60.69 263.56
4096  74.18 279.02  57.83  266.61 50
8192 757 2816  59.16  266.5
16384  76.59 282.04  60.67 270.14
32768  77.37 28256 61.1  270.12 N
65536 73.71 282 61.52 268.75 0 10000 20000 30000 40000 50000 60000 70000

28

=4—TX2 WRITE[Mbytes/Sec] =li=TX2 READ[Mbytes/Sec]

TX2i WRITE[Mbytes/Sec] =><=TX2i READ[Mbytes/Sec]
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RedHawk/1—=: )L

Frequency:  1000Hz 24:00:02
Frequency: 1006Hz 00:05:29 A H'i_'St[)g ram Count Value
Histc Cc val shortcycl LongCycl
Under  924us e 850us  15427992us 123742789us Under 900us 0
925-  939us 9060- 924us 3]
255. 969us 925- 939us o
970- 984us 940- 954us 23
595 995us : I\ 955-  969us 5559
995- 999us = 5
ooy, Loo0uS 0 EMNSTT 970- 984us 46502
10686- 1015us ’ & = A\ 985- 994ys 423302
1016- 1030us 8 100uE R AV FE A 995- 997us 8853339
1031- 1045us
1046- 1060us 998- 999uys 17518155
HEEs e 1606us 9167007
Over 1876us
1061- 16062us 31913554
1663- 1065us 12382044
10606- 1015us 5294944
1016- 1030us 792796
1631- 1045us 64339
1046- 1060us 601
0 No Interrupt,Daemon = 1676- 1100us 1
stress --cpu1 --io 1 --vm 1 --hdd 1 Over  1100us o]
1 No DOWN
2 No DOWN =
24HERER TH
3 No stress --cpu1 --io 1 --vm 1 --hdd 1
100/ QFLLTF
4 No stress --cpu1 --io 1 --vm 1 --hdd 1
5 Yes RYFI—=VTANTOTZ A

NUFI—L45D
29 CPUIZIZ. 100%&% | < concurrent
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z“/, FETHERNETI_*._ E(iperf)

) N O ~ O & ~ == .
¢ RedHawkME:E(TIIUTarzhR) iperf
1000
NVIDIA(Tegra) RedHawk 990
MTU Mbits/sec Mbits/sec
980
1500 942 942
2000 956 957 o 970
3000 970 971 7
o]
s
4000 978 979 960
5000 983 983
950
6000 985 986
7000 987 988 940
8000 989 990
930
9000 990 991 0 2000 4000 6000 8000 10000
MTU

—@—Tegra —@— RedHawk

30 COIIGIII'I'EIII
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RedHawk for ARM64 Jetson(Z(&. 4+ &34
RN QARG R G ELL, 24 L)
T»er)lﬂ&T?'J’T avmIFIZERET SN
-2 #EEPCleh—K Céh HReal-Time
Clock&Interrupt Module (RCIM) 4733
CUTRETHIENTEET,

RCIMIZ(E, 8 D Jetson AT LTERA
BY A RS 05, 8O0 T05 5T
IWEAR 12D ANEEU12H S DS ERE]
YIAHZAUNEENTIET , RCIMIL,
RedHawk Linux[Z &> TREISHR—FS
NTWFET , AT 3o DF U R—FGPSE
Ta1—)LEFEALT, RCIMO ROV
GPSIZERHEICEHE D ENTEET,
1D NGPSIEHRCIMIZ. RCIMFT—2R
DI RTDIJetsonZzRIEATE=ET,

F1-. GPSE D a—ILEZRBEH LI-EHD
Jetsonl;t DRAT LB —T )VESLL
(2, £BDAA LA—ZADNSENETEET,
GPS%%**‘JH#FEEH ZEDIKPOSIXZMTIE. ¥
BRICERSN TGN R T A ETTO
%gégg%‘%h%lﬁH%I:Faﬁ#é‘s%f:&)(:ﬁ%

Oven
Controlled
Crystal
Oscillato~

800ns;EN.  400nsiEn

@ = concurrent
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RCIM7zL

$ cat /proc/masterclock/available
none
$ cat /proc/masterclock/current
none
$ cat /proc/masterclock/status
masterclock: none
masterclock resolution: @ nsecs
system clock: arch_sys_counter
sync status: disabled, this is a NOP masterclock
adjtimex freq adj: 0.000 usecs/s
adjtimex phase adj rate: 0.000 usecs/s

col 10: clocksource multiplier, raw

$ cat /proc/masterclock/log

# Masterclock status log.

# col 1: timestamp (CLOCK_MONOTONIC)

# col 2: total phase to be corrected for (usecs)

# col 3: currently applied phase correction (usecs/s)

# col 4: currently applied frequency correction (usecs/s)
# col 5: desired change in frequency correction (usecs/s)
# col 6: adjtimex frequency adjustment (usecs/s)

# col 7: adjtimex phase adjustment (usecs/s)

# col 8: adjtimex tick size (usecs/tick)

# col 9: clocksource multiplier, active

#

#

col 11: clocksource timestamp, delta

w
N

RCIM&Y)

$ cat /proc/masterclock/available
rcim:@ (rcim) none
$ cat /proc/masterclock/current
rcim:@ (rcim)
$ cat /proc/masterclock/status
masterclock: rcim:® (rcim)
masterclock resolution: 400 nsecs
system clock: arch_sys_counter
sync status: running
syncing interval: 999.999 msecs (1.000 Hz)
instability: 15 (very stable)
phase: -0.324 usecs
phase adjustment: -0.324 usecs/s
delta frequency adjustment: -0.162 usecs/s
frequency adjustment: -2.381 usecs/s
fetch time: 2.944 usecs
delta fetch time: ©.000 usecs
selected hz: auto
phase & freq shifts: 0 & 1
adjtimex freq adj: ©.000 usecs/s
adjtimex phase adj rate: ©0.000 usecs/s
--- RCIM-II/III masterclock internals ---
#skips: @
#adds: @
#tasklets: ©

F!JEEJBAI_-“I'II\IIIE
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cat /proc/masterclock/log
Masterclock status log.

col
col
col
col
col
col
col
col
col
col
col

1:

\DOO\IC‘\W-PUJN

10:

11:

timestamp (CLOCK_MONOTONIC)

: total phase to be corrected for (usecs)

currently applied phase correction (usecs/s)
currently applied frequency correction (usecs/s)
desired change in frequency correction (usecs/s)
adjtimex frequency adjustment (usecs/s)

adjtimex phase adjustment (usecs/s)

adjtimex tick size (usecs/tick)

clocksource multiplier, active

clocksource multiplier, raw

clocksource timestamp, delta

30

25

20

15

10

-20

2URPIEEREL
LATLYS

',.fproc.fmas:terclockﬂog' usilng 1:3 ——

800 1000 1200

I?KEEAﬂ\I_-“I'II\IIlE
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¢ Cyclictest & Stress : fxbRE 27— FHETOYT S L
¢ CPU_LETCyclictestZ=ETLET,
https://rt.wiki.kernel.org/index.php/Cyclictest
o UTILEPOSIX StressA—T ) T«4Z&ERALT/\vI T
JOVEDEMTEEAFET,
http://people.seas.harvard.edu/~apw/stress/
o HBREEMMICHLTIILIF7IELET

& concurrent
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Cyclictest & Stress #& &

JES—ILRREE — )LRYREE

Real-Time Performance - RedHawk Real-Time Performance - RedHawk
500 500
PDL FDL

400 400
w w

T 300 g 300
[=] [=]
Q Q
b 8
[=] [=]
= =
2 =]
E E

EII 200 E' 200
o o

100 100

LA A Ol b A,
0 0
[ T T T T T T T 1 [ I T I I T I 1
° o¥ o o N N © o¥ o o o N
Time (second) Time (second)
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"« CUDA Reduction & Stress

¢ CUDA7OTAET1DEEDH|E
@ UFIAALINITA—TURIZH T ACUDAT ITA4ET1DE
28D EIE
¢ CPULTCyclictesty 7 ILAA LTEZEITLET,
¢ CUDA Reduction®H 7 )IL7085 S LEFERLT/AYIES

DURDERTEERLET,
¢ ¥ reductionld., EEFIDIFINETET
HHHEDECUDAY LT ILTOS S L(GPURIREEAFLY)

o WRAEEHRMICHTYL G LTSTIELET

& concurrent
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CUDA7ZO9TA4ET1DEE 0D

o JE—ILRIKEE — JLRIKEE

Real-Time Performance - RedHawk Real-Time Performance - RedHawk
e PDL i PDL
400 400
o~ w
2 300 2 300
o 0
0 Q
g b
] e
'
9 2
E E
a -
o 200
E 200 a
100 100
WP P FORE PN ,n._.._m.;._n'...L_J__a._nl‘ljll‘djkl L
0 Y I T I T I T I 1
[ T I T I I T I T 1 <) 9 I [} G M
o 0 " % N o Q o Q

Time (second) Time (second)
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WK 12Hj— FIEﬁL %}j[_, ;it %ﬁm % I —

¢ NVIDIA kernelDi5&
o h—RILTOEHRERWEI)IUTLIVDEREDT=HIZ
cyclictestz 21T TEFEA

o :0)&?/9—_7_7—6:'1\ EE_lL.\G)i?J_ ‘Jg H#Fﬁﬁ ‘j:S\U $’]\€E
AFET

¢ RedHawk kernel®iz&

RedHawk with Stress load on Jetson
& /\6us F1J8us sz K38us

RedHawk with CUDA load on Jetson
& /\6us F1J8us gz K48us

38 @concurrent
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Using ROS with RedHawk ™ on
Jetson TXn

39 @ = concurrent
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ROS1/ROS2 1—R7—2R

