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Catte Demos

The Caffe neural network library makes implementing state-of-the-art computer vision systems easy.

Classification

Click for a Quick Example

r ‘ Maximally accurate Maximally specific
car 2.84969
motor vehicle
self-propelled vehicle
wheeled vehicle
sports car

CMNM took 0.804 seconds.

Provide an image URL




|27 caffe= ALES LOF HET}?
Caffe libraries
deploy.prototxt

synset_words.txt train_val.prototxt
(1000 lines) solver.prototxt
AN P
Training Phase —
Labels * Machine
Learning

Feature Algorithm
\{r:ages _>|_Extract0r »| Features [—»f AlD

Prediction Phase y
Fe atu re Tra | ned
I;nage —> B > Features —» o e [~ Label
| \
Catfe Thrar seabird\
atre lipraries aquatic bird
bvlc_reference_caffenet.caffemodel (size 243w pelican

pelecaniform seabird
bird




Deep Learning?| training 45 X}0| : MNIST Ajd§|

« The MNIST DATABASE of handwritten digits
yann.lecun.com/exdb/mnist/

« Training set 68t7}, test set 10t7§o| =M O|O|X|
« CaffeLf TensorflowQ| O X DR Z Zot=l CHHEXMN deep
learning network

$ time ./examples/mnist/train_lenet.sh

[1116 01:46:51.764678 115864 solver.cpp:343] Iteration 10000, loss = 0.0051222

[1116 01:46:51.764695 115864 solver.cpp:363] Iteration 10000, Testing net (#0)

[1116 01:46:51.850540 115864 solver.cpp:442]  Test net output #0: accuracy =
0.9899

[1116 01:46:51.850567 115864 solver.cpp:442]  Test net output #1: loss = 0.0307451
(* 1 = 0.0307451 loss)

[1116 01:46:51.850576 115864 solver.cpp:348] Optimization Done.

[1116 01:46:51.850589 115864 caffe.cpp:291] Optimization Done.

CPU Kepler GPU | PASCAL GPU

Processor (POWERS) (K30) (P100)

Training A|ZF | 52m22.433s 0m43.963s 0m22.560s

Source : IBM internal test




CPU2} GPUZ2| H|

Intel Xeon E5-2690 v3:

Clock speed: 2.6 GHz
12 cores

Up to 0.6 GFLOPS double precision
Memory size: 768 GB
Bandwidth: 68 GB/sec

GPU
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NVIDIA Tesla K80:

Clock speed: 560MHz

4992 CUDA cores (2496 per GPU)
8.73 TFLOPS single precision

2.91 TFLOPS double precision
Memory size: 24 GB (12GB per GPU)
Bandwidth: 480 GB/sec



9 Deep Learning0f GPU7} XM gtot7} ?

Classification Example for IRIS data by DNN

input features (D=4) Categories of Classification
possibility output (K=3)

Speal. Length

setosa
Speal.Width
versicolor
FPetal.Length
virginica

Petal Width

hidden layer used to capture the potential patterns (H=6)
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CPU2} GPU2| & ¢

GPU

Y

Compute-Intensive Furlc

ons

VAS

Use GPU to Par

B

Rest of Sequential
CPU Code

CPU

il
a lI
iy
I



GPU HEHOINS S

GPUOJ M &

~100
GB/sec

PCle
32GB/sec

720

- RAM

(DDR4, -4

Imaaes

Imaaes
Images

-

~
GB)

/

GB/sec

GPU

GPU mem
(HBMZ2, 16GB)

= AHLMO| logich}l datas 25 GPU memory QH0j| ¥ Et copyk|0{Of et

GPU board?| GPU 22| A 7|
: CH7H 12~24GB
- Multi-GPUE 0| &30 S|4

GPU-CPU 7to| 44 =
: PCle Gen3
> E0| giRion, siZd2 2IshA

H
S&ot HWIL 28

3
—



CPU-GPU memcpy?2| =X

(@, b,c,d e ... 22+ (A B C D,E, ..Z = (a+A, b+B, c+C, d+D, e+E, .... z+7)

calcCpu
for (int k = 0; k < tot; k++) { Vector computation time with CPU only
c_B[k] = c_B[k] + c_A[k]; = calcCpu: 1662 ms
}
calcGpu
cuMemcpyHtoD(d_A, Pointer.to(h_A), tot * Sizeof. DOUBLE); Using GPU
add(tot, d_B, d B, d_A); = calcCpu: 174 ms

cuMemcpyDtoH(Pointer.to(h_B), d_B, tot * Sizeof. DOUBLE);

copytoDevice: 1514
copytoHost: 1875
calcGpu: 174

Vector computation time with GPU = copytoDevice+copytoHost+calcGpu = 3563 ms



POWER9 : Premier Acceleration Platform

25G linkoj| 2|sf gFA&k|= NVLink 2.01} OpenCAPI 3.0

%x| Al I/O 9! accelerator & 7|=

* PCle Gen 4 x 48 lanes — 192 GB/s duplex

* 25G Link x 48 lanes — 300 GB/s duplex

Ny mE0f e Ans 7t
« CAP| 2.0 - POWERS Ci{H| 4H{o| <

AFE dEiA
= (PCle Gen4)

