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Outline

_.

* brief introduction to AMD64 & EM64T
® more than just an extended address space
» performance comparisons for physics applications
* ROQT, Sieglinde, Pythia, FORM
* on Opteron, Nocona, Prescott & 32-bit systems
* managing and using linux on these systems
® 64bit distributions
* 32bit compatibility

* problems




Another 64bit Platform ?

_.

* linux has been runing on 64bit platforms for a while

* Alpha, Sparc, PPC, PA-RISC, IPF (formerly known as IA64)
* all are RISC, and none can execute i386 instructions

* software emulation exists for Alpha and IPF
°* AMD64 is an extension of the i386 CISC architecture

* executes i386 instructions in hardware
® can runa 32bit OS
* supports running 32bit applications under 64bit OS

®* 64bit mode needed an extended instruction set

* allowed additional registers and addressing modes




64 bits ?

not quite: AMD64/EM64T support
* 40 bits (1TB) of physical memory
* 48 bits (256 TB) of virtual memory
current chipsets may support less
* 915X/925X: 4GB of physical memory...
ABI imposed limits for executables in 64bit mode:
* "small” code model: 2 GB code + data

* "medium model”: 2 GB code (w/ performance penalty)
32bit apps under 64bit OS have full 4GB address space

i

> 3GB is the limit under 32bit kernels (3.5 at best) HI=P 4
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AMDG64 register set
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@ general purpose registers and instruction pointer are 64 bits wide, twice the number of GPRs

@ all addressable as 8,16,32, or 64 bits as needed

@ twice the number of SSE (formerly MMX) registers

@ still 128 bits wide




AMD64 Operating Modes

P Defaults S
. 0S pplication Register ypica
Operating Mode . Recompile | pqq o d . GPR
Required Required Si::“ i:i’;“ Extensions Width
{bits) (bits)
64-bit Mode yes 64 yes 64
Long MNew 64- 3 92 v
Mode | Compatibility | kit OS5
Mode no no
16 16 16
Protected 92 32
Mode 32
Legacy 16 16
32-bit OS
~e93%Y | Virtual-8086 no no
ode
Mode
16 16 16
Legacy
Real Mode 16-pit OS

@ (CPU enters Long Mode or Legacy Mode during boot, no way back

® rumour: extended register set could be accessed in 32bit mode as
well ("REX32")
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* would still need modified OS and compilers
2004



AMD64 Instruction Set Changes

* besides 64bit specifics:

_.

> effective protection of memory against execution
* "NX" bit
* available in 32bit mode as well

* generally usable instruction pointer relative addressing

* reduced performance penalty for position independent code

@ -> shared libs
@ from 200/0 o 8°/o

* 64bit apps must not use x87 instructions

* x87 stack not preserved across context switches




AMD64/EM64T Differences
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* most visible: SSE instructions

* both implement SSE?2
> only AMD64 implements 3dNow!

* only EM64T implements SSE3

> a few more subtle differences in instruction sets

* should only matter for kernel, glibc, compilers
* should not affect ordinary application programmes

* everything we compiled with pre-EM64T gcc releases worked
on EM64T systems
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Where's the Bottleneck ?

Intel® Xeon™ Processors

DDR2-400

Intel® 82801ER
or Intel®

Intel® 6300ESE DDR 333 |
e} Ezantr'nll'-elr E7520 MCH : .

Hub
DDR 266

Three configurable PCl Express” x8 interfaces
{each 8 can be configurable as two x4s)

Intel® ~ B7U0PXH 3rd party

~ 64-bit o
10P332 IDF; PCl hub component

PCI-X PCI-X

Intel®Xeon™ Processors

DDR2-400

Intel® 82801ER Intel®
or
Intel® 6300ESB DDR 333
/0 Controller E7320 MCH ;
Hub

One configurable PCIl Express”® x8 interface
{or configurable as two x4s)

B700PXH 3d narly

64-bit
6 hub component
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AMD's Additional Step

_‘

Separate Memory and
/O Paths Biminates Most
Bus Contention

Fewer Chips Needed For
Basic Server (Reduces Cost)

AMD Opteron™ Processor-based Server

HyperTransport™ Technology Buses for DDR
Glueless VO or CPU Expansion 128-bic

l' AMD

Opteron™ = Opteron
Processor DA Processor

!

