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VLPL-S Workload Descriptions

» VLPL-S is the in-house code from SJTU, paralleled with MPI and written in C++. The
application is about Particle-in-Cell method for laser plasma simulation by solving the
particles motion equation, current density distribution and Maxwell equations.

» Disable the result output and the wall time of computation is performance benchmark.
For this app, the result output is finished by 15t rank collecting data from other ranks.

=  Workload Info

Number of Cells on Particles per  Number of

Description XandY Cell Time steps Precision
The total particles numbers in all cells will keep the same and the particles moves from one cell to another.
V2d-test1.ini It’s one of typical case in engineering application. 2500x240 9 200 SP

The total particles number will increase as the time step goes on. For some cell, the particles number would
V2d-test2.ini increase to 5x. And the load balance would become better and better when the time step goes on. 2500x240 9 100 SP

The workload has good load balance used for benchmark. And the particles number would not change a lot in

V2d-test3.ini one cell. 1200x1200 16 20 SP

All of the parameter is the same with v2d-test3.ini except that the cells number on X and Y Direction is twice.

V2d-test3.big.ini And the particles per cell is 9. 2400x2400 9 20 SP
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Machine Configurations

E5-2699v3 | E5-2697v4 | Xeon Phi 7210 | Xeon Phi 7250

Stepping 1(B0O) 1 (BO) 1 (BO)
Sockets / TDP 2S / 290W 2S / 290W 1S/ 215W 1S/ 215W
Frequency / Cores / 2.3GHz / 36/ 72 2.3GHz/36/72 1.3GHz / 64 [ 256 1.4GHz /68 [ 272
Threads
DDR4 Memory 128GB 2133MHz 128GB 2400MHz 6x16GB 2133MHz 6x16GB 2400MHz
MCDRAM N/A N/A 16 GB Flat 16 GB Flat
Cluster/Snoop Mode Home Home Quadrant Quadrant
Turbo Enabled Enabled Enabled Enabled
BIOS SE5C610.86B.01.01.0 GRRFSDP1.86B.027 GVPRCRB1.86B.0010. @ GVPRCRB1.86B.0010.
008.021120151325 1.R00.1510301446 R00.1603251732 R00.1603251732
Operating System CentOS release CentOS release RHEL 7.1
6.7(Final) 6.7(Final) (3.10.0-327.0)
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VLPL-S Analysis using Intel® Trace Analyzer and Collector
Using workload v2d-test3.iniand v2d-test1.ini

Load Balance Call Tree
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Name TSelf TSelf TTotal #Calls TSelf /Call

4 All_Processes PRCOT lodBisnce  Calbee  Call Graph
-~ Group Application 16.3675e+3 s [N 18.7497e+3 s 252 64.9504 s A processes B
- MPI_Comm_size k 7.59e-3 s 7.59e-3 s 504 15.0595e-6 s [Name Toell Toel Towl | #cils Tser/cal
~ MPI_Comm_rank 12.956e-3 s 12.956e-3 s 504 25.7063e-6 s 4 All_Processes
! il Group Application 75,5253 s I 205846 0 X
-~ MPI_Finalize 3.9604 s 3.9604 s 252 15.7159%e-3s M’;’C;ﬁg‘"’“ R — pripvet e S
-+ MPI_Bcast 311.165s | 311.165s 205632 1.51321e-3s MPI_Recv 96.7334 s NN 86.7334 5 174434 497.227e-6'5
-~ MPI_Recv 1.54593e+3s i 1.54593e+3 5 12419568 124.475¢-6 5 MPI_Bsend 2546155 | 254615 5 174461 14.5944e:6 5
-~ MPI_Get_processor_name 16.813e-3s 16.813e-3 s 252 66.7183e-6s
- MPI_Bsend 520.8235s | 520.823 5 12419568 41.9357e-6 s
~ MPI_Buffer_attach 15.469e-3 s 15.469e-3 s 252 61.384%-6s I .
. MPI_Buffer_detach 227.748e-3 s 227.748e-3 s 252 903.762e-6 5 For the workload v2d-test1.ini, the overhead is MPI
communication. So the scalability is bad.

