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The PAPI Interface

PAPI provides two standardized APIs to access
the underlying performance counter
hardware

A low level interface designed for tool
developers and expert users.

* The high level interface is for application
engineers.
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Overview of Talk

e Qverview of PAPI
— Features, Functionality and Usage
— 2.3.4 Release Status

— Changes coming in 3.0
e Dynamic Instrumentation
e Performance Analysis Tools
e Trends in the field

August 8™, 2003




urpose

*‘

The purpose of the PAPI project is to
design, standardize and implement a
portable and efficient API to access the
hardware performance monitor counters
found on most modern microprocessors.
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Motivation

i

* To increase application performance and
system throughput

e To characterize application and system
workload on the CPU

e To stimulate performance tool development
and research

e To stimulate research on more sophisticated
feedback driven compilation techniques
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Goals

Ao

* Provide a solid foundation for cross platform
performance analysis tools.

* Loosely standardize interface among users,
tool developers, vendors and academics.

* Provide implementations for the more
popular HPC machines.

» Easy to use, well documented and freely
available. (Truly Open Source)

August 8™, 2003
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The Fallacy of Good Scalability

i

* Engineers often report near linear scalability
for large parallel application codes to
hundreds of processors.

— Closer inspection reveals poor per processor
performance for their problem class.
— How does one judge performance?
* Do we have good algorithm? (maybe)

e Do we have a good compiler? (?)
* We need real performance data from the processor!
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Peak Performance

e

e How fast Is fast?

— Single CPU performance in the scientific marketplace
often results from good data locality, predictable branch
behavior, and instruction pipelines filled with
Independent instructions. (Out-of-order scheduling and
execution helps the latter 2)

— Determining the “reuse potential” for a numerically
Intensive problem often dictates peak performance.

— Certain ratios of metrics can help diagnose this problem.
FP stalls vs. Mem stalls, loads vs. stores, misses vs.
references, etc...

August 8™, 2003
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PC Performance Analysis

e

 Portability of an application is of the utmost
concern to most HPC environments.

 No common performance tools except
pr of / gpr of .

e Most commercial tools are based on time.

 HPC have memory and floating point intensive
workloads which require detailed analysis.

e Research tools are the most common “solution”
among the labs.

August 8™, 2003

M



< Overview of Hardware Counters

« Small number of registers dedicated for
performance monitoring functions.

1. AMD Athlon, 4 counters
. Pentium <= 111, 2 counters
;5. Pentium 1V, 18 counters

— Power 3, 8 counters
— Power 4, 8 counters
— UltraSparc 11, 2 counters

+. |A64, 4 counters _ MIPS R14K, 2 counters
s. Alpha 21x64, 2 counters
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= ltanium 2 Block Diagram
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portance of Optimization
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Example: Speed up from Static Compiler
Optimization on Itanium-l in 2002 (Specint) .
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== PAPI Implementation

Portable PAPI High Level

Layer

Machine
Specific
Layer

August 8™, 2003




il
il

Preset Events

*‘

* Proposed standard set of event names
deemed most relevant for application
performance tuning

e No standardization of the actual definition

* Mapped to native events on a given
platform

August 8™, 2003
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Preset Events 2

e

* PAPI supports approximately 100 preset
events.

— Preset events are mappings from symbolic
names to machine specific definitions for a
particular hardware event.

 Example: PAPI_TOT CYC

— PAPI also supports presets that may be derived
from the underlying hardware metrics

 Example: PAPI L1 DCM

August 8™, 2003
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Sample Preset Listing

Test case 8: Avail able events and hardware i nformation.

Vendor string and code

Model string
CPU revi sion

and code

CPU Megahert z

Derived Description (Note)

Nane

PAPI L1 DCM
PAPI L1 | CM
PAPI L2 DCM
PAPI L2 | CM
PAPI L3 DCM
PAPI L3 | CM
PAPI L1 TCM
PAPI L2 TCM
PAPI L3 TCM
PAPI _CA SNP
PAPI CA SHR
PAPI CA CLN
PAPI CA | NV

August 8™, 2003

Code

0x80000000
0x80000001
0x80000002
0x80000003
0x80000004
0x80000005
0x80000006
0x80000007
0x80000008
0x80000009
0x8000000a
0x8000000b
0x8000000c

Genui nel nt el

(-1)

Cel eron (Mendoci no) (6)
10. 000000
366. 504944

E6666635656565666

Level
Level
Level
Level
Level
Level
Level
Level
Level
Requests for
Requests for
Requests for
Requests for

WNNPFPWWNNRE, PR

data cache m sses

i nstructi on cache m sses
data cache m sses

I nstruction cache m sses
data cache m sses

i nstructi on cache m sses
cache m sses

cache m sses

cache m sses

a shoop
shared cache |ine
cl ean cache |line
cache |ine inv.
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Native Events

*‘

* PAPI supports native events:

— An event countable by the CPU can be counted
even If there Is no matching preset PAPI event.

— The developer uses the same API as when setting
up a preset event, but a CPU-specific bit pattern
Is used instead of the PAPI event definition.

|
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High-level Interface

W

* Meant for application programmers wanting
coarse-grained measurements

» As easy to use as the calls present in IRIX.
e Requires no setup code
e Restrictions:

— Only PAPI preset events may be used

— Not thread safe (in PAPI 2.3.4)

August 8™, 2003
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Igh-level API Calls

« PAPI num counters()

« PAPI start _counters(int *cntrs, int alen)

e PAPI stop counters(long long *vals, int alen)

« PAPI accum counters(long |long *vals, int alen)

« PAPI read counters(long long *vals, int alen)

« PAPI flops(float *rtine, float *ptine,

August 8™, 2003
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| ow-level Interface

—

* Increased efficiency and functionality over the
high level PAPI interface

» Approximately 60 functions
(http://icl.cs.utk.edu/projects/papi/files/html_man/papi.ntml#4)

 Thread-safe for all 1:1 thread libraries.
(Native, OpenMP, Pthreads, etc...)

e Supports both presets and native events

August 8™, 2003
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Low-level Functionality

« API Calls for:

— Counter multiplexing

— Callbacks on user defined overflow value
- SVR4 compatible profiling

— Processor information

— Address space information

— Static and dynamic memory information

— Accurate and low latency timing functions
— Hardware event inquiry functions

— Eventset management functions

— Simple locking operations

August 8™, 2003




PAPI and Multiplexing

i

« Multiplexing allows simultaneous use of more
counters than are supported by the hardware.

