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Intro RMS DRMS Alg. Impl. Experiments

Performance Scalability Analysis

| Asymptotic Analysis

bubblesort
T(n) = 0(n?) /

mergesort
T(n) = O(nlogn)
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Intro RMS DRMS Alg. Impl. Experiments

Performance Scalability Analysis

Theory:
Asymptotic Analysis

Practice:
Performance Profiling

bubblesort

T(n) = O(n?) / %time  %self  %children  function

[ mergeort o 99.9  2.00 16.29 main

52.2 5.82 3.70 foo
31.3 2.81 2.90 bar
20.3 3.70 0.00 foobar
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Intro RMS DRMS Alg. Impl. Experiments

Performance Scalability Analysis

Practice:
Performance Profiling

- Theory:
/. Asymptotic Analysis

bubblesort . . .
T(n) = O(n) %time  %self  %children  function

“mergesort 99.9 2.00 16.29 main

{ T(n) = O(nlogn)
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Intro RMS DRMS Alg. Impl. Experiments

Analyzing the scalability of routines

A possible solution:

@ Choose workloads of increasing sizes

1 MB

5 MB

9 MB
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Intro RMS DRMS Alg. Impl. Experiments

Analyzing the scalability of routines

A possible solution:
@ Choose workloads of increasing sizes

@ For each workload: run your application under gprof

=

~®- B
1MB gmon.out
=

@ - B
5 MB gmon.out
=LY

~®-B
9 MB gmon.out
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Intro RMS DRMS Alg. Impl. Experiments

Analyzing the scalability of routines

A possible solution:
@ Choose workloads of increasing sizes
@ For each workload: run your application under gprof

© Plot and analyze the results

1

El ml

@ @

Lo
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gmon.out

foo()

gmon.out

bar()

9 MB gmon.out
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Intro RMS DRMS Alg. Impl. Experiments

Drawbacks of gprof-like experiments

Need to have different workloads for different routines:
application’s workload # routine's workloads

Wrong assumptions can easily lead to misleading conclusions:

str_tolower str_tolower

VEersus

avg time per call

L]

-

L ]
L]
-

-
.
avg time per call

app workload size rtn workload size

See case studies in [CDF12]
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Intro RMS DRMS Alg. Impl. Experiments
Workload-dependent profiling
Recent works investigate how an application's performance scales

as a function of its input data:

Main sources of dynamic workloads

| Input Size Estimation [ 1/0 & Syscall | Thread Intercom. |

GAWO07 Manual
ZH12 Automatic No No
CDF12 Automatic No No

GAWO07 Goldsmith, Aiken, and Wilkerson, Measuring empirical
computational complexity, ESEC/FSE 2007

ZH12 Zaparanuks and Hauswirth, Algorithmic profiling, PLDI 2012

CDF12 Coppa, Demetrescu, and Finocchi, Input-Sensitive Profiling, PLDI
2012

5/26 Coppa, Demetrescu, Finocchi, Marotta Input-Sensitive Profiling with Dynamic Workloads - CGO’14



Intro RMS DRMS Alg. Impl. Experiments

Dynamic workloads are ubiquitous!

Many routines dynamically receive input values during their
activations:

e Thread intercommunications: e.g., producer-consumer pattern

@ |/O operations via syscalls: e.g., buffered read operations

If ignoring dynamic workloads,
then input size estimation may be wrong J

4|

analysis of profiling data may be misleading )

6/26 Coppa, Demetrescu, Finocchi, Marotta Input-Sensitive Profiling with Dynamic Workloads - CGO’14



Intro RMS DRMS Alg. Impl. Experiments
Our contribution

Main sources of dynamic workloads

Ve

L Input Size Estimation l /O & Syscall [ Thread Intercom. ‘

GAWOQ7 Manual

ZH12 Automatic No No
CDF12 Automatic No No
CDFM14 Automatic Yes Yes

GAWO07 Goldsmith, Aiken, and Wilkerson, Measuring empirical
computational complexity, ESEC/FSE 2007

