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ACTC --
Advanced Computing Technology Center at IBM Research

m Focused on High Performance and Parallel Computing

= Supply user community with assistance in porting and
optimizing their applications

ACTC: http://www.research.ibm.com/actc
San Diego Workshop: http://www.npaci.edu/SPmeeting/
Karlsruhe Workshop: http://www.uni-karlsruhe.de/~SP/sp-workshop/
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Outline

e SP hardware, AlX self-help
e Single node programming & tuning
» Compiler, Libs
e Executing parallel jobs
» Parallel Environment (POE)
~ lusr/bin/poe , LL, ...
e Parallel enablement
» Tools: xprofiler, vt , debugging, ...

>

e Some useful references
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Requirements for Scientific/Technical Computing

e Parallel jobs for "engineering reasonable" execution time
e Serial and parallel job throughput

e Expand capabilities by running industrial
"grand challenge" problems
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Architecture Trends -- Interconnected SMPs
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Approaching from Two Different
Directions
@ But same problems need to be addressed

@ Over time, most will support all dominant
programming models efficiently
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IBM's HPC Roadmap -- ASCI BLUE

ted Strategic
A utng e

Lawrence Livermore

Initial Delivery
e Two 256 node
systems
Power2 nodes
136 GFLOPS
100 GB memory
2.6 TB disk

10/96

SST System
Technology SST System MuSST System
Refresh e 1464 PPC 604e » 512 POWER3+
e 336 PowerPC 604e 4-way SMP nodes 16-way SMP nodes

4-way SMP nodes e 3.9 TFLOPS e 11.5-13.2 TFLOPS
e 112 Power2 nodes e 2.5 TB memory e New Switch (GB/s)
e 923 GFLOPS e 75 TB disk e 4 TB memory
e 178 GB memory e 150 TB disk
e 2.6 TB disk

3/98 12/98
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RS/6000 Microprocessor Roadmap

POWER

PowerPC
E(

64bit

— — 1 AIXver4d3 C__ — —

Copper
m Power3 Il Power3-Ill
+
200 450+ POWERA
.. . =

1998 1999 2000 2001




v

IBM's Leading Semiconductor Technology

Advanced
Giga Hertz Microprocessors
(2 billion cycles per second)

F— 1inch —

Wiring

e Copper Circuitry has
40% better conductivity
than Aluminum

Silicon-on-Insulator
e 20% performance
improvement

e Thin oxide layer under
transistors to reduce
Si0, g0 capacitance

Advanced Lithography
e Deep, deep ultraviolet
o X-ray
e Continue density
improvements
(~50,000X magnification)
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POWERS -- Superscalar Processor

Floating
Point
Unit
FPUL

Branch/Dispatch

Memory Mgmt Unit
Instruction Cache

U

wosst M LoisT CPU registers:
i e 32 x 64-bit Integer
32 x 64-bit FP

Register buffers for
register renaming:

24 FP
Memory Mgmt Unit 16 Integer

Data Cache

DU

Bus Interface Unit: L2 Control, Clock

32 Bytes

@ 200 MHz = 6.4 GB/s

Direct mapped

16 Bytes
@ 100 MHz = 1.6 GB/s
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POWERS -- Design Goals

= Designed to provide the bandwidth to support the
technical marketplace
(workstations, servers, and supercomputers)
= Build on POWERZ2 strengths with PowerPC
architecture

= Adds SMP, 64-bits, high performance L2 cache and
bus bandwidth

= Rapidly advance to CMOS 7S technology

v

POWERS3 -- Execution Core

= Three fixed-point units
» Two units implement single cycle operations
» One unit for complex, multi-cycle instructions

= Two floating-point units
» Double precision data path
» Three cycle latency, one cycle throughput
» Each unit contains divide and square root sub-units
» 24 real and 32 virtual rename buffers

= Two load/store units
» Each unit calculates one load or store / cycle
» Loads processed speculatively
» 16 entry store queue

= Branch unit
» 2048 entry branch history table
» 128 x 2 entry branch target cache
» Four pending predicted branches
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POWERS3 "Winterhawk" Node

e POWER3 @ 200 MHz Thin Node |
e 1,2 Processors e 2 Disk Bays
e 256 MB - 4 GB Memory

e 4 MB L2 Cache / CPU

e Integrated UltraSCSI
e Integrated 10/100 Ethernet
e MX Switch Port

e SP Switch MX2 Adapter Wide Node
¢ 10 PCI Slots

e 4 Disk Bays

v

POWER3 Winterhawk Node

Pwr3 Pwr3

[ ] L2 [ ] L2

6XX bus (16B)

Memory 108 Mem Cntl

Local PCI
| | Sslots BCI MX bus (8B)

| | Bridge
—
Integrated Integrated e -
Segr]vice Ultra-SCSI2 S
p Fast : Adapter
roc Ethnet 2 disk bays