ROS1

o

40

B—@nORyk
D—PRT—2aVPFANaAVE2A—4

)T ILAA LHIEIERDHIELN

@ ros_control %5 Al %8 4L HE A TRllE 3T It

Enf=ryrT—o kR

¢ ARFLIFIEENESTFEETIAVYLI

EICFEPEOHEILH

ROS2

o
o

BHORYEDF—L

INY DA AR T TV TH— L

YT ILEA LY RT L

o JOtERMOTLUBDBIEEZEST.
ROSTE&E!) 7 ILAA LFIEZ Y R—

FEBEMLERYET—H

¢ EREBEDOWIFitHh EREEE) YT 8
KOBEDF-DHIZRYRT—I1EGENS
{ELT-B5 & TH. ROSZENMESE S

JOF49a RiE

¢ ROSHHAEET:EIRSINGKITSTSVE
TA—LTHYRITAEIETRIREED,
ROSR—ZDZRTAR A THEHEED
TV r—a 0 THOFERIZ#ELIZROS
NR—ZADHRZIEILTES,

ooz EE O/

o BEEMIZHEDA—TL)—AHPCOTS
TOFHRERY AN

=ROS2T(X. FlHEBEDVTILEALENER

@ = concurrent
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EShR7—XTIOF~v PREBET—XTOF%

(E—EERZED) (H—EEREELLL)
Application Application
TR
ROSL1 Client Library ROS2 Client Library
SN JER #A DDS adapter
Nodelet
TCPROS/UDPROS AP Intra-process
API

Linux/Windows/RTOS

41 4 concurrent
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Using ROS1 with RedHawkT“" on_

—Jetson-TXn——
ROS 1.0

¢ ROS1IDA2VA+—IL

$ sh -c 'echo "deb http://packages.ros.org/ros/ubuntu $(1lsb_release -sc) main" >
/etc/apt/sources.list.d/ros-latest.list*

$ apt-key adv --keyserver hkp://ha.pool.sks-keyservers.net:80 --recv-key
421C365BD9FF1F717815A3895523BAEEBO1FA116

$ apt-get update
$ apt-get install ros-kinetic-desktop-full

$ rosdep init

¢ ROSZ#& (L =Nvidia Jetson TK1, T)‘(ls =1-[FZTX2TCSIAH
ASERBHEIZERATEDIROSN\Y T —,
@ https://github.com/peter-moran/jetson_csi_cam

¢ GStreamerR—RXDE T4 AR ) —LFADROSHATES A/,

@ https://github.com/ros-drivers/gscam
@ https://github.com/ros-drivers/gscam/issues/3

42 & concurrent
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https://github.com/ros-drivers/gscam

-Q"‘ RepHAwK Using ROS2 with RedHawkT“" on

== —Jetson T
ROS 2.0

¢ ROSIIRTOSTIEHYFEBEAN...

@ ROS 2.01&. U7 ILARAALIZH L . BAELLARTOSERZ I
NFTAHIIINEEEFTSINTULNET

¢ ROS 2.0[FRedHawk OSZIEEIZHRMIZHERATEET
¢ Fi2. URLDKRTAIR—/I—|ZROS2A/ VA +—LEE T EEHH
ZaCiL TLVET,
¢ “Using ROS with RedHawk Linux on the NVIDIA Jetson TX2”
¢ ROS2.0IZIF. B IRFOHUTILTENEEFNTLNET
o TX2LEM&ZEARPDLZISZR M50V /A ETHELELS:

https://www.concurrent-rt.com/wp-content/uploads/2016/09/Using-ROS-with-RedHawk-
on-Jetson-TX2.pdf

43 @ = concurrent
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@ jetson-inference

@ TensorRTENVIDIA JetsonZ - CTREEBEE GG R VNI —OEERE
TVIT4TEEATDHHAR

@ jetson-reinforcement

@ PyTorch, OpenAl Gym, $&UGazeboARTA IR I 2L —32% 1B &
L7=NVIDIA Jetson®GPUS 1T 3!),

@ |etson-scripts
¢ NVIDIA JetsonT SV TA—LDEFEFERVITREAAR—ILH AR
@ jetson-utils

¢ NVIDIA Jetson TX1/ TX2FH®MDC / C ++ Linux1—74Y)T145v/\— -
HAZ ., aA—F 4. CUDA. GStreamer, HID, OpenGL / XGL

A4 @ concurrent
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https://github.com/dusty-nv/jetson-inference
https://github.com/dusty-nv/jetson-reinforcement
https://github.com/dusty-nv/jetson-scripts
https://github.com/dusty-nv/jetson-utils

¢ Jackie Kay

Real-time control in ROS and ROS 2.0

Jackie Kay

jackie@osrfoundation.org

Adolfo Rodriguez Tsouroukdissian

adolfo.rodriguez@pal-robotics.com

ROBOTICS ” Open Source Robotics Foundation

ROS 2 Real-time Benchmarking: Results

Stre

stre

ss applied:

ss --cpu 2 --io 2

7,345,125 cycles observed

3 instances of overrun observed

250000
200099
2 1somo
»
o
i

100009

50000

L]

1000000 2100000 3]00000 4000000 5000000 GODO0DE 7DROODD

I
4
£ 3000000}
H

&

Latency (ns) % of update rate

Min 1398 0.14%
Max 258064 25.8%
Mean 3729.11 0.38%

Jitter histogram

000000,

50000004

4000000}

2000000

LO00000}

0!
[ 50000 100000 150000 200000 50000 300000

Latency (ns)

Goal

1 kHz update loop (1 ms period)

a5 - Less than 3% jitter (30 ps)
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EILIRY F DT E (stressf=)

BESE—2AE:1.570796
EEROE—FHE:1.570404
IREDFHEE 7005 ns

||

LS B
=/ NMFBEF
RAFHE

3

A
1

H:8021.6ns
Hl : 6555 ns

H: 47488 ns
EITHRDIAF—R—=TUT+—)Lk:0
DA v—R—T+—)LE:0

10000

mmmmm

200+ B8R
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2= REDHAWK pen dulu m_co ntrol —

¢ Latency (ns) % of update rate

® RT PREEMPT kernel @ RedHawk RealTime Kernel(L4T)
P Roand robin scheduler @ Firstin First out scheduler
(SCHED_RR), (SCHED_FIFO),

¢ thread priority: 98 ¢ thread priority: 90

o Min 1398 @ Min 6555 CPUID 1rgs ltmns procs

e Max 258064 Max 47488 o o o o

e Mean 3729.11 Mean 8021.6 2 ro no o
5 yes yes yes

= XEIZER

TX2(%. EHEENSCPUNEWNEAGZATND
LHML.PDLOZAIEIZ47pF TEERELTLNS,
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lerrez, Lander Usategui San Juan,
Irati Zamalloa Ugarte, Victor Mayoral Vilches®

DDS®E#ETI&. LNS(Linux Network Stack) BAcS 2 AR—KBERYRNT—IBELELTHERAINET,
ZHIZ&Y., LNSIZROS 2.00D/\ 74— RIZES>TEERERIZHYET,

LAL., Ry T—HR Gy 91F BoN-LAToLDE=OIZHFBEILEN DD TIFE EAN-BEEIDO X
IWL—TIrD=OIZHRBEIEENET,
A—H2YREIYRAHARALYRDEBEEZMDIRQALYRFEYEHEEEREL T, RYFT—IDREHEZR LS
BEHIEMTEET,

CDT770—FIE, BEEDIRETIE. EEMNTRERMNGIRAIBVVEHFTEETITN, RUNT—VEVRT LA
NEARFDIEE. (BELEE/—FD)FLEBRIMNKIGIZIEMT Sa6EELAHYET,

REEATD UTZINEALTT)r—a  AIZROS 2.0 E42 Bt T AR EDERR (L.

a) )T ILAA LE I"'E'C77°')’7' —1a BT S,

D) 7T —2a R EITR L TH—RIVALYRE BT 5.
c):EEI:EEI’—?T%%?D)O)*VI~'7—’7&CPU0)1EH%€%IJI3E'<?‘%>\

ETY,

BT MEFDBEIGE(/—ILERTE) S INEOBEREWTIVEALEKTE)

System under load System under load with RT settings

10000 - - : - 1000 T T T —
DDS1 (Max=29481us) — DDS1 (Max=1823us) ——

DDS2 (Max=26764us) ——— DDS2 (Max=2774us) ——
DDS3 (Max=22492us) DDS3 (Max=2092us)

DDS 1, Missed deadlines 0/60001

e DDE% m g s dl gggiggggg DDS 2, Missed deadlines 0/60001
100 DDS 3, Missed deadlines 0/60001

DDS|3; Missed deEdI 5 133/58822

100

10
10

Number of latency samples

Number of latency samples

0 2000 4000 6000 8000 10000
Round-trip latency (us)

1 LLI ‘ .
2000 4000 6000 8000 10000
Round-trip latency (us)

PDFER _https://arxiv.org/pdf/1809.02595.pdf é conc“rrent

Web iR https://hackernoon.com/towards-a-distributed-and-real-time-framework-for-robots-469ba77d6c42 v REAL-TIVIE
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https://arxiv.org/pdf/1809.02595.pdf
https://hackernoon.com/towards-a-distributed-and-real-time-framework-for-robots-469ba77d6c42

ROS1/ROS2 FUwe

Q ROS1 System ROS2 System | g

Publisher node § Subscriber node

| Dynamic

ImageTools

ROS2 Client Library

ROS1 Client Libjlary :'

DDS adapter

DDS | DDS Intra-process
Publisher Subscriber API

ROS2 |

Linux

4 concurrent
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ROS2 DDS Publisher/Subscriber

Nvidiah—= JLDNetworkkS5 274y

Network History

S0 MiB s
-
A R Y AV e e VA VAVAR A Ve VAV S
540 MiBs
360 MiBSs
18.0 MiB =
60 seconds 50 40 £i] 20 10 [ s
Receiving 2.6 KiB/s Sending 67.5 MiB/s
G Total Received 169.5 KiB & Total Sent 4.8 GiB
[ RedHawk—=~JLDNetworkb 527199 ]
Network History
900 MiB s
— - T - — | T20MiBf
54.0 MiBfs
JE0MiBSs
180 MiBf
60 seconds 50 40 0 20 10 o (OMEE
G Receiving 2.4KiB/fs @ Sending 73.8 MiB/s
Total Received 158.6 KiB Total Sent 4.3 GiB

50 GIIIIBIII’I‘EIII
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Ubuntu Desktop

E CPU History

[ cru1 37.3%
I crus 92.0%

Memory and Swap History

B cru2 0.0%

CPU45EE 8%

I cru3 0.0% B cruz 91.1%

I crus 0.0%
BAANETERITS AR

Memory

1.7 GiB (21.6%) of 7.7 GiB
Network History

swap
notavailable

@ Receiving

Total Received

Every 1.8s: cat /proc/interrupts |grep ether
ros2-relesE"e"Y at /proc/ pts |grep

bouncy-201¢
tar.gz

ey
& i

) ¢}
<} ¢}
4! <} ¢}

# shield -r-a 3,4,5 -c

# echo 20 > /proc/irg/44/smp_affinity
# echo 20 > /proc/irq/45/smp_affinity
# run -s rr -P 90 -n irg/290-externa
#run -s rr -P 90 -n irq/44-2490000.
# run -s rr -P 90 -n irg/45-2490000.