Memory Capacity
Scales w/ Number
of Processors

Key
IDE, USB, Memory Traffic <P
LPC, Erc. /O Traffic +—p
IPC Traffic &)

currently all 6.4 GB/s:

@ memory interfaces
@ front side bus

@ HyperTransport links

Intel Xeon Processor-based Server

Intel Intel
Xeon
Processor

Second Processor
Competes for FSB Bus
Bandwidth

Xeon
Processor

Memory Access _____
Delayed By Passing %
Through MCH

DDR
Be-bie

Bandwidth Bottlenecks:
Link Bandwidth < 1/O Bridge

Mere Chips Bandwidth
Meeded for
Basic Server 1 PCI




4-way systems

AMD Opteron™ Processor-based Server Intel Xeon MP Processor-based Server
HyperTransport™ HyperTransport™ Technology
Technology Buses Enable Buses for Glueless I/O or CPU Maximum of Four Processors FSB Bus Bandwidth Shared
Glueless Expansion for up to Expansion Memory Capacity per Memory Contraller Hub Across All Four Processors
8-way Servers , 1 Scales w/ Number
\ of Processors
b Intel Intel Intel Intel Maximum of Three
........ Limited Memory Pr:gnr Pr?ég;u' Pr:ggnr Prﬁe:;ls.'nr foRh el pet
DDR it o DDR Bandwidth Memory
144-bit Sptermn Opteron 144-bit sharedby Al 30 A....... At 4 Controller Hub

Processor Processor
Memory

/O & Memory Share FSB

DDR . DD :
144-bit Opteron 144-bit : rcix =M1
Processor -8 ' Bridge’ PCI-X
: : H
: HyperTransport™ MY Memory [ H |
Separate Memory and P F PCIX pum

Al | Ctlr Hub
d (McHy Kag

PCI-X

I/ Paths Eliminates Most

Bridge I I
Bus Contention

Bandwidth For
11O Devices

' rax el
Bridge I I FCI-X

| ey

|44-bit
Bandwidth Bottlenecks:
Link Bandwidch < I/O Bridge

Other IDE, USE, :
lle; i LPC, Etc. Key USB, Etc. Hub Bl
Memory Traffic L EEE
IO Traffic e
Fewer Chips Needed for 4-way Server (Reduces Cost) IPC Traffic PR, 9-Chip Chipset Needed for 4-way Server

® we may finally see 4-way systems that make (more) sense

@ and become affordable because there's a sizable market
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NUMA: Non Uniform Memory Access

_.

memory now may be more or less close to CPU

® cache coherent access to remote memory at full bandwidth
* but bandwidth has to be shared and latencies increase

* requires kernel with NUMA support to be most efficient

® memory should be allocated close to requesting process/thread

® processes/threads should be scheduled close to their memory

alternatively, BIOS may also present all RAM to the OS as
single uniform block, node memory interleaved by page

wIERiX
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* no OS support required

whenever using shared memory, allocate it from
the process or thread that uses it most




Other Differences in Architectures

> DMA to memory above 4 GB
* Opterons have an I/0 MMU to make this possible

_.

* Intel's chips do not
=> have to use bounce buffers




Hardware for Performance Comparisons

_‘

* All equipped with 2 CPUs and SCST disk:
@ Opteron 2.0 GHz: IBM eServer 325, 4 GB

@ SuSE 9.0 professional, kernel 2.4.21-215-smp
@ Opteron 2.2 GHz: Sun Fire V20z, 4GB

@ SuSE 9.0 professional, kernel 2.4.21-231-smp
@ Xeon 3.4 GHz: Supermicro 7044H-X8R, 4GB

® SuSE 9.1 professional, kernel 2.6.4-52-smp

@ Xeon 3.2 GHz: Sun Fire V65x, 2 GB

@ SuSE 8.2 professional, kernel 2.4.26
® Tualatin 1.266 GHz: Supermicro 6013H, 16B

@ SuSE 8.2 professional, kernel 2.4.25




Latest Addition

* EM6A4T hitting the desktop:

* single P4 3.2 GHz

* Dell Precision 370

* 512 MB

® SATA disk (80 GB WD)

@ S| 3.0.3, kernel 2.4.20-21.EL
@ 925X chipset

_.




