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Multi-core problems — scalability and complexity ;@ﬂ ST

= Scalability: more CPUs, DSPs, processes, threads...
" Complexity of user tasks:

" Users still focus mostly on few entities —CPUs, threads
" Sometimes they need to see the whole system: all CPUs, all threads

" Users need to be able to customize their view of the system

" Group or hide CPUs, threads, types of nodes
" step these threads simultaneously
" set breakpoints that apply only to these CPUs
" Define different layouts that fit their current task
" See the system in terms of JTAG connectivity, power
" Separate system threads from user threads

" Debug View is getting crowded...

" but still is the main view for debugging the system
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Multi-core — solutions ;@p

" Ways of managing complexity and scalability

" The users can switch between multiple layouts in the Debug View

" JTAG layout, Power layout, CPU affinity layout
" The user can hide nodes or node types in the Debug View

" JTAG connections, all processes nodes, system threads, etc.
" The user can group nodes in the Debug View

" Stepping the group node will step all threads in the group

" Breakpoints can be added to all threads in the group
" Display the system in multiple views simultaneously

" Visualizer view, Status view, etc.

" The user can perform synchronized run control operations

" The selection in these views can drive the data displayed in the
other debugger views: Registers, Variables, Memory, etc.
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CDT’s Multicore Debug Workgroup =i pES

= Joint effort by people/companies interested in bringing
‘multicore’ debugging to the CDT

= Goals

" Provide a good user experience for multicore debugging in CDT
" Determine debugging features of interest

" Collaborate to bring each feature to CDT: design, implementation,
review, test.

" History

" Workgroup was first proposed at the CDT Summit 2010 and was
created in early October 2010

" Work began with the first conference call on November 16™.
= 10 different companies are regular participants
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CDT’s Multicore Debug Workgroup =i pES

" Wiki page can be found in the “Workgroups” section of the CDT
wiki, or directly at:

" Conference Call scheduling
" Completed features
" Features currently of interest

" Other proposed features

" Conference calls are held every two weeks with minutes of
meetings posted on the wiki

" Open to anyone interested (its free ©)
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http://wiki.eclipse.org/CDT/MultiCoreDebugWorkingGroup
http://wiki.eclipse.org/CDT/MultiCoreDebugWorkingGroup

New features @fﬁ

" Multi-process

" Pin & Clone

" Enhanced breakpoints
" Grouping

= Visualizer view
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Multi-process debugging £ i PER

= Allows to debug multiple processes of a target in the same session
" Good for debugging process interactions

" Now available in CDT, for Linux targets when using GDB 7.2

%% Debug &3 T 2 ] . i | e ¥ =08

+ [c] Multi-process debugging [C/C++ Application]
- 1 testing/loopsecond [4940] [cores: 0]
p® Thread [5] [core: 0] (Running)
< o2 testing/loopfirst [4966] [cores: 1]
= of# Thread [4] [core: 1] (Suspended : Breakpoint)

1dl 5 Ormey 1 OL/Testingioop

< 52 /home/imckhou/runtime-TestDSF/NonStop/Debug/MonStop [4999] [cores: 1]
@ Thread [3] 5005 [core: 1] (Running)

= o Thread [2] 5004 [core: 1] (Suspended : Breakpoint)
thread execl() at /home/imckhou/runtime-TestDSF/MonStop/src/NonStop.cpp:27 0x8048646
start_thread() at 0xb7fbb96e
clone() at Oxb7dedade

p® Thread [1] 4999 [core: 1] (Running)
s gdb
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Multi-process debugging £ i PER

" Combines debugging of running processes and new processes

" Works for local
debugging and
remote
debugging

bl L]

= bonobo-activation-server (Imckhou) - 1809
Trigger attach/. = clock-applet (Imckhou) - 1827

new dialog = compiz (Imckhou) - 1776
= console-kit-daemon (root) - 1225

" Will work in both # cron (root) - 1349

= cupsd (root) - 1424
non-stop or all-

= dbus-daemon (Imckhou) - 1746

T

TTT

[£] Consumer.cpp (@ Producer.cpp E%\

StOp mOdeS 9 sleep(delay + 1); = dbus-daemon (messagebus) - 1210
130 delay = (delay +1) | ¥ dbus-launch (gdm) - 1563 ~
131 } [ T Y
124}

