
Welcome

Virtual tutorial starts at 15.00 BST



Introduction to KNL
Adrian Jackson Many slides from Intel
adrianj@epcc.ed.ac.uk presentations
@adrianjhpc



Xeon Phi – Knights Landing (KNL)

• Intel’s latest many-core processor
• Knights Landing
• 2nd generation Xeon Phi

• Successor to the Knights Corner
• 1st generation Xeon Phi

• New operation modes
• New processor architecture
• New memory systems
• New cores



KNC – 1st Gen
• Knights Corner 

• Many Integrated Cores 
(MIC) architecture

• HPC/computational 
simulation primary market

• Co-processor
• PCIe Card

• 60 cores/240 threads/1.054 
GHz

• 8 GB memory/320 GB/s 
bandwidth

• 512-bit SIMD instructions
• Hybrid between GPU and many-

core CPU



• Usable in different ways
• Offload kernels 
• “Native” direct run applications

KNC – 1st Gen
3100 series 5100 series 7100 series

Cores 57 60 61

Clock frequency 1.100 GHz 1.053 GHz 1.238 GHz

DP Performance 1 Tflops 1.01 TFlops 1.2 TFlops

Memory Bandwidth 240 GB/s 320 GB/s 352 GB/s

Memory 6 GB 8 GB 16 GB



KNC: Achievable Performance
• 1 to 1.2 TFlop/s double precision performance

• Dependent on using 512-bit vector units
• And FMA instructions

• 240 to 352 GB/s peak memory bandwidth
• ~60 physical cores

• Each can run 4 threads
• Must run at least 2 threads to get full instruction issue rate
• Don’t think of it as 240 threads, think of it as 120 plus more if beneficial

• 2.5x speedup over host is good performance
• Highly vectorised code, no communications costs 

• MPI performance
• Can be significantly slower than host



KNL



Picture from Avinash Sodani’s talk from hot chips 2016



Memory

• Two levels of memory for KNL
• Main memory

• KNL has direct access to all of main memory
• Similar latency/bandwidth as you’d see from a standard processors
• 6 DDR channels

• MCDRAM
• High bandwidth memory on chip: 16 GB
• Slightly higher latency than main memory (~10% slower)
• 8 MCDRAM channels



Memory Modes

• Cache mode
• MCDRAM cache for DRAM
• Only DRAM address space
• Done in hardware (applications don’t need modified)
• Misses more expensive (DRAM and MCDRAM access)

• Flat mode
• MCDRAM and DRAM are both available
• MCDRAM is just memory, in same address space
• Software managed (applications need to do it themselves)

• Hybrid – Part cache/part memory
• 25% or 50% cache

MCDRAM DRAMProcessor

MCDRAM

DRAM
Processor



Cache mode

Slide from Intel



Using flat mode
• Set bulk memory policy

• Preferred or enforced memory for application
• MCDRAM exposed as NUMA node
• Use numactl program 

• Example code:
• Check available memory
[Xajacks@eln4 Mg2SiO4-geom]$ numactl --hardware
available: 2 nodes (0-1)
node 0 cpus: 0 2 4 6 8 10 12 14 16 18 20 22
node 0 size: 49090 MB
node 0 free: 32586 MB
node 1 cpus: 1 3 5 7 9 11 13 15 17 19 21 23
node 1 size: 49152 MB
node 1 free: 28820 MB
node distances:
node   0   1 

0:  10  21 
1:  21  10 

• Fails if exhausts memory
mpirun -n 64  numactl -m 1 ./castep.mpi forsterite

• Tries to used preferred memory, falls back if exhausts memory
mpirun -n 64  numactl -p 1 ./castep.mpi forsterite



Allocating MCDRAM



Allocating MCDRAM



• Fortran:
• FASTMEM is Intel directive

• Wrapped hbw_malloc
• Call malloc directly in Fortran
• https://github.com/jeffhammond/myhbwmalloc

use fortran_hbwmalloc
include 'mpif.h'
integer offset_kind
parameter(offset_kind=MPI_OFFSET_KIND)
integer(kind=offset_kind) ptr
INTEGER(C_SIZE_T) param
type(C_PTR) localptr

real (kind=8) r8
pointer (pr8, r8)

if (type.eq.'r8') then
param = 8*dim
localptr = hbw_malloc(param)

else if (type.eq.'i4') then
param = 4*dim
localptr = hbw_malloc(param)

end if
ptr = transfer(localptr,ptr)

if (type.eq.'r8') then
call c_f_pointer(localptr, pr8)
call zeroall(dim,r8)

end if



Emulating MCDRAM

• Using multiprocessor node can emulate MCDRAM affect 
on application:
• export MEMKIND_HBW_NODES=0
• mpirun -n 64  numactl -m 1 –N 0 ./my_application

