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CharmDebug Overview

= Developed specifically with Charm++ in mind

* Provides information at the Charm++ abstraction
level

= Composed of two modules:

= Java GUI (client)

* Plugin inside Charm++
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Introspection

" The capabillity of a system or application to
iInspect its own state.

" For an application this includes the capability to

" |dentify the type of a variable;
MyType var;

" Identify the layout of a type, and browse it.

class MyType {
int a;
double b;
}
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Introspection In Charm++

" Interactivity

= Want to run introspection code on demand

= “Are the values in my array getting too big?”

= Use CharmDebug's connection to the app.

* Charm++ Python interface
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Charm++ Python Interface

= Send Python code through a CCS channel

" Execute the code on the parallel application
group [python] myGroup {

entry [python] void getValue();
¥
" Code is bound to a chare element (myGroup)

* Python can use method getValue

def check(self):
value = charm.getValue(data, 10)
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Browsing variables

class MyClass {
int length;
double * data;
MyExtraData * extra;

}
" C++ Is not reflective

= Cannot access data structure layout

" We use the information already collected in
CharmDebug to provide the extra information
needed at runtime
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Introspection with CharmDebug

= A group part of CharmDebug plugin is bound to

Python

" No need to modify user code

= Set of functions exported:
group [python] dePythonGroup {

entry [python]
entry [python]
entry [python]
entry [python]

}

void getValue();
void getArray();
void getCast();

void getStatic();

Filippo Gioachin, PPL @ UIUC



An Example

= Are the values in my array getting too big?

Python script

HelloGroup (9
clef method(self):

w | [T System Entries
“[=3 User Entries

| | &= T main
| I Hello
[] Hello{CkMigrateM
def check(self): i HH”Wme_
length = charm.getValue(self, "MyArray", "length") L] sayHignt hiNo)

:| % [ HelloGroup

: [ | HelloGroupvoid)
: [¥] SayHiGroup@nt n)
| & T HelloNode

arr = charm.getValue(self, "MyArray", "data")
for 1 in range(0, length):
value = charm.getArray(arr, "double", 1)

it (value > 10 or value < -10): | & 3 Heltochare
print "Error: value ",i," = ",value | Eseconaarray
return 1 :
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Memory Debugging

= Memory problems are typically subtle and hard
to trace

" In Charm++ multiple chares reside on the same
processor and share the same address space

" Focus

" Memory leak

= Cross-chare corruption
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Main View
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View by Chare ID
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Inspecting Memory

D unsigned int myflumParticles = 1239 = |
D GravityParticle™ myParticles = Oxbh7akb7a

o= [ std:wectar < GravityParticle, std: allocator < GravityParticle > > mySortedParticles =
D CravityParticle™ incomingParticles = Ox0
D int incomingParticlesArrived = 0
D baol incamingParticlesself = false . E X a m | e f ro m
D double piecemass = 0.0
D intcnt = @
D int packed = 0 L

[y int localindex = 0
D unsigned int numsplitters = 16 a a

D Key* splitters = 7 (unknown) 0xa25358
o= ] CProwxy_TreePiece pieces =
o= [ CProxy_DataManager dataManager =
D DataManager™ dm = 0xa20278
o= [ Cki¥ec<int> myBinCounts =

o= [ stol:wectar<int, std:;allocataor<int > > rmyBinCountsORE = .
nspect memory

D ke leftSplitter = 7 {unknown)

D Fey rightsplitter = 7 {unknown)

D string basefilename = ¥ {unknowmn)
¢ 3 OrientedBox <float> boundingBox =

D Shape<floats> = u u
¢ [JwectorzD<floats lesser_corner = . ata I S O a e I n
[y fioat % = -186.75519

[y fioat y = -172.79019
[y fioat z = -201 80795

¢ [Cd¥ectarzD<float> greater_carner = u
[ float % = 153.61606 t e C I e nt
[y fioat v = 167.58105 ||