150x2
MB/s

I/O card cage
(additional 8 PCI slots and 2 disk bays)
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POWERS "Nighthawk" Node

e POWERS3 @ 222 MHz
e 2,4,6,8 Processors

e 1 GB - 16 GB Memory
e 4 MB L2 Cache / CPU
e MX Switch Port for SP

Switch MX2 Adapter Processor Node

e Colony Switch Adapter
» Attach via Memory Bus
» 2 GB/sec / Adapter
» Max. 2 Adapters / Node

e Memory Bus Total
» 16 GB/sec Peak

e Integrated 10/100

Ethernet and Ultr
SCSI bus
e 5 PCI Slots
» 1x 32 bit, 4x 64 bit
e 6 RIO Ports
» 500 MB/sec
e 2 Disk Bays
> mirrored disk pairs

»9.10r 18.2GB
» 0 or 2 drives

a

I/O Drawer

e 8 PCI Slots / Drawer
> Hot Plug PCI
» 4 PCIl Buses

e 4 Disk Bays / Drawer
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POWERS3 Nighthawk Node

Up to 2 Switch Adapters 6 external I/O links
2 x 500 MB/s each 2x250 MB/s each

| || Pwr3 | ” Pwr3 |

T

| Proc Card Controller |

6XX Data Bus ’ | L

32B, 12 | ‘
) (Logical)
Crossbar Switch Address
Bus
N ‘
64B; 1:4
o

Memory | eeeeeeee Memory

Nighthawk-1

e Up to 8-way SMP with POWER3
e 4 MB private L2/processor
e 1 GB to 16 GB memory
e 6 RIO (remote 1/O) ports
e Crossbar data switch for BW
e Point-to-point buses
e Prefetch logic
o New SP Switch adapters directly
into Node Crossbar
» Up to 4 switch links at 500x2
MB/s each
e Or use current switch/adapter
e 7.1 GFlop/s peak
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POWERS3 "Winterhawk-2" Node

e POWER3 @ 375 MHz Th."; pNC?(i,ﬁ)ts

o1, 2,4 Processors e 2 Disk Bays
e 256 MB - 8 GB Memory - 0-36.4GB
e 8 MB L2 Cache / CPU

e Integrated Ultra-SCSI

e Integrated Fast Ethernet
e MX Switch Port

Wide Node
¢ 10 PCI Slots
e 4 Disk Bays
» 0-72.8 GB
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POWERS3 Winterhawk-2 Node
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SP Communication Subsystem

High Performance Switch topology (64-way)

Switch adapter

l:| PowerPC

0 601

4

| Nodes

[T

Topology

e Buffered multi-stage packet
16 x 16 Switch Board switch

¢ All nodes equidistant
e Truly scalable bandwidth
e Fault resilient
e Modular

Two Protocols that coexist
e Light-weight user mode

Reliability and Availability
e Four redundant paths between any two nodes
e Fully checked
e End-to-end acknowledgment
e Automatic retry
Transparent Recovery from failures olP

v

System Layout and Control Workstation

Control
Workstation

_

Single point of control
® System installation

@ Hardware and software control
actions

® Managing user accounts

e Error logging

® Mounting external file systems
@ System patrtitioning
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High Performance Gateway Node
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HIPPI
._ Adapter Server
HIPPI LR
Adapter ‘ ATM
ISP Switch |  ATM Switch
sp Router | Oc-3¢ U World
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Processor Switch Adapter wep —
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B
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. = -
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SP System Software
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Commercial Teck_mical o
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Data Mining OLTP Weather Research
Functions / Utilities  |System Management Application Application
NetTAPE Tools Enablers Development
ADSM Perspectives RDBMSs Tools
PIOFS Loadleveler OLTP Monitors Parallel Env't
GPFS Other System Subroutine Lib's
Management Tools Compilers
(PTPE)

Parallel System Support Programs
SP System Management Communications Subsystem
Recoverable Virtual Shared Disk  High Availability Services

AIX Operating System

Hardware
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AIX 4.3 Overview

e One AlX running on both 32- and 64-bit systems

e Binary compatibility with existing 32-bit systems, device
drivers, and applications (AIX versions 4.1 and 4.2)

e Seamless coexistence of 32- and 64-bit applications

e AlX 4.3.3 - SMP Work-Load Management

e Alternate disk installation for in-line updates

o TCP/IP networking enhancements,
IP version 6

e CacheFS from ONC+ suite
e X11R6 and Motif 2.1
e ... and much more

v

AlX Help ...

e Manual pages
AIX 4.3: man, HTML ==> docsearch

http://mwww.rs6000.ibm.com/doc_link/en_US/a_doc_lib/aixgen/
AIX 4.2 and earlier: man, Infoexplorer
rsh <sp node> "/usr/bin/info -display ..."

