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Accelerator Types
A Specialised

I ASIC, FPGA, DSP, VPU

AGPU

I Nvidia, AMD

A Manycore

I Intel, Tilera
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The case for Accelerators

Al SO QaPeta$cil@PFlpeak) system as an
example:

2013
(CPU)
CPU/Ac¢sockets) ~6,000

Footprint(racks) 40
Power (kW) ~1,000

A So, a CPU only solution needs ~3x power antiox6
floorspacevsan accelerator based solution
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Technology Paths to Exascale

- Leading Technology Paths (Swim Lanes)

- Multicore: Maintain complex cores, and replicate (x86, SPARC,
Power7) [#3, 6, and 10]

- Manycore/Embedded: Use many simpler, low power cores from
embedded (BlueGene) [ #2, 4, 5 and 9]

- GPU/Accelerator: Use highly specialized processors from
gaming/graphics market space (NVidia Fermi, Cell, Intel Phi
(MIC) ), [# 1, 7, and 8]

o
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Events of 2011/2012 and the Big Questions
for the Next Three Years until 2015
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Is t indication that multlcore' comﬁlex cores is nearing

the end ofithe line2 ».s0i
Man eIEmbedded | ‘ :

A (Gene q a ls - ~ e
ere be-nomore large scale &dded multicore machines?

Prediction: All Top 10 systems in 2015 will be GPU/Accelerator based
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Intel Xeon Phi Intro
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The Xeon Phi Is not:

ALGQa yz2da | [t!Y
A Core is based on Pentium P54C widened to 64 bir
A~ 1GHz clock (5110P is 1.05GHz)
ANo OOO execution
ANo FE/BE buffers
A Cannot execute consecutive threads
A Not optimisedfor serial threads

So|
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The Xeon Phi Is not:

ALGQa y20G F Dt!Y
ANo display port
ANo access to sampler units
A Different memory model
A Fully coherent L1/L2 (traditional model)

A GPUs have sharddcal modek multiple
concurrent outof-cache requests

A Threads are much heavier/ less limited

So|
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The Xeon Phi Is:

A Amanycorecoprocessopptimisedfor HPC workloads
A Highly parallel codes
A Highlyvectorisedcodes

AThe 5110P model has 60 cores @ 1.05GHz, 8GB
GDDR5 Memory in a 225W package

A Each core has a 512 bit VPU vapiecialised
Instructions:

A Not SSE or AVX
A Mask support for conditionals
A Fast (imprecise) transcendental functions

Sgi
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Phi core

A 64 bit Pentium core with 512 bit VPU
AL1 32K I/32K D

AL2 512K e

<> 16B/Cycle (2 IPC)
Decode [—=uCode

AFully coherent  |#res

HWP

: T ) !
A Dual issue s =g =
— > — &, p==
A4 HW contexts VPURF | | X87RF || ScalarRF =
A Fully pipelined o |

L2
Cctl

512KB
L2 Cache

ARR threads 512\tl)Pst:MD -m @ @

Core

— X86 specific logic < 2% of core+L2 area
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Phi VPU

A 32x 512 bit registers (v@31)

A 16 singles or 8 doubles per register
A 1x FP Status register per contexxds)
A 8x 16 bit mask registers (J)

A Predicate/branch support at a cost

Rz
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Phi VPU (cont)

A FMA support with arbitrary register ordee:
Avmadd132ps v1, v2, v3 =>v1 =v1 X v3 + v2
AIEEE 752008 support 0.%lp for FMA/FMS

A Terneryoperator support
A Non-destructive
A 3 memory operand

A Shuffle/swizzle support
AWithin lanes
A4 lanes per register 128 bit each
A Predefined patterng not arbitrary

Sgi
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Phi VPU - cont

A Scatter/gather support (AGSOAY at a cost

A Vector broadcast loadg scalars, constants)

A Softwareprefetchops, ie vprefetchl

A Built-in LUTs for Base2 Log/ex@,
Avlog2lutpd, vexp2lutps

A No support for < 32 bitars
A No dot product support (a la SSE4, AlsK< dppd)