[ fioat z = 38.563293
[ kool started = false
D unsigned int iterationklo = 2
D Tree::GenericTreg h2bE

e Te————— [ ] [}
o= [ std::map<long u Follow pointer 1=* st less<long unsigned int >, stodallocator < stod: pair<const long unsigned int, CkiWec<int="> > = .
[ int activeRung = 5 I V V I

[ int bPeriodic = 0
o= JvectariD<doubles fPeriod =
D int nReplicas = 0
[ int bEwald = 0
[ double fEwCut = 2.6
¢ CJ EWT* ewt = ewaldTakle Oxazh&58
¢ CJEWT
[y doukile by = 0.0
[ doukle hz = 0.0
[y doutile hitac = 0.0
[y doutile hsfac = 0.0
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Searching for Leaks...

= ChaNGa

= Cosmological simulator

" Runs in a step-wise fashion

" Observed effect: the allocated memory keeps
increasing

" We ran the application for a few steps, then
froze it
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Searching for Leaks... (2)

Charm Parallel Debu

File Action
Set Break Points :| Control Buttons
[ Systern Entries
[ User Entries Start | | Step | | Continue | | Freeze | | Quit | | Stant GDE |
o [ MetisCosmolE
CacheManager
= [ cach Mg CKMi Program OQutput Pes
AcheManagerCiNOr | ts: server IP = 128.174.226.225, Server port = 49973 § = ®Epeo
[] CacheManager(nt size :| Corverse -mermary mode: charmdebug
S slot size 5&
L] recvNodesFillBinaryNe Charm+ +: scheduler running in netpall mode.
[ recvNodes FillNodeMs [0] CmiMaxMemondlsage: 7179459 b P |
Rung distribiution: { 9051, 674, 207, 44, 12, 10,2, 0,0, 0, 0, 0, 0, 0, 0,
cacheSyncidouble thet 0,0,0,000000000 000 0)
[] recwParticlesFill Particl [0 CmiMaxMemordlsage: 7 231680 M
. [3]: CmiMaxMemondsage:; 7361822 M
L finishedChunk@nt nun| o1 CpivaxMemonyJsage: 7.388992 M
[] allDonewoidy [0] CrmiMaxMemordlsage: 74155905 M
L [0] CmiMaxMemondlsage: 7440567 M
[] collectStatistics onst | 1o} CroimaxMemonUsage: 7.483078 M L
[] stopHPM(const CkCalll :| [?]: CrmiMaxMemondlsage: 7.5 13687 M
o 9 Mai [2]: CmiMaxMemordlsage: 7540604 M
an [0]: CmiMaxMemond)sage: 7.563962 M
o [J50rter [0] CriMaxMemondsage: 7596817 M
o~ ] DataManager [D]: CriMaxMermondsage: 7630295 M
o= TreePiece [0]: CmiMaxMemondlsage: 7 657211 M
[0] CmiMaxMemondlsage: 7685 104 M
Breakpaint is set for function cacheSncidouhle theta, int activeRung, daoubl
| | | oo e dBwhCut, const CkCallback &ch) with an epldx = 135 LS
1 [l 4 -
View Entities on PE
Messages in Queue ‘V‘ ‘l] ‘V‘

Entities

Details

it

Sender processor: 0

Destination: CacheManager:cacheSyncidouble theta, int activeRung, double dEwhCut, con
Size: 72

User data: data={theta=0.7, activeRung=35, dEwhCut=2.8, ch="00000000000000000C 00000000

< i | [»

[] Il | o]

Break point reached for Function = cachesync{double theta, int activeRung, double dEwhCut, const CkCallback &ch)
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Searching for Leaks... (2)

Charm Parallel Debu
File Action
Set Break Points
[ systemn Entries

Control Buttons

Program Parameters X
[ User Entries Start | | Step | | Continue | | Freeze | | Quit |
o ] MetisCosmolB Executable: |ChaNGafchanga;ChaNGa |
¢ ] CachemManager
Program OQutput Pes