2.4KiB/s
1.1 MiB

Sending
Total Sent

74.7 MiB/fs
31.7GIiB

Fri Oct 26 05:03:5

etherZ|:A#%CPUGIZEIY KT

ether2 B4 5T —EVDEEETVT

# run -a|grep kworker|awk ‘{print "run -s rr -P 60 -n "$9}|sh

ROS 2.0 @1E%&

51 b) 7)) r—

@ik g HoEE
a) )7 ILEA LE E’C?j")’T
AVERTE

ya‘z’&*ﬁbﬂi?‘és

[ZISCTH—RILALYRERBRT 5.
c)BIEIC Ffl’é—'d‘%)%?*//@*‘/#'? DECPUDFERAZHIBET 5.

top -
Tasks

pu(s): 16.2 us, 20.6 sy, 0. ni, 51.5 id,
KiB Mem :
KiB Swap:

PID
7945
8004

25
1601
1464
2305

6 root 20

2377
2599
7894
9441
11789
1

2
3
5
7
8

6 root

ty @ ) s03aAM

©5:083:56 up 16 min, 2 users,
314 total,

load average: 2.81, 2.18, 1.26

2 running, 312 sleeping, 0 stopped, 0 zombie

9.0 wa, 4.8 hi, 6.9 si, 0.0 st
800564 buff/cache
6300260 avail Mem

8035400 total,
6 total,

5609300 free, 1625536 used,
6 free, 0 used.

USER PR NI VIRT RES SHR 5 %CPU %MEM
root -81 @ 862172 25488
root -79 622064 4 20972
root rt <] 0 0
root 20 17.623g 644 47696
root 20 48.138g 441 27204
nvidia 20 925968 40 70112
nvidia 20 457312 4 6 33568
root 51 6 €

TIME+ COMMAND

@ dynamic_bridge
gscam
ksoftirqd/s
nvcamera-daemon
Xorg
compiz
gnome-system-mo
irq/62-host_syn

6 nvgpu_channel_p
kworkerfu12:0
rosmaster
jrecud
irq/69-15210000
redis-server
nautilus
gnome-terminal-
roscore
top

4 watch
systend

8 kthreadd
ksoftirgd/e

® kworker/@:0H

@ migration/e

@ migration/1
ksoftirqd/1
kworker/1:8

® kworker/1:0H

@ migration/2

® ksoftirqgd/2

® kworker/2:6H

@ migration/3
ksoftirqd/3

@ kworker/3:0H

ROS1IRE TEST(Ros1 Master) XCPUBZXotaZEY
# export ROS_MASTER_URI=http://demo2:11311
# run -b3,4 -s rr -P 80 roscore

o R T S Y

root 20
root 81
root ~E
root 51
redis 20
nvidia 20
nvidia 20
root 81
nvidia 20
nvidia

root

root

root

root

root

root

root

root

root

root

root

root

877008

454788

280500 54004
9152 3604
5604 2500

89364 5804

0

w
v
N
ES

NN
COOWWWWWWWW=~N~NWo

SO0 DNW

]
™~

]
™~

NN NN N NN NN NN NNl No <Nl - Mool e Nc iMool o i)

root
root

PPOC00RPOCOP0002000O0000OOORONBDIR
OO0 COOC0OCOOONCONUNOOOO
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ROS1IRETET(Ros1 Node)
# export ROS_MASTER_URI=http://demo2:11311
# run -b3,4 -s rr -P 78 roslaunch gscam tx2.launch

ROS2IEE TEIT(ROS1-ROS2T 1 wY)
# export ROS_MASTER_URI=http://demo02:11311
#run -b3,4 -s rr -P 79 ros2 run ros1_bridge dynamic_bridge
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TegraSoc & RedHawk&E A D A1) v+

Nvidia LATOERZEELGHT 2T ILEA LIGH

Jetson
¢ NVIDIA JetPack SDK

52

TensorRT 3.0 GA
cuDNN 7.0.5
VisionWorks 1.6
CUDA9.0

TILF AT AT API
o hASTFT) r—avAPllibargus
o Y —KSA4/\API:V4L2 API

© © © © ¢©

EBEFE 0SS

¢ https://github.com/dusty-nv/

ROS1/ROS2 OSS

@ https://github.com/peter-
moran/jetson csi cam

@ https://github.com/ros-
drivers/gscam

¢ GAZEBO

RedHawk

o

JetPack/ N1+ Hif
o ERDVINIITET NTHIATARE
IN—FUTILEALLE))—RETE
o HETAER
¢ IOFZ4N
o RYLI—Y
¢ FBS
7 ILAA LEFEY—IL
¢ NightStarTools
¢ SImWB
¢ MATLAB/Simlink& & #
H—EX
o VTZILAALAIEIZHE
0 TINARRSA/\GIH
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https://github.com/dusty-nv/
https://github.com/peter-moran/jetson_csi_cam
https://github.com/ros-drivers/gscam
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o EtherT—JILZHIRT DEDVI—DHET S,

¢ CPUNTE|AANIEEFITS kworker D125t

@ Kworker® 4 #R

@ kworker/%u:%d%s (cpu, id, priority)
kworker/ul3:0 M &S3EURLYRIFIRTECPU/NA RSN TLVELY

CEEEKRT D,

EzxLIT5

B DnicefE(-20)ZH Dkworker(X. BRIIZIHIAFFLITLNS,

o 15'] EBEEe: R4 a—1)>% Other
sudo run -s fifo -P 90 -n
sudo run -s fifo -P 90 -n
sudo run -s fifo -P 90 -n
sudo run -s fifo -P 90 -n
sudo run -s fifo -P 90 -n
sudo run -s fifo -P 90 -n

FEHT

B2 - - - L

kworker/o:
kworker/o:
kworker/o:
kworker/o:
kworker/o:
kworker/0:

FAHAIL—F

1H Ezhgr
TINA

$ sudo run -a|grep kworker|awk {print "run -s fifo -P 90 -n "$9}'|sh

55

kworker/0:0

kworker/0:1

kworker/0:2

kworker/0:3

kworker/0:0H

kworker/0:1H
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« A—HILRAL YR

tegradc.0/* tegra-iommu

irq/*-gpcdma.* tegral86-gpc-dma

irq/60-xotg XUSB OTG Controller
irq/60-3530000.xhCi Xhci USB Controller
irq/22-3460000.sdhi Tegra Secure Digital Host Controller

irq/23-3440000.sdhi
irq/24-3400000.sdhi
irq/256-3400000.sdhi

irq/64-150c0000.nvcsi Sensor Controller

irq/65-15700000.vi

dhd_dpc Broadcom Wireless Driver

dhd_rxf

irq/55-mc_status Memory (error) Controller
irq/424-30c0000.watchdog Watchdog Controller
irq/431-max7762.top Max77620 Controller
irq/62-host_syncpt Tegra Graphics Host Syncpoint Integration

irq/63-host_staus

kwor\ker\/%u:%d%s (Cpu, 1d, pr\lor\lty) B|YAH, BAY—. | | OELRHBEHEEIZ. I—RILDEBONIED KE2EEITT S
A—RILT—h—AL YK,

