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The benefits of GPUs. Growing application domain

See: https://blogs.nvidia.com/blog/2017/05/24/ai-revolution-eating-software
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The drawbacks of GPU programming solved by Quasar

Low level
coding experts
needed

Strong coupling
between algorithm
development and

implementation

Long
development
lead times

Each HW
platform
requires new
optimizations




Quasar: overview

Programming language
Compact code, easy to learn,
easy to use

D High level of abstraction
ata Hardware agnostic programming

Kernel generation
Loop parallelization
Target-specific optim.
Developer feedback

OpenMP & SIMD
OpenCL
CUDA

Data characteristics
Kernel characteristics

Memory management
Load balancing
Scheduling

Hardware characteristics Kernel parameter optimization

Many-core B Embedded -
accelerator - o~ B/ device

%=1 Multi-core CPU




Quasar — High-level Scripting language

e Same abstraction level as Python and Matlab

& beam_former 8 @ beamformer_vectors Zoom: 130%  Line117¢ol9
110 P_array = transpose([arrayGeom x, arrayGeom y, arrayGeom z]) "
111 P_array matrix = repmat(P_array,[1,1,numAz])

112

113 v = complex(zeros(numEls,numAz,numElev,numFreqs))

114

115 pointing vectors = zeros(3, numAz)

116 for ielev = @..numElev-1 Matrix S“CGS!

117 Pointing_vectors[@ = cos(az*pi/180)*cos(el[ielev]*pi/180)

118 pointing vectors[1 = sin(az*pi/180)*cos(el[ielev]*pi/18@)

119 pointing vectors[2 = sin(el[ielev]*pi/180) |\/atrix multiplication

120 focus_points = pointing vectors iagm(focus_range)

121 focus_points matrix : cube = reshape(kron{focus points,ones{numgEls,1)), _

122 [numEls,3,numAz])

123 delta range = sgrt((reshape(sum((P_array matrix - _

124 focus_points matrix).”2,1), [numEls, numAz]))) - ones(numEls,1)*focus_range
125 for ifrg = ©..numFreqgs-1

126 freq = freqs[ifrq]

127 v[i,:,ielev,ifrq] = exp(1j*2*pi*delta_range*freq/soundSpeed)

128 endfor Heterogeneous compilation: code parallelized

129 endfor and optimized for CPU and GPU! 5



Quasar — High-level to low-level translation

* Flexible algorithmic development with optimized CPU/GPU code

* High-level array programming:
* manipulating vectors and matrices
* concise expressions (easy to write, easy to understand)

* no special compiler support = performance cost (poor
data locality)!

Al:1] B[:,:,1]
e Quasar code analysis:
* Automatic parallelization sum
* Aggregation operations (sum,mean,prod,min,max) =
parallel reduction

e Cumulative operations (cumsum, cummin, ...) = parallel
prefix sum

* Vector slices, matrix slices, vector arithmetic = automatic
kernel generation

v
sum(B[:,:,1])



Quasar — High-level to low-level translation

e Compiler intermediate results can be visualized

Optimization pipeline

( <init= )
( Code int:ﬂligence J

(s ) B = R N N

]

[ ConvertMatrixSlicingT oLoops ]

L]

B
(_otmutebsot )
[ TapeDrveT ransform ) ’

[ Lnnpl—:lssinn ] :;

1 _
14

[ AffineLoopT ransfamation J -
! TJ

:
i .

[ ConvertMatixSlicingT oLoops ] 18

[}
[ Automatic ford oop parallelizer ]

]
[ Automatic kemel generator J

¥
[ Data transfer opti mization pass ]

Code preview

Fout@B=zeros(({{size(x,B8)-1)-8)+1))
A=ones(3,3)
for m=8..(sizeix,®)-1)
p=x[m,(8..2)]
Foutea[m]=9.
endfor
for m2=0...(size(x,8)-1)
for Tke82=8...(size(A,8)-1)
for $k18=8..(size(A,1)-1)
Sout@a[m2]+=(p[Skea2]* (A[Sk002,5k10]+1)*(p[Skla]+2))
Sout@B[m]+=(p[Skea2 ]*(A[SkEa2, Sk18]+1)*(p[Ekla]+2))
endfor
endfor
endfor
for m=8..(size(x,8)-1)
yIm]=%ocut@8[m]
endfor
return