For the workload v2d-test3.ini, the load balance is not bad. And MPI
overhead is not high compared to the real computation time.




VLPL-S Analysis using Intel® VTune™ Amplifier XE

Grouping: [ Function / Call Stack

Function / Call Stack

* Mesh::SetCellNumbers

Mesh::MoveParticles
Plvmlinux]
[ [libmpi.s0.12.0]

FHee—=-Roer—
)

OO [0.233s|1s 2
o Caller/Callee| |« 551 Wi N
u 441
§ packag.. 331
] 11.07
CPU Timew = = &
Instructions
Effective Time by Utilization spin | Ov.. Retired CPI Rate | Fre... E
L rekand Time | Time, Ratio 5 K 36
r = ¢ [packag...
0 0 64,017,000,000 S EFALI] 1.086 o
7610.6365 [N 0s  0s 2,539,498,000,000 4.145 [1.066 - %
5394.7065 [ 0s 0s 256,516,000,000 28.1521.032° O
0s 0s 452,439,000,000  15.658/1.079

5062.117s [

=S
PMesh::ClearCurrents 2123.497s [l movepart.cpp i
I*Mesh:: AverageEfield 820.1455' Source [E] Assembly grouping: | Address
IMesh:: AverageBfield 751.2565 ) d
>Domain::GetSpecie 405.307s S'.‘ Source Effective Time Address.a Eﬁﬂe Assembly Effective Ti
I*Mesh:: Density 322.0645| Didle @Poor Jok @ [ idle @ Poor O
DMesh::CIearDensity 242.?515| 57 p = ccc.p Particles; 0.110s| 0x4096a0 66 mov %rbp, %rdi 1830.129s
58 0x4096a3 65 movg ©x38(%rbp), %rls 1D.324s|
PMesh::MoveBfieldYee 213.874s| 59 if (p==NULL) 40.2435] — 0x4096a7 66  callg OxB(%rax) 352.3845 [
ST T B Selected 1 row(s):| ! 60 continue; E 0x4096aa Block 21:
a S 61 ~ 0x4096aa 66 mov %eax, %rl4d 23.1545'
62 p_PrevPart = NULL; 12.8405\ — 0x4096ad 70 movg ©xde(%rsp), %rax 8.109s|
Qe Qb = Ce 10s 20s 30s 40s 505 60s 7/73.63 whilelp) 24.537s] o 0x4096b5 71 movssl @x24(%rbp), %xmme 7.0965|
64 { 0x4096ba 88 pxor %xmmS5, %xmm5 11.76]s|
65 Particle *p_next = p->p_Next; 10.3245\ 0x4096be 71 movssl %xmm@, 0xd8(%rsp) 4.6215|
isort = p->GetSort(); 0x4096c7 73 movssl @xc(%rbp), %xmm@ 18.5935|
67 if (isort > @) { 0x4096cc 74 movssl @x18(%rbp), %xmml 3.3855|
68 int ttest = 0; 0x4096d1 75 movssl @x14(%rbp), =xmmé 9.2815|
69 } 0x4096d6 76 movssl @x18(%rbp), S%xmm2 4.3405|
70 1 Processed++; 19.7365| = o0x4096db 77 movssl  @x1c(%rbp), %xmm3 11.246s|
71 float weight = p->f Weight; 11.?175\ ® 0x4096e0 78 movssl ©x20(%rbp), %xmmé4 5.2525|
72 float q2m = p->f_Q2m; 0x4096e5 70 incg ©x48(%rax) 11.627s|
73 float x = p->f X; 38.038s] 0x4096e9 73 movssl %xmm@, 0x110(%rsp) 19.445s|
74 float y = p->f ¥; 15.9575\ ox4096f2 74 movssl %xmml, ©x114(%rsp) 12.5695|
75 float z = p->f_Z; 16.6995\ = 0x4096tb 75 movssl %xmm6, 0x118(%rsp) 7.41]s|
76 float px = p-»f_Px; 20.4575\ 0x409704 76 movssl %xmm2, Oxe@(%rsp) 16.117s|
7, flnat nv = n->f Pu: 54 145c1 || Dxanazod 77 maves]  Zxmm3  AxfAI%ren) 42 paasll
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Optimizations Policies for VLPL-S