Sgi
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Phi-Host Interface

A Phi is physically attached to host B&leGen 2 x16
A Peak Bandwidth is 5Gb/s per lane (8GB/s for x16)
A 8/10b data encoding
A Effective Data rate is 4Gb/s per lane (6.4GB/s for x16)

A Phi runs dinux kernel on core 59 (for 5110P)

A Creates a VLAN ovBCldo the host

A Can usesshto login to Phi

A Can use NFS to share files between host and Phi

v
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Basic Run Modes
A Run everything on CPU

A Run mostly on CPU with certain functions on Phi
A Run CPU/Phi together
A Run mostly on Phi with certain functions on CPU

A Run everything on Phi

]
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Basic Programming Models

A Do nothing, just compile for Phingmic)

A Add directives tdpenMPor pthread code

A Use accelerated librariee(MKL, VSML, IPP, Magma)
A Use language support such @skPlus, ABB, TBB

A Hand code with MI©pcodes

AUse MPI

A Any combination of the above

So|
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Data

A The Host memory and the Phi memory are separate
physical spaces

A Addresses are not shared*

A Shared data must be copied, either explicitly or
implicitly

A Note: Fortranonly supports explicit mode

A Data can be sticky between offloaded region calls

A Setup/teardown, data transfer anginchronisations
all performed automatically by the runtime system

* Exception: In implicit mode, virtual addresses can be the same across Host and Phi, although
GLR2AYGE (G2 RAFFSNBYOG LKeaAoOlrt | RRNBaasSa,
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Offload Basics

A Offloads are specified usirRragmasie;

A Fortran:!dir$ offload <clause> <modifiers>
ldir$ attributes offload:<MIC> :: <name>

A Cl/C++#pragma offload <clause> <modifiers>
__attribute__ ((<clause>))

A To offload code/data to the Phi use the attribute(s)
pragma

A To run code on the Phi, use the offlopigma eg
A 1dir$ offload target( mic )

A Note that code marked for offload i®t guaranteed to
actually be run on the Phi:

A If Phi is not available, for instance

v
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Offload Syntax

target(name[:number]) - Where to run the offload
If (condition) - Conditional offload (Boolean)
In|out|inout|nocopy (vars : mods) - Control Data Copy
mods:
length(N) - Copy N elements of thieJi N@2a
alloc_if (B) -Allocmemory ifBis True
free if (B) -Free memory if B is true
align(N) - Specify minimum memory alignment
Examples:
#pragma offload target(mic:1)
ldir$ offload target( mic) in( a,b ) out(c)
#pragma offload target( mic ) in(v:length( nv))

v
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OpenMP offload

Afil di rofp of f | o adeotive. Offloads the

following OpenMPstatement to the Phieg:

subroutine phipi ()
real pi, t
integer |

pi =0.0

Idir$ omp offload target( mic )
I$ omp parallel do private (t) reduction(+:pi)
do i =0, 9999

t = (i+0.5)/10000

pi = pi + 4.0/(1.0+t*t)

enddo
I$ omp end parallel do

pi = pi / 10000

print "(F)", pi
return
end subroutine phipi

©2012 SGl
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Explicit Data Copy

AVariables can be declared to help avoid unnecessary
data transfers between host and Phi.

A Definitions arenrt Phi,ie:

Alin ¢ transfer from Host to Phi

A out ¢ transfer from Phi to Host

Ainout ¢ transfer both ways

Anocopyc52y Qi UGN YATFTSNID 51 1
A Example:

A Fortran:!dir$ offload target( mic) in( a,b ) out(c)

AC/C++#pragma offload target( mic)in( a,b ) out(c)

i
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Explicit Data Copy

A Theoffload target( mic ) pragmaruns the next
statement on the Phi

A To offload an entire function, use the attributes

pragma eg

ldir$ attributes offload:mic .. myfunc

void _ attribute  ((target( mic))) myfunc (void);
A Also, for allocating variables on Phi

ldir$ attributes offload:mic vl v2

__attribute _ ((target( mic))) int vi,vZ;
A Block offload support

ldir$ offload begin target( mic )

