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ÅHardware Acceleration in HPC: 

ÅThe case for Accelerators 

ÅOverview of the Intel Xeon Phi 

ÅIntel Xeon Phi Architecture and Roadmap Overview 

ÅHow to port applications on Xeon Phi: 

ÅProgramming Models 

ÅData management 

ÅPhi Utilities 

ÅSample case ς jps 
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Accelerator Types 

ÅSpecialised 

ï ASIC, FPGA, DSP, VPU 

 

ÅGPU 
ï Nvidia, AMD 

 

ÅManycore 
ï Intel, Tilera 

3 
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2013 
(CPU) 

2013 
(CPU+Acc) 

2015 
(CPU) 

2015  
(CPU + Acc) 

CPU/Acc (sockets) ~6,000 ~1,700 ~3,000 ~850 

Footprint (racks) 40 10 20 2 

Power (kW) ~1,000 ~350 ~400 ~140 

Å[ŜǘΩǎ ǘŀƪŜ ŀ PetaScale (1PF peak) system as an 
example: 

 

 

 

 

 

ÅSo, a CPU only solution needs ~3x power and ~6-10x 
floorspace vs an accelerator based solution 

The case for Accelerators 

4 
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Accelerator Types 

5 Horst Simon ï No Exaflops for you! 
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Accelerator Types 

6 Horst Simon ï No Exaflops for you! 
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Intel Xeon Phi Intro 

Accelerators 

CPU (old model) 
Memory (non ECC) 

Fat Pipe 
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The Xeon Phi is not: 

8 

ÅLǘΩǎ ƴƻǘ ŀ /t¦Υ 

ÅCore is based on Pentium P54C widened to 64 bits 

Å~ 1GHz clock (5110P is 1.05GHz) 

ÅNo OOO execution 

ÅNo FE/BE buffers 

ÅCannot execute consecutive threads 

ÅNot optimised for serial threads 
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The Xeon Phi is not: 

9 

ÅLǘΩǎ ƴƻǘ ŀ Dt¦Υ 

ÅNo display port 

ÅNo access to sampler units 

ÅDifferent memory model 

ÅFully coherent L1/L2 (traditional model) 

ÅGPUs have shared-local model ς multiple 
concurrent out-of-cache requests 

ÅThreads are much heavier/ less limited 
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The Xeon Phi is: 

10 

ÅA manycore coprocessor optimised for HPC workloads 

ÅHighly parallel codes 

ÅHighly vectorised codes 

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

ÅEach core has a 512 bit VPU with specialised 
instructions: 

ÅNot SSE or AVX 

ÅMask support for conditionals 

ÅFast (imprecise) transcendental functions 

 



©2012 SGI 

Phi core 

11 

Å64 bit Pentium core with 512 bit VPU 

ÅL1 32K I/32K D 

ÅL2 512K 

ÅFully coherent 

ÅDual issue 

Å4 HW contexts 

ÅFully pipelined 

ÅRR threads 
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Phi VPU 
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Å32x 512 bit registers (v0-v31) 

Å16 singles or 8 doubles per register 

Å1x FP Status register per context (vxcsr) 

Å8x 16 bit mask registers (k0-k7) 

ÅPredicate/branch support ς at a cost 

 

 

for (i= 0; i< 15; i++)   

  if (v5[i] < v6[i])     vcmpps_lt k7, v5, v6 

    v1[i] += v3[i];     vaddps v1{k7}, v1, v3 
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Phi VPU (cont) 

13 

Å FMA support with arbitrary register order, ie: 

Åvmadd132ps v1, v2, v3 => v1 = v1 X v3 + v2 

ÅIEEE 754-2008 support 0.5 ulp for FMA/FMS 

ÅTernery operator support 

ÅNon-destructive 

Å3 memory operand 

ÅShuffle/swizzle support 

ÅWithin lanes 

Å4 lanes per register ς 128 bit each 

ÅPredefined patterns ς not arbitrary 
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Phi VPU - cont 

14 

ÅScatter/gather support (AOS-SOA) ς at a cost 

ÅVector broadcast load (ie scalars, constants) 