Optimization been tried Optimization being tried

U Remove the unnecessary computation and O Data restructure, make
memory access sure all of list in the unit-

QlImprove cache hit rate by prefetch stride array

U Avoid unnecessary precision conversion of Multi-Thread Support,
constant and function call such as OpenMP, TBB, etc.

UlInter-procedural Optimization Modify MP|
UImprove function call efficiency by removing communication mode to
the virtual function call unblocked

UVectorization Q Parallel I/O if needed
U Make good usage of MCDRAM on KNL




Optimization #1: Remove the unnecessary operation from
algorithm

* Avoiding unnecessary memory access by removing the function
SetCellNumbers

. ) Function Module CPU Time -
Function Module CPU Time "'
- ©M Particl jtu.e, : .
|r Mesh::SetCellNumbers w2d sjtu.e.cpu.org 6419.121s : Mesh: MoveParticles V2d_5!tu e.cpu.optl 2374.591s
~ BEsh-MovePartices ~ v2d Sjfu.e.cpu.org ~ 31687B79s - Mesh::ClearCurrents V2d_§]tu.e.cpu .optl 265.071s
PMPI Recv libmpi.so.12  1041.520s - MPID_nem_mpich_blocking_recv libmpi.s0.12.0  155.462s
Mesh::ClearCurrents  v2d_sjtu.e.cpu.org 355.378s Cell::PCount v2d_sjtu.e.cpu.optl 105.145s
Cell::PCount v2d_sjtu.e.cpu.org 143.645s Mesh::Density v2d_sjtu.e.cpu.optl 82.010s
5] ) 714.528s thers N/A* 603.095s
*N/A is applied to non-summable metrics. *NJA is applied to non-summable metrics.

338 void Mesh: :setCellNumbers() { T |
long n=0;

339

340 for (n=8; n<l sizeXYZ; n++) { 0.4%| 0.0% 0.0.  42.040s|

341 p CellArray[n].L N = n; 0.0%| 0.0% 0.0. 4.640s| v2d-test3.ini

342 Particle *p = p CellArray[n].p Particles; 0.1%| 0.0% 0.0. 8.591s| BDW 36P: 2.49x
343 while (p) { 50.2% [ 0.0% 0.0. 5955.001s [l KNL 256P: 2.33
344 p->1 Cell = n; 0.3%| 0.0% 0.0.  41.180s| P £ I33X
345 p = p->p_Next; 3.1%]| 0.0% 0.0. 367.669s[




Optimization #2: Improving cache hit rate by
prefetch

* The list structure is not friendly to improving memory access. Cache miss
occurs. Using _mm_prefetch to optimize the code.

