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Problems with current methods:
Motivation for StochasticGW
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StochasticGW...

...Is more accurate than | ...scales efficiently with system
traditional GW. size. Only Algorithm that can
do 10,000+ electrons.
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StochasticGW
Core Algorithm

For each CPU core, 1 Monte Carlo (MC) sample: Feynman Diagram of StochasticGW
timeloop: Do t=0, nt | Ni~2000
| “Propagate” once a matrix: p(N, M) N~10"7 (grid), M~10
doi=1, M

- FFT back and forth p(:,i) | apply kinetic energy via convolution
-pC) =pGi) + 2 _af(a) »sum(f(;,a)+p(.i))
I BLAS to apply non-local potential energy
- Normalize p(:,i)
enddo
I Accumulate and overlap after each step, more BLAS
-Make v(:) from FFT of sum(|p|*2, dim=2) ! wfc * W --> v(r,t), store as v(w)
-From v(:) make many “segments” and store to make > ;| Get G\W energies
| overlap with small basis --> easy to store
end timeloop



StochasticGW with OpenACC

compatibility! © 1N+ (min)
* EXpe rt m e nto rS s:dgomax(dot*dv, toll_o)

OpenACC because: Hogg  de 2 oy demtontne
e 1if
it=1ib+2x%1 19,3,8,15
nbt = it-ib+1
! ov=<vphi|vphi> in 3d.
. dot = 0do
° Ease Of |ea rnlng I$acc loop reduction(+:dot) private(igg)
do igg=1,ngs(ia)
'I bl ce=0de
aVa| a e I$acc loop reduction(+:ce) private(igg)
do igg=1,ngs(ia)
ce= ce + pt( mapkbg(igg,ia),is)*vp(js+(igg-1)*nbt)

: if(1/=1pploc(ma)) then
SFORTRAN
1$acc loop private(j,js,dot)
dot= dot + vp(js+(igg-1)*nbt)*x*2
enddo

Favorite Feature:

ce = ce * dv /ov
ce = ce * (exp(-cixdt/2d@xov/pvp(l,ma))-1da)

. private, copy, etc. G0 igg=1,ngs(ia)

1$acc atomic

gr(mapkbg(igg,ia),is) = &

simple control over ar (napkbo (igg, i), is) + &

dble(ce)xvp(js+(igg-1)*nbt)

I$acc atomic

memory COpieS qi(mapkbg(igg,ia),is) = &

gi(mapkbg(igg,ia),is) + &




OpenACC Goals:

. One code base with all code on the GPU with

OpenACC

. Comparisons 1 CPU (Nvidia) versus 1 GPU
(Intel Xeon) on NERSC Cori

. Optimize OpenACC use, and Optimize cuFFT
calls, and minimize memory copies



Initial Profile from 4/27
fftw --> cuFFT naively, NO OPEN ACC
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Overview: 2 MC steps of thousands of C60
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Within each Monte Carlo sample

with initial OpenACC and cuFFT kernels running for propogation loop

v weesr s e

Project Explorer
~ Project1
| ns1.qdstrm
| | nv.0.qdrep
|| ns.0.qdrep
|| ns.1.qdrep
__| nss.chi0.0.qdrep
| ns.9.qdstrm
| ns.vO.qdrep
__| ns.510.v9.qdrep
|| ns.proc0.qdrep
__| ns.proct1.qdrep
|| ns.proct2.qdrep
__| ns.proc.0.qdrep
__| ns.proc.1.qdrep
__| ns.morenvtx.0.q...
|| ns.morenvix.1.q...
|| ns.qdrep
| report1.qdrep
| nsi.qdrep
| ns2.qdrep
| | ns0513.qdrep
_| nprofd.qdrep

| mayi2-5PM.qd...

X | Project1 % nsiqdrep X —mayl2-5PM.qdrep X | ns0513.qdrep X RSISKGIE I

= Timeline View » 2~ 1% - ) ) M warning, 13 messages
50s 61s +100ms +200ms +300ms LRI 515 468ms S +600ms +700ms +800ms -
T I = — o= =_=
OpenACC
CUDA API cudaFree i _
Profiler overheat \ J
v/ 28] squx - Thousands of individual time steps
V| [684] sgw.x ~
6 threads hidden =

~ CUDA (Tesla V100-SXM2-16¢
» 75.1% Stream 14
v 24.9% Default stream (7)
+ 100.0% Kemels
» 100.0% composite_2wa)
= 100.0% All Streams