— This Is accomplished through timesharing the
counter hardware and extrapolating the results.

« Users can enable multiplexing with one API
call and then use PAPI normally.

August 8™, 2003
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Interrupts on Counter Overflow

* PAPI provides the ability to call user-
defined handlers when a specified event
exceeds a specified threshold.

* For systems that do not support counter
overflow at the hardware level, PAPI

emulates this in software at the user level.

— Code must run a reasonable length of time.

August 8™, 2003
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ardware Profiling

i

* On overflow of hardware counter, dispatch
a signal/interrupt.

e Get the address at which the code was
Interrupted.

 Store counts of interrupts for each address.

* Vendor/GNU prof and gprof (-pg and —p
compiler options) use interval timers.

August 8™, 2003
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Results of Statistical Profiling

Event
Count

Program Text Addresses

 The result: A probabilistic distribution of where
the code spent its time and why.

August 8™, 2003




For More Information

 http://icl.cs.utk.edu/projects/papi/
— Software and documentation
— Reference materials
— Papers and presentations
— Third-party tools
— Mailing lists

August 8™, 2003
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PAPI 2.3.4 Release

 Supported Platforms

IBM 604, 604e, Power 3, 4
Intel x86, Pentium IV

Intel Itanium I, 11

Sun UltraSparc I/11/111

SGI R10K/R12K/R14K

Compaq Alpha 21164/21264
with DADD/DCPI

Cray T3E
AMD Opteron
Windows/x86 (not PIV)

Enhancements

— Static/dynamic
memory Info

— Multiplexing
Improvements

— Lots of bug fixes

August 8™, 2003




= PAPI 3.0

—

» Using lessons learned from years earlier
— Substrate code: 90% used only 10% of the time

o Complete internal redesign for:
— Efficiency
— Robustness
— Feature Set
— Elegance
— Portability

August 8™, 2003




= Some PAPI 3.0 Features

« Multiway multiplexing

— Use all available counter registers instead of one
per time slice.

 Superb performance

— Example: On Pentium 4, a PAPI_read() costs 230
cycles. (Register read costs 100 cycles)

 Full native and programmable event support
— Thresholding
— Instruction matching
— Per event counting domains

August 8™, 2003
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PAPI 3.0 Features 2

W

 Third-party interface
— Allows PAPI to control counters in other

processes
« Internal timer/signal/thread abstractions

— Support signal forwarding

 Additional internal layered API to support
robust extensions

August 8™, 2003
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PAPI 3.0 Features 3

W

 Advanced profiling interface
— Support profiling on multiple counters
— Support hardware or operating system assisted
profiling
- New sampling interface

— P4, 1A64 provide Event Address Registers of
BTB misses, Cache misses, TLB misses, etc...

« Revised memory usage API
— Process footprint

August 8™, 2003
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= PAPI 3.0 Features 4

—

o System-wide and process wide counting
Implementation

e Expanded high level API
— Thread safe

* New language bindings:
— Java
— Lisp
— Matlab

August 8™, 2003




=S PAPI 3.0 Release

—

e Initial release expected around SC 2003
(limited scope)

« Additional platforms will be added as they
come available:

— Cray X-1 (partially complete)
— Nec SX-6
— Blue Gene (BG/L)

August 8™, 2003




DyninstAP
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IBM's DPCL vs. Dynlnst

e Parallel framework
based on early
Dynlnst

o Async/Sync
operation

* Functions for getting
data back to tool

* Integrated with POE

Available on all
HPC platforms (and

Windows)
Breakpoints

Arbitrary Ins. points

Full Loop, CFG and
Basic Block
decoding

August 8™, 2003

-



i

A Brief History of Dynamic Instrumentation

 Popularized by James Larus with EEL: An
Executable Editor Library at U. Wisc.
— http://www.cs.wisc.edu/~larus/eel.html

« Technology matured by Dr. Bart Miller and (now
Dr.) Jeff Hollingsworth at U. Wisc.

— Dynlnst Project at U. Maryland
« http://www.dyninst.org/

— IBM’s DPCL.: A Distributed Dynlnst
« http://oss.software.ibm.com/dpcl/

August 8™, 2003
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Why Runtime Code Patching?

W

« Performance measurement
— Recording application behavior
« Correctness debugging
— Fast conditional breakpoints
— Data breakpoints
« Execution driven simulation
— Architecture studies
e Testing
— Code coverage testing
— Forcing hard to execute paths to be taken

August 8™, 2003
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Advantages of Runtime Code Patching

*‘

* No forethought needed
— No user inserted probes
— No special compiling or linking
— Start anytime during execution
e Only insert code when needed
— No wasted checks for “disabled” code
— Can add new code during execution

August 8™, 2003
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> Structure of the Dyninst Library

Mutator Mutatee

Mutator App

Application
API

Machine
Dependent
Code

Ptrace or procfs Run-time Library

August 8™, 2003
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API Library

e Provides:
— Functions for control of mutatee
— Runtime code generation
— Information about mutatee

e A set of C++ classes

August 8™, 2003
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Representing Code Snippets

e

» Platform Independent Representation
— Same code can be inserted Into apps on any system

o Simple Abstract Syntax Tree
— Can refer to application state (variables & params)
— Includes simple looping construct
— Permits calls to application subroutines

e Type Checking
— Ensures that snippets are type compatible
— Based on structural equivalence
« allows flexibility when adding new code

August 8™, 2003
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Type Support in Dyninst

» Access to local (stack) variables
e Complex types

— non-integer scalars

— structures

— arrays

— Fortran common blocks
 Correctness debugging

— print contents of data structures

August 8™, 2003




=S Fine-Grained Instrumentaton

* New classes added to dyninstAPI

— BPatc
— BPatc
— BPatc

n_basicBlock
n_sourceBlock

n_flowGraph

o Arbitrary Instrumentation points
— Conservative base trampoline
« Base trampoline deletion