• Force all application memory to be allocated on the 
memory of the other processor
• HBW memory will be allocated on the local memory
• This will have lower latency, which isn’t accurate
• But will give an idea of the impact of higher bandwidth
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Programming the KNL
• Standard HPC

• MPI
• OpenMP
• mkl
• Intel compilers

• Add:  
–xMIC-AVX512

• Run with standard MPI job launcher
mpirun -n 128 -f $PBS_NODEFILE  ./myapp

• If using only 1 MPI rank and OpenMP to fill up cores
• If also using SNC have to enable all memory access
numactl –m 4,5,6,7

Probably not 
what will be used 
on ARCHER 
Cray KNL

Multi-KNL run



Configuring KNL

• Different memory modes and cluster options
• Configured at boot time

• Switching between cache and flat mode
• Switching cluster modes

• More on ARCHER/Cray specific details in the third virtual 
seminar in this series
• Wednesday 12th October 2016 15:00 



Test data hardware

• Intel(R) Xeon Phi(TM) CPU 7210 @ 1.30GHz
• 64 core
• 16GB MCDRAM
• 215W TDP
• 1.3Ghz TDP, 1.1Ghz AVX
• 1.6Ghz Mesh
• 6.4GT/s OPIO
• 96GB DDR4@2133 MT/s



GS2 on KNL
• GS2 ported and run on KNL:

• Small test cases: sweet spots: 1,2,4,8,16,32,176,352,….

• ARCHER 2.10 minutes (24 cores) (7% imbalance)

• KNL without fast mem 3.08 minutes (64 cores) (20% imbalance)

• KNL with fast mem 1.74 minutes (64 cores)

• KNL in cache mode 1.76 minutes (64 cores)

• Broadwell 1.38 minutes (36 cores)



GS2 Port to KNC Xeon Phi

• Profiling of vectorisation of GS2 shows good performance
• Pure MPI code performance

• ARCHER (2x12 core Xeon E5-2697, 16 MPI processes): 3.08 
minutes

• Host (2x8 core Xeon E5-2650, 16 MPI processes): 4.64 minutes
• 1 Phi (176 MPI processes): 7.34 minutes
• 1 Phi (235 MPI processes): 6.77 minutes
• 2 Phi’s (352 MPI processes): 47.71 minutes

• Hybrid code performance
• 1 Phi (80 MPI processes, 3 threads each): 7.95 minutes
• 1 Phi (120 MPI processes, 2 threads each): 7.07 minutes



CASTEP

• MgSiO4-Geom benchmark:
• ARCHER: 24 cores

• Total time          =    102.27 s

• KNL: 24 cores
• Total time          =    156.63 s

• KNL: 64 cores 
• Total time          =    149.65 s

• KNL: 64 cores cache mode
• Total time          =    146.88 s

• Broadwell: 36 cores
• Total time =     38 s



CP2K

Results courtesy of Fiona Reid



CP2K

Results courtesy of Fiona Reid



LU factorisation (KNC)

�

���

�

���

�

���

�

��	

��


��
���

���
�
�

���
�
�

��

��	
��
���������
�������������������������������

��	
��
���������
����������������� �����!�"��������
 �����#



LU Factorisation
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LU factorisation
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MPI Performance - PingPong



MPI Performance - Allreduce



MPI Performance - Allreduce



MPI Performance – PingPong – Memory modes
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MPI Performance – PingPong – Memory modes
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ARCHER KNL

• 12 KNLs in test system
• Should be available mid-October

• ARCHER users get access
• Non-ARCHER users can get access through driving test

• Initial access will be unrestricted
• After first month will be budgeted

• More details in the next virtual seminar(s)
• eCSE funding for KNL porting/optimisation

• Next virtual tutorial: Wednesday 21 Sept 2016 15:00
• Using ARCHER KNL: Wednesday 12th October 2016 15:00



EPCC IPCC

• EPCC has IPCC collaboration with Intel

• Working on porting and optimising codes on Xeon Phi

• Training and support of Xeon Phi

• Get in touch if you’ve got any questions, or something 
you’d like to collaborate on



Goodbye
Virtual tutorial has finished

Please check here for future tutorials 
and training

http://www.archer.ac.uk/training
http://www.archer.ac.uk/training/virtual/


