-or research, an Ideal programming

anguage should enable fast development
with
However, with the increasing complexity of

compact, yet readable code.

state of the art algorithms, fast execution

becomes paramount as well. GPU

acceleration would be a major asset.
Yet researchers often refrain from GPLU

acceleration due to the use of low-leve

orogramming languages and the

nerception of a steep learning curve.

acceleration

> A full-blown IDE:

@ Applications Places &OI!I
¥ — O

B o= = 4)

not on implementation

322 PM %

» ldeal for sharing code

» e.g. Interactive debugging

77y U

Quasar is a new programming language that:

» Has a low barrier of entry in GPU

» Results in shorter development cycles

» Allows researchers to focus on algorithms,

» Has differentiating development tools |

Algorithm
(quasar code)

.- o 0
Data

» Results Iin a single (HW-agnostic) code base

Code analysis

Compilation

Data characteristics

Kernel characteristics

e B

Runtime

Hardware characteristics

e Scripting language

e Compact code

e High level of abstraction

 Hardware agnostic
programming

e Code optimization
e Developer feedback
e Kernel decomposition

e NET

e OpenMP & SIMD
e OpenCL
* CUDA

e Memory management

e Load balancing

e Scheduling

e Kernel parameter
optimization

Heterogeneous hardware

« D 4 D a« B «

CPU Multi-core CPU Many-core
accelerator

. y 9 4 A 4 A

GPU

§

Algorithm 1: Pseudo code for primal dual optimization

File Edit Wiew Search Compile Debug Window Help / Maln target platform
L ) Y & EE BB CuDA ~ Single ~ R, #8 @ £ % %
Definition windew - [L]dwtg [L]syntax_test.q [L]raw_therapy.q [T]video_3d.q [T]denoise_blsgsm.q [L]synced_imshow.q [L)nufftp3.g % e E 1
@ @ & ¥
Funchion: | @ maini)
Mame Value GPU memot CPU memor Dirty .
¥ ¢ main nufftp3.q-line 553 0 Bytes GPU & CPU Info
----- @ img_orig 256x256x1 matrix 256 KB P Real 'tl me
----- N 1x3x1 matrix 12 Bytes | Not dirt] oo fread (A, 8. 32772. fileID)
----- ® knot: 130816x2x1 matrix 1022k8 | 1022KB | Not dirt %A = fread(fileID, 262144/8, "float32") |mage Viewers
----- @ dummies 256 8 Bytes f-_"::lofei filelD)
----- @ frequencyscalings | 0 8 Bytes S
----- @ img_orig_FT 65536x1x1 complex matri; 512 KB 512 KB Not dirt] N = size(img orig)
----- @i 11 8 Bytes
_____ & @526 10 8 Bytes f-_r_[:e*.e;['ate_ the ""eq.le{.::-‘..- <']'.c-t5 ) : .
: %[knots, frequencyscalings] = definespiralgrid(N, radiusi - =
..... DF 130816x1x1 complex mat; 1022 KB GPU me knotls _ dEfineclarte's.iar;grid(N] i Code ed |t0r Wlth
_____ [ - P T - T I P R TR a4 e .._.__nz_t5
| 12kl | Ta dummies=(2~ceil(log2(size(knots,® -size(knots,8))%hoy I 1
LOcCal variaples and matrices b ‘ (log2(size( ) -sizel e rguto completion _
..... a
= = — 517 '
Data window - X @, 4 WIndOWS and help = 1= W '.T.'
PF % adjoint_spatialweigh ) -
] - s, frequencyscalings I
ol awencyscatings)  {0Qtips
Watch: |F x E i
@ any g)/sqri(prod(N)))
function [ out] = F(x) @ assert rod(size(img _orig FT}),1]
Defined in nufftp3.q - Line 394 @
Closure variables: o) Debu i n
liame Value GPU memor CPU memor Dirty LU Function [mid: int] = __device__ binsearch1d(x0: gg g
¥ @ Sdbgclosurel (F) _closure_v1 20 Bytes CPU me @ I vec'unchecked, value: Scalar) - d . I I
" - - toct) WINAaows: Ca
knots 130816x2x1 matrix 1022 KB 1022 KB | Notdirt
i A 1D binary search algorithm: given a sorted -
.. @R 2 8 Bytes =r - -
STV - o E",r:'.e vector x0, find the index of StaCk, breakp0| Nnts
P v il (he element that is closest to 'value’
@ dummies 256 * 8 Bytes save(
- @ nuft2d_type2 [Fn] = nuft2q type2(img_! 0 Bytes # Documents | Ef Profile
Immediate Window
range = -0.502523 File L
CG residue after : nufFtp3
Data inspection and cperation: 3755 NS
p range = 1.0001973 RiduaEILE Ry
WatCheS psnr LSNUFT=66.86