ROOT Performance

ROOT 4.00/08 stress (gcc 3.3.3)

64bit — better (all charts)
single

—

64bit
dual | Opteron 2.2 GHz
I Xeon 3.4 GHz

32bit ﬁ | P43.2GHz
single | ] Xeon 3.2 GHz

32bit
dual
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Sieglinde Benchmark

_.

Sieglinde Performance (gcc 3.3.3, ROOT 3.10/02)

run

|| Opteron 2.2 GHz 64bit
|| Opteron 2.0 GHz 64 bit
I Xeon 3.4 GHz 64bit

| | P4 3.2 GHz 64bit

|| Xeon 3.2 GHz 32bit

build || Tualatin 1.266 GHz
| 32bit

0 é 1‘0 1‘5 2‘0 2‘5 3‘0 3‘5 4‘0 4‘5 5‘0 5‘5 6‘0 6‘5 7‘0 7‘5 8‘0 8‘5 9‘0 9‘5 160
tmin/t [%]

@ Amanda experiment’s neutrino reconstruction / filtering software

@ single process, but uses a MySQL server on same host

@ software made available by Peter Nieflen, Univ. of Delaware




Pythia 6.2 (g77)

Pythia Performance (g77-3.3.3 -O2)

64bit

|| Opteron 2.2 GHz 64bit
| | P4 3.2 Ghz 64bit

|| Opteron 2.2 GHz 32bit
| | P4 3.2 Ghz 32bit

|| Xeon 3.2 GHz 32bit
|| Tualatin 1.266 GHz

32bit

32bit

I |
40 50 60 70 80 a0 100
tmin/t [%]

® Pythia 6.2 example 4

“study of W mass shift by colour rearrangement at LEP 2"




Pythia 6.2 (Commercial Compilers)

_.

Pythia Performance

Opteron 2.2 Ghz 64bit
pgf77 -fast

|| Xeon 3.2 GHz 32bit
ifort-8.0 -O3 -axN

©2 Opteron 2.2 GHz 64bit
(fastest g77 result)

| | P4 3.2 GHz 32bit
ifort-8.0 -O3 -axN

P4 3.2 GHz 64bit
pgf77-fast

run

0 10 20 30 40 50 60 70 80 9 100
tmin/t [%]




FORM 3.1

_‘

FORM performance (diagram with 10th momentum)

0

I I I I I I I I I I I I I I I I I I
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 9
tmin/t [%]

symbolic formula manipulation, C, huge data sets

implements own "paging” of data to disk

64bit executable built by author J. Vermaseren on DESY test system

32bit executable built with icc (www.nikhef.nl/~form)

5 100

|| Opteron 2.2 GHz
64bit single

Opteron 2.2 GHz
64 bit dual

I Xeon 3.4 GHz
64bit single

| |P43.2
64bit single

@ Xeon 3.4 GHz
64bit dual

| | Xeon 3.2 GHz
32bit single

Xeon 3.2 GHz
32bit dual

Octobe




Dual/Single CPU performance in Clusters

_.

Dirac Op.. SSE2, 16" x 32 Lattice, Gigahit, Opteron(It) 2.2GHz
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Dirac Op.. SSE2. 16 = 32 Lattice, Infiniband. Xeon(R) 2.4GHz=

| | | | I I I |

2p per node ———

1p per node --{F- |

{ 2 4 G & 10 12 14 16

measurements by
C. Urbach, FU Berlin

32bit Lattice QCD, MPI

performed on clusters with
Gigabit Ethernet and
Infiniband interconnects

(FZK)
® not our test systems

p = number of processes
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Performance Comparisons: Summary

AMD64/EM64T systems are fast, even in 32bit mode

_.

* they 're significantly faster in 64bit mode

® missing: repeat 32bit runs under 32bit OS on same hardware
* Opteron systems make very efficient use of a 2" CPU
* and of additional MHz

> one gets more out of both with commercial compilers

°* 64bit comes at a cost:

* increased footprints in memory & on disk
* typically 25%
* additional platform to support




64bit Linux on AMD64/EM64T systems

* good news: system looks, feels and behaves like "a linux PC"

* BIOS (press F2 during boot...)