ÅSoftware prefetch ops, ie vprefetch1 

ÅBuilt-in LUTs for Base2 Log/exp, ie 

Åvlog2lutpd, vexp2lutps 

 

ÅNo support for < 32 bit vars 

ÅNo dot product support (a la SSE4, AVX dpps/dppd) 
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Phi-Host Interface 

15 

ÅPhi is physically attached to host via PCIe Gen 2 x16 

ÅPeak Bandwidth is 5Gb/s per lane (8GB/s for x16) 

Å8/10b data encoding  

ÅEffective Data rate is 4Gb/s per lane (6.4GB/s for x16) 

 

ÅPhi runs a linux kernel on core 59 (for 5110P) 

ÅCreates a VLAN over PCIe to the host 

ÅCan use ssh to login to Phi 

ÅCan use NFS to share files between host and Phi 

 



Phi Programming Intro 

Jeff Adie 

Principal Systems Engineer 

 
jeffadie@sgi.com 
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Basic Run Modes 
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ÅRun everything on CPU 

 

ÅRun mostly on CPU with certain functions on Phi 

 

ÅRun CPU/Phi together 

 

ÅRun mostly on Phi with certain functions on CPU 

 

ÅRun everything on Phi 
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Basic Programming Models 
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ÅDo nothing, just compile for Phi (-mmic) 

ÅAdd directives to OpenMP or pthread code 

ÅUse accelerated libraries (ie MKL, VSML, IPP, Magma) 

ÅUse language support such as Cilk Plus, ABB, TBB 

ÅHand code with MIC opcodes 

ÅUse MPI 

 

ÅAny combination of the above 
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Data 

19 

ÅThe Host memory and the Phi memory are separate 
physical spaces 

ÅAddresses are not shared* 

ÅShared data must be copied, either explicitly or 
implicitly 

ÅNote: Fortran only supports explicit mode 

ÅData can be sticky between offloaded region calls 

ÅSetup/teardown, data transfer and synchronisation is 
all performed automatically by the runtime system 

 
* Exception: In implicit mode, virtual addresses can be the same across Host and Phi, although they 
άǇƻƛƴǘέ ǘƻ ŘƛŦŦŜǊŜƴǘ ǇƘȅǎƛŎŀƭ ŀŘŘǊŜǎǎŜǎ 
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Offload Basics 

20 

ÅOffloads are specified using Pragmas, ie: 
ÅFortran: !dir$ offload <clause> <modifiers>  

!dir$ attributes offload:<MIC> :: <name>  

ÅC/C++: #pragma  offload <clause> <modifiers>  

__attribute__((<clause>))  

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

ÅTo run code on the Phi, use the offload pragma, eg; 
Å !dir$ offload target( mic )  

ÅNote that code marked for offload is not guaranteed to 
actually be run on the Phi: 

ÅIf Phi is not available, for instance 
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Offload Syntax 

21 

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 the ǇǘǊΩǎ type 

  alloc_if (B)  - Alloc memory if B is True 

  free_if (B)  - Free memory if B is true 

  align(N)   - Specify minimum memory alignment 

 

Examples: 

 #pragma  offload target(mic:1)  

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

 #pragma  offload target( mic ) in(v:length( nv ))  
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Åñ!dir$ omp offloadò directive. Offloads the 
following OpenMP statement to the Phi, eg: 

 

    subroutine phipi ()  

    real pi, t  

    integer i  

 

    pi = 0.0  

 

    !dir$ omp offload target( mic )  

    !$ 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  

    !$ omp end parallel do  

 

    pi = pi / 10000  

    print "(F)", pi  

    return  

    end subroutine phipi  

OpenMP offload 

22 
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Explicit Data Copy 

23 

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

ÅDefinitions are wrt Phi, ie: 

Åin ς transfer from Host to Phi 

Åout ς transfer from Phi to Host 

Åinout ς transfer both ways 

Ånocopy ς 5ƻƴΩǘ ǘǊŀƴǎŦŜǊΦ 5ŀǘŀ ƛǎ ƭƻŎŀƭ ǘƻ ǘŀǊƎŜǘ 

ÅExample: 