ZH12 Zaparanuks and Hauswirth, Algorithmic profiling, PLDI 2012

CDF12 Coppa, Demetrescu, and Finocchi, Input-Sensitive Profiling, PLDI
2012
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Intro RMS DRMS Alg. Impl. Experiments

Estimating the input size: previous approaches

[ZH12] Input size ~ Size of (Java) Data Structures

Input size definition depends on the specific data structure (e.g.,
if array, then array size). Not suitable for low-level programming
languages.
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Intro RMS DRMS Alg. Impl. Experiments

Estimating the input size: previous approaches

[ZH12] Input size ~ Size of (Java) Data Structures

Input size definition depends on the specific data structure (e.g.,
if array, then array size). Not suitable for low-level programming
languages.

[CDF12] Input size ~ Read memory size (RMS)

Read memory size of an execution of a routine r

number of distinct memory cells
first accessed by r (or by a descendant of r in the call tree)
with a read operation

This work extends the RMS metric
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Intro RMS DRMS Alg. Impl. Experiments

RMS example

call £

read x

write y Fn Accessed cells RMS
call g (first-read green)

read x
read y
read z
write w
return
read w
return
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Intro RMS DRMS Alg. Impl. Experiments

RMS example

—» call f

read x

write y Fn Accessed cells RMS
call g (first-read green)

read x £
read y
read z
write w
return
read w
return
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Intro RMS DRMS Alg. Impl. Experiments

RMS example

call £

—> read x

write y Fn Accessed cells RMS
call g (first-read green)

read x £ 1
read y

read z

write w

return
read w
return
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Intro RMS DRMS Alg. Impl. Experiments

RMS example

call £

read x

—> write y Fn Accessed cells RMS
call g (first-read green)

y 1

read x
read y
read z
write w

Hh

return
read w
return
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Intro RMS DRMS Alg. Impl. Experiments

RMS example

call £

read x

write y Fn Accessed cells RMS
— call g (first-read green)

y 1

read x
read y
read z
write w

Hh

return
read w
return
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Intro RMS DRMS Alg. Impl. Experiments

RMS example

call £

read x

write y Fn Accessed cells RMS

call g (first-read green)

—> read x f y 1

read
read Z & 1
write w
return

read w

return
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Intro RMS DRMS Alg. Impl. Experiments

RMS example

call £

read x

write y

call g
read x

—> read y

read z
write w
return

read w

return
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Accessed cells

Fn RMS

(first-read green)

£l (x)y
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Intro RMS DRMS Alg. Impl. Experiments

RMS example

call £

read x
write y Accessed cells

call g Fn (first-read green) RMS

read x £ y (z) 2
d
teacy g | (x)(v)(z)

—> read z
write w

return
read w
return
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Intro RMS DRMS Alg. Impl. Experiments

RMS example

call £

read x

write y Fn Accessed cells RMS
call g (first-read green)

read x £

read y

read z
—> write w

2
3

return
read w
return
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Intro RMS DRMS Alg. Impl. Experiments

RMS example

call £

read x

write y Fn Accessed cells RMS
call g (first-read green)

read x £
read y
read z
write w

2
3

—> return
read w
return
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Intro RMS DRMS Alg. Impl. Experiments

RMS example

call £

read x

write y Fn Accessed cells RMS
call g (first-read green)

read x £
read y
read z
write w

2
3

return
—> read w
return
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Intro RMS DRMS Alg. Impl. Experiments

RMS example

call £

read x

write y Fn Accessed cells RMS
call g (first-read green)

read x £
read y
read z
write w

2
3

return
read w
—> return
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Intro RMS DRMS Alg. Impl. Experiments

When RMS does not work: an example

Multlthread|ng may be an issue: gets a Value produced by
another thread

callf read x read x |return
. * ]
T, i i i i
T, T T T
[ ) é
call g write x return

RMS¢ = 1, but actual input size is 2!

RMS fails to properly characterize the input size of
routine activations under dynamic workloads
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Intro RMS DRMS Alg. Impl. Experiments

From RMS to Dynamic Read Memory Size (DRMS)

r = routine activation
t = thread
£ = memory location

A read operation on / is:

First-read

if £ has never been accessed before by r or by any of its descendants
in the call tree of thread ¢.