_.

* boot loader (grub, lilo)
 OS installation (Red Hat, SL, SuSE)

* problems:

* porting physics applications to 64bit
* providing 32bit compatibility environments

* residual bugs (features?) in 64bit ports of system software




Porting Issues

_.

* potential problems:
* assumption that sizeof(int) = sizeof(long) = sizeof(void*)
* inline assembly must not use x87 instructions

* x87 registers were 80bit wide

® infermediate results kept in registers with this precision
@ was a problem when we moved from RISC to Linux/x86

® intermediate results of FP arithemetics in SSE registers are 64bit
again (standard TEEE precision)

* can't mix 32/64-bit in same application

* all libraries needed must be available as 64-bit

* cernlib isn't




Now Shipping for AMD64/EM64T

Oracle DB
compilers, libraries:
* Inftel

°* PGI

* NAG

* Pathscale
SUNs Java SDK 1.5 (5 ?)

MySQL DB
Mathematica 5, Matlab




Data Type Sizes

type X 86 x86- 64
char 8 8
short 16 16
| nt 32 32
| ong 32 64
| ong | ong 64 64
f1 oat 32 32
doubl e 64 64
| ong doubl e 96 128
voi d* 32 64

* no alignment constraints (like on i386)

* but "natural” alignment is much faster




32bit Compatibility: Runtime

_.

» 64bit linux allows running 32bit applications transparently

* provided all shared libs are available

® 64bit libraries go into .../lib64
® 32bit libraries go into .../lib as before
® mandated by Linux Standards Base

® not all ISVs comply
@ Oracle uses $ORACLE_HOME/Ilib and $ORACLE_HOME/Iib32

* some applications must be persuaded by using the "linux32"
prefix command (see set arch( 1) ):

@ ynane -m returns x86_64
@ | i nux32 unanme -m returns i686

® | i nux32 mat h (only app found to need this yet)




32bit Compatibility: Development

64bit Linux also allows building 32bit software

_.

» gcc >= 3.2 creates 64bit objects by default on x86-64
* -nB2 switch makes it create 32bit objects

* and link against 32bit libraries

® gcc3 on 32bit accepts the -m32 switch as well (noop there)
* reality is more complex

* a decent Makefile uses commands like r oot -config --1ibs
» 32bit development best done in pure 32bit environment

* may be chroot (or CHOS) environment on a
64bit system




32bit Compatibility: Distributions

_.

* Red Hat and SuSE (at least) provide 32bit packages

* the SuSE way:
* RPM "xyz-32bit" with 32bit specific content

® installed alongside the "xyz" 64bit package, no clashes
* the Red Hat way:

* first install xyz.i386.rpm, then xyz.x86_64.rpm

* limited support by RPM/YUM, not yet by APT (SPMA/rpmt ?)
esrpm-ql glibc.i686
e yuminstall openssl.i686; yumrenove openssl.i 686

@ careful:
this will remove any files shared with openssl.x86_64
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Other Problems Encountered

_.

» Kerberos 5/AFS problem (SL incl. 3.0.3)

login yields K4/K5 Tickets, but no AFS token

aklog segfaults, afslog fails (used in pam_krb5afs.so)

: #i f ndef __ al pha
krb5 che defines KR$4_32 to ldef i ne KRB4 32 | ong
be 64 bits on any 64bit platform el se
except alpha #define KRB4_32 int
#endi f

SRPM has a Patch37 fixing these issues

® disabled after discussion on krb5 development list
=> workaround: rebuild krb5 with Patch37 enabled

® afslog (and the pam module) now work

® aklog still segfaults




Summary & Conclusions

* 64-bit commodity hardware is a reality
* AMD64/EM64T systems are widely available

_.

* rather sooner than later, 32bit-only systems will vanish

* proposal: run a 64bit OS on them, with a 32bit runtime
environment (NB Red Hat pricing is as for x86 now)

> moderate effort

* allows users to access top 25% of performance potential
® or not

* incentive for making their software 64-bit clean

@ Tntel tells us IPF will become mainstream in 2007

* we'd be ready then
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