August 8™, 2003
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Arbitrary Instrumentation Points

» Code Coverage needs basic block level
Instrumentation

— dyninstAPI used to support function level
Instrumentation for sparc-solaris

— added arbitrary instrumentation points for SPARC

e More state must be maintained in base trampolines

— save/restore condition codes before/after arbitrary
Instrumentation points

— Sparc arch supports user mode condition-code
write/read for version v8plus and later

August 8™, 2003
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Memory Instrumentation

* Dynamic memory access instrumentation

— col
— Wit
e PossI

ect low level memory accesses
N the flexibility of dynamic instrumentation

nle applications

— offline performance analysis (Sigma etc.)
— online optimization
— tools to catch memory errors

August 8™, 2003
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< Memory Instrumentation Features

Finding memory access instructions
— loads, stores, prefetches

Builds on Arbitrary Instrumentation

Decoded instruction information
— type of instruction
— constants and registers involved in computing
* the effective address
 the number of bytes moved
— available in the mutator before execution

Memory access snippets

— effective address in process space

— byte count

— available in mutatee at execution time

August 8™, 2003




Saving Binary Modifications

e

* Re-running with same modified code
requires

— Parse debug symbols
— Two processes
— DyninstAPI shared library
— Time to re-insert instrumentation
* Not a checkpointing mechanism
— Mutated binary begins at the top of main()
— Data initialized as In original binary

August 8™, 2003
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Dyninst Status

*‘

e Supported platforms
— SPARC (Solaris)
— x86 (Solaris, Linux, NT)
— Alpha (Tru64 UNIX)
— MIPS (IRIX)
— Power/PowerPC (AlX)

e Software available on the web
—http://ww. dyni nst. org

— Includes TCL command tool
— Qver 250 sites have downloaded

August 8™, 2003
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Paradyn from U. Wisconsin

August 8™, 2003
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TAU from U. Oregon

W

 From Allen Malony's Group
 Source or binary based instrumentation
o Supports all forms of parallelism

e Integration with VVampir for trace
visualization of MPI, OpenMP and both

e http://wwv. cs. uoregon. edu/ research/ paraconp/tau

August 8™, 2003
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== TAU System Architecture

===
Instrumented
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5 AU/ParaProf Screenshot
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Vampir (NAS Parallel Benchmark — LU)

File Global Displays Process Displays Preferences Extras

lu.p¥: done

lupy: Global Timeline (1:00.613 - 1:01.161 =0.547 5) -
1:uu.7 1:00.8 1:009 1:u1.u 1:u1.1 lupy: Call Tree Process 0

>init_comm {1 : 16,966 ms)
hcast_inputs >MPI_Address{) (18 : 0,954 ms)
—~ e
Process 1 I'PI“#I"" " l* Fhs |Im h S I_)MF"(Ij_E(;(;E'Stf(;E); (()9 :)1.027 ms)
—>proc_gri g .0 ps

| :hs | "" " exchange_3 )MPI:Tgpe_struct() (9 : 0,656 ms)
' .I_rhsld >MPI_Comm_rank{) (1 : 0,138 ms)

. jac

i ! [ >heighbors (1 : 64.0 ps)

>MPI_Comm_size{) {1 : 89,0 us)
—>subdomaineighbors (1 : 74,0 us)

Ej:::langej —>read_input {1 : 0,14 s)

mhuts >MPI_Comm_size{) (1 : 0.105 ms)

‘ bits >nodedim (1 : 81.0 ps)
J >beast_inputs {1 : 1.868 ms)

—>setiv (1 : 5.915 s)

L>exact (47616 : 2.688 s)

—>erhs (1 : 1.645 s)

L>exchange_3 (2 : 1.586 s)
>MPI_Send() (2 : 1.58 s)
PMPI_Irecv() (2 : 0.189 ms)
PMPI_Wait() (2 : 2,348 ms)

—>bcast_inputs (2 : 1:49,127)

. >rhs (301 : 17,735 s)

:ssage Statistics (Sum. Length, 0.0 5 => Efng?gggﬁdg ?0%6321 :6252ﬁ2~, s)

' —>setcoeff (1 : 75.0 ps)
Process 2 I | —>sethyper (1 : 83.0 ps)
: ' ! —>setbv  neighborsethyper (1 : 0,206 s)
““ “‘ ! ' | L>exact (1700 : 94,538 ms)

Process 3 I '

Receiver SMPI_Irecv() (602 : 41,97 ms)
PHMPI_MWait{) (802 : 0,672 s5)
>12norm WHw {3 : 5,575 ms)
L>MPI_Allreduce() (3 : 0,585 ms)

d

hl | ‘” |l ‘ll ‘l 1 : Close| | Search| »| Print| Fold/Unfold| ¥| &| I ASCII W incluj

il Communications display
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Vampir: PAPI Counter Traces

— VAMPIR — Global Counter Timeline .|
sweep3d2x2x4.bvt (33.975 s — 34.211 s = 0.236 s)
34.(:)5 5 34.:1 5 34.1:5 s 34-:2 $ 384.0 M
| | ! E 956.0 M
| | 5 { \ 5 128.0 M
Process0 _l i i : : 0.0
309.797 M : : . PAPI_TOT_INS (counts) 984.0 M
! ! E E 256.0 M
E E E }l E 128.0 M
Process 1 A 1 | | : I | 0.0
233.948 M ! ! | PAPI_TOT_INS (colnts) 284.0 M
| | 5 5 256.0 M
‘ l 1 ! ! | o ,
— VAMPIR — Timeline Process 0 - ||}
Process 2 r | sweep3d2x2xd.bvt
115.144 M
50.26 s 59.26 s 59.261 s 59.261 s
:MP| R : 0 ’ "
1 Application E E E E
+ Process3 _| I - 5 SWEEP ... ... i U 5 '
55.449 M § . PK33SWEEP . - 1 R St T B

128.0 M ky i |
00 | : !

— —
2512 M ' ' ' PAPI_FP_INS [counts)
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TAU OpenMP+MPI Vampir Visualization
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SvPablo froLn UIUC

= = |

Project Instrument  View

Help

HW Statistics by Line
Project Description: | Swim - SPEC CFPos MFLOPS:

