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Motivation

e Staggered multi-mass Conjugate gradient (CG):
the most time-consuming part in the evolution
and measurement code

* Within CG Dslash operator is the bulk of the
work

* Vectorization is the challenge



Intel Xeon Phi Knights Landing (KNL)
architecture

 The second generation of Intel Xeon Phi
processor

 Multiple layers of parallelism: many-core,
SIMD VPU(AVX512), hyperthreading

* High bandwidth on-package memory
(MCDRAM) up to 16GB, with NUMA support



Intel Xeon Phi Knights Landing (KNL)
architecture

* KNL summary

Parameter Value

Sockets

Cores

VPUs, Threads

L1 cache size

L2 cache size

Peak theoretical performance
MCDRAM peak bandwidth

Platform Memory interface

High BW memory modes

1

Up to 72 (2 cores/tile)
2/core, 4/core

32 KB Icache & Dcache /core
1 MB/tile

3+ Tflops (DP)

>500 GB/s (STREAM),
~ 380 GB/s (read only)

6 channel DDR4
Cache, flat, hybrid



Staggered QPhiX library

* Developed from standard open source QPhiX

ibrary for Wilson quarks. Joint work by Intel,
JIab, and MILC collaboration

* Portable to various IA ISA’s: SSE, AVX2, KNC,
AVX512

* Supports MPIl, OpenMP

* Current implementation on CG, supports both
single and double precision

* Extending to gauge force




Staggered QPhiX library

* Data structure AoSoA :

*KS_Color Vector[3][2][VECLEN],
*Gauge[8][3][3][2][VECLEN], etc.

* Data layout: EO checkerboarded, 4D or 3D
block for SP or DP, with size 2 along each
dimension to fill up the inner VECLEN array,
i.e., dataat (x, vy, z, t), (x*Nx/2,v, z, t), (X, y
+Ny/2, z, t), (x+Nx/2, y+Ny/2, z, t), ... are
stored consecutively.



Hardware configuration

* Intel Endeavor Cluster:

* Intel Xeon Phi™ processor 7210 & 7250 (KNL): 64 & 68
cores @ 1.3 & 1.4 GHz, 8 or 16 GB MCDRAM, 6x16 GB
DDR4 @ 2.1 & 2.4 GHz and 115 GB/s peak BW

* Intel Broadwell(BDW) multi-core processor: Intel Xeon
Dual Socket processor E5-2697 v4, 18 Cores/Socket, 36
Cores @ 2.3 GHz, 128GB DDR4 @ 2.4 GHz

e NERSC Cori Cluster:

* Intel Haswell(HSW) multi-core processor, based on
Cray’s XC40 architecture: 2 sockets, 16 cores/socket @
2.3 GHz, 128 GB DDR4 @ 2.1 GHz, 1.92 Pflops
(theoretical peak)



Benchmarks

* Multi-mass CG using 9 or 11 masses

 Benchmarks (all in double precision):

Baseline MILC code w. MPI only
Baseline MILC code w. MPI+OpenMP

MILC+QPhiX vs. baseline MILC code, one and
multi-node



Baseline MILC code performance

e Baseline MILC w. MPI, KNL 7250 single node
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Hybrid MPI+OpenMP Performance

e Baseline MILC w. MPI+OpenMP, KNL 7250 vs.

Haswell single node
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MILC+QPhiX performance

 QPhiX staggered Dslash bandwidth on single KNL:
* Increases w. increasing lattice volume;

(Model BW) Hits 80% peak read bandwidth w.
hardware prefetches.

* The next two slides compare MILC+QPhiX and
Baseline MILC code on:

e KNL 7250 one node;
e KNL 7210 and Broadwell multi-node.
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MILC+QPhiX vs. baseline MILC,
single KNL 7250 weak scaling,
up to 64 cores w. OpenMP
Lattice volume 83 x 24 per core
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MILC+QPhiX vs. baseline MILC w. MPI+OpenMP
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Conclusions and outlook

* Conclusions:
e Staggered QPhiX improves multi-mass CG

performance by a factor of 1.5~ 2.5 in DP.

e Benefits from MCDRAM, hyperthreading.

e Qutlook:

Explore other NUMA modes: hemisphere, quadrant.

Omni-path network for potentially faster across-chip
communications.

Optimize other routines in the code.



Backup slides

* QPhiX staggered Dslash BW (DP)
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MILC staggered multi-mass Conjugate
Gradient(CG)

e Algorithm: shifted polynomials in Krylov
space, e.g. B. Jegerlehner, hep-lat/9612014

(M-0)a =0
where &;is within a set of vector solutions,
each with a bare quark mass 0, and 2 is the
source color vector.

Update @, with Dslash for smallest 0, and the
rest a,, ] # 7 with local linear algorithm.



Computational requirements

Flops = (1205 + 15 x masses) x iters x V

Bytes = ((1'71+12 x masses) x iters+9

xmasses) x V x sizeof (complex)

Where masses, iters, V are number of quark
masses, CG iterations, and total lattice
volume. ( masses = 9 or 11 in our tests)



Intel Xeon Phi Knights Landing (KNL)
architecture

HBM Modes

» Cache mode

e N . han naaded 1 KNL Cores + MCDRAM DDR
0 source changes needed to use Uncore (L2) )
* Misses are expensive (higher latency)
* Needs HBM access + DDR access
= Flat mode
* MCDRAM mapped to physical address space sl
KNL Cores + ~ (as Mem)
* Exposed as a NUMA node Uncore (L2) -

* Use numactl --hardware, Iscpu to display configuration
* Accessed through memkind library or numactl

= Hybrid -
* Combination of the above two MCDRAM
KNL Cores + (&8 Cache) | |
* E.g.,8GBin cache + 8 GB in Flat Mode | uUncore (L2) R
(as Mem)

ﬂ

Image quoted from http://www.anandtech.com/show/9794/a-few-notes-on-inteIs-knights-landing-and-mcdram-modes-from-sc%g




Intel Xeon Phi Knights Landing (KNL)
architecture

| \ Chip: 36 Tiles interconnected by 2D Mesh

Tile: 2 Cores + 2 VPU/core + 1 MB L2

Memory: MCDRAM: 16 GB on-package; High BW
DDR4: 6 channels @ 2400 up to 384GB
36 Tiles 10: 36 lanes PCle Gen3. 4 lanes of DMI for chipset
connected by Node: 1-Socket only

2D Mesh Fabric: Omni-Path on-package (not shown)
Interconnect

nrEMmZZ>»InN

Vector Peak Perf: 3+TF DP and 6+TF SP Flops
Scalar Perf: ~3x over Knights Corner
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