136 int main() {

137 // We have 5 threads:

138 I main thread which
139 /o heartbeat sending
heartbeat receivin
local worker threa
producer thread th

i
s
@
-~
-
H
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New features @fﬁ

" Multi-process

" Pin & Clone

" Enhanced breakpoints
" Grouping

= Visualizer view
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Pin & Clone - Background “@J
" Whatis Pin & Clone?

" Clone: enable multiple debug view instances in the same
workbench window i.e Variables

" Pin: attach a debug view instance to a set of debug context i.e
Threads

" Problem: ability to compare data from multiple
processes/threads

" Solution: open multiple view instances and attach the view
Instances to a set of debug context
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Pin & Clone - Features =i DES

" Debug views that support Pin & Clone

" Variables, Expressions, Registers, Memory Browser, and
Disassembly

= Main feature set

" Views that are pinned will have the pin context(s) label shown in
it's description area and the pin toolbar bar icon will have matching
overlay icon in the Debug View

" View toolbar icon shows multi-pin contexts when more than one
debug context is selected, extendable by the backend

" View tab label will be numerically indexed

" Pinned context(s) will reattach itself when a launch is terminate
and restart

" Available in CDT 8.0 M6 for DSF-GDB backend
" Extendable and customizable by debugger backend
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Pin & Clone — Multi-View Instances

" Compare data between two debug sessions
" Two Variables views

" Views are pinned to a thread in each debug session

D>

Copyright © 2011 Ericsson, Texas Instruments, Made available under the Eclipse Public License v 1.0

= Uit - uinzfilii e - Edliuss \jjm—i
File Edit Source Refactor Mavigate Search Project Run Window  Help
Mwily wiw-0-Q%- ™S i H e e i B cfort | %5 pebug |
%5 Debug &1 = B | |69 yariables 2 e = |“,_,’| = B |[t9= variables <1> &2 =t [ x5 3 )
ot e S D:\Eclipse DevelopmentsiCCS_wS, Lworkspace_run'pipe’Debulfmitfe. exe: Thre |DiiEclipse DevelopmentstCCS_ w5, Liworkspace_runpipe| et pipe. eXe: Thread [1]
= E pipe.exe [mingw] [C/C++ Applicaps Marne Tvpe Yalue Marme Type Value
= Efj@ D\Eclipse DevelopmeseT_Cs_ws, 1workspace_run!pip )= File ink 4 )= pid pid_t 4923
1 Thread [zpdTouspended : Container) W stream FILE * Oxdbz104 = fg mypipe int [2] Pl ]
L Bad [#] 0 {Suspended : Container) * 5 unsign... 00 4= mypips[0] in d
hread [1] 0 (Suspended : Ereakpoint) b= x ink 0 =| 9 mypigapeT int 2261472
= write_to_pipe() at main.c:30 0x40125h 0= _w ink o
= main() at main, 267 Dx4013d0 G _Flags  shartint  -32760
o adb (D= _file shortint 4
W8 pipe.exe (= b struct ... {..} L
= E pipe.exe [mingw] [C/C++ Application] 09= _Ibfsize it 0
= 5@ D:\Eclipse DevelopmentsyZCS_wS, Lworkspace_run'pip » _data stroct
W, Thread [2] 0 (Suspended : Coptainec = waid * Oxdbiz104
TEATIT0 (5 mpended : Breakpaint) » _read _ssize.,, Ox6L13F4F0 =_ sread:>
= main() at main.ci46 0x401313 B _write _ssize.,, Ox6113F610 <_ swritefd =
o gdb ¥ _seek _fpos_,.. Ox6113F3a0 <_ sseek>
o8 pipe exe fﬁ _close ink %3, O0x6113F3680 <_ sclosex
<l I i B = ub strLfct T D
e ) (=0 S Lneian__ M B