$LANG, $LC_MESSAGES ==>en_US
e System administration
fusr/bin/smit or smitty  (try F6 or "Command" )
see afterward: $HOME/smit.log, smit.script
see also: /usr/bin/ls*, mk*, rm*
o AIX FAQ: http://lwww.fags.org/fags/aix-faqg/
e "AIX Survival Guide", Andreas Siegert, Addison-Wesley
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Fortran Compiler XLF 6.1 -- Overview

= Full Fortran 95 standard
= Additional support for OpenMP Fortran API

= Support for other new items
» POWERS3 architecture
» XIf95, xIf95 r, xIf95 r7

~-gqdpcl : Support of tools based on DPCL (Dynamic Probe
Class Lib)

~ -ginitauto

» Preview: IBM Distributed Debugger

v

Fortran -- XLF (F77/F90/F95)

e F77/F90/F95 with proprietary extensions
e Compiling and linking

»XIf F90, 'fixed format’

~XIf90 F90, 'free format'

~xIf_r ,xIf90_r : F90, thread-safe, SMP programming
- mpxIf,mpxIfo0,

mpxIf_r,mpxIf90_r . F90, MPI or MPI/SMP

- XIf95: Fortran95

e Since XLF 5.1: F90 Pthreads library module (f_pthread)
e Configuration file: /etc/xIf.cfg
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Fortran -- XLF (F77/F90/F95) (cont'd)

e Options for performance optimization

-0, -03, (-gstrict)
-0O4:
-garch=<arch>

-gtune=<arch>
-ghot
-qipa
-gfloat
-Q
e Misc. flags
-Pg
-9
-C
-bmaxdata

enables the level of optimization
implies -ghot |, -gipa , -gcache=auto
architecture
(pwr3, pwr2, p2sc, 604, ppc, com, ...)
hardware implementation (pwr3, pwr2, ...)
high order transformations
interprocedural analysis
details real*4  floating-point processing
inlining

profiling (compile and link step)
include source code information
check array bounds

data segments (>256 MB)

v

Fortran -- XLF (F77/F90/F95) (cont'd)

e Options for precision control

-qautodbl=<setting> floating-point variables
possible settings: none, dbl, dbl4, dbl8, dblpad,

-qdpc

-gintsize=<bytes>

dblpad4, and dblpad8
floating-point constants

integer size
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High Performance Fortran -- XLHPF

e HPF subset

e Compiling and linking:
- Xlhpf F90, 'fixed format'
»xIhpf90 :  F90, 'free format'

e Configuration file: /etc/xlhpf.cfg

e HPF and MPI within one program allowed

v

Fortran -- SMP Support

e Since XLF 5.1: SMP auto-parallelization
e XLF 6.1 recommended

e XLF 7.1 will be fully OpenMP 1.0 compliant soon
(standard says Fortran77)

e Use xIf r, xIf90 r,
e Flags:

»-gqsmp[=...] . autoparallelization (w/ suboptions)
(auto/noauto, schedule, ... )

~-gqnosave : always for SMP codes
~ -qreport[={smplist|hotlist}...]
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SMP Support -- Control of CPU Utilization

e Environment variables control program execution
» XLSMPOPTS: e.g. export XLSMPOPTS=parthds=<n>
(number of parallel threads)
» XLFRTEOPTS

» XLF 7.1 supports OpenMP style environment
variables (OMP_NUM_THREADS, ...)

e Default NUM_THREADS is number of hardware CPUs

e AIX command bindprocessor binds all threads
belonging to a specific process to the same processor
» see new environment variables of XLF 7.1
e Library function int bindprocessor(int what, int
who, cpu_t Where) can bind each thread individually

v

SMP Support -- Scheduling

e Significantly improved scheduling with new libxlsmp.a
(XLF 7.1 and C for AIX 5.0) !!!

e Use new spin wait environment variable
» SPINLOOPTIME=100000
» Value is number of "spin events"

e Default is 'static'
» 'guided' can improve performance
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C and C++ Compiler -- Overview (cont'd)

m C Compiler for AIX V4.4 & Visual Age C++ Professional V4
» Available for AIX 4.1, 4.2, and 4.3
» 32 and 64 bit application support
» SMP auto-parallelization support for C only
» Uses LUM (Licence Use Management), no keys are required (-gnolm )

» Visual Age C++ package consists of two products on two
separate CDs:

1. Visual Age C++ itself (graphical, incremental development)
2. Command line C++ Compiler C and C++ for AIX Version 3.6.6
= Includes 64bit C Compiler (like C for AIX V4.4)

= Compatibility to C Set++, but without any CDE integrated
development tools

= HTML documentation available after installation

v

C and C++ Compiler -- Overview (cont'd)

= How can | find out which compiler is installed ?