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

ÅC/C++: #pragma  offload target( mic ) in( a,b ) out(c)  
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Explicit Data Copy 

24 

ÅThe offload target( mic ) pragma runs the next 
statement on the Phi 

ÅTo offload an entire function, use the attributes 
pragma, eg 

!dir$ attributes offload:mic  :: myfunc  

void __attribute__((target( mic ))) myfunc (void);  

ÅAlso, for allocating variables on Phi 
!dir$ attributes offload:mic  :: v1, v2  

__attribute__((target( mic ))) int  v1, v2;  

ÅBlock offload support 
!dir$ offload begin target( mic )  

!dir$ end offload  
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Explicit Data Copy Control - Example 

25 

 

     subroutine calcres ()  

    integer i  

    integer, parameter :: size = 1000  

 

    common /one/ in1, in2, res  

 

    real in1(size)  

    real in2(size)  

    real res(size)  

 

    do i =1,size  

        in1( i ) = i  

        in2( i ) = i  

    enddo  

 

    !dir$ omp offload target( mic ) in(in1, in2) out(res)  

    !$ omp parallel do  

    do i =1,size  

        res( i ) = in1( i ) + in2( i )  

    enddo  

    !$ omp end parallel do  

    return  

    end subroutine calcres  
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Using alloc_if and free_if 

26 

ÅThe alloc_if (B) and free_if (B) pragma 
options allow fine control over allocated memory on 
the PHI, eg: 

!dir$ attributes offload:mic  :: 

in(v1:free_if(.false.))  

__attribute__((target( mic ))) in(v1:alloc_if(1))  

ÅFour 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 

27 

ÅVariables and functions can be declared to be shared 
between Host and Phi with _Cilk_shared  

definition 

ÅRuntime automatically maintains coherence at the 
beginning and end of offload sections 

 

ÅExample: 
int  x;  

_Cilk_shared  double y;  

_Cilk_shared  int  func (double);  

x = _ Cilk_offload  func (y);  

x = _ Cilk_offload_to  (1) func (y);  
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Implicit Data Copy 

28 

ÅShared variables are synchronised automatically 
around offloads (only if values are modified) 

ÅFor dynamic memory, must use special functions (this 
allows C++ objects to be transferred): 

 
p = _ Offload_shared_malloc (size)  

p = _ Offload_shared_aligned_malloc ( size,align - size)  

_Offload_shared_free (p)  

_Offload_shared_aligned_free (p)  
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Implicit Data Copy Syntax 

29 

Function:  int  _Cilk_shared  f( int ) {é}  

 Versions compiled for Host and Phi ς can 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 {é}; 

 Class methods, members and operators are available on both Host and Phi 

Pointer to shared data:  int  _Cilk_shared  *p;  

 p is local (not shared), but can point to shared data 

Shared Pointer:  int  *_ Cilk_shared  p;  

 p is shared; should only point to shared data 

Blocks of code:  

 #pragma  offload_attribute (push, _ Cilk_shared )  

 é 

 #pragma  offload_attribute (pop)  

 Mark entire files or large blocks of code _Shared 
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Explicit vs Implicit Data Copy 
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ÅAllowed offload data types: 

ÅExplicit data is limited to scalars, arrays, and bit-wise 
copyable structures 

Å Implicit has no restrictions on type 

ÅData movement control: 

ÅExplicit mode - user controls data movement at each offload 
directive 

ÅImplicit mode - all _Cilk_shared variables are synchronised 
around offload statements 
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Explicit vs Implicit Data Copy 

31 

ÅWhen evaluating function args for offloaded function, 
ie f(g(x),h(y)) ς assuming f() is offloaded: 

ÅExplicit mode will evaluate g() and h() on card (both 
functions must be offloaded) 

ÅImplicit mode will evaluate g() and h() on host (even if 
marked _Shared) 

ÅOffloaded code is copied: 

ÅExplicit mode ς at first #pragma offload 

ÅImplicit mode ς at program startup 
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MKL and Phi 