— 93.2926 —— LOCP

HW Statistics by Line

_ ®Source based
Soure Al PAPI_FP_INS - FP Instructions: orc_ Dismiss Help - -
= £32049019.0000 —— LOOP Oriin DD ' ' I n St r u m e n tat I O n Of

3G Power Challenge

e loops and function

Routines in Hy Statistics by Line Routines in Performanre Data ) I I
calcl PAPI_L1_LDM - D1 Load hisses: calc3 ~| Ca S
calc?
abs 473775960000 —— LOGCP calci Cumulative time:
: . for calcz
mpi_reduce mp!_\:,valtall e .
calcdz ) — | mpi_isend .
Supports serial and
Source File: | fhench1/DeRose/Projs/Sro/SW [ b swim f Dismiss Help
~ > cALL mpi_isend(Z(1,js),nl,MPI_DOUELE PRECISION, 3 =
1 taskid-1,2,MPI_COMM WORLD,req(6),isrr) I\/I I O S
endif J
if({taskid.gt.0)then
LV ] cALL mpil_irecw(H(1l,js-1}),nl,MPI_DOUELE_FRECISION,
1 taskid-1,3,MPI_COMM WORLD, req(3),ierr)
~ Y cALL mpl irecow(CU(1l,js-1),nl,MPI_DOUELE _FRECIZION, — -
1 taskid-1,4,MPI_COMM WORLD, req(d),ierr) . _reel aval Iable
endif y
if({taskid. 1t .numtasks-1)then
A ) cALL mpi_isend(H(1,je),nl,MPI_DOUEp=w===ccococ i
1 taskid+1,3,MPI_COMM_WORLD, req(7?) —'|
~ ) calL mpl isend(CU(l,je),nl,MPI_DOU
1 taskid+l,4,MPI_COMM WORLD, req(8) Loop Statistics . ?
endif Duration: O u g parse r
[ PV ) cATL MPI_WAITATLL(S,req, istat, lerr)
T e e B.58282
c
(o] FERICDIC CONTINUATION
Dismiss Help
CS0MP PARATLELDO

C$0MP&SHARED (TDTSDH, TDTS8, TDTSDY, M, N, UNEW, VNEW, PNEW, UOLD, VO
C$0MP&SHARED(CU, CV,Z,H,js,Je)
CS0MPE&PRIVATE (I,J)

UOLD(I+1,T)+

Instrument/Clear Line Yiew Line Data
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7  Vprof from Sandia National Laboratory

FAPI_TOT_C%C | PROF | Line
40 fhomescljanssisrodinu=sy profitestldibfaccess co:f

33 42 fhomescljanssisrodlinu<sy profitestldibfaccess b7
15 10 ‘homedfcljanssisrodinu=Syprofitestlig.ce:a
13 i
12 I
10 File /home/cljanss/src/linwc/vprof/testl/lib/access. co|h
2
4 3 #include "access h"
3 4
q 5 double
B access (double *data, int 1)
T a g
g 34 40 return data[i]:
a a 9
10 i
=
Dismiss |

.Based on statistical
sampling of the
hardware counters

-Must instrument the
source

.Ported to other
architectures for
generalized use

.Parallel codes with
some modification

.Not actively
supported

http://aros.ca.sandia.gov/~cljanss/perf/vprof
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5 HPCToolkit from Rice University

e Tools for:
— Collecting raw statistical profiles

— Conversion of profiles into platform independent
XML

— Synthesizing browsable representations that
correlate metrics with source code

« http://www.hipersoft.rice.edu/hpctoolkit

August 8™, 2003




HPCToolkit Tools

Ao

 Collection: papirun/hvprof, equivalent to
SGI's “ssrun™

* Loop/CFG recovery from binary: bloop

« Data formatting: papiprof

 Data display and exploration: hpcview
 Call stack profiles: csprof

e Data Is aggregated into an XML database

 HPCView Is a Java applet that generates
dynamic HTML
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(& HPCView Screenshot

SOURCE FILE: /home/rif/HARD CODES/sveepid alphas/sgivl/sweep.tr

516 L

S17 ¢ compute flux Pn momencs [I-lins)

518 4 original

519 do 1= 1, it

520 Tlus(i,1,3.k) = flwe{i, 1,3,k + wim) *phi (i)

521 end do

522 do 0= 2, mm
e T L

524 fluxii,n, . kb = £luxii,n, i,k

525 & + poin,m,iq) v (m) *phi (1)

526 end do

s27 end do source pane

528

529 ¢ compute D3R face currents (I-line)

530 if (do_d=a) then —

531 do i = 1, it

532 face (1+13,3,K,1) = face(i+13,),k,1)

£a3 I + wmu [m] *phii (i)

534 enddo o

| sorced | =sort | - 8DrC | 20Kt | - 8orT 1
Location | Cycles 5 | Ll misms % | L2 mims % | TLB miss % | FP inses % |
Program | 1.63e+10 100 | 5.53e+08 100 | 1.36e+07 100 | 7.43e+06 100 | 1.7le+08 100 |

incestor ®LP ziS-645:sweep.f | 1.332+10 &2 | S.01esd Pur*gn'l‘ SCDPE +06 94 | 1.252+09 73 |
CuEFERt | LP 358-547:sweep.f 1 1.31e410 B1 | 4.93e+08 & Cur‘lr‘lgn'l' SCDPE 1| 1.24e408 72 |

Descendants ®LP 523-5id:sweep.f | 2.66e409 16 | 1.11e408 20| Z.326405 17 | 5.49e408 1 | 2.16e408 13 | ﬂ