» Look for the installed file sets ("Islpp -I" )
=XIC.C .* => C for AIX (V3.1.4)
=XIC.C++.* =>C Set++ (V3.1.4)

-vac.* => C for AIX (V4.3 or V4.4)
=ibmcxx.*  =>C and C++ for AIX (V3.6.x)
=vacpp.* => Visual Age C++ (V4)

» Check $PATH environment variable
-"type xIc" or "which xIc"
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C Compiler V4.4 -- Features

m 32 & 64 bit support
= SMP auto-parallelization support

= Compliance with
» ANSI and ISO standard ANSI/ISO-IEC 9899-1990[1992]
» ISO standard ISO/IEC 9899:1990(E)

v

VisualAge C++ Professional V4 -- Features

= Incremental compiler and linker

= Ordered and orderless programming

= Managed build process
» no Makefile support ==> use xIC 3.6.6

= Visual Builder independend on OS platform

= Fully supports the ANSI/ISO C++ Standard from Feb.
1998
» except for the effect of orderless programming

» ISO/IEC 9945-1:1990/IEEE POSIX 1003.1-1990

» ANSI/ISO-IEC 9899-1990 C Standard, with support for
amendment 1:1994
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VisualAge C++ Professional V4 -- Features (cont'd)

m XLC V3.6.6 does not support STL

» Use a freely available STL library:
http://www.stlport.org/

» Commercial: http://www.objectspace.com

» Or switch to version 4.0 (Montana) which is latest ANSI
compliant

v

C and C++ Compiler -- xIC

e C, C++ and proprietary extensions
e Compiling and linking

»XIc C

~»XIC : C, C++ (extensions .c oder .C)

~xlc_r, XIC_r . C, C++, thread-safe, SMP programming
- mpcc,mpCC,

mpcc_r,mpCC_r : C, C++, MPI or MPI/SMP
e Configuration file: /etc/xIC.cfg
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C and C++ Compiler -- xIC (cont'd)

e Options for performance optimization:

-0, -03, (-gstrict) enables the level of optimization
-qarch=<arch> architecture (pwr3, pwr2, 604, ppc, com, ...)
-gqtune=<arch> hardware implementation
-qipa interprocedural analysis
-gfloat details float  floating-point processing
-Q inlining
e Misc. flags:
-pg profiling (compile and link step)
-0 include source code information
-bmaxdata data segments (>256 MB)

v

Optimisation of serial appls. (I)

Compilers offer significant capabilities for automatic
optimization

In many situations, compilers do not have enough
information, thus make conservative assumptions

Manual optimization can significantly improve program
performance

Additional optimization tools beyond compilers and
manual optimization:

Optimized libraries

Preprocessors

Typically optimization is a tradeoff question between
effort and performance increase
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Optimisation of serial appls. (II)

Steps:
Identify source(s) of performance problem (bound by
CPU, memory, I/0 or network?)
Detailed profiling (hotspots?)

Try to improve situation (OS tuning, code tuning, use
of libraries or preprocessors, ...)

Iterate until performance satisfactory (which will
never be the case ...)
Focus here on techniques for NIC, literature references
cover e. g.:
Tuning I/O
Tuning specifics for F77, FO0, C, C++
Tuning for code size

v

Hunting Performance Bottlenecks

Monitor global system resources:
CPU, memory, I/0O, network
Answers basic questions about bottleneck(s)
Provide overview, not substantial amount of details

System wide resource monitoring tools:

ps: ps au, ps -el Memory and CPU usage
vmstat: vmstat 3 5 VM performance (e. g. paging)
svmon: svmon -G Detailed memory usage

jostat:  iostat-d 5 2 I/O subsystem

sar: sar-P ALL53 System Activity Report

3D monitor xmperf (AIX Performance Toolbox)
Presents many parameters in 3D visual interface
Also very helpful for parallel applications
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Perfomance Toolbox for AlX

e Monitor, analyse, tune AIX systems
e Dynamic performance in real time
e Log statistics to file
e Highly customizable

displays
e User selectable

» Threshholds

» Alarms

» Sampling

» Filters
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Program Performance

How to assess program performance?
Time measurement in code:

Fortran: rtc()  (elapsed), mclock() (CPU), ...

C.: gettimeofday() e
Parallel: e. g. MPI_WTIME()

Time measurement on job level:
Shell built-in: time, timex
lusr/bin/time

Xprofiler

Program Visualizer (PV)
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Tools - Profiling

Allows identification of hotspots for tuning analysis
Approach:
Compile desired subroutines/functions with -pg -g
Link with -pg
Run code

Execution of a profiled code produces output file gmon.out
(or gmon.out.<n>  for POE jobs)

Tools: prof, gprof, tprof
Xprofiler:
X11 based frontend for gprof
xprofiler <executable> gmon.out[.<n>] [options]
Displays calling tree and relative execution times
Watch out for mcount() - overhead for profiling information!

v

Xprofiler

e Available on Developer CD (see
www.developer.ibm.com/devcon/)
and bundled with IBM Parallel
Environment for AIX 2.3

e Compile with -pg (-g -gfullpath)
e Shows dynamic call tree

e Height of box is time spent in the
subroutine

e Width of box is time spent in
subtree below

e Links show # Calls

e Small Overview Window for
navigating around in the tree
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Tools - Preprocessors