Pin & Clone — Multiple pinned contexts s@g

=" Limit a view to a sub-set of context
= One Variables view

" View is pinned to two threads, switching between these two thread
will cause the view to update

i

[ R
= Lziiy - gluzfuiine - Edijuss \j\jm1

File Edit 3Source Refactor Mavigate Search Project Run Window Help
4 TR~ > R AN Nr=30 g H-H e e 7 BRI cicet |35 Debug |

%5 Debug 53 % &1 O 3T B i = = O 0= yariables 52 =k =
=[] pipe.exe [mingw] [C/C++ Application]

D:\Eclipse DevelopmentsiCCS_wS. L workspace_runipipe\Debuglpipe.exe: Thread [1]

= 5]@ [\Eclipse DevelopmentsiCCs Mirkspace_runipipelDebugpipe. exe [5476] Marme Type Value ;l
o Thread [3] 0 (SusperTed @ Container) ()= Filz int 4
m, Thread T (Suspended : Container) =l w stream FILE * OxdbZ104
Thread [1] 0 {Suspended : Breakpoint) » unsign...  0x0
= write_to_pipel} at main.c:30 0x40125h )= |
= main{} at main,c:67 0x4013d0
P'::l gdb
B pipe.exe
= E pipe. exe [mingw] [C/C++ Application] L
= Eﬁ? [:\Eclipse DevelopmentsiCCS_ws, Lworkspace_runipipelDebug)pipe. exe [ 3544
ey hread [21 0 (Syspended o taokad » _data struct ... Ox0
@ﬁead [1] 0 {Suspended : Breakpoint) ®» _cookie  woid * 0x4bz104
= main() at main.c:46 0x401313 » _read _ssize.,. Ox6113F4F0 «__ sread>
# gdb » _write  _ssize.. Ox6113610 <_ swritefd >
B pipe.Exe » seek _fpos_... Ox6113F3a0 <_ sseek>
» _close int {*,., Ox6113F380 «_ sclose>
@ _ub struck . {0} D
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New features @EFJ "

" Multi-process

" Pin & Clone

" Enhanced breakpoints
" Grouping

= Visualizer view
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Enhanced Breakpoint Support =i pES

= Current limitations:

" |nstalled for all threads/cores
" Can’t configure properties before install to backend
= Not scalable, restricted Ul

" New h/w capability isn’t dynamically exposed in Ul
" Does not make use of flexible viewer from Platform Debug
" No indication which thread/core the breakpoint is hit
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Breakpoint View Example: TI UBM -@p

A debug session with two cores

An address breakpoint is installed on C55xx core

" With condition z2 == 20 and action to update Register view

A source line breakpoint is installed on C6416 core

" With action to Halt (suspend)
Marker icon with >>> indicates breakpoint has recently hit

% Debug 2 ~ O || @ Breakpoints &2 & U7R Y %Y =0
(= T t& - & 52};1 | Identity Marne Condition | Count Action
= ! 6416 sim,cexml [Code Composer Studio - Device Debugging] = V16 C55xx Rev3.0 CPU Cycle Accurate Sim
=1 Group 1 [#] & ox000014 Breakpoint  zz==20 00 Update View (Reqisters)
=g CB416 Device Functional Simulator TM332006416 (Suspended) = [V]& 416 Device Functional Simulator | THE

= mainf) at hello.c:14 0x00000000 B hello.c, line 14 {main + 0x10) Ereakpoink 0 Remain Halted

= _ink00f) at boot.c:567 0x00000FS0 (the entry poink was reached
=g C55ux Rev3.0 CPU Cycle Accurate SimulaborfC5S:xx_0 (Suspended)
= 0x00FFFFO4 (no symbals are defined for 0x00FFFFO4)

< i | B
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Create Breakpoint Example: TI UBM @J

" Available supported breakpoint type menu for the active debug context
l.e Thread

" New Watchpoint type dialog

.  Watchpoint m
= New Advanced type dialog p—

Access Type: | All Access Types D

" Dynamic breakpoint properties

" Contextual breakpoint type menu support for
Editor, Disassembly view, Project view, )

Ok ” Cancel ]

Outline view, etc...