#LP 402-415:sueep.f | 1.40e+09 8 | §.26e+07 15 | 1.91e+0f 14 | 1.3A=+15 2 | 1.19e+08 7T |
nodh, Oxedh,  cveep.f: 448 | 1.48e408 8 | 4.64e+07 B | 2.88ed : 46408 14 |
aweep.T: 540 | 1.17e408 7 | 4.0ze+07 7 | 9.3684 Chlld SCOPES BSe407 5 |
‘quffenf sueep.f: 536 | 1.06e409 7 | 3.86e+07 7 | 8.97ed g1e407 4 |
sueep.f1 532 | 1.02e409 6 | 3.83e+07 T | 8.0%=+05 6 | 9.15e+05 12 | 4.56=+07 3 |
unflq‘H‘Bn sueep.f: 520 | 9.22e408 6 | 3.74e+407 7 | 9.01e405 7 | 1.36e+06 16 | 5.85e407 3 |
sueep.f: 446 | 5.49e408 3 | 4.06e+06 1 | 2.09e+05 2 | 1.31e+05 2 | 2.51e+07 1 |

sweep.£1 453 | 3.38e+08 2 | 4.93e+068 1] 2.17=+08 2 | | 9.08e+07 51

awesn.t: 401 1 3.22e408 2 | 1.31e+07 2 | 1.07e406 8 | o =l

1.33e+06 18 | Z.42e+05
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PerfSuite from NCSA

*‘

 Libraries and tools for machine information
memory information, aggregate counts,
derived metrics and statistical profiles

o Targeted for x86 and 1A64 systems
e http://perfsuite.ncsa.uiuc.edu
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PerfSuite Tools

e

 psinv: Gather information on a processor and
the PAPI events It supports

 psrun: Collection of aggregate/derived counts
or statistical profiles of unmodified binaries

e psprocess: Formatting and output of psrun
data into text or HTML

M
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== sprocess Example Output

Bgichenn ] Mt RO e 0 e e o g bl AL il

PerfSuite Hardware Performance Report

Deriwed Mlelrics
Gradustes FeTLchiors per oz 1.765
Grachnted lasting poirt instnuchions per cyde 0145
Flaating-point percantage of Al gradusried insinuchions 8.21%
Graduated loads & sores per oycke 0.219
Graduahed bnads & stores per Tloating point irsTuckon 1.514
Diata referamoss per insinackon L]
Faatio of Noatirg poirt irstnoctions o L1 doeache sooesss 2848
L1 irsinaction cache miss rabic L AE]
L1 cinkz cache read miss rabio iy
L3 dlaba cache miss rato 057
L3 cache daba resd rabo DAz
LZ cadhe ireirucbon miss ratdo 0. 2065
Rt of misgrediched o correctly prediched brarehes Duoa 3
L1 cachea data hik rate: 0,77
L2 cache daka hit rate D67
L3 cache daka hit rae 0,714
LL cache lire rese (data) J.462
LZ cache hre reuss (dalka) Darr
LZ et Biree reess (cdsls) 29455
Barchwicth esd 1o L L cadhe [MB/s) 1262361
Eanchwickh used io LE cache (ME/s] 1226.512
B i Lsed o LS cadbe [MEFE] 5087
Pancantsge of cycles with no instinucHon Eaue Ld41%
Pearoerizge of cyhes waaitineg for menmony aooess 43.19%
FIPS POPU cpides) 41219
PR (et 150
PFLOIPS (CPL oycles ) 115905
Fa ML (effactive ] 114,441
Processcr Uitiization 5. 7%
o IPART Fusnt | Cramber Walne ,
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Psrun Statistical Profile Example Output

e

Function Summary

Samples Self % Total % Function

1839543 35.01% 35.01% inl3130

541829 10.31% 45.32% ns5_core
389741 7.42% 52.74% inl0100

355349 6.76% 59.51% spread _q_bsplines
213172 4.06% 63.56% gather f bsplines
200546 3.82% 67.38% do _longrange
182691 3.48% 70.86% make_ bsplines
149924 2.85% 73.71% ewald LRcorrection
112883 2.15% 75.86% inl3100

105317 2.00% 77.86% solve pme
92257 1.76% 79.62% flincs

August 8™, 2003
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PerfSuite Libraries

August

o libperfsuite: Provides simple wrappers for
machine information, process memory usage
and high-precision timing

 libpshwpc: Provides simple wrappers that are
used to collect hardware performance data

WM
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= Libpshwpc Example

program mxm
include fperfsuite.h’

¢ Initialize libpshwpc
call PSF_hwpc_init(ierr)
¢ Start performance counting using libpshwpc
call PSF_hwpc_start(ierr)
¢ Stop hardware performance counting and write the
c results to a file named "perf. XXXXX" (XXXXX will be
c replaced by the process ID of the program)
call PSF_hwpc_stop('perf', ierr)

¢ Shutdown use of libpshwpc and the underlying libraries

call PSF_hwpc_shutdown(ierr)

eEnvironment variables
and XML input file
dictate what gets
measured
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HPMToolkit from IBM ACTC

i

 Command line utility to gather aggregate
counts.

— PAPI version has been tested on |1A32 & |A64

— User can manually instrument code for more
specific information

— Reports derived metrics like SGI’s perfex
e Libhpm for manual instrumentation
 Hpmviz is a GUI to view resulting data

http://www.ncsa.uiuc.edu/UserInfo/Resources/Software/Tools/HPMToolkit

August 8™, 2003
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(& hpmviz Screenshot

ILH MM@ MMFI!IIW‘ call T_hpmatarc( 29, "MPI CaloZ -lhd-" ]

ifitaskia, a.0) then
[ oMLL mmi irecy(NNEW(1.1).nl,MPI DOUELE PRECIZION.
—Loop 200 BRETT g3837 1200 1 rustagke=1,1, HPT_O0MB_WORLD, regil ), lare)
=Loop 100 7.5 57538 1200 endif
Leco 300 srEImo srEm o 1R CALT, Mo e (GHEWIT Jroot ) L P T_DOUBLE_PRECTS T0H
@ i _irecy meld.n .
[~Caica e Elzer s { 0,2, HPI_COMM_WORLD,req(2) . ierr} ’
=ioop 110 LIES 1155 1z00 cALL mpd_lrecy (PNEWID, nel ), nl  HPI_DOUBLE_FRECIS ION,
=hAP| in Caled 1004 10004 1188 1 0, 3, HPI_COMM_WORLD, req(J]  ferr)
ez - FRaEs 1= ?ﬁ::lhiﬂ- 3. nuRtaske=-1pehen
—hP| sl end OL7E2 ez 1200 oMLL mmi isend(VWEW(1.ns1).nd .MPI DOUBLE FRECISION.
gl Calczend DEEE 0633 1200 | U 0,0 MET_COMM_WORLE, reat{d) , S4rr)
= rital 0205 005 1 andif
—Caic) D144 sa457  1z00 if{taskid.eq.Qithen = =
e e em v | i e sons msctsi,
—hP| CaicT stant onET [akeichy 1z00 SALL =i _leend (PHEW(1, 1), 61, MPE_DOUBLE_PRECISEON,
=hF| Coiz1 sian  O.0GS st} 1200 1 numtasks-1, 3, HPFI_COHM_WORLD, reqib ), lerr)