32 

ÅCan be offloaded automatically or manually 

ÅManual mode: 
ÅFunctions called from host run on host 

ÅFunctions called from Phi run on Phi 

ÅUser must manage data transfer and execution between Host and Phi 
 

User App 

MPSS MPSS 

Offload Code 

MKL Library MKL Library 

Host Phi 
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MKL and Phi 

33 

ÅAutomatic mode: 
ÅTransparent load balancing between Host and Phi 

ÅCall mkl_mic_enable() on host before calling MKL functions 

ÅNo offload required. MKL manages all data and execution 
 

User App 

MPSS MPSS 

MKL Library 

Host Phi 

MKL Library 

MKL Worker 
process Heterogeneous  

MKL Library 
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Using MPI 

34 

ÅCompile the code with ςmmic (no pragmas needed): 

mpiicc  ïmmic ïo mc_mpi mc_mpi.c  

 

ÅCopy to mic: 
scp  mc_mpi mic0:/ tmp  

scp  mc_mpi mic1:/ tmp  

 

ÅUse mpirun: 
mpirun  ïn 4 ïhost mic0 / tmp / mc_mpi : ïn 4 

ïhost mic1 / tmp / mc_mpi 
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Simultaneous Processing 

35 

ÅOffload calls with #pragma offload or _Cilk_offload 
block until the offload is complete 

ÅCreating multiple threads allows execution to continue 

ÅEg pthreads, OpenMP tasks, etc 

 
#pragma  omp parallel  

#pragma  omp single {  

  #pragma  omp task  

#pragma  offload target( mic ) { é } 

  #pragma  omp task  

  { é } 

}  

 

 

 

Run on PHI 

Run on host 
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Using Multiple Phis 

36 

ÅPhis are enumerated from 0 

ÅExplicit mode:  

Å!dir$ offload target(mic) - Run on any Phi 

Å!dir$ offload target(mic:1) - Run on second Phi 

Å!dir$ offload target(mic:-1) - Run on any Phi 

ÅImplicit Mode: 

Å_Cilk_offload_to (n) <stmt>  - Run on Phi n 

 

ÅNote: If you specify a particular card with mic:n or 
_Cilk_offload_to the program will fail to run if that card is not 
available 
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Multiple Phis Example 

37 

    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 

       ! dec $ offload target( mic : i ) out( device_num )  

       device_num  = OFFLOAD_GET_DEVICE_NUMBER() 

       ...  

    end do  

    return  

    end subroutine multimic  
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Asynchronous Transfer/Compute 

38 

ÅUse offload_transfer pragma with signal clause to 
begin an asynchronous data transfer 

ÅUse offload pragma with signal clause to begin an 
asynchronous computation 

ÅUse offload_wait with wait clause to block execution 
until completion of transfer/computation 

ÅTied together by unique signal/wait value. 

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

#pragma  offload_wait  target(mic:1) wait(13)  
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Asynchronous Transfer/Compute 
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ÅTransfer Example: 

// host starts transfer to Phi  

#pragma  offload_transfer  target( mic ) in ( a,b ) signal(1)  

é // Host keeps executing code 

// Phi waits for data to arrive  

#pragma  ofload_wait  target( mic ) wait(1)  

{  

  é 

}  

Å Compute Example 
do {  

   #pragma  offload target( mic ) signal( signal_value )  

   {  

     // long_running_coprocessor_compute ();  

   }  

   // concurrent_host_activity ();  

   #pragma  offload_wait  ( signal_value )  

} while (1);  
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Compiling 

40 

ÅHeaders: 

ÅFortran: use mic_lib 

ÅC/C++: #include offload.h 

ÅTo Compile app for running on mic: 
icc  ïmmic ïo myapp myapp.c  

ÅTo compile app for offload: 

icc  ïoffload - attribute - target= mic  ïo myapp 

myapp.c  

ÅFor object files with offloads, compiler creates two versions 
(eg, part.c => part.o and partMIC.o) 

ÅAnother useful switch: 

Å-offload-option,mic,compilerΣέ-g ςansi-ŀƭƛŀǎέ 
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Environment Variables 

41 

ÅBy default, all env vars on host are copied to Phi 

ÅOMP_NUM_THREADS 

ÅKMP_AFFINITY 

ÅOMP_STACKSIZE 

 