7 endfor

8 endfunction
& This function can be further
optimized using the kernel/function |3 ||n (1824%1824,3)
optimizer. . (3,32) v




Quasar — Redshift IDE

* Code editing, debugging, variable inspection, immediate evaluation

asar Redshift (paused at vi

File Edit View 5Search Compile Debug Profile Device Window Help
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*_.DEﬁ”itiO” window - |E| view_synthesis.g [Debug] E] median filter.q E] camera_driver.q E] unsharp_masking2.q E] unsharp_masking.q E] tv_deneising.q >
& & 3 9 e 5 = g a @ view_synthesis > @ layer_fill_holes > @ fill_celour_holes_horizontal Zoom: 130% Line 165 col 14
. ~
Name _ e s s atrsan 1) = _sete 159 endif
@ depth_final 1110¢1390 mat 160 endif
@ Jower_depth 1110%1390 mat 161 end
@ upper_depth 111061390 mat ~
162
@ colour_final T110x1390x3 cube
@ upper_colour T110x1390x3 cube 163 if WghtS >0
® fill_colour_holes_... | function [] = _ ke 164 colour_final[pos[@],pos[1],0..2] = csum[@..2]/wghts
v C
@ lrisiar crack mman 1190013067 it = 165 endif
Dnrectory Browser Q Data window ™ 166 end
9 squeeze(s2(0::]) @ depth final x D fim 167 parallel do([M,N], fill colour_holes horizontal)
Watch: | depth_final ~ by | ® G Variable: N
Eptntina e 168 Type: scalar
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Quasar — Redshift IDE

* Profiler: analyze CPU and GPU activity (bottleneck kernels, timeline)

8 Surmmary for cross_bilateral_filter.qprof @B Timeline for cross_bilateral_filter.qprof =
Wame . . . . 480 ms
= [ cru

¥ Recursion level 1

¥* Recursion level 2

. -
Recursion level 3 cross_bilateral_filter.q - Line 98

parallel_do([size(depth_image).
[16,16]1]1, rgb_image,.depth_image,depth_image out,w.r.cross_bilateral_filter_kernel)
Start time: 480.57T8 msec
—|Duration: 2.400 ms
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@B Summary for cross_bilateral_filter.qprof @B Timeline for cross_bilateral_filter.qprof @B Kernels for cross_bilateral_filter.gprof x

Priority  Kernel Module Device Launches Total time Max duration  Threads/block  Grid size Blocksize  Occupancy Bottleneck Block limit Registers
1 i cross_bilateral_filter_forloop_opi cross_bilateral_filter 140 $199.543 ms 15753 ms i A0nc] Sacl P 1E32xl 1 100.0% i
bilateral_filter_opt__cross. cross_bilateral_filter Block size

3 min SCORELIB 5 2.352 ms 534.9 us 312 512x1x1 100.0% 7

4 multiplyscalar SCORELIB GPU 15 1.4683 ms 125.5 us 312 41281 100.0% ]

5 cube_slice_put_scalar_scalar SCORELIE GPLU 9 912.0 us 108.1 us 512 32w 61 100.0% 13

5] powscalar SCORELIB GPU 5 820.2 us 231.8 us 512 21281 100.0% 13

T opt__exp_opt__exp_kernel cross_bilateral_filter GPLU 10 813.1 us 119.0 us 512 51211 100.0% 13




Quasar — test case results

Test case: Parallel MRI reconstruction algorithm by experienced CUDA programmer and Quasar novice

Work days Execution time (ms)
70 4
4% faster
60
50 3
40
2
30
20 1
10
0 [ ] 0
CUDA Programmer Quasar Novice CUDA Programmer Quasar Novice

Future proof: program once, run everywhere

10



Quasar — benchmark results

O Rr N W & U1 O
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Quasar - demo

Video link: https://www.youtube.com/watch?v=IEwrMHXgyoU

12
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Conclusion

* GPUs: performance revolution

* High-level code: gives compiler more flexibility for code
generation + optimization

 Targetting heterogeneous systems (GPUs)

* Quasar: new programming paradigm for heterogeneous
systems (CPU, GPU...)
* Low barrier of entry (Matlab-like)
* Reduces development time
* Future proof!
* Redshift IDE: powerful code editing, debugging, profiling!

* Available for tryout: http://gepura.io/quasar/try-quasar/

13
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* Thank you for your attention!
* Questions?

778

Try-out Quasar: http://gepura.io/quasar/try-quasar/ 14
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