andif
if(raskid, «3.0.or. tagkid, &3, nuptaske=1) then
oALL H'DI_TF.iITlI.!.[l':,r-l-q, fstat, iarr)

i —|
= MPI Calc2 end Metrics | | [ endif

o . N 0 |= Do Zi5 I=i,n
Ewe Duplay baehis o UMEW({ I+l H+1) = UREW(I+1, 1)
L VHEW{ I, 1) = VHEW(I.N+i)
-‘_H——q L PMEW({I,N+1} = PMEM(I, 1]
ML I £ o ZL5 CORTINUE
Counk 1200 o UNEW(1;H+1} = UNEM[M+1,1)
EvrSac 0588 = VHEW(M#1,1} = VHEW[!.H+1}
IncSes - & PHEWIMel, Nel) = PHEW(I,i}
sl o if(taskid.eq.nuatasks-1}then
[LOTILE eSS | el cALL mgi_lrecy(UNEW(1, Nel), 1, NPI_DOUBLE_PRECISTION,
LS 45.39 i 0,2, HPI_COMM_WORLD, req(1), ferr)
Inee & 1762 eMLL mpd_irecy| PHEW(M+L, N+1), 1, MPI_DOUBLE_FRECISION,
ape | i 0,3, HPI_COMMH_WORLD, reqiZ) , ferr)
Mee | e ndit ul
JEESNPEERU UuC iffraakid, eq.0)then
|HW FRiCycie | [} cALL mpl_irvecy(VHEW(M+1,1),1,MPI_[DOUBLE_PRECISION,
FPI+FIA FiTarey Inustagks=1,1 , MPI_COMM WORLD, regid), lave)
—I.H a0z endif
s ar n 1]
L u iflraakid, eq.0)then [ 1]
Comp. int 1] cALL mpi_isend{UNEW(M+L,1),1, MPI_DOUBLE_PRECISION, 11
! nustagka-1, 2, MPT_O0MB WORLD, reg{d), iere)
CALL mgrl_leend{PNEWIL, 10,1, HPI_DOUBLE_PRECIE 0N, II
I numtasks-1,3, MPI OOMM WORLD, regi{S), ierr) (]

£
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= Libhpm Example

#include "libhpm.h"

hpmIinit( tasked, "my program" );
hpmStart( 1, "outer call™);

do_work();

hpmStart( 2, "computing meaning of life" );
do_more_work();

hpmStop( 2 );

hpmStop( 1);

hpmTerminate( tasklID );
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ToolGear Overview

Ao

Dynamic instrumentation and analysis suite from
LLNL

Based on DPCL from IBM
— Tested only on AIX

o Qt Front end can theoretically accept data from
any source

o GUI displays instrumentable points

 Instrumented points update display with data in
real time

 http://www.lInl.gov/CASC/tool gear

August 8™, 2003
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ToolGear Architecture

Target
Fregram
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ToolGear Screenshot: Instrumentation

06 1: testcpmod_mpi on snow (Live) =]
My -
|| Run k? " Frogram has terminated |

e Tource Lluml  (FPIns Tt I Toral flop FLOP/zec —

: for{ 4 = 0; 4 ¢ 10; 49+ ) {

: o Tiled 4/ [
40: Cdndt_array () |
4l: !
42: prinkf (“Doing ¥4 fleps of tiled kestin”, FLOPS); :

: B do_tiled_cache_test@ (FLOPI): 01517 L MESEee07 0L 04E58ee07 2 09TI6ee0T 1. 48420e0n

_ 1
45: s Upkiled &f {

: :__fil'ni'l:-_l.rrl:r:__f{]_: :
47 !
48- {lprinkf (“Doing ¥4 flops of unkiled kestin”, FLOFS) f
49: B do_unbiled_cecke _testill cFLOPZ); 09FMES L. 04ESEBe+0T | 04E58e+07 2 09T16e+07 143055008
50: k
5t: 7 Indexed */

T2 ’_.f:lnit._l.rrlf_fl:] H
T4 f.fprirM:__f{'ﬂoim ¥ flopr of irdirect address tesktin”, FLOFPS |

: B do_irdivect_sddress_test @ crLORE) 0512543 1.04BEle+0T 1. 04861e«07  Z09TZDe+0T 3. ZEPdles0T
6. {prinkf (("Done with serier ¥iwn®, 1) ":'

B :__ﬁ:lj:-rtnt-if__[:td"r_. “Done wakh series ¥in“, 40 2.
3 b o e T —— e —er—— e e = A e ———— e e e = T T S— = T ————— T ——————m -} PR

& darta prs: Max 0.93747 (Rank 0/Thread 1) Min 0.937464 (7/1) Mean 0,.937468 StdDev 1.90709e-06 Sum 740074 [mean (L9
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=5 ToolGear Screenshot 2: Tree View

- P

6006 1: umt98 on frost (Live) €3
JJ Run | k? |JJ Ready to run; press Run to start
Mhinets1 Source [ Time (zec) LL util 'FPIns Fhis 'Tatal flo '.’i
¥Funt3S on frost (Live) il
FUEZD. £ Al
[ 22— 487: | B-mbza l
Fabortsn. £ i |
Faszsert F20 i
Frassert_mesh. F0 ] |
Froalofizes. £ H |
Feconstant_mod . F20
¥adcBlocks . £
[ 15-1947: Fdoblocks |
[195-2117: ¥randd
195: E |
196 integer+4 function randd (range) Bl
197 o E
193 o U=zing a random nomber gensrator which generates wriform random
199: ¢ integers in the range 0 <= r <= 1, generate a random number |
200; ¢ in the range 0 <= r <= range, where range iz a fowr byte integer. E
201: o
203 implicit integer#*4 (a-z=)
203 integer+d range B
204: real*s 1lnl_rand E
205: E
206: i rand4 = floor(! 11nl_rand| {1 * (range+l)) £
207 |
208 ¢ Handle the rare case where the floating point random # is exactly 1 | B
209: if( rand4 .eg. (range + 1)) rand4 = range 7
— — e e — e ——— T

doBlocks.f rand4 | L206 -
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<> ToolGear Screenshot 3: MPI Profiling