63 while(p) 4.983s| 0s 0s23,. = 0x409690 62 movq %rcx, (%rsp) 0.096s |
4 { S 0x409694 62 movq %rbx, Oxd@(%rsp  0.043s|
65 Particle *p next = p-»p_lext; 1.000s | (s 0s41,. = 0x40969c Block 20:
E isort = p->Getsort(); [ 0x40969c 66  movq (%rbp), %rax 0.313s|
67 if (isort > @) { ~ 0x4096a0 66  mov %rbp, %rdi 836.683s (A
68 int ttest = 0; = 0x4096a3 65 movq Ox38(%rbp), %rl 1.000s|
69 } " 0x4096a7 66 callg ©x8(%rax) 137.076s [
0 1_Processed++; 2.904s| (s 0s22. E 0x4096aa Block 21:
67  #ifdef PREFETCH 0x40962d 65  movg ©x38(%rbp), %rl  5.977s|
2| BTN | = ocoseat o8 | prefetchtzz (vis) | zoa s M
69 —mm prefetch((char*)(p 81.833s [ 0s/17. = 0X409635 69 prefetcht2z ox40(%rl 81.833s [N
70 #end1f 0x40963a 71 mov %rbp, %rdi 24.506s [l
71 isort = p->GetSort(); 92‘6?55. 0s 0s 14. 0x40963d 71 movqg (%rbp), %rax 2.2265|
72 if (isort > 8) { = 0x409641 71 callg 0xB(%rax) 59.334s [ .
73 int ttest = 0; ¥ 0x409644 Block 21: V2d-te5t3'ml
74 } - . = 0x409644 71  mov %eax, %rlad 6.609s ] BDW 36P: 1.33x

M

KNL 256P: 1.08x




Optimization #3: Using the right precision and
avoiding precision conversion
* Using the right precision function

* Avoiding constant precision conversion

[ 1dle @ Poor [JOk [ Ideal [ Over T

PMesh::MoveParticles | 2017.734s [ For examp[e;
bMesh::Clearcurrents | 353.255s (I
PCell::PCount 152.350s [l
. mma = 1. .+ * + * + * ;
PMesh::Density | 125.546s [} g4 1 '{Sqrt(l px7px PY"PY bz pZ) !
DMPID_nem_mpich_blocki_ 0s 12
PMesh:: AverageBfield 103.088s[J) ‘
- PMesh::Averagetfield | 100.167s [}
PMesh::MoveBfieldvee 54.763s) gamma = (float)l./sqrtf((float)l. + pE*px + pPy*py + pz*pz);

4

S — v2d-test3ini
: BDW 36P: 1.03x

P Mesh::ClearCurrents 355.908s (D .

P Cell::PCount | 148.600s [ KNL 256P: 1.07x
P Mesh::Density | 1237555 ()

DMPID_nem_mpich_blocki 0s 114

PMesh::AverageBfield = 98.813s(J)

PMesh::AverageEfield | 96.075s ()

PMesh::MoveBfieldYee | 54.596s ]

M




Optimization #4: Inter-procedural Optimization

e Use the compiler option “-ipo”

Function k Module CPU Time
Mesh:MoveParticles | v2d sjtu.eknl.opt3 10294.500
libmpi.s0.12.0 libmpi.so.12.0 {;8;0._')'3_55\I
[Outside any known module] [Unknown] 1 1660.055s |
Domain::GetSpecie v2d sjtu.e.knl.opt3 I' go4.5165 :
Mesh::ClearCurrents v2d_sjtu.e.knl.opt3 : 724.534s |
[Others] N/A* \;’-4 37 l:”'li'
*N/A is applied to non-summable metrics.

¥

Function Module CPU Time
eshMoverarticles | vad sjtueknlopts 104117315
[libmpi.s0.12.0] libmpi.s0.12.0 I,ﬂss'o.a'ﬁs ‘I
[Outside any krjpwn module] [Unknown] [1562.960s | v2d-test3.ini
Mesh::ClearCurrents v2d_sjtu.e.knl.optd 1 733.294s : BDW 36P: 1.02x
Mesh::Density v2d_sjtu.e.knl.optd : 4411305 | KNL 256P: 1.09x
[Others] N/A* 3030.401s

- = o=
*N/A is applied to non-summable metrics.