Idir$ end offload
©2012 SGil Sgl



Explicit Data Copy Control - Example

subroutine calcres ()
integer |
integer, parameter :: size = 1000

common /one/ inl, in2, res

real inl(size)
real in2(size)
real res(size)

do i =1,size
inl( i)= i
in2( i)= i
enddo

Idir$  omp offload target( mic ) in(inl, in2) out(res)
I$ omp parallel do
do i =1,size
res( i)=inl( 1)+in2( 1)
enddo
I$ omp end parallel do
return
end subroutine calcres

[
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Using alloc_if and free If

AThealloc_if (B)and free if (B) pragma
options allow fine control over allocated memory on
the PHIeg

Idir$ attributes offload:mic
iIn(v1l:free_if(.false.))
__attribute__ ((target( mic ))) in(v1l:alloc_if(1))

A Four basic options:
ALLOC: alloc_if (1)
RETAIN: free if (0)
REUSE: alloc if (0)
FREE: free if (1)

°
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Implicit Data Copy

AVariables and functions can be declared to be sharec
between Host and Phi withCilk_shared
definition

A Runtime automatically maintains coherence at the
beginning and end of offload sections

A Example:
int  x;
_Cilk_shared double y;
_Cilk_shared int  func (double);
x =_ Cilk_offload func (y);
X = Cilk_offload_to (1) func (y);

i
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Implicit Data Copy

A Shared variables aynchronisecautomatically
around offloads (only if values are modified)

A For dynamic memory, must use special functions (thi
allows C++ objects to be transferred):

p =_ Offload_shared_malloc (size)

p=_ Offload_shared aligned malloc ( size,align - Size)
_Offload_shared_free (9)

_Offload_shared_aligned_free (p)

v
©2012 SGl Sgl



Implicit Data Copy Syntax

Function:int _ Cilk_shared fCint) {é}

Versions compiled for Host and Rhzan be called from either side
Global: _Cilk_shared int x=0;

Visible on both host and Phi
File/Function static: static _  Cilk_shared int X

Visible on both host and Phi within the File/Function
Class:class _  Cilk_shared x {eée};

Class methods, members and operators are available on both Host and Phi
Pointer to shared dataint _ Cilk_shared *P;

p is local (not shared), but can point to shared data
Shared Pointerint *_ Cilk_shared P;

p is shared; should only point to shared data
Blocks of code:

#pragma offload_attribute (push, _ Cilk_shared )
e
#pragma offload_attribute (pop)

Mark entire files or large blocks of code _Shared

©2012 SGl



Explicit vs Implicit Data Copy

A Allowed offload data types:

A Explicit data is limited to scalars, arrays, andWigte
copyablestructures

A Implicit has no restrictions on type

A Data movement control:

A Explicit mode user controls data movement at each offloac
directive

A Implicit mode- all _Cilk_sharedariables aresynchronised
around offload statements

i
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Explicit vs Implicit Data Copy

AWhen evaluating functioargsfor offloaded function,
le f(g(x),h(y))x assuming f() is offloaded:

A Explicit mode will evaluate g() and h() card (both
functions must be offloaded)

A Implicit mode will evaluate g() and h() bost (even if
marked _Shared)

A Offloaded code is copied:
A Explicit mode at first #ihragmaoffload
A Implicit modec at program startup

So|
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MKL and Phi

A Can be offloaded automatically or manually

A Manual mode:
A Functions called from host run on host
A Functions called from Phi run on Phi
A User must manage data transfer and execution between Host and Ph

Host Phi

Offload Code

MKL Library MKL Library

[ ]
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MKL and Phi

A Automatic mode:
A Transparent load balancing between Host and Phi
A Callmkl_mic_enablé on host before calling MKL functions
A No offload required. MKL manages all data and execution

SOj
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Using MPI

A Compile the code witlkmmic (no pragmasneeded):
mpiicc  Tmmic 1o mc_mpl mc_mpi.c

