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Outline

* HPC Debugging
* Tracing Challenges

* ParLOT Design

* Binary Instrumentation

e Compression Mechanism

e Evaluation

* Conclusion
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HPC Debugging

* HPC bugs are expensive because:

* Program failures waste resources (time, energy, SUs, etc.)
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HPC Debugging

* HPC bugs are expensive because:

* Program failures waste resources (time, energy, SUs, etc.)
* HPC bugs are often not reproducible

* Information collection to detect/locate failure points introduces overhead
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I HPC bugs are expensive because:

I Program failures ,-./&$0&.1(02&. (time, energy, SUs, etc.)
I HPC bugs are often +1/$0&3014(2*'5&

I Information collection to detect/locate failure points introduces 16&07&-4

"HSYOR B + H(-H.%).) - H" A HSH QY +).-/0  &-ISHY.
&"0/'$*12$1*-#$)#%-3 #$%-#456#7-81998"9#2)::1"8$:<#

S

?’:‘? & 8 ParLOT: Efficient Whole-Program Call Tracing for HPC Applications

as|hpc



"H$%" &' (%) $+,'-")./%"#

o I'H$%6& () +,-.%/0*1,/%2%304#0-&

« 4),)5./6 (/)76,8)7090/%-0)*

.+ 4),.6/)820#%-0)*

« :&*0680/,0*'-.586*-%-0)*

.« ).-%30#0-&

. <)$,)=6.>6%7,7.5*-086,%*7,'-).%16@

?’%SCNIB ;%.<ABC,D990/06*-,E>#H..%8,F%##,B.%0/0*1,9).,G;F,"22#0/%-0)*

'rv‘ nnnnnnnn



"H$%" &' (%) $+,'-")./%"#

11 0 1 * o
I “Always-on” tracing capability #j$ T @I
bit more upfront to
I No source-code modification significantly reduce
the number of overall

I Dynamic instrumentation
| Portability

I Low overhead (runtime and storage)
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Desired Tracing Features

* “Always-on” tracing capability "HB%68 (S&"H) W use Pin, 3
dynamic binary instrumentation tool

o - i ]
No source-code modification by Intel, to instrument binaries

(regardless of source language and
compiler) and capture all functions’
entry/exit points including library
calls for every thread/process.

* No recompilation

* Dynamic instrumentation

* Portability
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?’:% $m18 ParLOT: Efficient Whole-Program Call Tracing for HPC Applications

'rv‘ ........



Desired Tracing Features

Contribution 2: An incremental data
compression algorithm that drastically

reduces the overhead of on-the-fly
. hole- traci
e LLow overhead (l‘untlme & stor age) whole-program tracing
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Binary Instrumentation

e ParLOT instrumentation

* Every thread launch and termination

* Every function entry and exit

 Separate trace file for each thread

* Each file contains ordered sequence

of function calls and returns

?’&? & 8 ParLOT: Efficient Whole-Program Call Tracing for HPC Applications

'rv‘ nnnnnnnn



Binary Instrumentation

° ParLOT lnstrumentatlon ¢ Per'thread 1Ilf01‘mat10n
» Every thread launch and termination * Thread ID
* Every function entry and exit * Current function ID

 C t call stack
 Separate trace file for each thread HTEI SRR

. * Current SP value (for stack
* Each file contains ordered sequence

, correction)
of function calls and returns
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Incremental Compression
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Tracing Overhead

ParLOT(m): collects traces from the main image

ParLOT(a): collects traces from all images
(including library function calls)

Callgrind: DBI-based tracing tool that collects
function-call graphs and performance data

Average overheads (input C)
- ParLOT(m): 1.94
- ParLOT(a): 2.73
- Callgrind: 4.63

B ParLOT(m)
B ParLOT(a)
B Callgrind
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sp GeoMean

wu
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w

w
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Required Bandwidth

B ParLOT(m)