Optimization #5: Removing Virtual Function Call

* Removing Virtual Function call to reduce overhead of the redundant
register splll/flll G T < ot

= 0x40eld9 137 vmovssl %xmml3, €x90(%rsp) 28.4665
float field = sqrtf(ex ex + ey*ey + ez*ez); W Ox40ele2 137 movq (%rdi), %rax 14.002s|
130 p->Ionize(&ccc, field); ‘ 0x40ele5 137 vmovssl %xmm2, ©x98(%rsp) 28.967s()
131 p_next = p->p Next;//removed by shan 1603 Ox40elee 137 vmovssl %xmm9, ©xa@(%rsp) 13.7025|
132 }: _ 0x40elf7 137  vmovssl %xmml, @xa8(%rsp) 28.7975.
133 } 0x40e200 137 vmovssl %xmm6, Oxb@(%rsp) 6&8245.
134 0x40e209 137  vmovssl %xmm7, Oxb8(%rsp) 75.9865.
135 float tmp=p->GetSpecie()->GetM(); 116.389s ) 0x40e212 137 vmovssl %xmm8, 8xc®(%rsp) 50.0865 [
“J/mchen moditied edesez oo oo o T — = '00e21b 137 vmovssl %xmm10, @xc8(%rsp) 444735
137 p->f_Q2m = p->GetSpecie()->GetPolarity()*p->Get 1739.228s [N = 224 137 vmovssl %xmmll, ©xde(%rsp) 59.157s i}
138 q2m = p->f _Q2m; " Oxf0e22d 137  vmovssl %xmm12, 0xd8 (%rsp) 67.586s [}
127 { | h3e = l:zas 137 callq ex18(%rax) 53.874s)
//1if (int iZ = p->GetZ() < iAtomTypeArray[isor 7' —— —— —— —— — — — | — 402239 Block 100:
129 if ( iz < iAtomTypeArray([isort]) { 141 0x40e239 137  vmovssl 6x488b3(%rip), %xmm3 49.695s [
130 Float field = sqrtf(ex*ex + ey*ey + ez*ez) 142 *+srsrsxsrsssspgpgppesssssssssxsssssssssssssas/ = 0x40e241 137 vmovssl Oxd8(%rsp), %xmml2 33.758sf)
131 p->Ionize(&cce, field); 143 12 \' 0x40e24a 137  vmovssl Oxd@(%rsp), %xmmll 30.771s)
132 P next = p->p Next;//removed by shan 16 144 int mk2=15;//6,0,0,6,0,0,6,0,0,6,0,0,6,0,1,1,1,1 = 0x40e253 137  vmovssl 6xc8(%rsp), %xmmle 20.0365|
133 }: - - 145 _ mmask16 mmk2= mm512_int2mask(mk2); — 0x40e25c 137  vmovssl 0Oxc@(%rsp), %xmm8 32.746s)
134} 146 it e[16]={ex,ey,ez,0,0,0,0,0,0,0,0,0,0,0,0,0}; @ 0x40e265 137 vmovssl Oxb8(%rsp), %xmm7 22.9635'
135 Specie *sp=p->Getspecie(); 147 it pd[16]={px,py,pz,1,0,0,0,0,0,0,0,0,0,0,0,0}; 0x40e26e 137  vmovssl Oxb@(%rsp), %xmmé 30.5415'
148 m512 mme= mm512 1nad nsle)-: Nxane277 137 umnvss]  AvaR(%ren)  %ymml 205780
136 // Spec1e *sp (Domam p D- >pa Spec1es)[150rt 0x40e071 139  vsubss %xmml9, %xmm7, %kO, S%xmm24 16.398s]
A37T TFloat tmp=sp->Geth(); TT T T T T T Eo0x40e077 139 vnulssl 0x4084(%r8), %xmm8, %ke, %xmm  33.578s])
l138  //mchen modified 090922 1 = 0x40e081 236 movq Oxd8(%rsp), %rcx 17.280s]|
1 : | | = 0x40e089 236 movq OxcB(%rsp), %r8 26.511s)
0 //p->1.020 = sp->GetPolarity( *iZ* (Lf10a1) L/t o e o o o 7 = 0x40e091 265 movq Bxb8(%rsp), %ril 9.8635\
141 g32m = p->f_Q2m; W 0x40e099 139  vmulss %xmm22, %xmm2l, %k0, %xmm23{rne  28.396s|
142 = 0x40e09f 139  vfnmadd231ss %xmm20, %xmm23, %ke, %xmm  12.840s|
143 090922 ; 0x40e0a5 139  vfmadd231ss %xmm22, %xmm21l, %kO, %xmm2 50.2365 ] v2d—test3.ini
144 12 = 0x40e0ab 139  vscalefss %xmm24, %xmm23, %kO, S%xmm26 55.709s [ ) .
145 int mk2=15;//0,0,0,0,0,0,0,0,6,0,0,0,0,0,1,1,1, E 0x40e0bl 236  wvmulssl Ox38(%rl2,%rcx,1), %xmm5, %kg  71.134s[l BDW 36P: no |mprovment
146  nmask16 mmk2= mm512 int2mask(mk2); 0x40e0b9 139  vmulss %xmm26, %xmm25, %k0, %xmm7 10.715s| KNL 256P: 1.1x
147t allRl={ey Ay 7 AAAAAAANAARARARARAML- .r!_vqul?r!r?f 139 umnvesl  %ymm7 Ax2R(%r15) AR 1N7<M