A Copy tomic;
scp mc_mpi micO:/ tmp
scp mc_mpi micl:/ tmp

A Usempirun:
mpirun Tn4 ThostmicO/ tmp/mc mpi : in4
I hostmicl/ tmp/ mc_mpi

v
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Simultaneous Processing

A Offload calls with gragmaoffload or Cilk offload
block until the offload is complete

A Creating multiple threads allows execution to continu
A Egpthreads OpenMPtasks, etc

#pragma omp parallel

#pragma omp single { Run on PHI
#pragma omp task /

#pragma offload target( mic) { e*}

#pragma omp task
{ & } « Run on host

]
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Using Multiple Phis

A Phisare enumerated from 0

A Explicit mode:
A 1dir$ offload targetfnic) - Run on any Phi
A 1dir$ offload target(mic:1)- Run on second Phi
A 1dir$ offload targetfnic:-1) - Run on any Phi
A Implicit Mode:
A _Cilk_offload_tdn) <stmt> - Run on Phn

A Note: If you specify a particular card withic:nor
_Cilk_offload_tahe program will fail to run if that card is not
available

@
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Multiple Phis Example

subroutine multimic
use mic_lib

integer num_devices , device_num
integer i, count

num_devices = OFFLOAD_NUMBER_OF_DEVICES()
if ( num_devices .eq.0)then
print "(A)", "*** No Phis available ***"

return
endif

do i =0,num_devices -1
I dec $ offload target( mic: i)out( device_ num )
device_ num = OFFLOAD_GET DEVICE_NUMBER()
end do
return
end subroutine multimic

©2012 SGl



Asynchronous Transfer/Compute

A Useoffload_transfermpragmawith signal clause to
begin an asynchronous data transfer

A Use offloadporagmawith signal clause to begin an
asynchronous computation

A Useoffload waitwith wait clause to block execution
until completion of transfer/computation

A Tied together by unique signal/wait value.

#pragma offload_transfer target(mic:1) signal(13)
#pragma offload wait target(mic:1) wait(13)

i
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Asynchronous Transfer/Compute

A Transfer Example:

/I host starts transfer to Phi

#pragma offload_transfer target( mic)in( a,b) signal(l)
€ // Host keeps executing code
/l Phi waits for data to arrive

#pragma ofload_wait target( mic) wait(1)

{
e
}
ACompute Example
do {
#pragma offload target( mic ) signal( signal_value )
{
/[ long_running_coprocessor_compute 0;
}
/[ concurrent_host_activity 0;
#pragma offload_wait (signal_value )
} while (1);

]
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Compiling

A Headers:
A Fortran: usamic_lib
A C/C++: #includeffload.h

A To Compile app for running onic:
iccC Tmmic To myapp myapp.c
A To compile app for offload:

icc T offload - aftribute -target= mic 10 myapp
myapp.c

A For object files with offloads, compiler creates two version:
(eg, part.c=>part.oandpartMIC.Q

A Another useful switch:
A -offload-option,mic,compileX-§cansil £ A I & ¢

Sgi
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Environment Variables

A By default, alenvvarson host are copied to Phi
A OMP_NUM_THREADS
A KMP_AFFINITY
A OMP_STACKSIZE

A You can have Phi specific values if you like be defining:
A MIC_ENV_PREFIX=MIC
A MIC_OMP_NUM_THREADS=60
A MIC_OMP_STACKSIZE=4M

A Speciaknvvar KMP_PLACE_THREADS for easier placeiment,
value 30c2t => run 60 threads on 30 cores (2 threads per cor

©2012 SGl Sgl



Environment Variables

A For debugging there is a H_ TRACE and H_TIME
variables:
A H_TRACE=1 basic block run information
A H_TRACE=2 detailed offload data
A H_TIME=1 dump timing stats for each offload