56 G(IIIGIII’I’BIII
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Pid Tid Bias Actual CPU Policy Pri Nice Name 188 188 ox39  ox31 0 fifo 50 (%] irq/109-gpcdma.
7 7 ox01  exel (2] fifo 100 © migration/0 189 189 ox39  ox31 0 fifo 50 0 irq/110-gpcdma.
8 8 0x00  0xe2 1 fifo 100 © migration/1 190 190 ox39  ox31 0 fifo 50 0 irq/111-gpcdma.
12 12 0x00  0x04 2 fifo 100 © migration/2 191 191 ox39  ox31 0 fifo 50 (%] irq/112-gpcdma.
16 16 0x08  Ox08 3 fifo 100 © migration/3 192 192 ox39  ox31 0 fifo 50 0 irq/113-gpcdma.
20 20 ox10  0x1e 4 fifo 100 © migration/4 193 193 ox39  ox31 0 fifo 50 0 irq/114-gpcdma.
24 24 0x20  0x20 5 fifo 100 © migration/5 194 194 ox39  ox31 0 fifo 50 (%] irq/115-gpcdma.
32 32 0x39  ox31 0 fifo 100 © ltmrd 195 195 ox39  ox31 0 fifo 50 0 irq/116-gpcdma.
34 34 0x39  ex31 %] fifo 50 (2] irq/55-mc_statu 196 196 0x39  ox31 0 fifo 50 0 irq/117-gpcdma.
43 43 0x39 0x31 4 fifo 50 %] irq/424-30c0000 197 197 0x39 0x31 0 fifo 50 (4] irq/118-gpcdma.
44 44 0x39 0x31 2] fifo 50 2] irq/431-max7762 198 198 0x39 0x31 0 fifo 50 0 irq/119-gpcdma.
56 56 0x39  ox31 4 fifo 50 2] irq/62-host_syn 199 199 ox39  ox31 0 fifo 50 0 irq/120-gpcdma.
57 57 0x39  ©ox31 (2] fifo 50 (2] irq/63-host_sta 200 200 0x39  ox31 0 fifo 50 0 irq/121-gpcdma.
101 101 0x39  ox31 3 fifo 1 (2] tegradc.0/a 201 201 0x39  ox31 0 fifo 50 0 irq/122-gpcdma.
102 102 0x39  ox31 (2] fifo 1 (2] tegradc.0/b 202 202 0x39  ox31 0 fifo 50 0 irq/123-gpcdma.
103 103 0x39  ox31 (2] fifo 1 (2] tegradc.0/c 203 203 0x39  ox31 0 fifo 50 0 irq/23-3440000.
104 104 0x39 0x31 2] fifo 1 2] tegradc.0/d 207 207 0x39 0x31 0 fifo 50 0 irq/24-3400000.
105 105 0x39 0x31 3 fifo 1 2] tegradc.0/e 209 209 0x39 ox31 4 fifo 1 0 mmcqd/0
106 106 0x39  ox31 3 fifo 1 2] tegradc.o/f 211 211 ox39  ox31 3 fifo 1 (] mmcqd/@boote
107 107 0x39 0x31 3 fifo 1 2] tegradc.0/sl 213 213 0x39 0x31 4 fifo 1 0 mmcqd/@bootl
108 108 0x39 0x31 4 fifo 50 2] irq/69-15210000 215 215 0x39 ox31 (] fifo 1 0 mmcqd/erpmb
112 112 ox39  ox31 5 fifo 50 (2] irq/73-gk20a_st 216 216 0x39  ox31 0 fifo 50 0 irq/256-3400000
115 115 0x39 0x31 2] fifo 50 2] irq/252-1521000 219 219 0x39 0x31 0 fifo 50 0 irq/64-150c0000
143 143 0x39 0x31 2] fifo 50 2] irq/54-tegra_rt 221 221 0x39 ox31 (] fifo 50 0 irq/60-3530000.
150 150 ox39  ox31 (2] fifo 50 (2] irq/22-3460000. 222 222 0x39  ox31 (2] fifo 50 0 irq/34-3210000.
151 151 0x39 0x31 2] fifo 50 0 irq/77-b150000. 224 224 0x39 ox31 0 fifo 50 0 irq/35-c260000.
153 153 0x39 0x31 3 fifo 50 0 irq/78-b150000. 226 226 0x39 ox31 0 fifo 50 0 irq/36-3240000.
155 155 0x39 0x31 4 fifo 50 [ irq/78-b150000. 229 229 0x39 0x31 (4 fifo 50 (] irq/60-xotg
156 156 0x39 0x31 2] fifo 50 0 irq/52-b000000. 234 234 0x39 ox31 0 fifo 50 0 irq/65-15700000
157 157 0x39 0x31 2] fifo 50 0 irq/81-c150000. 640 640 ox01 oxol 0 fifo 50 0 dhd_dpc
158 158 0x39 ox31 4 fifo 50 [ irq/53-d230000. 641 641 0x39 0x31 (4 fifo 50 0 dhd_rxf
171 171 ox39  ox31 (2] fifo 50 (2] irq/92-gpcdma.o
172 172 0x39  ox31 (2] f}fo 50 (] irq/93-gpcdma.1 3 3 ox01  6x01 0 rr 99 0 ksoftirqd/e
173 173 0x39  ox31 (2] fifo 50 (2] irq/94-gpcdma.2 .

. ; 9 9 0x00  0x02 1 rr 99 (4] ksoftirqd/1
174 174 0x39  ox31 (2] fifo 50 (2] irq/95-gpcdma.3 .

" . 13 13 0x00 0x04 2 rr 99 0 ksoftirqd/2
175 175 0x39  ox31 (2] fifo 50 (2] irq/96-gpcdma.4 .

. - 17 17 0x08  0x08 3 rr 99 (] ksoftirqd/3
176 176 0x39  ox31 0 fifo 50 0 irq/97-gpcdma.5 s

. ; 21 21 ox10  ox10 4 rr 99 (4] ksoftirqd/4
177 177 0x39  ox31 (2] fifo 50 (2] irq/98-gpcdma.6 .

s s 25 25 0x20  0x20 5 rr 99 0 ksoftirqd/5
178 178 0x39  ox31 (2] fifo 50 (2] irq/99-gpcdma.?7 )

n . 30 30 0x39  0x31 0 rr 1 (4] jrcud
179 179 0x39  ox31 %] fifo 50 0 irq/100-gpcdma. :

. . 2063 2094 Ox39 Ox31 5 rr 5 (<] pulseaudio
180 180 0x39  ox31 2] fifo 50 2] irq/101-gpcdma. .

. . 2063 2107 ©x39 0x31 (%] rr 5 (%] pulseaudio
181 181 0x39  ox31 2] fifo 50 2] irq/102-gpcdma. .

. ; 2063 2108 ©Ox39 Ox31 3 rr 5 (] pulseaudio
182 182 ox35 6x31 6 fifo 0 0 irg/103-gpcdma. 5508 2579 ox39  ex31 0 rr 99 1 rtkit-daemon
183 183 0x39  ox31 (2] fifo 50 (] irq/104-gpcdma.
184 184 0x39  ox31 (2] fifo 50 (] irq/105-gpcdma.
185 185 0x39  ox31 0 fifo 50 0 irq/106-gpcdma.
186 186 0x39  ox31 (2] fifo 50 (] irq/107-gpcdma.
187 187 0x39  ox31 (2] fifo 50 (] irq/108-gpcdma.
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¢ Xorgénvgpu _channel pollDEBEREZLITAE.RETH
@ nvgpu _channel poll:GPULMDBEEH (FIFO)ZBE

$ sudo run -b@ -s rr -P 51 -n nvgpu_channel p

$ sudo run -b@ -s rr -P 51 -n Xorg -L a

$ run -algrep -e Xorg -e gpu

1048 1048 0©x01 0x01 %) rr 51 %) Xorg

1064 1064 0x01 ©x01 0 rr 51 %) nvgpu_channel p

11l
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/usr/bin/1lspci
00:01.0 PCI bridge: NVIDIA Corporation Device 10e5 (rev al) (prog-if @0 [Normal decode])
Control: I/0+ Mem+ BusMaster+ SpecCycle- MemWINV- VGASnoop- ParErr- Stepping- SERR- FastB2B-

DisINTx-

INTx-

Status: Cap+ 66MHz- UDF- FastB2B- ParErr- DEVSEL=fast >TAbort- <TAbort- <MAbort- >SERR- <PERR-

Latency: ©

Interrupt: pin A routed to IRQ 388

Bus: primary=00, secondary=01, subordinate=02, sec-latency=0

I/0 behind bridge: 00001000-00001fff

Memory behind bridge: 50100000-501fffff

Prefetchable memory behind bridge: 0000000058000000-00000000580fffff
Secondary status: 66MHz- FastB2B- ParErr- DEVSEL=fast :

Kernel driver in use: pcieport

$ /sbin/1lsirq -s

388

00:01.0 NVIDIA Corporation Unknown device (rev ff)

$ dmesg|grep pcieport

kernel: pcieport 0000:00:01.0: AER: Device recovery failed

kernel: pcieport 0000:00:01.0: AER: Uncorrected (Non-Fatal) error received: id=0020

kernel: pcieport 0000:00:01.0: PCIe Bus Error: severity=Uncorrected (Non-Fatal), type=Transaction Layer,
id=0008(Requester ID)

kernel: pcieport 0000:00:01.0: device [10de:10e5] error status/mask=00004000/00000000

kernel: pcieport 0000:00:01.0: [14] Completion Timeout (First)

kernel: pcieport 0000:00:01.0: broadcast error_detected message

59
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“ AutoUpdate/U pgrac_i_g_Q?_E&'ﬁ TE 2 fEFR Y

Ubuntu 16.04Z &1L =FFLE HORFE18RF (TR LaTAL1HY) I
AutoUpdate/Upgrade BN E{Th SN ET,

T IHILTIE, EF1)TAT VT IL—RDARITSN . BBFESHIEE
TEhFEE A,

FYRT =D REH DI
HIZZEYZET,

GUIMD Software&Update DEE M SR E TE=ET ,

Ubuntu Software Other Software | Updates | Authentication Additional Drivers Developer Options

ap

ETEITSINDERERL00%IZEH>TOYEI—DIR

C

Install updates from:

| Important security updates (xenial-security)
| Recommended updates (xenial-updates)

| Unsupported updates (xenial-backports)

Automatically check For updates: | Never hd
When there are security updates: | Display immediately v
When there are other updates: | Display immediately v
Notify me of a new Ubuntu version: | Never v

Revert Close é conc"rrent
A 4
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o HR—FENTULLEFEDHER
$ less /usr/share/il8n/SUPPORTED
0 AVAR—ILEN TS EEDHER
$ locale -a
¢ ja JP.UTF-8%E/N
$ sudo locale-gen ja_JP.UTF-8
o HFRBIREZA AL
$ sudo apt-get install language-pack-ja
o YAN=HAERT S
$ sudo dpkg-reconfigure locales
o REIIGUING
=EF AN FELZL
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 Jetson TX27 H—= /7;(_1_),,/ .