=i=SEE
lﬂ 26 1: pi3 on snow (Live) =
H Program has terminated
-
Linefs) Source 'L‘nunt ‘Maxc time Min time mﬂ.nn!ﬁ MPX
¥piZ on soow [Live) & 57 0.518 2.5941 .41 100
Fpdd f IE & 57 0,518 2541 141 L 0G0
[ 1= 71 ¥oain 16 & 57 0. 518 2.541 .41 (iL]
G call HPFI_BCAST(n, 1 bFI_INTEGER 0 fFI_Q0E_WORLD ierr) @ 2.9 0,25 [ 563 24 .
55 call HPI_PEDIDCE(sypd .pi 1 MPI_DOUVELE_FEECISION PX_SUEL. 0, & 4. 30 0.8 I.%3 17.7% TE. M
1: © pd3. £
Z: & 2lightly modified from the HFICH §id exanple code h.
3- ‘l-i-I-i-I-i-I-i-l-i-I-i-l-i-l-i-l-i-l-i-l-i-l-i-l-i-l-i-l-i-l-i-l-i-l-i-l-i-l-i-i-i-l-i-l-i-l-i-l-i-l-i-ii-l-i-ii-ii-ii-ii-ii-ii-ii-
4 & pd.f - compube pi by dnteqrabicg £0(x) = 4,01 + x¥eT)
b1 &
pi3.f | main ru
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DynaProf

*‘

A portable tool to dynamically instrument serial
and parallel programs for the purpose of
performance analysis.

« Simple and intuitive command line interface like
GDB.

 Java/Swing GUI.

« Instrumentation is done through the run-time
Insertion of function calls to specially developed
performance probes.

’j
%h.
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= Why the “Dyna” in DynaProf?

e Instrumentation:
— Functions are contained in shared libraries.
— Calls to those functions are generated at run-time.

— Those calls are dynamically inserted into the program’s
address space.

 Built on DynlInst and DPCL

« Can choose the mode of instrumentation,
currently:
— Function Entry/EXxit
— Call site Entry/Exit
— One-shot

August 8™, 2003
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DynaProf Goals

—

* Make collection of run-time performance data
easy by:
— Avoiding instrumentation and recompilation
— Avoiding perturbation of compiler optimizations
— Providing complete language independence

— Allowing multiple insert/remove Instrumentation
cycles

No source code required!

August 8™, 2003




DynaProf Goals 2

— Using the same tool with different probes
— Providing useful and meaningful probe data
— Providing different kinds of probes

— Allowing custom probe development Make
collection of run-time performance data easy by:

No source code required!

August 8™, 2003
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Dynaprof Probes

perfometerprobe
— Visualize hardware event rates in “real-time”
papiprobe

- Measure any combination of PAPI presets and native
events

wallclockprobe

— Highly accurate elapsed wallclock time in
microseconds.

The latter 2 probes report:
- Inclusive
- Exclusive
- 1 Level Call Tree

August 8™, 2003
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DynaProf Probe Design

* Probes export a few functions with loosely
standardized interfaces.

 Easy to roll your own.
— If you can code a timer, you can write a probe.
* DynaProf detects thread model.

 Probes dictate how the data Is recorded and
visualized.

August 8™, 2003
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Threads and Dynaprof Probes

 For threaded code, use the same probe!

* Dynaprof detects threads and loads a special
version of the probe library.

» Each probe specifies what to do when a new
thread Is discovered.

« Each thread gets the same instrumentation.

August 8™, 2003
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PAPI Probe

*‘

e Can count any PAPI preset or Native event
accessible through PAPI

e Can count multiple events

e Supports PAPI multiplexing

e Supports multithreading
— AlX: SMP, OpenMP, Pthreads
— Linux: SMP, OpenMP, Pthreads

August 8™, 2003
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(3 Wallclock Probe

e Counts microseconds using RTC
e Supports multithreading

— AlIX: SMP, OpenMP, Pthreads

— Linux: SMP, OpenMP, Pthreads

August 8™, 2003




== Reporting Probe Data

—

* The wallclock and PAPI probes produce very
similar data.

* Both use a parsing script written in Perl.

— wallclockrpt <file>
— papiproberpt <file>
e Produce 3 profiles
— Inclusive: T, ion = T +

- Exclusive: Tfunction = Tself
- 1-Level Call Tree: T, .= Inclusive T

LT

children

function

August 8™, 2003
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’ Sample DynaProf Session

$. / dynapr of

(dynaprof) | oad tests/swim
(dynaprof) Iist
DEFAULT_MODULE

swmF

l'ibm so.6

l'i bc.so.6

(dynaprof) list swmF
MAI N

inital

calcl_

cal c2_

cal c3z_

cal c3_

(dynaprof) list swmF MAIN

Entry
Call s
Call d
Call e
Call s
Call d
Call e
Call c

(dynaprof) use probes/ papi probe

Modul e papi probe. so was | oaded.

Modul e |i bpapi.so was | oaded.

Modul e |i bperfctr.so was | oaded.
(dynaprof) instr nodule swmF cal c*
swmF, inserted 4 instrunentation points
(dynaprof) run

papi probe: output goes to

/ home/ mucci / dynaprof/tests/swm 1671

August 8™, 2003




= Instrumenting SWIM for IPC

(dynaprof) use probes/papi probe PAPI _TOT _CYC, PAPI _TOT_I NS
Modul e papi probe. so was | oaded.

Modul e | i bpapi.so was | oaded.