Induced first-read

| \

if no previous access to £ has been made by t since the latest write
to ¢ performed by a thread different from t, if any.

A
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Intro RMS DRMS Alg. Impl. Experiments

Induced first-read example

T did not access location x since the latest write to x performed by T,

call f readx rea;d X rety.rn
T, i i i i
v
TZ T !’7 H
é é é
call g write x return

- - > induced first-read

The second read x is an induced first-read
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Intro RMS DRMS Alg. Impl. Experiments

Dynamic Read Memory Size (DRMS)

Input size & Dynamic Read Memory Size

DRMS, ; := # of first-reads or induced first-reads

Notice that:

RMS, : := # of first-reads
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Intro RMS DRMS Alg. Impl. Experiments

DRMS example

call f readx read x ret;n‘n

Tl [ 1 ,ﬂl 1
T,

/
H

é é
call g write x return

- - » induced first-read

First read x: first-read ”"»

, DRMS; 7, = 2
Second read x: induced first-read '

These kinds of patterns occur frequently in real applications

J
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Intro RMS DRMS Alg. Impl. Experiments

Pattern 1: producer-consumer

always the same

procedure producer () procedure consumer () memory location
1: while (1) do 1: while (1) do across iterations!
2: wait (empty) 2: wait (full)
3: wait (mutex) 3: wait (mutex)
4: x = produceData() 4: consumeData
5: signal (mutex) 5: signal (mutex)
6: signal (full) 6 signal (empty)

When producer has generated n values:

RMSconsumer =1 while DRMSconsumer =n

~ v
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Intro RMS DRMS Alg. Impl. Experiments

Pattern 2: data streaming

procedure streamReader ()

1: for i=1to ndo
2:  fill x with external data from the network
3: consumeData

always the same memory
location across iterations!

At the end of the execution:

RMSstrea.mReader,t =1 while DRMSstrea.mReader,t =n
-~ v
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Intro RMS DRMS Alg. Impl. Experiments

Computing DRMS: a simple-minded approach

r = routine activation t = thread
£ = memory location L+ = set of locations accessed by r
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Intro RMS DRMS Alg. Impl. Experiments
Computing DRMS: a simple-minded approach

r = routine activation t = thread
£ = memory location L+ = set of locations accessed by r
read(/) if £& L+ then DRMS, .4+
Lry < Loy U{l}
write:(/) Lyy < Loy U{l}
writep(0), t' £t Ly« Lo\ {0}
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Intro RMS DRMS Alg. Impl. Experiments
Computing DRMS: a simple-minded approach

r = routine activation t = thread
£ = memory location L, = set of locations accessed by r
read; (/) if £ & L,; then DRMS, (++
Lry < Loy U{l}
writes (/) Lre < Loy U{l}
writep({), t' #t | Lre < Lot \ {¢}

Repeat for all pending rtn activations in the call stack
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Intro RMS DRMS Alg. Impl. Experiments
Computing DRMS: a simple-minded approach

r = routine activation t = thread
£ = memory location L+ = set of locations accessed by r
reads({) if £ & L+ then DRMS, (++
Ly« L U{l}
writet(/) Ly« L U{l}
writep(0), t' £t | Ly < Lot \ {¢}

@ Repeat for all pending rtn activations in the call stack

Repeat for all rtn activations in any stack
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Intro RMS DRMS Alg. Impl. Experiments
Computing DRMS: a simple-minded approach

r = routine activation t = thread
£ = memory location L+ = set of locations accessed by r
read(/) if £& L+ then DRMS, .4+
Lry < Loy U{l}
write:(/) Lyy < Loy U{l}
writep(0), t' £t Ly« Lo\ {0}

@ Repeat for all pending rtn activations in the call stack

@ Repeat for all rtn activations in any stack (on a write)

o< > |5tackt|) o > > L

te Threads tc Threads reStack:
time per access current memory footprint
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Intro RMS DRMS Alg. Impl. Experiments