LATY— ILEERBT BE. eMMC/IN—T 43 &I\ TPV TIYART
FAB5ET Jetson TX2DHO—=U 5% A ENTEET,
JetsonlXUSBERB TYE—FPCIZIESHEL. YAH/NNYE—FKIZASTLY
BILENRBHYET,

AA—TDINYIT VT

¢ RAFPCEDLATALV A= ILINYT—U M A-TULNSTaL IR 1ZcedlL
TLEEEWL, LTFDaATURIE. TX2MeMMCA A—%-GTIEESNT-
271 ILIZRTFELET,

$ cd ~/64_TX2/Linux_for_Tegra
$ sudo ./flash.sh -r -k APP -G backup.img jetson-tx2 mmcblkOp1

ZDiHE . backup.img&backup.img.rawE W\ ST 7 ILEERLET

HH#  https://devtalk.nvidia. com/defauIt/toplc/1000105/’>comment 5111893
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0 INYITYTAA—TFTTYadBT4LYMIZOE—T B
0 V—ARTNAAMNLEEQRAA—DEEL rawI 7/ IILEIE—LET,
$ cd ~/64 _TX2/Linux_for_Tegra

$ sudo mv bootloader/system.img system.img.original
$ sudo cp backup.img.raw bootloader/system.img

0 M A=TD)ARNT

o DUV T INESEZHFOEHRDI—_YrZERT HIZIE, LEEDAMA—D
% "system.img"ELTIREL . AYRLAT IS5y 2 X 1) T Mlash.shZ-r
ATV EEBITHERALET ONZSAA—CERNMNLBRET HC
ER NI Ty T EN=system.imgE B F AT 571=6)

$ sudo ./flash.sh -r -k APP jetson-tx2 mmcblkOp1
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sdb\b#_@rd‘é(l)

o IL—FIF7AILVRTLESDA—FRIZaE—L.,. SDA—F L8 T 5Fa—kJT7IL
T9Y,
© IL—FIFPAIIRTLMNSDA—FLIZHBIEEF. LTODRYYTEEITLT,
Jetson TX1HE LUTX2BAFEFYMIFEBHIN TS T /INA RETTya L TLZELY,
¢ sudo ./fflash.sh <7 ZvhkT74—L%> mmcblklpl
@ rootfsZELET BT /\ 1 A% ESN
¢ NLDFIEZFEALT, I7MIL AT LETegraT /N (R [ZaE—LFE T,
1. RNEEMMCEERLTWAIER(X. T—rA—FEH—RILDITFY 2% RFTY
TLTLZELY,
2. W—FrIF7AIWNDRATLIZHERAN —OTNAREFRTHI5EE(E. ROFIE
ZEALT. 7ML RTLENBRAN —O T NRARIZTOAE—LET,
o rootfsTINARZERAMN AT LITHEHGELET . TNNAADEXXM4ELTIA—T VR
SNTUWEWNGEEIEX, ROARIZAALTEXMAT7A IV AT LTIA—IVE
LET,
$ sudo mkfs.ext4 / dev / sd <port> <device _number>
S
<port>(&. TINARANT I FENTWNSKR—FTT,
<device_number>lE, IR—MIEHZIN TS T NS RADTIN(RE B TT,
dmesgav U RZEFERALTR—rEHBITEET,
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BEITSCT. ROARVNEFERALTT /NMRZEYIURNFY,

sudo mount / dev / sdX1 <mntpoint>

<mntpoint>(Lrootfs T /A ADKRAC S AT LED IO RAVETT,
T7AIV AT LEIAE—LE T, LDK_ ROOTFS DIRMFBRESNTULRIGEIL. X
DARVEZEERTLET,

$ cd $ {LDK_ROOTFS_DIR}

$ sudo cp -a * <mntpoint> && sync
BESN TGS, ROITUEEETLT, U)—RIZEFEFN T Srootfs T4
LoR)ZEaE—LET,

$ cd <your_L4T root>/ Linux_for_Tegra / rootfs

$ sudo cp -a * <mntpoint> && sync
AVTIOVENBTARIEIETNARIZOAE—LTz&. TARIETIIUML,
B—ykDTegraT /A AIZHEHELET,
TX2IZSDA—KRET ST 12 SDA—F DTS5 %#4k<
sdcard®exlinux.confEEEB LT, T/\IREREFLET,

/ dev / mmcblkOp1%/ dev / mmcblk1p1l (/boot/extlinux/extlinux.conf) IZZE B L TK

=&y,
TN R [F/ dev / mmcblklplZ{#E AL TREIL TLVET
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letc/security/capability.conf7 74 JLZFroot1—H EL THREL, XD
TI771ILDRFRITEMLET

role demouser cap_sys nice

user nvidia demouser

letc/pam.d/sshd 774 JLZroot1—HELTIREL. REDEYI Iy
IUR)DZ. @includefTDRIZRDITEEMLET

session required /lib/aarch64-linux-gnhu/security/pam_capability.so

[F#kIZ/etc/pam.d/lightdmZEZEEL T, 7 574HILAT A VEIC1—
HICEHMICHEEZTF AT A EMNTEFT,
WRET SV AVUDNELGEESN TSI LZMHERT S

getpcaps $$

RDEIGHEARRTEINFET,

Capabilities for 14554’ : = cap_sys nice+eip
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Feature
LPDDR4

DRAM ECC
eMMC
PMIC

Input Voltage
SDMMC

Wireless

VIN Monitor

(B49)

(B48)

Auto-Power-On

Jetson TX2i

8 GB, 1600 MHz />4 XK~ 7 JLY L—KECCHt
=

—M(SEC-DED)
32GB A1V Z RN T ILT L—F
MAX20024 Industrial Grade
9V to 19.0V

Ta1T7IA2B—TxAX(SD Card and SDIO)

FoEDa—)LYa—a L

A—I8—/ A/ [XVDD_INEZE=4ZL. VDD_INAS
A THEIWMEEXVIN_ PWR_BAD#%0O0—(ZERE)
LFET

MOD_PWR_CFG_ID

SYS_WAKE# : Tegra X2 GPIO_SYS_4E> (i
L. BRARAVEIYIAHESCTIIAIT VT ELT
WET,

POWER_BTN#E v &k
ED2A—IWDTLTITIZEYEERNAIZHY,
ANBEIZPMICLALIZE RGO BIRMN A I

wYFEF

Jetson TX2
8 GB, 1866 MHza<w—< v LY L—FK

FEHR—
32GBav—iw)LTL—FK
MAX77620

5.5V to 19.6V

U5 AR —21x—Z(SD Card or SDIO)
BCM4354 on module

Tegra X2MSOC_THERMA~A®MH A TVDD_IN%
EZARTHaA/INL—4

RSVD

RSVD

CHARGER_PRSNT##%GNDIZ#&# 9 52&TH
R
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¢ wpa_supplicant IV BRTSYNIT+—LDYT1)H T WEP,
WPA, WPA2 ZH7R—krLTLVET,

TAAILE
$ sudo systemctl stop wpa_supplicant.service .
= ctive
$ sudo systemctl disable wpa_supplicant.service
$ sudo systemctrl stop bluetooth.service |
- Inactive
$ sudo systemctl disable bluetooth.service
Jetson™ TX2i | Jetson™ TX2
1 Gigabit Ethernet v v
802.11ac WLAN - v
Bluetooth - v
69 & concurrent



TX2|0)E'5

@ Jetson TX2iHP2597 B02 / BO4x+' ) 7HRh—KIZEEH I TLY
HIZE . Jetson TX2QIED 12— I)ILOPMICEIZEL B, £ FE
;‘Jﬁ;b“?%‘b.,éhéta% [CEBRMNAIZHEYET,

ERRAVERTE EOA—IILEV AT LDERENAIIZY
9, EBRARAEZFALTUORTLEZRA) —TE—KIZT B
LI TEFEA

o BERMICIX, ERZVAILIETEY . BEIMICERMNAVE
ER

¢
mil
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$ sudo shutdown -h ©
[sudo] password for nvidia:

Shutdown scheduled for Thu 2018-07-26 01:09:57 UTC, use
nvidia@tegra-ubuntu:~$ tegradc 15210000.nvdisplay: blank - powerdown

PD DISP2 index4 DOWN
PD DISP1 index3 DOWN
PD DISP@ index2 DOWN
tegradc 15210000.nvdisplay: unblank

>--eqos_shutdown

therm-fan-est: shutting down

gk20a 17000000.gplob: shutting down

gk20a 17000000.gplob: shut down complete

PD DISP2 index4 DOWN

PD DISP1 index3 DOWN

PD DISPO index2 DOWN

i2c i2c-4: Bus is shutdown down...
late_shutdown started

tegra-i2c 31e0000.i2c: Bus is shutdown down..
tegra-i2c c250000.i2c: Bus is shutdown down..
tegra-i2c 31c0@000.i2c: Bus is shutdown down..
tegra-i2c 31be0L0.i2c: Bus is shutdown down..
tegra-i2c 3190000.i2c: Bus is shutdown down..
tegra-i2c 3180000.i2c: Bus is shutdown down..
tegra-i2c c240000.i2c: Bus is shutdown down..
tegra-i2c 3160000.i2c: Bus is shutdown down..
Disabling non-boot CPUs .

CPU1: shutdown

psci: CPU1l killed.

CPU2: shutdown

psci: CPU2 killed.

CPU3: shutdown

psci: CPU3 killed.

CPU4: shutdown

psci: CPU4 killed.

CPU5: shutdown

psci: CPU5 killed.

reboot: Power down

max77620-power max20024-power: Powering off system
max77620-power max20024-power: Avoid PMIC power off

[0009.505] I> Welcome to MB2(TBoot-BPMP)(version: ©1.00.160913-t186-M-00.00-mob

71
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o VIUUIEYRIS—E|YIAA . FTILEVRIS— EYIANFLE,

$ dmesg|grep -i ecc

.226929]

WOOOOOD

.341560]
.341641]
.341754]
.341774]
.341795]
.836894]

ramoops:
ecc-err:
ecc-err:
ecc-err:
ecc-err:
ecc-err:

attached 0x200000@0x237080000, ecc: 0/0
dram ecc enabled-MC_ECC_CONTROL : 0x0000000d
ecc_err_irqg = 56

EMC_INTMASK = Ox00001c00

EMC_NONCRITICAL_ INTMASK = ©x00000000
EMC_CRITICAL_INTMASK = Ox00000000

ECC: Enabled

$ cat /proc/interrupts |grep ecc
56: © © © @ 0 @ 3f
$ sudo grep "" /proc/irq/56/*
/proc/irq/56/affinity hint:00
/proc/irq/56/ecc_irq _status: Is a directory
/proc/irq/56/node: 0@
/proc/irq/56/smp_affinity:3f user 39 actual
/proc/irq/56/smp_affinity list:0-5 user 0,3-5 actual
/proc/irq/56/spurious:count ©
/proc/irq/56/spurious:unhandled ©
/proc/irq/56/spurious:last _unhandled © ms