[] CacheManager{CkMigr
[] CacheManagerdnt size
[ recyModes FillBinary Nc
[ recvNodes FillNodeMs
cacheSync{double thet:
[] recwParticlesFill Particl

cos Server IP = 128 174.226.225, Server port = 49972 §

i ir expand/home/gioachinfcosmaolo
s Working dir: |fexpand/home/g i v || change
Comverse —memory mode: charmdebug |

[»]

slot size 56 Command Line Parameters: |run611.param
Charm+ +: scheduler running in netpall mode.
[O] CrmiMaxMemondlsage: 7173459 M Number of Processors: 1
Rung distribiution: { 9051, 674, 207, 44, 12, 10,2, 0,0, 0, 0, 0, 0, 0, 0,
0,0, 0 00,0 0 0,0, 0, 00,0 00,0 Port Number

[3]: CmiMaxMemondsage:; 7331680 M

- [0 CmikMaxMemordsage: 7 261822 M Host name: |order
[ finishedChunkGnt nun | o1 C i aumemondisage: 7 288992 M
[] allDonewoidy [O]: CmiMaxMemordsage: 7. 415505 M Username: | |

[] colleciStatisticsconst
[] stopHPM(const CKCall
o= ] Main
o= ] Sorter
o~ ] DataManager
o= TreePiece

[0] CmiMaxMemondlsage: 7440567 M ;

[0]: CraiMaxMemondsage: 7.482078 M [] Use ssh tunneling
[O] CmiMaxMemondlsage: 7.5 12687 M

[0 CmiMaxMemondlsage: 7540604 M

[0] CmiMaxMemondlsage: 7569962 M

[O] CmiMaxMemondlsage: 75496817 M

[D]: CriMaxMermondsage: 7630295 M

[0] CrmiMaxMemondlsage: 7657211 M

[0] CmiMaxMemondlsage: 7685 104 M

Breakpaint is set for function cacheSncidouhle theta, int activeRung, daoubl

0 I oo e dEwhCut, const CkCallback &ch) with an epldx = 135 '4 Charm Parallel Debugger
[ I »
View Entities on PE Eile | Adtion
Open Configuration rol Euttons
MISSEEES [T QIEn: "‘ 0 Edit Configuration
Save Configuration tart Step Continue Freeze Quit Stant GDE

Entities

Details

it

Recent Configurations #| /expand/home/gioachin,/cosmology/runéll.cpd
Save Window Settings | /expand/home/gioachin/charm/tests/ charm++/simplearrayhello/ newXML2.cpd
Exit Debugger Sexpandfhome/ gioachin, charm,tests/ charm+ + /simplearrayhello/ newXMLcpd

: fexpand/home/, gioachin, charm, tests/ charm++/simplearrayhello/ config
fexpand/home/ gioachin, charm,tests/charm+ + /simplearrayhello/ hello2p.cpd
fexpand/home/ gioachin, charm,tests/ charm+ + /simplearrayhello/ hellolp.cpd
fexpand/home/ gioachin,/thesis,/ charmdebuqg, hellolp.cpd
fexpandjfhome, gioachin/ charm/tests; charm+ +,/ simplearrayhello/ config.cpd
fexpandfhome; gioachin/ charm;tests/ charm++ / simplearrayhellof config2.cpd

Sender processor: 0
Destination: CacheManager:cacheSyncidouble theta, int activ|
Size: 72

User data: data={theta=0.7, activeRung=3, dEwhCut=2.8, ch

4] I

[] Il | o]

Break point reached for Function = cachesync{double theta, int activeRung, double dEwhCut, const CkCallback &ch)
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B Memory Processor 0 <2>

400 _ 1000

Number of lines Horizontal pixels Update

16 B
Bytes per pixel 19
Line size v D

e LEAKING "
Mermony tye: message
Slot at position 0¥ac0638 of size 228 byies Belonging 10 chare 0. Backirace:

function malloc_nomigrate {Ox5&2eda) at memaong 445

function Crmialloc (0x5de247) at convcore ;21549

function CkCopysg (D¥STEE70) at msgallor 72

function CkDeliverMessageReadonly (0x574501) at ck. 0407

function CkLocRec_local:imiokeEntn{CkMigratable, woid®, int, boal) (0x585fae) at cklocation. C: 1027