Computing DRMS efficiently

Our solution based on:

@ a timestamp algorithm
@ a global shadow memory
@ thread-private shadow memory for each thread

@ periodic global renumbering algorithm

time per access: memory footprint:
O (log|S :
(log [SeurrentThread) o Z |accessed locations by t|
te Threads
Details in the paper )
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Intro RMS DRMS Alg. Impl. Experiments

Implementation

Val gl 1nd

aprof -drms is based on the Valgrind framework, a dynamic
instrumentation infrastructure that translates the binary code into
an architecture-neutral intermediate representation (VEX)

Events Instrumentation | Data structures

memory accesses easy shadow memory
threads easy thread state
function calls/returns hard shadow stack

system calls easy shadow memory
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Intro RMS DRMS Alg. Impl. Experiments

A case study on MySQL

Repeating a select query on tables of increasing sizes:

14 145 15 155 16 16.5 17 15 20 25 30 35 40 45 50 55 60
RMS x 10° DRMS x 10°

- v

RMS may be misleading with I/O bound or multithreaded
applications!

g Cost plot (mysql_select) g Cost plot (mysql_select)
8 T T T T T 8

15)' 40 I L N g 40 :

% 30 - 7777777 T % 30 -

~ X -~

N " B o e IR I

‘>_< 10 L ””I '———— I I I 1 ‘; 10 L | | | | | | | |
17 7]

Q o

o [&]
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Intro RMS DRMS Alg. Impl. Experiments

A case study on vips

Processing some images of increasing sizes:

RMS

o Cost plot (wbuffer_write_thread) § Cost plot (wbuffer_write_thread)

’>i 480 % T T /X\ 50 T T wl. 1. ]

B a0l ] B Ao e i
470 : : : heo} 30 _,',,’.,.3,,.0,3.,,,' T -

B 465 fo ] @ ool IF e R B

© 455 [ @ 0 8T

B 450 [ B L 0 .

% 445 ' ' ' 9 4 6 8

Q

8 66 67 68 69 70 o DRMS x 10°

v

DRMS tipically yields richer profiles than RMS
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Intro RMS DRMS Alg. Impl. Experiments

Routine-by-routine thread and external input

MySQL

g 100 | Thread input s
2 80 External input
s
o 60
£
g 40
>
©
5 20
S

0% % routines (sorted by amount of dynamic workload) 67%

vips

§ 100 Thread input m—1
< External input
o
=
Lo
£
©
c
>
©
G
S

0% % routines (sorted by amount of dynamic workload) ~ 70%
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Intro RMS DRMS Alg. Impl. Experiments

Characterization of induced first-reads

SPEC OMP2012 PARSEC 2.1

—
D ®© O
o O o

n
o o

% thread / external inpul
N
o

Thread input m— External input
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Intro RMS DRMS Alg. Impl. Experiments

Advertisement @

aprof-plot: interactive graphical viewer for aprof profiles

[home/ercoppa/Dropbox/aprof-paper/benchmark/SPEC2006 /Cluster/log spec ADDR=4/gobmk/4648_0.aprof - aprof-plot

(m"] 2 Y W[Zl= ¥ [owshapes Q. owl_shapes
P 1 16 256 >a000 f;ﬂ Q /home/ercoppa/Desktop/code/CPU2006_sourcecode/445.gobmk /src/engine/owl.c -
5 )
Xy ¥ ETY 2305 owl_shapes(struct matched_patterns_list_data *pattern_list, =
280 truct owl_move_data moves[MAX_MOVES]
Cost plot _move_ - .
L int color, struct Local_owl_data *owl, struct pattern_db *type)
s0000
000 SGFTree *save_sqf_dumptree = sgf_dumptree;
40000 int save_count_variations = count_variations;
as.000 sgf_dumptree = NULL,

4 =000 . count_variations = 0;

9 25,000 [ ‘
pgies current_owl_data = owl; ¢
12000 clear_owl_move_data(moves) ;