For BDW, there is no obvious improvement.




Optimization #6: Vectorization

Achieve vectorization by fetching the data from list and coping them to arrays. Because the
data structure is list and memory access is random which is not good for vectorization

File Edit View Search Terminal Help
float mdx[VvL], mdy[VL], mdz[VL];

T float mxtmp[VL], mytmp[VL], mztmp[VL]; - p_PrevPart = NULL; —
float mdjx[vL], mdjy[VvL], mdjz[VL]; Particle *p next = p->p Next;

float m amma[VL] amma r[VL]; while(p)
= while(p il =S {
/ { N\ p_next = p->p_Next;
/ //fetch \ ifdef PREFETCH
I for(int of=0;0f<VL;of++) 1 _mm_prefetch((char*)(p->p_Next), MM HINT T2) ;// T0,T1,T2,NTA
_mm_prefetch((char*)(p->p_ Next)+64 m HINT_T2) ;// T0,T1,T2,NTA
| if (p==NULL) {pp[of]=NULL;break;} | endif
qifdef BREFETCH 1 L_Processed++;
I if (p->p_Next!=NULL) { I float x = p->f X;
_mm_prefetch((char*)(p->p_Next), MM HINT T2) ;// T6,T1,T2,NTA float y = p->f_Y;
| “mm_prefetch((char*) (p->p Next)+64, MM HINT T2) ;// Te,T1,72,NTA float z = p->f Z;
1 } 1 float px = p->f_Px;
#endif float py = p->f Py;
| 1_Processed++; 1 float pz = p->f_Pz;
1 pplof] =p; 1 float weight = p->f Weight;
I px[of] = (pplof])->f X; I float q2m = p->f _Q2m;
py[of] = p->f_Y;
| pz[of] = p->f Z; | float axc = 1.-X;
1 ppx[of] = p->f Px; 1 float axp = x;
ppy[of] = p->f Py; float ayc = 1.-y;
1 ppz[of] = p->f Pz; 1 float ayp = y;
| pweight[of] = p->f Weight; | float azc = 1.;
| pq2m[of] = p->f Q2m; 1
piz[of] = (pp[of]) ->GetZ(); float axcyczc = (axc*ayc);
\ pisort[of] = p->GetSort(); / float axpyczc = (axp*ayc);
\ p = p->p_Next; 7/ float axcypzc = (axc*ayp);
0 - float axpypzc = (axp*ayp); v2d-test3.ini
: BDW 36P: 0.99x
// calc ... float ex = KNL 256P:1.05x
ir(int of=0;0f<VL;of++){ ayc*ccc.f_Ex + ayp*cpc.f_Ex;
—— e T AL AT T T e o e = === -
maxp[of] = px[of]; float ey =

l mayc[of] = 1.-py[of]; axp*pcc.f Ey + axc*ccc.f Ey;




Optimization #6: Vectorization

Optimization#6

3 k for(int of=0;o0f<VL;o0f++) 5.7265| 0s 0s22,.