Source code preprocessors offered by 3rd party vendors for
IBM compiler products (xIf, xIC, xIhpf)
Automatic transformations (w/addtl. options)
Thorough code analysis
Can reduce manual tuning efforts and increase performance
Can also be used to tidy up (beautify) legacy code
KAP Preprocessor:
xIf <file.f> [<xIf options>] -Pk [-Wp,<KAP options>]
VAST Preprocessor
xIf <file.f> [<xIf options>] -Pv [-Wp,<VAST options>]

More details: Optimization and Tuning Guide, vendor web
sites (KAP: http://www.kai.com, VAST: http://www.psrv.com)
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Libraries

e Engineering and Scientific Subroutine Library (ESSL):
» Highly tuned vector and matrix operations (BLAS)
» Solvers, FFT, etc.
» POWERS3: ESSL 3.1.1.1 or later recommended

e Parallel ESSL (PESSL):
» Subset of ESSL functions for optimized parallel execution
» Available for message passing (MPI), data parallel (HPF) and
SMP programming
e Mathematical Acceleration Subsystem (MASS):
» Optimized intrinsic functions (sin, sqrt, exp, ...)
» Requires relinking (-Imass before -Im ): performance for free!
» Vector functions: very efficient, but require recoding
vexp(y,x,n): y(i) = exp[x()], i=1,n
» More information, performance comparisons and free download
from http://www.rs6000.ibm.com/resource/technology/MASS

v

Why is Parallel So Different?

e Issues to consider
» Non-determinism
» Dead lock situations
» Load balancing across the system
» Fault tolerance/checkpointing
» Clock issues
» Process termination
» Debugging techniques
» Parallel 1/0
» Code portability

>

e Some of these are handled by the system, others by
parallel programming tools, and some by the programmer
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Parallelization Strategies

e Functional parallelization
» Assign different tasks to different CPUs
» Client-Server, Host-Node, ...

e Data decomposition
» Partition data, assign chunks to CPUs
» Domain Decomposition, ...

e Algorithmic parallelisation
» Use parallel solution algorithms
» Parallel libraries

v

Programming the Hybrid Architecture

= Message Passing (MPI) across the whole system
= LAPI ("put/get") - Global address space
= Data Parallel across the whole system (e.g. HPF)
= Hybrid
e Shared memory within SMP nodes
» Explicit via POSIX threads
» Implicit via parallelizing SMP compiler (OpenMP)
e Message Passing across nodes
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Parallel Environment (POE)

e Compiling and linking MPI programs
- mpxIf, mpcc , ... instead of xlf, cc,
> mpi.h, mpif.h in /usr/lpp/ppe.poelinclude
e User authentication
» see: rsh, SHOME/.rhosts, DCE/DFS, NFS, AFS, ...
e Starting a parallel job
» batch queueing system (IBM LL, NQS, LSF, Codine, ...)
e User Space (us) vs. ip protocol, Resource Manager

» monitoring POE jobs: llstatus, llq
(old PSSP 2.4: jm_status -Pv or jm_status -j)
and poestat, poekill

v

Parallel Environment (cont'd)

e Environment variables and command line flags:
» MP_PROCS / -procs number of program tasks
» MP_HOSTFILE / -hfile  name of host list file for node allocation
» MP_RMPOOL / -rmpool pool for node allocation instead of hostfile

» MP_EUILIB / -eulib communication protocol (us, ip)

» MP_CMDFILE / -cmdfile POE command file (mpmd only)

» MP_PGMMODEL / spmd (default) or mpmd

» MP_LABELIO/ ... labeling output of parallel tasks

» MP_INFOLEVEL / ... level of message reporting

» MP_EUIDEVICE / ... adapter for message passing (cssO0, eno, ...)

>

» MP_SHARED_MEMORY=yes shared memory MPI implementation
» MP_WAIT_MODE=poll for shared memory MPI impl.
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User Space Protocol vs. IP Protocol

v

Parallel Environment (cont'd)

¢ File handling
» NFS mounted vs. local file systems

» POE needs at least a common name of the working
directory on all nodes

- mcp, mcpgath, mepscat, mpamddir, mprcp, ...
e Distributed shell

~ lusr/lpp/ssp/bin/dsh

» Kerberos authenticated shell (usually root only)
e System administration

» File collections, SDR, ...