10000 at
2000 /* We must reset the owl safe_move_cache before starting the
T aem m wm Tem mam X019 | * pattern matching. The cache is used by owl_shapes_callback().
read memory size 220 | L .
2821 (owl->safe_move_cache, o, sizeof(owl->safe_move_cache)); -
b
Profile report for ../run_base_ref . . | (-./run_base_ref . - [ Routine profile
[Routine [l J(cost Jf#Rms v J[cost % J(Cost plot J[calis J[cats % JFavorite 7]
i = [rms « [minco.) ava o maxc.. [frea |1/
H 1430 7467 7467  7.467| 1| [
owl_find_lunch... |gobmk_base.a. 5,891,017,273 3813] 483 |; 124317 0.005| 0 . 1500 1“
It 1507] 2|~
i -~ 1627 8,461 1
attack_and_de.. gobmk_basea..|  8420887,404 3760) 6504 [¢ ' 1776800 0071 1662 104122 10,122 10122 T
I 1881 9,690 9,690 9,690 1
- Te88| T1.81] 11981 Tig80 T
check patter.. [gobmk_base.a.. | 9,204800511 3684, 7547 8614702 0346 1505 1144511445 11445 7
b = 1926 0070 0070] 0070 1
B B - 1936104183 10,183 10,183 1
influence_callb..|gobmk_basea..|  2986623,476 2405, 2480 s 04231 0,028 5 BT W BT ]
1085 11,783 11,783 11,783 1
1994 0460 0,460 0,460 1
bk b 2,038,941,207 X X X
goemeess 1999 o481 9481 948t 1)l

Routines: 1648 Contexts: 0 Total cost:1.21966018873E... | Calls: 2493060114

24 /26 Coppa, Demetrescu, Finocchi, Marotta mic Workloads



Intro RMS DRMS Alg. Impl. Experiments

Download aprof at:
http://code.google.com/p/aprof/

Ihomeercoppa/Dropbax/aprof-paper/benchmark/SPEC2006/Cluster

T I /(@ ¥ [owlshaes L owl_shapes
T B e meen | PRy o
Cost plot Mean cumulative cost plot ercoppa@macbook: ~/Desktop/code/aprof
P = File Edit Vie arch Terminal Help
- * /Desktop/code/aprof$ aprof 1s
g - aprof , Input-sensitive Profiler - http://code.googl
© e ; i By Emilio Coppa, Camil Dem escu, Irene Finocchi
oo __} - 4 Using Valgrind-3.8.0.5VN and LibVEX; rerun with -h for
so00 = Command: 1s
160 2000 ‘zmn Wb so00 600 ° 000 2000 2000 4000 500 600¢
tead memory sie ead memory e
” g aproef-bin callgrind-bin log paper2  tags
Profis repert for . un_base et amdemos-gc bk bese.am e gec L L. un base ot aprofplot CDAPSP DE .res 1s.aprof PIN tf-bin
Routine w Cost srms + Joosts Gl Calis% Favar —
| benchmar gcc-instrument paper pintool valgrind
ooy attock_o.. gobmk_basea.. | 3562158136 301 2564 oo :~/Desktop/code/aprofs [
i connactio..[gobmk _base.a..| 10083436056 2703 o

do_find supers..[gobmkbase.a

defend_both  [gobmk basea. | 3079184553 214

Routines: 1648 <
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Intro RMS DRMS Alg. Impl. Experiments
Slowdown & space overhead

Both benchmark suites were set up for running 4 threads:

’ H memcheck I helgrind I aprof I aprof-drms ‘

Slowdown (Geom. Mean)
SPEC OMP 94.1x | 179.4x | 101.5x 140.8x
PARSEC 2.1 || 51.8x | 153.3x | 57.1x 68.2x
Space overhead (Geom. Mean)
SPEC OMP 2.0x 4.5% 2.8x 3.3x
PARSEC 2.1 2.9x 8.4x 4.6x 6.1x

@ All tools suffer Valgrind serialization

@ aprof-drms delivers comparable perfomance wrt other
Valgrind tools
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