Modul e |i bperfctr.so was | oaded.
(dynaprof) instr function swmF cal c*
SwWwmF, inserted 3 instrunentation points
(dynaprof) instr

calcl

calc2_

cal c3_

cal c3z_
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—— o ISV DUTLHIVHHTTHIAL N, UYULITO XL

Excl usive Profile of Metric PAPI_TOT_CYC.

Nane Per cent Tot al Calls

TOTAL 100 1.723e+09 1 TOTAL 100 3.181e+09 1
cal c2 38. 28 6. 598e+08 120 cal c2 34.85 1.108e+09 120
calcl 32.31 5.567e+08 120 calc1 33.48 1. 065e+09 120
cal c3 22.33 3.847e+08 118 cal c3 26.1 8.301e+08 118
unknown 7.084 1.221e+08 1 unknown 5. 568 1.771e+08 1
Inclusive Profile of Metric PAPI _TOT_I NS. Inclusive Profile of Metric PAPI_TOT_CYC.

Nanme Per cent Tot al SubCal | s Nane Per cent Tot al SubCal | s
TOTAL 100 1.723e+09 0 TOTAL 100 3.181e+09 0
cal c2 39.42 6. 793e+08 1680 cal c2 35.98 1. 144e+09 1680
calcl 35. 28 6. 08e+08 1800 cal c1 35.61 1. 133e+09 1800
cal c3 22.87 3.942e+08 1652 cal c3 26. 88 8. 55e+08 1652
1-Level Inclusive Call Tree of Metric PAPI_TOT_INS. 1-Level Inclusive Call Tree of Metric PAPI_TOT_CYC
Parent/-Child Per cent Tot al Calls Parent/-Child Per cent Tot al Calls
TOTAL 100 1.723e+09 1 TOTAL 100 3.181e+09 1
calcl 100 6. 08e+08 120 calcl 100 1.133e+09 120
- fsav 0. 02065 1. 255e+05 120 - fsav 0. 03432 3. 887e+05 120
- mpi_irecv 0. 03132 1. 904e+05 120 - mpi_irecv 0. 07356 8. 332e+05 120
- npi_isend 0.05911 3.593e+05 120 - npi_i send 0. 0663 7.51e+05 120
- npi_isend 0. 06434 3.912e+05 120 - npi_isend 0. 0739 8. 371e+05 120
-npi _wai tall 0.9013 5.479e+06 120 -npi _wai tall 0.7189 8. 143e+06 120
- mpi_irecv 0. 03132 1. 904e+05 120 - npi_irecv 0. 1646 1. 864e+06 120
- npi_irecv 0.03132 1.904e+05 120 - npi_irecv 0. 03407 3. 859e+05 120
- npi _isend 0. 05356 3. 256e+05 120 - npi_isend 0.1867 2.115e+06 120
- npi_isend  0.05079 3.088e+05 120 - npi_isend  0.06067 6. 872e+05 120
-npi _waitall 6.813 4.142e+07 120 -npi_wai tall 4.22 4. 78e+07 120
- npi_irecv 0.03132 1.904e+05 120 - npi_irecv 0.03979 4.506e+05 120
- npi_irecv 0.03132 1. 904e+05 120 - npi_irecv 0. 03008 3. 407e+05 120
- npi_isend 0.07504 4.562e+05 120 - npi_isend 0.1014 1. 148e+06 120
- npi _isend 0.06757 4.108e+05 120 - npi_isend 0.07568 8. 573e+05 120
-npi _wai tall 0.161 9. 791e+05 120 -mpi _wai tall 0.1076 1.219e+06 120

Al 2 1NN a 702A~1N0 127N Al Py 10N 1 1MAa+N0 19N
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Excl usive Profile of Metric PAPI_TOT_CYC.

Per cent Calls
TOTAL 100 1.723e+09 1
cal c2 38.28 6. 598e+08 120
calc1 32.31 5. 567e+04 120
cal c3 22.33 118
unknown 7.084 1
Inclusive Profile of Metric PAPI_TOT_INS.
Nane Per cent SubCal | s
TOTAL 100 1.723e+09 0 100 3.181e+09 0
cal c2 39. 42 6.793e+08 35.98 1.144e+09 1680
calcl 35.28 6. 08e+08 35.61 1.133e+09 1800
cal c3 22.87 3.942e+08 26. 88 8. 55e+08 1652

1-Level Inclusive Call Tree of Metric PAP {ve Call Tree of Metric PAPI_TOT_CYC

Parent/-Child Per cent Tot al Calls
TOTAL 100 3.181e+09 1
calcil 100 1.133e+09 120
- fsav 0. 02065 3. 887e+05 120
- npi_irecv 0. 03132 8. 332e+05 120
- npi_isend 0. 05911 7.51e+05 120
- npi_isend 0. 06434 8.371e+05 120
-npi _wai tall 0.9013 8. 143e+06 120
- npi_irecv 0. 03132 1 1. 864e+06 120
- npi_irecv 0. 03132 1. 3. 859e+05 120
- npi_isend 0. 05356 3. ) 2.115e+06 120
- npi _isend 0. 05079 3. 6.872e+05 120
-npi _wai tall 6. 813 4. 4. 78e+07 120
- npi_irecv 0. 03132 1. 4.506e+05 120
- npi_irecv 0. 03132 1. 3.407e+05 120
- npi_isend 0. 07504 4. 1.148e+06 120
- npi_isend 0. 06757 4.108e+05 07568 8. 573e+05 120
-npi _wai tall 0. 161 9.791e+05 1076 1.219e+06 120
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DynaProf GUI

» Displays module tree for instrumentation

« Simple selection of probes and
Instrumentation points

 Single-click execution of common
DynaProf commands

» Coupling of probes and visualizers (e.g.
Perfometer)
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— Dynaprof Status

It's a bit rough « Includes:
Supported Platforms _ Java/Swing GUI
- Using Dynlnst 3.0 , _

. Linux 2.x — User’s Guide

+ AIX4.3/5 — Probe libraries
- Using DPCL (formal MPI support)

- AlX 4.3

« AIX5

. Available as a development snapshot from:

http://www.cs.utk.edu/~mucci/dynaprof
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Thanks!

Philip J. Mucci
LBNL 50B-3207
510 486-8616
pjmucci@Ilbl.gov
mucci@cs.utk.edu
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