~dsmit  (distributed smit)
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Parallel Environment (cont'd)

= cd $SHOME #!/usr/bin/ksh

export HUGO=1

export MP_PROCS=4

export MP_LABELIO=yes

export MP_STDOUTMODE=ordered
export MP_STDINMODE=none

date

poe -newjob yes << EOJ
hostname
env
ulimit -a

quit

EQJ

v

Parallel Environment (cont'd)

wcd /tmp or ... #!/usr/bin/ksh

export MP_RMPOOL=0
export MP_EUILIB=us

export MP_EUIDEVICE=css0
export MP_INFOLEVEL=2
export MP_NEWJOB=yes

{usr/bin/poe << EOJ
mcp /u/hugo/foo.dat foo.dat
mcp /u/hugo/a.out a.out
a.out

quit
EQJ
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Job Management -- LoadLeveler 2.1

e Batch job placement
» Based on job requirements vs. resources available
» Includes dispatch to least busy nodes
» Motif GUI and command line interface to inform user of status
and completion
» Job re-prioritization / cancel
» Provides checkpoint / restart facilities
» Provides easy scheduler interfaces and web server enablement

e Interactive Session Support
» now available as part of the Interactive Network Dispatcher
(IND) Version 2
» Allows remote TCP/IP applications to connect to the least
loaded node
» Policies to be applied at connect time

e Control of SP Switch usage in user space mode

v

LoadLeveler -- GUI Usage

e start GUI with xloadl&
or xloadl_so&  (submit
only machine)
e select File->Build a
Job
- Executable :/usr/bin/poe
» Change Stdout/Stderr
» Give job Class
- Requirements : Pool Id,
Adapter
- Parallel Jobs : Job type,
min # procs
e Submit
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LoadLeveler -- Command Line Usage

e Query machine status
lIstatus [-H][-V][-]][hostlist]

e Query class information
liclass [-H][-V][-l][classlist]
e Control LoadLeveler daemons (admin only)
lictl [-H][-V][-a][-g | h host] keyword
e Submit a job
lIsubmit [-H][-v][-g][cmdfile | -]
e Query status of LoadLeveler jobs
llq [-H][-V][-X][-S][-I][joblist]
[-u userlist][-h hostlist][-c classlist]
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LoadLeveler -- Command Line Usage (cont'd)

e Cancel a submitted job
llcancel [-H][-V][-q][-u userlist]
[-h hostlist][joblist]
e Hold or release a submitted job
lIhold [-H][-V][-g][-S][-r][-u userlist]
[-h hostlist][joblist]
e Change the user priority of submitted job steps
llprio [-H][-V][-q][-int | +int | -p
priority] joblist

v

LoadLeveler -- Sample Command File

#!/bin/ksh

# @ execut abl e = mmp.cmd

# @ input = /dev/null

# @ output = mmp.$(Cluster).$(Process).out

# @ error = mmp.$(Cluster).$(Process).err

# @ initialdir =
/.../heidelbg.ibm.com/fs/u/holthoff/src/Parallel/partest

# @ notify_user = holthoff@de.ibm.com

# @ environment = MP_PMLIGHTS=3;MP_INFOLEVEL=2;MP_EUILIB=us
# @ notification = complete

# @ checkpoint = no

# @ restart = no

# @ class = onebignode

# @ requirements = (Arch == "R6000") && (OpSys == "AIX42") &&
(Adapter == "hps_user") && (Pool == 0)

# @ min_processors = 4

# @ max_processors = 4

# @ job_type = PARALLEL

# @ queue

L Nain !l
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LoadLeveler -- Another Sample Command File

#!/bin/ksh

# - number of processors
#@np=16
# @ environment = np=$(np) ; "LL_JOB=TRUE"

# - files and dirs
infile=LU${np}.dat
basedir=/home/scz/holthoff/hpc
exe=xdlu.dyn

# --- LoadLeveler controls

# @ input =/dev/null

# @ output = /home/scz/holthoff/hpc/Results/Iphpc.$(np).
$(Cluster).$(Process).out

# @ error = /home/scz/holthoff/hpc/Results/Iphpc.$(np).
$(Cluster).$(Process).err
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LoadLeveler -- Another Sample Command File

# @ notification = never

# @ requirements = (Arch == "R6000") && (OpSys == "AlX42") &&
(Adapter == "hps_user")

# @ min_processors = $(np)

# @ max_processors = $(np)

# @ job_type = parallel

# @ class = XL

# @ queue

# --- batch commands
DATETIME="date +"%b%d.%H%M"

# - parallel environment
export MP_LABELIO=yes
export MP_INFOLEVEL=2
export MP_EUILIB=us

(cont'd)
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LoadLeveler -- Another Sample Command File

export MP_EUIDEVICE=css0
export MP_PULSE=0

export MP_STDINMODE=none
export LANG=en_US

export MP_EAGER_LIMIT=16384
export MP_NEWJOB=yes

# - logfile name
logfile=${exe}.out.${np}.eag${MP_EAGER_LIMIT}.${DATETIME}

# - report environment
echo "\ndate: $(date)\n"
echo "\nEnvironment ..."
env

echo "\n\nulimits ..."
ulimit -a

(cont'd)
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LoadLeveler -- Another Sample Command File

# - Linpack HPC

echo "\n\nLinpack HPC ..\n"

/usr/bin/poe << EOJ
mcp ${basedir}/${infile} LU.dat
mcp ${basedir}/${exe} ${exe}
${exe}

quit

EOJ

echo "\ndate: $(date)\n"

(cont'd)
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Tools -- Profiling

e Xprofiler

» X11 based frontend for profiling files

» prerequisite:
compiling with -pg -g [-qfullpath]
linking with -pg
program execution yields gmon.out (sequential jobs) or
gmon.out.<n>  (parallel POE jobs, <n> = process ID)

- Xprofiler a.out gmon.out ... [options]

» shows dynamic call tree with timing information, ...

v

Tools -- Profiling (cont'd)

e vt (Visualization Tool)
» X11 based frontend for PE tracefiles

» invoke parallel program with export MP_TRACELEVEL=9
or -tlevel 9

- vt -tfile foo.trc

» categories: communication, computation, system, network,
disk, ...