72

GICv2-256 Level ecc_irqg_status
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©

eccoCo0OEC

ceccco0cCccC0o0oCEC

/3

$ fgrep ecc_err_pr ./kernel/tl18x/drivers/platform/tegra/mc/mcerr_ecc_t18x.c

ecc_err_pr("EMC_ECC_ERR_REQ = 0x%08x¥n", log->emc_ecc_err_req);
ecc_err_pr("EMC_ECC_ERR_SPO0 = 0x%08x¥n", Iog ->emc_ecc_err_sp0);
ecc_err_pr("EMC_ECC_ERR_SP1 = 0x%08x¥n", Iog ->emc_ecc_err_spl);
ecc_err_pr("EMC_ECC_ERR_ADDR = Ox%08x¥n log->ecc_err_addr);
ecc_err_pr("D.X.R.B.C.S.L:%d.%d.0x%x.%d.0x%x. %d. 0¥n", log-
>ecc_err_dev,

ecc_err_pr(' ‘demand scrub timeout, addr = Ox%x¥n",

ecc_err_pr("Demand scrubbing for correctable DRAM ECC Error¥n' ";
ecc_err_pr("SBE reported for read from HW scrubber¥n”);
ecc_err_pr("POISON Bit ERR, addr:0x%016lIx¥n", addr)
ecc_err_pr("Data bit DBE ERR , addr: Ox%016llx¥n addr);
ecc_err_pr("ecc bit DBE ERR addr 0x%016lIx¥n", addr)
ecc_err_pr("Data bit SBE ERR addr:0x%016lIx¥n", addr);
ecc_err_pr("ECC bit SBE ERR, addr:0x%016lIx¥n", addr);
ecc_err_pr("BUFF OVER FLOW ERR¥n' ";

& concurrent
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/boot/extlinux/extlinux.conf

U |V MAVEY IV 4] S 4

)7L —ILDFCENEE

Y—RXA—k Y —D—&ZHHED 2—ILELTIAVNNAILT D
B H—RILED 12— ILDIER

HRBZLH—RILEFTA N
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- customA— L DAER(dtb 77 AL DB BTG E

sudo ./ccur-config -k custom -n trace

sudo make REDHAWKFLAVOR=-custom zImage

sudo make REDHAWKFLAVOR=-custom dtbs

sudo make REDHAWKFLAVOR=-custom modules

sudo make REDHAWKFLAVOR=-custom modules install
sudo make REDHAWKFLAVOR=-custom install
COFFRT. /boot FITIETRDI7ZAILHBERESNTLNSAY,

/boot/config-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-custom
/boot/initrd.img-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-custom
/boot/Image-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-custom
/boot/System.map-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-custom

DTBT AL VRYILERESNTULVELD T, arch/armé4/boot/dts/*dtbI 74 )LEI =27 L TA

DAN=ILT B

$ sudo mkdir /boot/dtb-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-custom

$ sudo cp arch/armé4/boot/dts/*dtb /boot/dtb-4.4.38-rt49-r28.2.1-RedHawk-
7.3.2-custom

Lo - - B - -
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sudo ./ccur-config -k custom -n debug
sudo make Image

sudo make modules

A2 -

sudo make modules_install
$ sudo make install
COEFRT, /boot FITIETFEDI7AILBERSNTINS,

/boot/config-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-custom
/boot/initrd.img-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-custom
/boot/Image-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-custom
/boot/System.map-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-custom
/boot/dtb-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-debug ZHEET 3

fusrfbin/bash --login -i — [m] x

$ ma n C C u r‘ - C On‘Fig kernel module for use with one of the pre-built RedHawk kernels (trace,

debug or “"generic"). This kernel must be the currently running kernel.

# cd fusr/src/redhawk-kernel

# .fccur-config -c

[Enable the desired driver modules in GUI

# make REDHAWKFLAVOR=-flavor modules

[See make output to locate newly built kernel modules]

The following example illustrates using ccur-config when building a
custom kernel based on one of the supplied configs (in this case,
debug).

# cd fusr/src/redhawk-kernel

# .fccur-config -k name debug

[Enable any desired driver modules in GUI]
# make Image

# make modules

# make modules_install

# make install

The following example configures a kernel named redhawk-kernel-test
that is based the debug kernel, displays the configuration GUI for
page Ccur-co (8)




[/boot/extlinux/extlinux.conf

PROMPT 1
TIMEOUT 30
DEFAULT redhawk-trace
MENU TITLE p2771-0000 eMMC boot op
LABEL primary
MENU LABEL primary kernel
LINUX /boot/Image
APPEND ${cbootargs} root=/dev/mmcblk@pl rw rootwait rootfstype=ext4
LABEL redhawk-trace
MENU LABEL trace kernel
LINUX /boot/Image-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-trace
INITRD /boot/initrd.img-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-trace
APPEND ${cbootargs} root=/dev/mmcblk@pl rw rootwait rootfstype=ext4
LABEL redhawk-custom
MENU LABEL custom kernel
LINUX /boot/Image-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-custom
INITRD /boot/initrd.img-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-custom
APPEND ${cbootargs} root=/dev/mmcblk@pl rw rootwait rootfstype=ext4

REISEFTELIILG>THLEET S
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@ extimem

/8

AlO-163202F-PE
(Note : No
Support DMA)

AO-1616L-LPE

DI-128RL-PC
PI-128L(PCI)H
DI-128T2-PCl
DI-128L-PE
DI-128T-PE
DO-128RL-PCl
PO-128L(PCI)H
DO-128T2-PCl
DO-128L-PE
DO-128T-PE

Multi Function

AD 16bit
SE:32ch
Dl:16ch

DA 16bit
2ch

DIO 8ch

Counter 32bit 2ch

DA:16 bit

16ch

DIO 4ch

counter 32bit 1ch

DI: 128ch
Device IDZZEE I 5 &ICK>TRI—
Access Library Txt it

DO: 128ch
Device IDZZEEY H&ICK>TR—
Access Library Txt it

AD:2pusec/ch (Max.)

INMR—F =10V, =5V, 2.5V
Fr-lFa=/R—50-+10V.0- +5V. 0 - +2.5V
DA:10usec(Max.)

INR—F =10V, £5V, +2.5V, +£1.25V
Fr-lFa=/R—50-+10V.0- +5V, 0 - +2.5V
DIO:

JEHEZ AN 8 m(LVTTL LAJLIERIE)
JE#EZH 518 | (LVTTL LARJL ERIE)
NR— +1ov

E R E 10usec

JEHEFEAN 4 5 (LVTTL LARJL EERIE)
JE#EZEHE A 4 5 (LVTTL LARJL EERIE)
PCl B ¥ T 24T TORILAAR—
PCl ##& 2 T2 A hR—F

PCl JE#EZE TRV A hR—
PCIExpress #f#g 3724 A ik —
PCIExpress JE#EZ R TO2IL A HR—
PCl R H T 24T TR AR—
PCl ##& & T2 2)LH hR—F

PCl JE#ERZ R T 2L hR—
PCIExpress #3872 )L AR—
PCIExpress JEf#E#gEE T 2L A Hh—

REAL—TI VMIE



@ extimem

PI0-32/32L(PCI)H

PIO-

32/32RL(PCIHH

P10-32/32T(PCI)H

PIO-32/32B(PCI)V DIO: 32ch

P10-32/32H(PCI)H Device IDZZHE 5 &IC&k>TRI—
P10-32/32F(PCI)H Access Library Txth
DIO-3232L-PE
DIO-3232T-PE
DIO-3232B-PE
DIO-3232F-PE
PIO-64/64L(PCI)H
DIO-6464T2-PClI
DIO-6464L-PE
DIO-6464T-PE
PMC-5565PIORC
PCIE-5565PIORC )7L 9T 47 AE!)
PCIE-5565RC DMA Support
PCI-5565PIORC

DIO: 64ch
Device IDZZEE I 5 &ICE>TRI—
Access Library Txt it

PCl ##Z & To4%)L AH AHR—

PCl ### R aE 24T TORIL A R—
JEfRZETOIL A R—F

BBEE T AE AR—F(ERNE)
BB TO2)L A AR—F
EEEZETO2)LAE AR—
BT A AR—F

MBI TOLAE AR—

EBEET O AR AR—F(ERENE)
EEiERE T2 A AR—K

PCl #8272V At hh—

PCI JE#EBE TRV AH hR—
PCIExpress ###g 37 2)L A hh—
PCIExpress JE#EfZE T2 %2)L AH AR—
PMC 128 or 256MB

PCI Express 128 or 256MB

PCI Express 128 or 256 MB

PCI 128 or 256MB

REAL—TI VMIE
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® 8bits /\)T 1L
® 115200 bit/sec
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')7)1/:/‘/—11/0)#_% 1’E

$ sudo reboot

Select kernel with serial console

U-Boot 2016.07-g9c3b9a4 (Mar 01 2018 - 20:41:10 -0800)

TEGRA186

Model: NVIDIA P2771-0000-500

DRAM: 7.8 GiB

MC: Tegra SD/MMC: 0, Tegra SD/MMC: 1

*** \Warning - bad CRC, using default environment

In:  serial

Out: serial

Err: serial

Net: ethO: ethernet@2490000

Hit any key to stop autoboot: 0
MMC: no card present

switch to partitions #0, OK
mmcO(part 0) is current device
Scanning mmc 0:1...