Leaks are In
green

Messages are
leaking (pink
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Cross-chare Corruption

= A chare should access only to its data
structures
" Inside a processor the address space is shared
= A chare can write some other chare's data

= Associate each chare an ID, and mark all its
memory with that ID

= After an entry method, check if the chare
modified some memory not belonging to it

Filippo Gioachin, PPL @ UIUC



Allocation Graph

* [ink with “-tracemode
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Allocation Graph & Allocation Tree

. Allocation Tree
T _start at 770; size= 1987607, count= 1645
o [CJ77 at 70 size= 1987607, caunt=1645
o main at main.C:20; size= 1987607, count= 1645

[»

o= [ ConverseRunPE at
o~ [ CanwerseRunPE at
o= [ CanwerseRunPE at
¢ [ ConwerseRunPE at
o= [ _initCharmiint,
o= 3 _initCharmiint,
o= [ _initCharmiint,
o= [ _initCharmiint,
o= [ _initCharmiint,
o= [ _initCharmiint,
o= [ _initCharmiint,
o= [ _initCharmiint,
o= [ _initCharmiint,
o= 3 _initCharmiint,
o= [ _initCharmiint,
o= 3 _initCharmiint,
o= [ _initCharmiint,
¢ 3 _initCharmiint,

machine, c:2 1%4:
machine c:2177:
machine.c:2 183:
machine C:2286&:

char™} at
char™) at
char™} at
char™) at
char™} at
char™) at
char™} at
char™) at
char™} at
char™) at
char™} at
char™) at
char™} at
char™) at

o= [ Camverselnit at machine c:2364: size=40, count=1
o= [ Conwerselnit at machine.c;2444; size=132528, count=7
o= [ Comverselnit at machine. c:2454: size=4176, count=4
o= [ Conwerselnit at machine.c;2463; size=2164, count=5
9 [ Comverselnit at machine c:2464: size=1848699, count=1628
size=16, count=1
size= 1080, count=2
size=422104, count=1072
size=1414381, count=55%1
init. 674
init. CB75:
init. 2677
init. 679
init. 2689
init. 691
init. C 700
init. C: 700
init. 702
init. C:702:
init. C 705
init. C:709;
init. 710
init. ;729
o= [ _ckModulelnit( at ck.C: 1400: size=280, count=1
¢ 3 _ckModulelnitd at clk.C: 1400; size=1536, count=322
¢ [ TaokenPool: TakenPool() at ckobjQ.hi28: size=1536, count=32
¢ [ ZafePonl<OhjectToken®™ = SFafePool{ObjectTaken™ ("3, woid ("WOhjectToken™n a
o= [ TakenPaol: _alloc) at

size=16, count=1
size=24, count=1
size=4%216, count=1
size=24, count=1
size=24, count=1
size=9216, count=1
size=56, count=1
size=28, count=2
size=56, count=1
size=28, count=2
size=24, count=1
size=17432, count=1
size=17432, count=1
size=181&, count=33

ckobjo.hi33: size=1536, count=32

o= 3 _initCharmiint, char*™) at init. C:732; size=360, count=2

o= [T _initCharmiint, char™) at init. C:740: size=8, caunt=1

o= _initCharmiint, char*™) at init. C;765: size=32, count=1

o= [ _initCharmiint, char™) at init. C: 766 size=96, count=1

o= 3 _initCharmiint, char*™) at init. C;766; size=9%¢, count=1

o= [ _initCharmiint, char™) at init. (767 size=96, count=1

o= [ _initCharmiint, char*) at init.C;777; size=48, caunt=1

o= [ _initCharmiint, char™) at init. C:778: size=824, count=13
o= 3 _initCharmiint, char*™) at init. C;77%9; size=6184, count=77
o= [ _initCharmiint, char™) at init. C:780: size= 1080, count=18
o= 3 _initCharmiint, char*™) at init. C;781; size=568, count=11

1emory”

1]
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Questions?

Thank you
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