4968 ()*+,-../,OL+OH" [1+2#-(+03/+("45+4("( S ParlOT(a)

I"HSY6& "+ ../ 0L +O#" J1+2#-(+". . +4("6/1+
'45,.78456+.49#"#:+275,04-5+,"..1)

o8] w Ama\\sm-.o

"..6#458+<=20"1/8+0#",456+0--.+03"0+,-../,(
275,04-3"..+6#" @31+"58+@/#2-#("5,/+8"0"

B Callgrind
AB/#"6/+#/CT74+#/8+9"58D4803+-5+45@70+;
21"#$%&'()*+ 7.8 E=F1

—— L

?:"..6#4589.8 E=F1 sp GeoMean

w .nma\\xam

6’UBSCHS "#$%8&*+G224,4/50+HI#L6#" (+;". . +&#" ,456+2-#+I;+A@ @.4,"04-51

vvvvvv



"HBY68." (") +,-("

HSY&H ()*+$#,,-). $%/-)')0'1%$235%6").

- +7/'89".//01 u ParlOT(m)

B ParLOT(a)

8)$$#,+).:-. &'$#: 7-$#:'<%.:=-:1/>9'2.0/ ?@A, *°

8] w #mmﬁtﬂ.ﬂx

1%$234(%. ()BBH#(L.*34*5"%-6%"7*8,-, +#$
OSH#+#$' #().-'=>-B#).BC'$#: 7-$-.& %94

1000
1:%<&6,=("% 9'().D78Yo/H &$Yo:-#.I"#[>):'=-/>"
“$SH&TBYS#*)$C'%((#,,#,'%.: ()**7 .~(%/-).E
BYSEHS' . T*<#$)0":-,/-.(/'(YoBB, '=-/>"*)$#
(O*+BHF+%//#$.,

sp GeoMean

L8] W & oo

S SC18 1%$239'GO0-(-#./'H>)BES)&$%*'8%BB'4$%(-.&'0)$'J181++B-(%/-).,

Dallgs,|hpc



"HSYoHE(

B Tracing(w/o Compression+I/0)
B Pin-Init
B Native Run

Main.1 Main.4 Main.16 Main.64 All.1 All.4 All.16 All.64

Breakdown of average ParLOT overhead on NAS - Input C—1, 4, 16 and 64 nodes
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"HSYoHE(

B Tracing(w/o Compression+I/0) B Tracing(Compression+I/0)
B Pin-Init B Pin-Init
B Native Run 2 B Native Run

8

7 7

6 6

5 5

Main.1 Main.4 Main.16 Main.64 All.1 All.4 All.16 All.64 Main.1 Main.4 Main.16 Main.64 All.1 All.4 All.16 All.64
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B Tracing(w/o Compression+I/0) B Tracing(Compression+I/0)
B Pin-Init B Pin-Init
B Native Run B Native Run
8 8
7
] - Compression Impact
- Other DBIs might do better
5

0
Main.1 Main.4 Main.16 Main.64 All.1 All.4 All.16 All.64 Main.1 Main.4 Main.16 Main.64 All.1 All.4 All.16 All.64

Breakdown of average ParLOT overhead on NAS - Input C—1, 4, 16 and 64 nodes
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Summary & Conclusion
| ParLOT: "#3%&!"()"($45,)%-)."*-$() #%$/%!0"&%!123/"1##%$!1-"&-1&""
15(()184"13."1$0#%)44)4"56 3380 $8%! 1 BB48.-15(7

?’:% SC18 8!%9:; <"=55212)3&">-8J0$/%!0"?!((*,%!123/"5$%" @8?"A##(21!&2$34

'rv‘ nnnnnnnn



"HHSY0&! () + " [H+
I 0$%1234a portable low-overhead whole-program tracing approach that

collects and compresses function-call traces on-the-fly

I Includes new trace compression approach

I Incrementally compresses trace data to make latency uniform
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