Found /boot/extlinux/extlinux.conf
Retrieving file: /boot/extlinux/extlinux.conf
734 bytes read in 93 ms (6.8 KiB/s)
p2771-0000 eMMC boot options

1:  primary kernel

2:  trace kernel

3:  custom kernel

Enter choice: 3 3

3:  custom kernel

81

Retrieving file: /boot/initrd.img-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-custom
9494754 bytes read in 493 ms (18.4 MiB/s)
Retrieving file: /boot/Image-4.4.38-rt49-r28.2.1-RedHawk-7.3.2-custom
15525984 bytes read in 649 ms (22.8 MiB/s)
append: root=/dev/mmcblkOpl rw rootwait console=ttyS0,115200n8 console=tty0 OS=l4t focon=map:0 net.ifnames=0
memtype=0 video=tegrafb no_console_suspend=1 earlycon=uart8250,mmio32,0x03100000
nvdumper_reserved=0x2772e0000 gpt tegra_fomem2=0x800000@0x969ec000 lut_mem2=0x2008@0x969e9000
tegraid=18.1.2.0.0 tegra_keep_boot_clocks maxcpus=6 boot.slot_suffix= boot.ratchetvalues=0.2.1
androidboot.serialno=0324717065224 bl_prof_dataptr= 0x10000@0x277040000 sdhci _tegra.en_boot_part_access=1
root=/dev/mmcblkOp1 rw rootwait rootfstype=ext4
## Flattened Device Tree blob at 92000000

Booting using the fdt blob at 0xX92000000

reserving fdt memory region: addr=80000000 size=10000

Using Device Tree in place at 0000000092000000, end 0000000092049273
Starting kernel ...

Booting Linux on physical CPU 0x100

i?edHawk Linux release 7.3.2 (Wonka)
on an aarch64

tegra-ubuntu login: nvidia (automatic login)

Last login: Tue Jun 12 02:23:12 UTC 2018 on ttySO
Welcome to Ubuntu 16.04 LTS (GNU/Linux 4.4.38-rt49-r28.2-RedHawk-7.3.2-custom aarch64)

* Documentation: https://help.ubuntu.com/

513 packages can be updated.
269 updates are security updates.

fuse init (API version 7.23)

nvidia@tegra-ubuntu:~$ tegradc 15210000.nvdisplay: blank - powerdown
PD DISP2 index4 DOWN

PD DISP1 index3 DOWN

PD DISPO index2 DOWN

tegradc 15210000.nvdisplay: unblank

PD DISPO index2 UP

PD DISP1 index3 UP

PD DISP2 index4 UP

Parent Clock set for DC plld2

tegradc 15210000.nvdisplay: hdmi: pclk:148500K, set prod-setting:prod_c_150M
tegradc 15210000.nvdisplay: unblank

nvidia@tegra-ubuntu:~$


https://help.ubuntu.com/

$ sudo make -C /lib/modules/ 'uname -r /build ¥
SUBDIRS=4—#4 " ykY—RXO—FVI)—/\R ¥

REDHAWKFLAVOR="cat /proc/ccur/flavor ¥

-e "CONFIG_XXXX=m" module module _install
$ sudo depmod

XXX[E., KeonfiglZE®ZEENTULNSED T, A—RILY—XO—kY
')—®.config 77 A JLIZE ESNumakeFIZF| SN TS,

=mIXEIRY. =yZEEMED 12— IIL(BEHIIZGPLIZ% )
HlZ (X
-e "CONFIG_RCIM=m"
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$ lsmod

Module Size Used by

fuse 85350 2

vtop 2105 ©

rcim_emu 6614 ©

rcim 75116 ©

bcmdhd 7590901 ©

pci_tegra 68117 ©
bluedroid_pm 9237 ©

ext4 380890 1

mbcache 10743 1 ext4

jbd2 71665 1 ext4
dm_mod 102339 0

broadcom 9596 ©
bcm_phy_1lib 2656 1 broadcom
ahci_tegra 19377 ©
libahci_platform 7733 1 ahci_tegra
libahci 28492 2 libahci_platform,ahci_tegra
libata 182452 3 libahci,libahci_platform,ahci_tegra
eqos 135820 1

ptp 12437 1 eqos
pps_core 8236 1 ptp

$ modinfo rcim

filename: /1lib/modules/4.4.38-rt49-r28.2.1-RedHawk-7.3.2-trace/kernel/drivers/char/rcim/rcim.ko
description: Multicard RCIM Driver
author: Concurrent Real-Time
license: GPL
alias: pci:v000010B5d00008845sv*sd*bc*sc*i*
alias: pci:v00001542d00009260sv*sd*bc*sc*i*
alias: pci:ve0001542d00009271sv*sd*bc*sc*i*
depends:
intree: Y
vermagic: 4.4.38-rt49-r28.2.1-RedHawk-7.3.2-trace SMP preempt mod_unload aarché64
parm: nomsi:int
$ modinfo rcim_emu
filename: /1lib/modules/4.4.38-rt49-r28.2.1-RedHawk-7.3.2-trace/kernel/drivers/char/rcim-emu/rcim-emu.ko
description: RCIM RTC emulator
author: Concurrent Real-Time
license: GPL
depends:
EBGB intree: Y
vermagic: 4.4.38-rt49-r28.2.1-RedHawk-7.3.2-trace SMP preempt mod_unload aarché64
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& REDHAWK PREEMPT#J-*)L& REH—T L

ZVxT>r7>a”
BEEDEVW7OERDBA—FIVAZETHRTDH
BEEOEVWIALRELEICETLET

7V 7y a v EIEXE

A

Interrupt

Kernelorg+PREEMPT

T—REEE YT ANLa—FITH
— )Lt ¥ 7 x Espin lockslZ & - TP

Time

Kemel.org [ 1050 oo mixn

Interrupt frt/&?zl\ . l//f7_"o
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. Sleeping spinlocks
- 7\I:/IZI‘J7':F'0)7\'J—D —

“sleeping spinlocks”(&. PREEMPT RT /Ay FDEZEHRED1—ILTY,
L|nux73 *)lx BEG)— Zd)HFﬂﬂ‘rﬁu'ﬁuj—éf—&)o)L%@ spinlocks”

ESR R § 'il;g@ FoEHLCIL— S XN (Y A AR G

*7-. locks” (&, )YV —A&151-1 D) —REFrELTWA[E. 7
'JI/7SB§33=*—SIUJ_J+€7D%?L Bt “m b

PREEMPT_ RT Tiz 1ﬂém%> §Ieeplng splnlocks” (&, 7090350

Ui o COBRIT T RY—TLES Io LIz | ‘

S |r1bl%,#c£§d”%: 'ja‘/ —REHES LT’12—7J"JI/%/%/%%fﬁdpiilﬁ)5&7%’5'7
v

% = T%E_‘féis_%‘j?’i@%f%_@l—ﬂ'T? )r—3070ANBEY—ER%E

O

L?f)\b PREEMPT RT 0)/\/7"31 —RILOTINAZARTA /N
spin_lock quaveQ s%nloc O)IZZEEL. 'd”z_’CO)FUV?/\O)EM’EﬁEME
A—FNTOBEND

o FYARMENIROT —EXMOEBS HEIICEBMNDI-0 ., Y
{%Q_ELE% SE, VXTFLLRRORZEEHEEEEE 258N
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EHENERBYET,

¢ TG EIZIZNYI7HAXFINSKTBHIET . EETH LEREZE
T HMN, ESHLITOVRET—RERTOEREZHEELTED
BT E2HENAHYET,

A— ;LN

ro ram — ’ N
> g ) TAARIINYIT
A—HT7—4

write(&, 21— — )
: 4 TARIINYITT7DH A

ERIMNLERE N
L XHEEERES S

89 Q@ concurrent

REAL-TIIVIE




o CPUIETE

@ Linux API
sched_getaffinity(getpid(),cpusetsize,&mask);
sched_setaffinity(getpid(),cpusetsize,&mask);
cpuset_set _cpu(setp,cpu,l);/* 1.set */

¢ RedHawk API
mpadvise (MPA_CPU_ PRESENT,0,0,setp);
mpadvise (MPA_CPU_ACTIVE,0,0,setp);
mpadvise (MPA_PRC_GETBIAS,MPA_PID,0,setp);
mpadvise (MPA_PRC_GETRUN,MPA_PID,0,setp);

90 & concurrent
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CUTNEALIAYIEYT IVEA LEAX

¢ nanosleep(&request, &remain); (Relative Time)
¢ clock nanosleep(clock id, flags, &request, &remain);

¢ clock id
¢ CLOCK_REALTIME
¢ A settable system-wide real-time clock.
¢ CLOCK_MONOTONIC

¢ A nonsettable, monotonically increasing clock that measures time since some
unspecified point in the past that does not change after system startup.

¢ CLOCK_PROCESS_CPUTIME_ID

¢ A settable per-process clock that measures CPU time consumed by all threads in the
process.

¢ flags
¢ TIMER_ABSTIME
¢ clock _gettime(clock_id, ,&curr_value);

¢ timer_id =timer_create(clock id,&event,&timer) ;
0 timer_settime(timer_id,flags, &new_value, &old_value) ;

° timer_gettime(timer_id,&curr_value);

o1 4 concurrent
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¢ © ¢© ¢

e myparam.sched_priority = B % E;

99:max = sched_get_priority max(SCHED_FIFO);
0:min = sched_get_priority_ min(SCHED _FIFO);

99:max = sched_get_priority_ max(SCHED_ RR);
O0:min = sched_get_priority min(SCHED_RR); \

AN

@ sched_setscheduler(getpid(), R4 a—1)>% ,&myparam);

92

sched_rr_get_interval(getpid(),&Irr);
C@ concurrent
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¢ sigqueue(getppid(),SIGRTMAX,value);

union sigval value;
value.sival int = {&;
o VUFILIRY

@ sigaction()
SA_SIGINFO , SA RESTART 754
@ sigwait()

@ sigsuspend()

93 @- concurrent
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¢ oflg = O CREAT | O_RDWR| O_TRUNC,;
@ omode = 0644;

¢ memfd = shm_open(“4&Hi’, oflg, omode );

¢ /devishm/%& ] BMELNS
¢ ftruncate(memfd, ¥4 X) ;

¢ shmaddr=mmap(0,H 4 X,PROT_READ |
PROT_WRITE,MAP_SHARED,memfd,0);

¢ munmap(shmaddr, %1 X) ;

¢ close(memfd);

94 @- concurremt
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comattr.mqg_flags = O_NONBLOCK;

comattr.mgq_maxmsg = 100;
comattr.mg_msgsize = sizeof(int);

comattr.mq_curmsgs = O;

fog = mqg_open("/fbg",0_RDWR|O_CREAT|O_NONBLOCK,0666, &comattr);

mq_send(fbqg,(char*)&send,sizeof(int),i) ;

mq_receive(fbq,(char*)&recv,sizeof(int),&msg_prio);

notification.sigev_notify = SIGEV_SIGNAL,;

notification.sigev_signo = signum,;