» warning: trace files become huge very quickly
(see also: MP_TMPDIR, MP_TRACEDIR, MP_TBUFFSIZE,

MP_TTEMPSIZE, MP_TBUFFWRAP
e MPI/MPL pmarray extension (Program Marker Array)
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Tools -- Profiling (cont'd)

e LMPI -- port mortem analysis (MPICH upshot)
» LRZ Munich
(http://www.Irz-muenchen.de/services/software/parallel/Impi/)
e VVampir
» Visualization and analysis of MPI Programs (similar to vt)
(http://www.pallas.de/pages/vampir.htm)
e API for reading vt trace files
» Trace file contains records for begin and end of each MPI call
» see: /ust/lpp/ppe.vt/include/VT_mpi.h, VT _trc.h
(one C struct for each record type)
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Tools -- Profiling (cont'd)

= cd $SHOME/... #/bin/ksh

export MP_PROCS=4

export MP_EUILIB=us

export MP_HOSTFILE=NULL
export MP_INFOLEVEL=2
export MP_TRACELEVEL=9
export MP_PMLIGHTS=3

rm -f mmp.trc
pmarray &
sleep 3

[/usr/bin/time poe mmp
# pedb mmp
vt -tfile mmp.trc
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Tools -- Debugging

e prerequisite: compiling with -g (source code information)
-gfullpath preserves absolute path name of source files

e dbx: sequential programs, ASCII interface

e pdbx : parallel programs, ASCII interface, based on dbx

e xldb: sequential programs, X11 interface

e pedb: parallel programs, X11 interface

syntax:

<debugger> [[program] program options][poe options][debugger options]
-a PID: attach to a running (POE) process

-h: write debugger usage to STDERR

e TotalView : third party debugger available on several platforms
(http://www.pallas.de/pages/totalv.htm)
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A Simple MPI Example (1)

O0O0000O0O0

| - Compute pi by integrating f(x) = 4/(1 + x**2) from 0 to 1

Exact solution: [4*arctan(x)] from O to 1, where
arctan(1) = pi/4 and arctan(0) =0

o

o

program main
implicit none
include 'mpif.h’

double precision,parameter :: piex = 3.141592653589793238462643d0

double precision : mypi,pi,h,sum,x,f,a,t0,t1
integer . myid,numprocs,ierr,n,i

.. Function to integrate

f(a) = 4.0d0/(1.dO + a*a)

.. Init MPI, check environment

call MPI_INIT (ierr)
call MPI_COMM_RANK(MPI_COMM_WORLD,myid,ierr)
call MPI_COMM_SIZE(MPI_COMM_WORLD,numprocs,ierr)

v

A Simple MPI Example (ll)

o

o

do
if (myid.eq.0) then I Master reads number of intervals
write(*,100)
read(*,200) n
endif

t0 = MPI_WTIME()
call MPI_BCAST(n,1,MPI_INTEGER,0,MP|_COMM_WORLD,jerr)

.. Check for quit signal (all processes)

if (n.le.0) exit

.. Compute local contribution to pi

h =1.0d0/n ! Width of interval
sum = 0.0d0
do i =myid + 1,n,numprocs ! Work on every (numprocs) step
X = h*(dble(i) - 0.5d0)
sum = sum + f(x)
enddo
mypi = h*sum I Summed heights times spacing = area
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A Simple MPI Example (lII)

o

.... Collect all the partial sums

call MPI_REDUCE(mypi,pi,1,MP|_DOUBLE_PRECISION,MPI_SUM,0,
*  MPI_COMM_WORLD,ierr)
t1 = MPI_WTIME()

o

.... Node 0 prints the answer.

if (myid.eq.0) then
write(*,1) pi,abs(pi - piex)
write(*,*) 'Timing information (in s): ',t1 - tO
endif
enddo

call MPI_FINALIZE(ierr)
c
stop
1 format(1x,'pi is approximately: ', F18.16," Error is: ', F18.16)
100 format(1x,'Enter the number of intervals: (0 quits))
200 format(i10)
end
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A Simple MPI Example in C ()

#include "mpi.h"

#include <math.h>

int main(int argc, char *argv[])