ÅYou can have Phi specific values if you like be defining: 

ÅMIC_ENV_PREFIX=MIC 

ÅMIC_OMP_NUM_THREADS=60 

ÅMIC_OMP_STACKSIZE=4M 

 

ÅSpecial env var KMP_PLACE_THREADS for easier placement, ie 
value 30c2t => run 60 threads on 30 cores (2 threads per core)  
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Environment Variables 

42 

ÅFor debugging there is a H_TRACE and H_TIME 
variables: 

ÅH_TRACE=1 basic block run information 

ÅH_TRACE=2 detailed offload data 

ÅH_TIME=1 dump timing stats for each offload 

 

ÅCan also use __MIC__ define in the source to determine if code 
is running on host or Phi, ie: 

#idef  __MIC__  

printf (ñRunning on Phi\ nò); 

#endif   

 

ÅNote: Can only use inside offloaded func, not offloaded stmt 
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Phi Utilities 

43 

Å miccheck ς Test Phi is OK 
 
Å micctrl ς Boot/reset/set params, etc ςs gives current Phi status 
 
Å micflash ς Flash the Phi cards, also for flashing SMC 
 
Å micinfo ς Print information about the Phi 
 
Å micnativeloadex ς Transfer and run executable on Phi 
 
Å micsmc ς Bring up Phi Dashboard 
 

 



©2012 SGI 

Phi Utilities ï micsmc 

44 



©2012 SGI 

Phi Utilities ï SGI 

45 
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The evil of int64 

46 

ÅAvoid use of int64 scalars or vectors if possible 

Åie, size_t, long 

ÅLƴǘсп ŘƻŜǎƴΩǘ ƳƛȄ ǿƛǘƘ ƛƴǘон ǿŜƭƭ 

ÅMuch harder to vectorize 

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

ÅIf possible, use signed 32 bit integer 

ÅInt64 operations in the VPU are (at best) half the 
bandwidth of int32 operations 

Å!ƭǎƻ у ŀƴŘ мс ōƛǘ Řŀǘŀ ǎǳǇǇƻǊǘ ƛǎ άƭƛƳƛǘŜŘέ 

ÅSigned integer loop counters faster than unsigned 
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Load balancing 

47 

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

ÅMinimise cache/TLB thrashing when threads compete for L1/L2 

ÅLower competition for the VPU 

ÅMinimise requests to main memory 

ÅBut there are also good reasons to use 4 threads/core: 

ÅWhen data locality between threads is key and data fits into cache 

ÅTo keep per threads working set small enough 

Å²Ƙŀǘ ƛǎ ōŜǎǘΚ Lǘ ŘŜǇŜƴŘǎΧ 

Å1 core/thread for high DRAM b/w loads 

Å2 cores/thread for GEMM type loads 

Å3 cores/thread for assembly code 

Å>= 2 cores/thread gives > 90% instruction issue bandwidth 
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Threads/core 

48 

[root@mickey - mic0 / micfs ]# export KMP_PLACE_THREADS=60c1t  

[root@mickey - mic0 / micfs ]# ./ppp2_mic 50000 10  

Running 50000 particles for 10 steps on 60 threads  

Step 1 run in 0.592 s  

é 

 

 

[root@mickey - mic0 / micfs ]# export KMP_PLACE_THREADS=30c2t  

[root@mickey - mic0 / micfs ]# ./ppp2_mic 50000 10  

Running 50000 particles for 10 steps on 60 threads  

Step 1 run in 0.808 s  

é 

 

 

[root@mickey - mic0 / micfs ]# export KMP_PLACE_THREADS=20c3t  

[root@mickey - mic0 / micfs ]# ./ppp2_mic 50000 10  

Running 50000 particles for 10 steps on 60 threads  

Step 1 run in 1.070 s  

é 

 

 

[root@mickey - mic0 / micfs ]# export KMP_PLACE_THREADS=15c4t  

[root@mickey - mic0 / micfs ]# ./ppp2_mic 50000 10  

Running 50000 particles for 10 steps on 60 threads  

Step 1 run in 1.752 s  

é 