= Hardware Configuration

(= Location D:Eclipse Developments|CCS_wS, 1iworkspace_run. ..
Source D:\Eclipse DevelopmentsiCoS_wS, 1workspace_run...
Syrbalic main + Db
Address O
1= Debugger Response
. [ ) = - = Condition
S5 Breakpoints £3 ) X & &R o s = <,===p 8 = sip Count o
. Current Count 1]
IdE—'I’ItIt‘}." Mame al Advanced 1= Action Read Data from File
= @ 55 Rewd.0 CPU Cycle Accurate Sim Breakpaint File
s 000014 Breakpoint 52 Evert Break View (Registers) Wrap Around [] false
%] FESkpOIn 2 2 VIeW |Regisiers Start Address Ox1FFF
¥ . . . ) .
= [#]&# Ct416 Device Functional Simulakor THE Prafile Control Point n Length @
. . . = Miscellaneous
2. hella.c, line 14 {main + 0x10) Breakpoint LR _ n Halked araup Default Group
Watchpnlnt Mame Custom Breakpoint

All settings under this are handled by the target without intruding on the target's execution
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New features @fﬁ

" Multi-process

" Pin & Clone

" Enhanced breakpoints
" Grouping

= Visualizer view
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Debug View User Groups =i pES

" Why?

" focus on few entities —CPUSs, threads

" step multiple threads simultaneously

" set breakpoints that apply to multiple CPUs
" How?

" choose the Debug View context menu “Group” when multiple nodes
are selected. A group is created as parent of the selected nodes

" stepping the group node will step all threads in the group

" the group icon will show the state of all threads in the group
" the user can ungroup threads previously grouped

" the groups will be persisted between debug sessions

" groups can contain other groups
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Debug View User Groups — integration ;@ﬂ

#% Debug 2 = B
" Available for CDT-DSF debuggers o S CTTTEL S B
. . a o E:_\EcIipse_Envs\ecIipse_latest\runtime—de'.r\HeIIc
" Currently part of the code is in DSF common e o Sespendeds Contanes
layer, part is in the DSF-GDB debugger. 5 e
- |gf® Thread [6] 0 (Suspended : Container)
4 f® Thread [5] 0 (Suspended : Container)
" The common layer enables other DSF S e
debuggers to integrate the feature easily. = Pieadsinrend it wreppery a0
= _cygtls:call2() at 0x61004a96
= Different backend capabilities can be provided: = oanes
" Some backends can support the user groups, nglj:f:i’imem
for some the user groups will be transparent. o 410 Guspended: Container

> gf® Thread [3] 0 (Suspended : Container)

" For some backends stepping, running or . %riliﬁééﬁ?ﬁiifﬂf:f@iﬁlfﬁ:fﬁi?gfc"ii
suspending groups will be different than the = onesreas
same command issued to multiple threads. e

= o Thread [2] 0 (Suspended : Container)
= o Thread [1]0 (Suspended : Container)
w1 gdb
g Hello_Cygiwn.exe

Copyright © 2011 Ericsson, Texas Instruments, Made available under the Eclipse Public License v }'0 =




New features @fﬁ

" Multi-process
" Pin & Clone
" Enhanced breakpoints

" Grouping

= Visualizer view
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Visualizer View ‘@J

" Eclipse Debug View centric to debug session
" Debug View has limitations
" Need for a graphical debugging view: Visualizer View

" Complement to the Debug View
= Efficient representation of a large amount of data

" Quick visual access to system state

" Meant to be a framework to allow for different graphical
representations

" Design has been started and posted to the wiki
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Isualizer View Example: Tilera’s Grid @,J

" An instance of a representation. Hardware-centric.