Events View v

Name

_ composite_2way_ff 168.990 s | GPUO m

composite_2way_fft

Lildwl P02l i da lalabl dawn | bl lalbablanbanton | walaLlal

LETawd PRantP0a Dalaklddun I vebbal banlanlantan I walatlal

[‘Zifal::w |

= composite_2way_fft

Begins: 51.3056s

Ends: 51.3058s (+168.990 ps)
v | grid: <<<3200, 1, 1>>> v

Duration -~ GPU Start

168.958 ps GPUO 51.6636s



Opt 1: Removing 3 Memory Copies from inner loop
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Opt. 2: Move cuFFT async stream --> cuFFT many
(8 cuMalloc/cuFree calls)
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CuFFT with Streams vs cuFFTMany

propk convolution subroutine showed significant speed up using cuFFTMany
vs cUFFT in asynchronous data streams.
Called 25x per single MC step.

ject1 3¢ |nstqdrep 3 | may12-5PMadrep % [ENSERC IR B nprofd.qdrep
£ Timeline View - > 1x A warning, 13 messages
49s +58,6ms +58.8ms +59ms 458.2ms +59.4ms  +59.6ms m +60ms +60.2~
~ 5.3% Stream 1/ 1 = ’ : 1 . T = A X 1-

~ 100.0% Kernels

~ 100.0% composite_2wa)

65.5% void composite_
34.5% void composite_ -
» 5.3% Stream 18 — - = — o
= = ] | (]

» 5.3% Stream 19
~ 100.0% All Streams

— DT Saes

92.5% Kemels
~2.2
. S 7.5% Memory composite_2way_fft
5 streams hidden ==sje ¥y ¥ | IR . Begins: 49.0598s
Ends: 49.0598s (+43.391 us)
Ove r . [23541] grid: <<<400, 1, 1>>>
block: <<<16, 10, 1>>>

Thema et

whole .
program »

5isns
19.8% propnl_235_gpu
15.3% propnl_172_gpu
15.2% propl_80_gpu

§ i e Tk s M s

+398.6ms +398.8ms +399ms

+398‘.2rn_s B 515 398.389ms .

+397.8ms
Ay |

+398ms

+ 8.0% renrmiz_250_gpu
v 7.5% propk_132_gpu
24 kernel groups | emsjs
» 12.2% Memory
~ 24.9% Default stream (7)
~ 100.0% Kemels
+ 100.0% composite_ ‘W

Now ~1.6 s

.0% All Streams
90.9% Kemels | : —
~| composite_2way_fft
9.1% Memory Begins: 51.3982s
Crndn- E4 2004n 7. 189 299 1ant




Open ACC Results and Final Profile

* Accomplishments:

— OpenACC and cuFFT speedup:

® 6.3x for whole code without I/O overhead

e 30x to 40x for individual propogation routines
=> 1 GPU (Nvidia) vs. 1 CPU (Intel Xeon) on NERSC

Cori system
« Combination of GPU computing tools:

- OpenACC directives

- PGI compiler, NVIDIA profiling tools

— CUFFT, cuBLAS



Future Work with OpenACC

1. Move chFT plan creatlon further out
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2. Reduce tmy remammg memory copies (1 double...)
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OpenACC Bugs/Issues found

1. Miss-flagging loops as seq
- Can work around with changing loop structure
and explicit data declarations
2. Managed memory for floats/doubles

- Constant values being perceived by compiler as
changing and updating host every too often

163, Loop carried scalar dependence for jb at line 169
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Final Comparison (
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OpenACC Overall

e Breeze to learn!

. (new coders ~5 days to port 90% of code)
« Simple commands

o 1S acc loop, acc atomic...
« Good feedback from PGI compiler

o know when optimization is working or is not
« Compatible with other GPU libraries

makerho:
@, Generating Tesla code
107, Generating implicit copyout(rho_p(:)) [if not already present]

[
[

[ 188, Loop is parallelizable
\ Generating Tesla code
[ 108, !$acc loop gang, vector(128) ! blockidx%x threadidx%x
| 119, Generating copyin(a(:)) [if not already present]
120, Generating implicit copy(rho_p(1:n)) [if not already present]
Generating implicit copyin(pt(1:n,1:ns)) [if not already present]

123, Generating Tesla code
121, !$acc loop gang, vector(128) ! blockidx%x threadidx%x

[

[

[ 121, Loop is parallelizable
[

[

[ 123, !$acc loop seq
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