{
5 if (p==NULL) {pp[of]=NULL;break;  1.038s| 0s 0s1,7. The performance on HSW/BDW became worse
6 #ifdef PREFETCH than optimization #5.Because for optimization
7 if (p->p Next!=NULL) { sosessE @ os Os 56 6, the prefetch latency hasn't been hidden well
8 _mm p r;fetch( (char*)(p->p Next 9.002s| 0s Os14,. Z];tir n;ﬁ;norg gzngin:nvgéi/c\)lnzatlon can't
9 _mm_prefetch((char*) (p->p_Next| 92.392sf 0s 0s 13. 'Ng ug I ’
0 }
1 #endif

Optimization#5

~ #ifdef PREFETCH ]

71 ~mm_prefetch((char*)(p->p Next), M 494.959s[l} 0s 0s 63.
72 ~mm_prefetch((char*)(p->p Next)+64 85.295s[ 0s 0s62,.
73 #endif

v2d-test3.ini
BDW 36P: 0.99x
KNL 256P:1.05x

M




Speedup over baseline step by step

KNL baseline is the performance of Quadrant/Flat(MCDRAM only) 256 P

VLPL-S performance improvement step by step on HSW/BDW/KNL
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Speedup from Optimizations

Baseline is the performance of original code and on KNL ,it's the same binary as Xeon, no option of “-
xMIC-AVX512" and just DDR only+Quadrant

VLPL-S Performance on Xeon and Xeon Phi
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M 2S E5-2699v3 3.157361485 3.247367664 3.457238359 3.18171316
B 2S E5-2697v4 3.003887017 3.023319493 4.142607174 3.215542522
H Xeon Phi 7210 3.469315141 2.785975074 7.583134175 11.95739404
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Summary

= Most of optimization policies work on both of Xeon and Xeon Phi
= AVX512 will bring benefit on KNL if the code is vectorized

= High Scalability, high memory access efficiency and vectorization are very
important

= MCDRAM is very helpful to performance on KNL for the application of high
memory bandwidth

» |ntel® Parallel Studio XE plays an important role in the performance analysis
and optimization.







What's Inside: Intel® Parallel Studio XE 2016

| PARALLEL
Intel® Parallel Studio XE 20716 By LI])]{I}3

Composer Edition

=

PARALLEL

Intel® Parallel Studio XE 2016  BRYLIL{IA

Professional Edition

intel)

PARALLEL

Intel® Parallel Studio XE 2016  MRILLVIAA3

Cluster Edition

Intel® C++ Compiler

Intel® Fortran Compiler

Intel® Threading Building Blocks

Intel® Integrated Performance Primitives

Intel® Data Analytics Acceleration Library (DAAL)
Intel® Math Kernel Library

Intel® Cilk™ Plus

Intel® OpenMP*

Intel® C++ Compiler

Intel® Fortran Compiler

Intel® Threading Building Blocks

Intel® Integrated Performance Primitives

Intel® Data Analytics Acceleration Library (DAAL)
Intel® Math Kernel Library

Intel® Cilk™ Plus

Intel® OpenMP*

Intel® C++ Compiler

Intel® Fortran Compiler

Intel® Threading Building Blocks

Intel® Integrated Performance Primitives

Intel® Data Analytics Acceleration Library (DAAL)
Intel® Math Kernel Library

Intel® Cilk™ Plus

Intel® OpenMP*

Intel® Advisor XE
Intel® Inspector XE
Intel® VTune™ Amplifier XE

Intel® Advisor XE

Intel® Inspector XE

Intel® VTune™ Amplifier XE

Intel® MPI Library

Intel® Trace Analyzer and Collector

Bundle or Add-on:
Rogue Wave IMSL* Library

Add-on:
Rogue Wave IMSL* Library

Add-on:
Rogue Wave IMSL* Library

Additional configurations including, floating and academic, are available at: http://intel.ly/perf-tools
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