{
int n, myid, numprocs, i, rc;
double PI25DT = 3.14159265358979323842643;
double mypi, pi, h, sum, x, a;

MPI_Init(&argc, &argv);
MPI_Comm_size(MPI_COMM_WORLD, &numprocs);
MPI_Comm_rank(MPI_COMM_WORLD, &myid);
while(1) {
if (myid == 0) {
printf("Enter the number of intervals: (0 quits)\n");
scanf("%d", &n);
}
MPI_Bcast(&n, 1, MPI_INT, 0, MPI_COMM_WORLD);
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A Simple MPI Example in C (I1)

if (n==0)
break;
else {
h=1.0/(double) n;
sum = 0.0;
for (i=myid+1; i<=n; i+=numprocs) {
X = h*((double)i - 0.5);
sum += (4.0 / (1.0 + x*x));

}
mypi = h*sum;
MPI_Reduce(&mypi, &pi, 1, MPI_DOUBLE,
MPI_SUM, 0, MPI_COMM_WORLD);
if (myid == 0)
printf(
"pi is approximately %.16f, Error is %.16f\n",
pi, fabs(pi-P125DT));
}

}
MPI_Finalize();

v

IBM Documentation

e |IBM Parallel Environment for AlX:
» Operation and Use, Volume 1 & 2
» MPI Programming and Subroutine Reference
» Messages

» Hitchhiker's Guide
e XL Fortran, C Set++, XL HPF for AlX:

» User's Guide and Language Reference
e Optimization and Tuning Guide for Fortran, C, and C++
e AIX Performance Monitoring and Tuning Guide

Online: http://www.rs6000.ibm.com/resource/aix_resource/sp_books/
file:/usr/lpp/<compiler>/postscript
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IBM Redbooks

AIX 4.3.2 Differences Guide (SG24-2014)

AIX Version 4 Migration Guide (SG24-5116)

AlIX and NT: Solutions for Interoperability (SG24-5102)

AIX 64-Bit Performance in Focus (SG24-5103)

RS/6000 Scientific and Technical Computing:
POWERS3 Introduction and Tuning (SG24-5155)

Scientific Applications in RS/6000 SP Environments
(SG24-5611-00)

RS/6000 SP: Practical MPI Programming
(SG24-5380-00)

RS/6000 43P 7043 Models 150 and 260 Handbook Redbooks and Redpieces
(5G24-5144-00) at
Inside the RS/6000 SP (SG24-5145-00) www.redbooks.ibm.com
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Find Out More

= http://www.rs6000.ibm.com
= http://www.storage.ibm.com
= http://www.chips.ibm.com

= http://www.software.ibm.com

» http://www.alphaWorks.ibm.com -- "alpha-code" Technologies
» http://www.ibm.com/java
 http://www.ibm.com/servers/monterey -- AIX on Intel 1A-64 and PowerPC

» http://www.ibm.com/linux

» http://www.catia.ibm.com

» http://service.software.ibm.com
= http://www.research.ibm.com

» http://www.research.ibm.com/actc --ACTC
» http://www.research.ibm.com/ninja -- Numerically Intensive Java
» http://www.research.ibm.com/dx -- Visualization Data Explorer

= http://www.redbooks.ibm.com
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Find Out More (cont'd)

SP Hard- and Software: http://www.rs6000.ibm.com/sitemap.html

SP Online Docs : http://www.rs6000.ibm.com/resource/aix_resource/sp_books/

AIX 4.3 Online Docs :  http://www.rs6000.ibm.com/doc_link/en_US/a_doc_lib/aixgen/

AIX Publications http://www.rs6000.ibm.com/resource/aix_resource/Pubs/index.html

APARs, PTFs, ...
SP Support, System Tuning:
SP Resource Center:

MASS Lib:
Fortran:

http://www.rs6000.ibm.com/support/
http://www.rs6000.ibm.com/support/sp
http://www.rs6000.ibm.com/support/sp/resctr.html

http://www.rs6000.ibm.com/resource/technology/MASS/

http://www.software.ibm.com/ad/fortran/
http://www.software.ibm.com/ad/fortran/xIfortran/cray.htm

PD Software as SMIT install images: http://www-frec.bull.com/
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Find Out More

AIX FAQ:

SDSC:

San Diego Workshop:
Karlsruhe Workshop:
Yorktown Workshop:

ASCI Blue:
Uni Karlsruhe:

MPI:
OpenMP:

(cont'd)

http://www.fags.org/fags/aix-faq/
http://www.npaci.edu/SP
http://www.npaci.edu/SPmeeting/
http://www.uni-karlsruhe.de/~SP/sp-workshop/

http://www.spscicomp.org/1999/
http://www.research.ibm.com/actc/Talks/Topic_talks.html

http://www.lInl.gov/asci/

http://www.uni-karlsruhe.de/~SP2/
http://www.uni-karlsruhe.de/~AIX/

http://www.mcs.anl.gov/mpi/

http://www.openmp.org
http://www.kai.com