Thread A

mq_ notify(fbg,&notification);
mq_close(fbq);

Program code

Thread B

L

Queueh

L

Program code

T

QueueB

f

maq_unlink("/fbq");

& concurrent
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POSIX Ay t—U X1 —hHBETHAH—RILAEDELXFHIRTHENTES,

o

o

o
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/proc/sys/fs/imgueue/msg_max )

C DI7AINEFEO>T, —D2DF1—ITANONEAYE—DDERHD LIREZS
BMLEZUERELIZYTESH, cDIEIX. mg_open(3) ISIET attr->mqg_maxmsg 5|
MIZxtIBHERMEELTHEET D, msg_max DT IAHILMEE LU R/IMEIX 10 T
05; LIRIFMEDHIAAHDEEEI(HARD _MAX) T (131072 / sizeof(void *))
(Linux/86 Tl 32768) THD, CH LR [T4F #ETOEX ‘
;CAP SYS_RESOURCE) TIXEMRSNHH, HOAADEEIEICLS LRITEA
FIGEEICTEEAIND,

Iproc/sys/fs/imqueue/msgsize_max X

CDIFAINEFE DT AV DRRAYAAD LREZSELIZYEEL 1= U T
= &, CDfEIX. mq_open(3)[=iEF attr.mg_msgsize 5= (xS LMREELT
PWEHET %, msgsize_maxD T IAIILMESE LV s/ME(F 8192 N+ THS; CHE
[RIZ4E#ETOEX(CAP_SYS RESOURCE)TIXE#EIN 3,

/proc/sys/fs/Imgqueue/queues_max X

CDIFTANEFEOIOT AT HENTELAYE—VF 1 —DRITHTEHVRT L
EARTOHRZSELIEZYERLEYTES, —ECOLERISET HE, FTLLVAY
=X 21— FZERTESDIEFETOEX(CAP_SYS_RESOURCE)ZIHE% S,
queues max®T A JLMEIX 256 THY. 0 M5 INT_MAX DEEDEEDIEIC
EERTHEMTES,

& concurrent
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—\

W Linux IOET L

N e A =

Rl £

JERIHA

Synchronous
blocking I/O

Read/Write
[EIHAI/O

Asynchronous
blocking I/O

select/poll
10 RILFTLIS Y

Synchronous
non-blocking 1/0

Read/Write(O_NONBLOCK)
R—1J2J110

Asynchronous
non-blocking 1/0 (AlO)

JERHA I/O
(RALYFRIZ& A FI/O)
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@ Synchronous blocking I/O

Application

1 Kernel h

| initiate read /0

Read respanse

.

98
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#define _LARGEFILE64_SOURCE
#include <stdio.h>

#define __ USE_GNU

#include <sys/types.h>

#include <unistd.h>

#include <sys/stat.h>

#include <fcntl.h>

#include <stdlib.h>

main()

{
int fd;
offé4_t align;
long long bytes;
char *dummy;

bytes = 4294967296LL;//0x100000000;

if ((fd = open64("realtime_file",(O_CREAT|O_WRONLY|O_DIRECT), 0666)) <0)

exit(1);

}
align = (off64_t)fpathconf(fd,_PC_ALLOC_SIZE_MIN);

printf("_PC_ALLOC_SIZE_MIN %lld¥n",align);
printf("allocate %lld bytes¥n",bytes);
posix_memalign((void*)&dummy,align,0x1000);

if (posix_fadvise(fd,0LL bytes,POSIX_FADV_NOREUSE)<0)

{

}else {

}
close(fd);

fprintf(stderr,"fadvise error¥n");
exit(0);

if (posix_fallocate64(fd,0LL,bytes)<0)
{

fprintf(stderr, "falocate error¥n");
exit(0);

}

bytes -= 4096LL;

if (Iseek64(fd,bytes, SEEK_SET)<0)
{

fprintf(stderr,"Iseek error¥n");

}
write(fd,dummy,0x1000);
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struct aiocb Aiocb[DATA_BUF_NUM];
struct aiocb *ListiDATA_BUF_NUM]J;

struct timespec timeout = {10,0};

int fd; struct sigevent sig;

fd = open("realtime_file",(O_CREAT|O_DIRECT|O_WRONLY|O_SYNC|O_DSYNC|O_RSYNC), 0666) ;
for(n=0;n<DATA_BUF_NUM;n++)

{
Aio_buff[n] = (unsigned char*)memalign(sysconf(_SC_PAGESIZE),DATA_BUF_SIZE);
Aiocb[n].aio_buf = Aio_buff[n];
Aiocb[n].aio_offset = (long long)(DATA_BUF_SIZE * n);
Aiocb[n].aio_nbytes = (long long)DATA_BUF_SIZE;
Aiocb[n].aio_fildes = fd;
Aiocb[n].aio_reqprio =0;
Aiocb[n].aio_lio_opcode =LIO_WRITE;
Aiocb[n].aio_sigevent.sigev_notify = SIGEV_NONE;
List[n] = &Aiocbl[n];

}

lio_listio(LIO_WAIT,(struct aiocb **)&List[0],DATA_BUF_NUM, &sig);
aio_suspend((const struct aiochb **)&List[0], DATA_BUF_NUM, &timeout);
close(fd)
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¢ align = (offe4_t)fpathconf(fd, PC_ALLOC SIZE MIN);
@ posix_memalign((void*)&dummy,align,0x1000);
¢ mlockall(MCL_CURRENT|MCL_FUTURE);

¢ munlockall();

102 @- concurrent

REAL-TIIVIE



sem_t *sem;

int pshared=2;  /* 2 process shared */

int value=0;

int sval,status;

sem = sem_open("/posix_sem0",0_CREAT|O_EXCL,0644,0); //create /dev/shm/sem.posix_semO
sem_init(sem,pshared,value);

sem_getvalue(sem,&sval); printf(“initial semaphore value is %d¥n",sval);
sem_post(sem);

sem_getvalue(sem,&sval); printf("after sem_post semaphore value is %d¥n",sval);
sem_wait(sem);

sem_getvalue(sem,&sval); printf("after sem_wait semaphore value is %d¥n",sval);
status = sem_trywait(sem);

if (status) printf("status %d %s¥n",status,strerror(errno));

else printf("successful lock a counting semaphore¥n");
sem_getvalue(sem,&sval); printf("current semaphore value is %d¥n",sval);
sem_post(sem);

status = sem_trywait(sem);

if (status) printf("status %d %s¥n",status,strerror(errno));

else printf("successful lock a counting semaphore¥n");
sem_getvalue(sem,&sval); printf(“current semaphore value is %d¥n",sval);
sem_close(sem);

sem_unlink("/posix_semQ");
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pthread_sigmask, pthread_Kill, sigwait

ALYRRATOL T FIVNIRYT
g
#include <pthread.h>
#include <signal.h>
int pthread_sigmask(int how, const sigset_t *newmask, sigset t *old mask);
int pthread_Kkill(pthread_t thread, int signo);
int sigwait(const sigset_t *set, int *sig);
BL

pthread_sigmask|ZFFUH LALYED ST F )L R D% 5| 8 how KLU newmask THESNASEIITEET S, oldmask A NULL TRELVE
FIZX. ERIDSY FILIRH oldmask THEU RSN MEEICHE SN S,

5| # how KLU newmask DE Lk IE sigprocmask 2? DEIBDEKRLRLTHD, how H¥ SIG_SETMASK DEEICIF, VT FILIRAIH
newmask [ZEEESH %, how A SIG_BLOCK D EEITIE. newmask TIREINASL T FILNRE RO T FILIRYIZEMENS, how A
SIG_UNBLOCK M &E(ZIE, newmask THESNAL T FILABRRRDL T FILIRAIMoRYBRMN S,

DY FIRRAYIFAL YR EIZERESN A EER N LTIELLY, LA sigaction(2) TRESNASL T FILT O30 ESTFILNIRTIE T
RTHOALYETEETH D,

pthread_kill (&5 +ILEE signo DT FILERAL YK thread ITEET S, 2T FILIKKIllQ2) ITENMNTVAKIICEESNN\UFILEND,

sigwait (& set THRESNDL T FILDIEVTHM 1 DNFFUHLAL Y [TERESNIETHUHLALYFDRTERIET S, ZLTRIEL
1= FILDE%E sig THLTRSN HFEEICHEIAL T oY 7 FIVIE sigwait [CADHEE[CTAYISNTLVEITRIEELT .

EBEINTITESAL, Box =7 F LIS B TWTENVFSEITH 1LY,
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pthread_mutex_lock()/pthread_mutex_unlock() (. mutexZ £ MutexT., 2V)T4hILto T3
VE{E-OTWET,

ZDBITDI)T14hI I3 T—2ILEvent T, COEFRIET S/, Mutex TRESN TLY
F9 ., 5. =AU YFEIT, EvantDENOTH S (DFEYA R EHEWN) EE ALYKRIE,
pthread_mutex_cond_wait() T. MutexZ £ L . ConditionZ# T, BRYIZCDEF T, V53147
FRLyREIE, AL YEAMutexZ 2L TULVAE 2. EventZ &L . pthread_cond_signal()%
RITLFET .

IKERIRBEIZHoT=. RLYKRIE, 954 T R AL YR IS MutexZ ML 1=RFIZ,
pthread_cond_wait)mh o BRE®H . TDEEHUMuUtexcAvILET,

ZDEFET., MutexZHEventFAR IO RELTEMEST BT=8D . ANUFEFLRSITELGL R
LyRDEIT—FEIEZFREYIRT ENTEET,

P—N—2 Ly K II3AT7 AV Y R
pthread_mutex_lock (&Mutex); pthread_mutex_lock(&Mutex);
if(Event==0) Event++;
pthread_cond_wait(&Condition,&Mutex); h pthread_cond_signal(&Condition);
Event--; pthread_mutex_unlock(&Mutex);
pthread_mutex_unlock(&Mutex);
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