" Part of the goals of the CDT Visualizer View

file Edit Refactor Mavigate GSearch Run Project Window Help

[ RTINS F R . =R B [ § G- G o Ei b Author | Debug| 4 Profile
Bf) C/C++ Projects 53 = [ . [J allocatestackc | [€) 2 _start() DxbTfag550 = 0O | 4 crdview 5 E m o . ® g =0
e U SE1 e T . -;'.. |

c printf("Thread on tile %d: Hello, Brove New World™n". cpu);
= 1= hello_world_pthread

b 42 Binaries

[El wWark in User, s

£/ o v, Bno ddle tine
int seconds = 18;

int size = 16824 * 1624;

char buffer[size];

I =i Libraries

time_t then = time{NULL):
while ((time(NULL) - then) < seconds) {

F /#/ busy wark in user space
75 for (int a=0; 1<300; in) {
E float a - 42.0 % i;
output ot oo float b=a/ i;
buffer[cpul = (int) a * b;
// busy work in system space
int dev_null= open("/dey/nell", O WROKLY);
= —— = for (nt ieth 3<10; 4] {
2 Manitor View 1 . =N write(dev_nill, bufffer, size); F
: [ = 1
3Mon|tnrpnrt:lab-l?:60629 = g: close(dey_null):
= [ active Monitors ‘ . 1/ idle tine
A= 3nlg.mnn|tar[2j Hardware, on lab-1| § . usleep(10);
= @ hello_world, PID 783 (2,7) Susp. ‘ -

pthread_nutex lock(&master_lock):
tile_countersd

pthread mutex_unlock(&naster lock);
pthread_cond signal (Smaster_cond) ;

@ hello_word TID 783 (2.7) Pa
1% hello_world TID 784 (0,0) 5u|
@ hello_world TID 785 (1.0) Sty
i® hello_world TID 786 (2,0) 5t
8 hello_werld TID 787 (3.0) sn‘
## hello_world TID 788 (4,0) 5t
18 hello_warld TID 789 (5,0) St
& hello_world TID 790 (5,0) 5t
8 hello_word TID 791 (7,0) St |

return (vodd*]NULL;

int main(int arge. char® arge[])
printt (‘Main process: Hello world!'wn®):

= [ Monitor Launch Configurations

et desired tiles and make sure we have enough.

[ [v] % Debug 22 . [2 Problems|

hread (remote)

@) Make Targets 52 & o - 5 = e 1._‘.

B~ ‘hello_wmld_pthrzad (remof‘ [Tile Monii | = B

<] | 155*done
(gdb)
|156-data-evaluste-expression systen
|| 156" done, value="{int (const char *]} OxbTecddGb <system"

= o nello_word TID 784 (0.0) Suspended

= 25 hello_wortd_pthread
[4] start_thread(), pthread_create c:299 (Oxb7ebB828)

B = = [3]clone(}, [libe.s0.6] (0xbTedb5iE) 157-data-evaluate- expression tine
® clean 157*done, value="{<text variable, no debug infoe} BwbPd3aefl <+ GI_times"
® hallo_world 121 clane(), [libe. 50 6] (0xh7e4b5rE) {gdb)
[2] clane(), [libe.s0.6] (0xbTedb5i) 58 data-evaluate:sxpressio buffer
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Visualizer View Example: Tilera’s Grid @J

Color indicates application state — YR

" yellow = stopped on a breakpoint

" red = process crash
" Dots are the processes
" |0 and Memory shown on the edges
" Drag selection of processes/threads
" Allows to control execution

" Resume/Suspend
" Step

= Selection in the Grid is reflected in
Debug view and all other views
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Plans

" |ndigo CDT 8.0

Pin & Clone Support (completed)
Multi-Process (working support)

Group & Ungroup (preliminary support)
Synchronized run control operation

" PostIndigo CDT 8.0+

Graphical Visualizer view
Enhanced breakpoint support
Hiding of debug view elements
OS-awareness

Global breakpoints
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Points of Contact @J

" CDT Mailing list:

"= CDT Wiki:

" Multicore Debug Wiki:
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Demos i BEE

" Multi-process

" Pin & Clone

" Grouping
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Questions? £ CH R
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