A Can also use _ MIC__ define in the source to determine if co

IS running on host or Phe:
#idef _ MIC__
printft  ( ARunni ng \em) Phi
#endif

A Note: Can only use inside offloadfohc, not offloaded stmt

i
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Phi Utilities
Amiccheclke Test Phi is OK
Amicctrl ¢ Boot/reset/setparams etccs gives current Phi status
Amicflashc Flash the Phi cards, also for flashing SMC
Amicinfoc Print information about the Phi

Amicnativeloadex Transfer and run executable on Phi

Amicsmcg Bring up Phi Dashboard

v
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Phi Utilities T micsmc

Intel® Xeon Phi™ Coprocessor Platform Status Panel (on mickey)

Advanced - Carda: 2 Memory: 16 GB Coea:

WRilization View (All Devices)

— 100

o System [%] a0
W User [%] a0 i
4 Lt

20

0.340 GB 0 Watts

18:33:38 18:33:58 Average Core Total Total
Average Core LRilization Temperature “C Memory Usage Poveer Usage

mich: ilization View

m System [%]
M User [%]

r
U

18:33:38 18:33:58 18:34:18 Protassor Cors 339.8 MB 0 Walts
Core Utilization Temperature “C Memory Usage Power Usage

mic1: WHilization View [Device Connection Lost!] fw‘*""! Rtk

m System [%]
M Uaer [X]

r
!

18:33:38 18:13:58 18:3418 Processor Core 0.0 MB 0 Watts

Core Utilization Temperature *C  Memory Usage  Power Usage
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Phi Utilities T SGI

-IIII_.I
P L

M1

CPUH P u H
ot MO

at [1.03.6] nodes:2 cores; phya=16 virt=16  'H'=help
walt, g, hiost: mickey

L () 2010 SGI

gr_mictat [1.02] mickey

cares=60

=G0

Fress 'h=help.
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The evil of Int64

A Avoid use of int64 scalars or vectors if possible

Aie, size_t long

ALYyldcn R2SayQi YAE 6A0GK
A Much harder tovectorize

A Avoid arithmetic, loop counters, array indexes,
scatter/gather etc with int64

Alf possible, use signed 32 bit integer

A Int64 operations in the VPU are (at best) half the
pandwidth of Int32 operations

Altaz2 y FyR mc o0AdG REFEGE

A Signed integer loop counters faster than unsigned.
©2012 SGI Sgl




Load balancing

A Phi has hardware support for 4 threads per core, but less may
be better:

A Minimisecache/TLB thrashing when threads compete for L1/L2
A Lower competition for the VPU
A Minimiserequests to main memory
A But there are also good reasons to use 4 threads/core:
A When data locality between threads is key and data fits into cache
A To keep per threads working set small enough

A2 KFi A& 0Sa0K LU RSLISYRAX
A 1 core/thread for high DRAM b/w loads

A 2 cores/thread for GEMM type loads
A 3 cores/thread for assembly code

A >= 2 cores/thread gives > 90% instruction issue bandwidth

i
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Threads/core

[root@mickey - micO/ micfs ]# export KMP_PLACE_THREADS=60c1t
[root@mickey - micO/ micfs ]# ./ppp2_mic 50000 10

Running 50000 particles for 10 steps on 60 threads

Step 1 runin 0.592 s

é LT T T

gr_mictat [1.02] mickey

[root@mickey -micO/ micfs ]# export KMP_PLACE_THREADS=30c2t
[root@mickey - micO/ micfs ]# ./ppp2_mic 50000 10

Running 50000 particles for 10 steps on 60 threads

Step 1 runin 0.808 s

e

[root@mickey -micO/ micfs ]# export KMP_PLACE_THREADS=20c3t
[root@mickey - micO/ micfs ]# ./ppp2_mic 50000 10

Running 50000 particles for 10 steps on 60 threads

Step 1 runin 1.070 s

é

[root@mickey -micO/ micfs ]# export KMP_PLACE_THREADS=15c4t
[root@mickey - micO/ micfs ]# ./ppp2_mic 50000 10

Running 50000 particles for 10 steps on 60 threads

Step 1 runin 1.752 s

é
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