Breakpoints
Type File
G Breakpoint

Interactive command window

fE] Directory Browser & Data window J Immediate Window | 4 Bookmarks | @ Error list

» Performance and profile analysis:

Kernel overview
Total CPU Kernel time:

e Bottle neck detection

Total GPU Kernel time:

Lin
éjmediaijBartfProgramsfzo1 1/Quasar/bin/x86/Debugy/... 55]

42.239 ms 36.687 ms ° CPU/GPU usage
CPU Kernel calls: GPU Kernel calls:
11 13 L
; . MName 50 ms , 460ms M0ms . 48
Avg CPU Eernel time: Avg GPU Eernel time: B cru L .t o .t
3.340 ms E-EEE ms . Recursion level 1 |
-------- ™ Recursion level 2 klﬂbels = perform_superpixel _SLIC(kseeds. step _size. compactness. image. 10}
Max CPU Kernel time: Max GPL Kernel time: ™ Recursion level 3 _ klabels:cube [dists = o [functio |parallel _do([kM.kN]firstloop)% | | |  |ksee
........ ¥ Recursion level 4 ; " . : m " : R
271.512 ms 17.297 ms ’ : ' :
-------- 8 MMemory management
CPU bottleneck kernel: GPU bottleneck kernel: + Default stream

-1 @& GPU

sinc_cube_anonymous10 opt__main_opt__main_kernel__p

-------- = Device synchronization

........ 8 MMemory management

-------- = CUDA Default stream H:I ] ]

-------- P GPU Utilization

» Code analysis and feedback:

Md5kL=1LMIresLs8 | Mdsi, LS Tal Larn )
[x,y]= matchTemplate(im2,mask2)
¥=factor*x
y=factor*y
smx+=2+factor
smy+=2+factor
[xf,yf]= matchTemplate(im[x-smx. .x+smx,y-smy..y+smy],mask)
‘le Warning: misséd optimization opportunity of im
[((x-smx)..(x+smx)),((y-smy)..(y+smy))], reason:
'(x-smx)' has the wrong type ('??'), expected
.|"int'const'! (templateMatching.q line 9)

@ Missed opportunity for optimization for

(im:mat, $t1,5t2,5t3,5t4) -= im[(%t1..5t2),
"($t3..5t4)]: could not determine the type
- of the variables "$t1', 'st2', 'st3', 'st4".

LA, Iy J=F LI I3 g

2 gfunctinn [x :

G# Data window

late(im:mat,mask:mat)

similarity=zeros(size(im)-size(mask))
®1terating over the 1mage
&3 for cnt ix=@..size(im,0)-smx
for cnt iy=0..size(im,1)-smy
%iterating over the mask

Exeution time (ms)

of active contour segmentation. 100.000
_ pi[t]+6t V7 (VI pi[t]—Ovi[t])
L Pt = S e o - gl 10.000
2 W [t] = viclt] — LV plt]
3 Vi1 = min (max (ukt+1 — %c, 0), 1) 1.000
: ; 100
Straightforward mapping to
Quasar code =
v LT LAOLILVT - } r de bl L £ C i 1
£ t=1..maxIt S5 5 <
or -cn maxIter S C)\>(J & ;QOQ .\,& C)@ \O® \\{\Qo
e ¢ .. L O X TN Q
$update -u ' \& N\ o\ e \c? AN <
YR NS @ O Q o 1°9) Q >
term = divp (p) -v*theta \\ I Q,(J N ~ S o Q"
gr = gradm(term) Q}Q (’}'\Q o \6§ .\'(9\0 < rz}o
norm-=-sqrt(grf:,:,0].*24+grf:,:,1].2) d& > Qp xg$

denom = 1l+dt*norm

nom = p+dt*gr

pl(:,:,0] =-nom[:,:,0]./denom
pl:,:,1] -=-nom[:,:,1]./denom

Matrix syntax

= V—divp (p)/theta 1

\' = u-lambda*c/theta

v =-max(v,0)

v =-min(v, 1) \
end
u=u>0.5

end

function dp = divp(p:mat'circular) Boundary handling
dp=uninit (size(p))
sp=size (p) /
for cnt x=0..sp[0]-1
for -cnt y=0..spl[l1l]-1

px=plcnt xX,cnt y]-plcnt x-1,cnt y]
py=plcnt x,cnt y]l-plcent x,cnt y-1]
dplcnt x,cnt yl=px+py

2
SOC

§

Speed-up factor of
4 to 64

Quasar: CPU
B Quasar: CPU + GPU

O — 79> X

HOZ2 -9V <-0-40>w9D
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