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# optimized nested loops

foreach(batch, channel, y, x): TO: Input fo;(e)iggéﬁ?tch;)?hannel):
T1[.] = —inf SN

: /\ : # merged MaxPooling + RelU
foreach(ky, kx): Tl = 0.0f

T1[..] = max(T1[..], TO[..]) foreach(ky, Kx):

: MaxPoolin : | _
foreach(batch, channel, y, x): g T1l..] max(T1[.1, TOL.])
T2[..] = max(T1l[..], 0.0f); *

__global__ void kernel(..) {
int warp = threadIdx.x / 323 // warp level parallelism

int warpIdx = threadIdx.x % 32; - -
int bateh = blockTdx. xs Using Sol only requires two

int channel = blockIdx.y * 4 + warp; additional lines of code!

__shared__ float T1[4][..]; // shared memory # import packages
// MaxPooling + RelU import torch
for(int tx = warpIdx; tx < (|y| * |x]); tx += from torchvision import models

int x = tx % |x|, y =ty / |x]|; import sol.pytorch as sol

Tl[warp][..] = 0.0T;

for(int ky = ..) # init network

for(int kx = ..) size = [0, 3, 224, 224]
Tl[warp][..] = max(T1[warp][..], TO[..]); myNN = models.__dict__[“resnetl18”]()

T5a = 0.0f

foreach(ky, kx):
foreach(batch, channel, y, x): o]
T3[.] = 0.0f o T2: RelU TSa += T1[..]

foreach(inChannel, Ky, kx): # offsetted access for concat data

T3[..] += TO[..] * T3_weight[..] . T4l + offset] = T5a / (lky| * [kx])
T3[..] += T3_bias]..]

foreach(batch, channel, y, x):
T4: Concat T3[..] = 0.0f
foreach(inChannel, ky, kx):

T3[..] += TO[..] » T3_weightl[..]
T3[..] += T3_bias]..]

foreach(batch): }

memcpy (T4[..], T2[..], ..) *
memcpy (T4[..], T3[..], ..)

# optimize network using Sol
// AvgPooling + Concat optNN = sol.optimize(myNN, size)
int T5a = 0.0f;
for(int tx = warpIdx; tx < (|ky| * |kx]|); tx += 32) # run network

T5a += T1l[warp][tx]; X = torch.rand (128, *size[1l:])
T5a += __shfl_down_sync(..); // warp level reduction Y = optNN(X)
1f(warpIdx == 0)

T4[.. + offset] = T5a / (|ky| * |kx]|);

foreach(batch, channel, y, x): T5: AngooIing
T5[..] = 0.0f
foreach(ky, kx):
T5[..] += T4[..]
T5[..] /= |ky| * |kx|

# optimized nested loops
foreach(batch, channel):
* T5b = 0.0f
foreach(ky, kx):
T5b += T3[..]
T4[.. + offset] = T5b / (|ky]| * |kx]|)

Sol Neural Network

Plugin Architecture CPU: 2x Intel Xeon E5-2397 v4 GPU: NVIDIA GTX 1080 TI Memory Consumption

default NN Framework approach

N
&)

Frontends - PyToreh
. ' g 20 1.6
. ~ . o
| Pyrorch || antk_ [ Tensorflow | : -. o s = i e g y
£ 400 s 3 = _ ?
. : g E ® : 70 3 Y c 48 S PyTorch
Runtime Compiler c 9300 Ea : M 5 » c 210 3 o, 13 @ e
g 3 200 - - 5.0 v 3 g e X
Scheduler _ g < H H 3 ."-':. 1 e --. 3.0 Q 3 N NN NEE EE NEN IR R o o o 1.2 2 Sol | |
£ 0 felhLRLRLEE: E h L L gaeeRiL 00 o4 48 28 il s RN RN | i\ b 2 N 3 O 1 T O S ;
o [8ilel.to lo:lo I.n i-f® - L @R LI gL Rl Rl Ie QL NG o TN TR lﬂ b Bl wmn mn Joi-foi "WT-HL-wl W WT-Tel S pyrorcn )
N o 121 161 169 201 101 152 v 10 14 11 13 16 19 11BN 13BN 16BN 19BN 121 169 201 161 101 152 w1 v2 10 11 11 13 16 19 11BN 13BN 16BN 19BN S
c X 8 w, oo =i Inception V3 Densenet GoogleNet Resnet MobileNet AlexnetSqueezenet VGG Inception V3 Densenet GoogleNet Resnet MobileNet AlexnetSqueezenet VGG & Sol | |
©] O = QO M —
a > > 2 a © mmm PyTorch ©—23Sol C—JSol+DNN --e:-SpeedUp (Sol) --e:-SpeedUp (Sol+DNN) mmm PyTorch (cuDNN) ©==3Sol --e:-SpeedUp (Sol) o
22| = = . = 3 PyTorch
— D N
S (|23 S llz2| 2 =
=+ 3 g ) 3 E_ = — 160 9.0 — s . A m e o Sol | |
S ® |3 = 5 Q 140 R R T, T 8.0 Q F 400 ® 2.2
@ 4 2120 o 7.0 =) £ 50 ] _ - 20 = PyTorch
° O. o)) -
s E100 S 60 £ S £ 300 - 18 2 & | |
K c. o | ] | ] ) SOI
c— s I 250 oo
t .5 80 ..... .. 5.0 g t 8200 - ...oo. . . 16 ‘;.;- m
> o = e B 0 @ ® X ‘----. 40 & = = - ® { : 5
c || = Z ) © o . 0 g 3 150 : 5 : .® 14 Z  PyTorch
=3 (@) m é @) Q §<, 40 -. ......... 3.0 Q gz 100 g ... . . ) ..'.. .. <
S =~ || 2 ol R ]|e o = g B e, PG00 {0l 8800 @ a n @ "o.. Py e (@ - .. ..'“"H-qy“”. 1.2 S =
sllellz| [£1(2]|8] 3 5 H“ Hﬂ ] H \ H (8} HH H\ ' K I iRl I b &b w Bl BLEFI RN 5 % '
O > = 3 = > g_ E 0 |||_| |_||_| 11 ||| |- Imm |_||‘| |_||_| B m m B = W H|_| ’ |_| |_| M H 1.0 8 0 | | |_| 1 m= NN N C R () 10 %)
Z || =z = Q 1 169 201 101 152 vi 2 11BN 13BN 16BN 19BN 121 169 201 161 18 34 50 101 152 v2 10 11 11 13 16 19 11BN 13BN 16BN 19BN
= Q -S -5 200 400 600 800 1,000 1,200
y— Inception V3 Densenet GoogleNet Resnet MobileNet AlexnetSqueezenet VGG = Inception V3 Densenet GoogleNet Resnet MobileNet AlexnetSqueezenet VGG Memory Consumption (MB)
(a ] (a ]

mmm PyTorch ©==2Sol C—1Sol+DNN --e:-SpeedUp (Sol) --e:-SpeedUp (Sol+DNN) mmm PyTorch (cuDNN) ©==3Sol --e:-SpeedUp (Sol) OParameters @1/O Data

sysml.neclab.eu \Orchestrating a brighter world N