* NVLink 2.0 — X}M|Cf GPU/CPU interconnect

- NVLink1.0 CHH| 2Ho| CHOI =

= Ct==3}| X| = programming model

« Coherency, virtual addressing, <2 overhead

oy el

* OpenCAPI3.0-2 9=, L2
FPGA S= st 7HtC',F%4 interface

Iow latency,

PCle
Devices

|
T )

ASIC/
FPGA
Devices

—

Nvidia
GPUs
~—

ASIC/
FPGA

Devices
\

CAPI 2.0

NVLink 2.0

New CAPI

1/O

CAPI

NVLink

New CAPI

On Chip
Accel

J08UUO2I8)U| pue 8yoen

$8107) 10SSa20.d

N

Source : https://openpowerfoundation.org/wp-content/uploads/2016/11/Jeff-Stuecheli-POWER9-chip-technology.pdf
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https://openpowerfoundation.org/wp-content/uploads/2016/11/Jeff-Stuecheli-POWER9-chip-technology.pdf

NVLink O}7|E&lX{Q] H| 1

CPU-GPU 79| NVLink, 123 NVLink *3 = 150 GB/sec7} Minsky?| £ X

CPU

32GB/s ¢ ¢ 32 GB/s

>

PCle Switches

50 GB/s

x86 GPU

« CPUR} GPUZt2 PCle2 AHZ (32GB/sec)

50 GB/s

CPU

¢ 4 64 GB/s

PCle Switches

AC922

« 47 GPU7/|2] NVLink * 1 link& ®Z (50GB/sec) « 27{f GPU7|2| NVLink * 3 linkZ A4 (150GB/sec)

« CIZ2 socket2| GPU 47|2to| AZAL2 2-hop =
(NVIDIA NCCL library0j 2|2t |3} P2P)

16GHz)2| SMP X busZ A&
(NVIDIA NCCL library0j| 2|t %™ 3} P2P)
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« CPU2} GPUZtZ NVLink * 3 link2 AHZ (150GB/sec)

« CI2 socket2| GPU 271 2to] HZA2 64GB/s(4 byte *

m Il
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CORAL projecte| =& L E AC922 “Newell”
POWER91} VoltaZ NVLink 2.08 £3{ 150GB/s2 ¢Z

BMC Card PCle slot (4x)

* IPMI * Gen4 PCle

* 1 Gb Etherns * 2, x16 HHHL Adapter
* VGA * 1, Shared slot

+ 1USB 3.0 » 1 x8 HHHL Adapter

Power 9 Processor (2x)
» 18, 22C water cooled
* 16, 20C air cooled

Memory DIMM’ s (16x)
+ 8 DDR4 IS DIMMSs per socket

Power Supplies (2x)
« 2200W

* 200VAC, 277VAC,
400VDC input

Cooling Fans
» Counter- Rotating
* Hot swap

- 80mmshown ——u %

Operator Interface

NVidia Volta GPU
» 3 per socket (for water-

«+ 1USB 3.0 cooled)

« Green, Amber, Blue LED’ s + SXM2 form factor
* Optional 2x SFF SATA Disk « 300W

* Optional 2x SFF SATA SSD * NVLink 2.0

Disk are tray based for hot swap * Air/Water Cooled

11




AC922 “Newell”Q| 27}X| SM

4 GPUQ} 6 GPUQ| 27}X| FLAiQt0| 7=

4 GPUs D2 Al 6 GPUs - -’-‘—'z','é!
HZ 7t LI = 150GB/s AHAZAZI CHH = 100GB/s
PCle Gen d
PCle Gen 4 CAPL2.0
CAPT 2.0
T fs =
—=1 7 41k L2008 -
—_ [l pif ]
ooRd . . NV Link MLink
: . 106068 /s 160GE, s
Coherent access . IHU_L"?k N:l' L,'_"k Coherent access |
to system memory | 10000/ S 15868/ 5 o system memary
27TE) * 12TE] :
: ! WY Link
* 100GB /5
S = (= —_— g . = = — B - — B =
D B D (= NVLink D g . v B =1 Nulink [= = NVlink = =
4 B 150GB/ s g . : 166GE /5 10068 /s
: NYDLA V100 RVIDLA Y100 L] : MY DA V100 NVDLA W10h W DA V100
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To-be #1 in TOP500 : CORAL project

POWER9 + Volta 7|8I9| =IHZ L E “Newell’"2 FAE|= Summitd} Sierra

e Scott Atchley
HPC ns Engineer at Oak Ridge National Laboratory
. . O AK LAWRENCE
All of Summit's compute racks are in place. This is one of the many rows. These LIVERMORE
are the front of the cabinets. This is a power aisle and the thick black cables are RI
ATION
“RIDGE NATIONAL

LABORATORY

power cables. A el
National Laboratory

150-300 PFLOPS > 100 PFLOPS
Peak Performance Peak Performance

IBM POWER CPU + NVIDIA Volta GPU

NVLink High Speed Interconnect

= 15 ey | AL
= 3 "
: ;-- I
v e SR x ' |
| K
{ 1
11 3 7
!

/ ////////

>40 TFLOPS per Node, >3,400 Nodes
2017
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CORAL projectl| =m{ZA {1 X

POWER9 + Volta 7|dt2| AC9222} Spectrum Scale & LIUA|AEHOCRZ 1/

| POWERS: Ok Y POWER9 2 Socket Server

| 4 Threadsicore il — H.A' 2 P9 + 4/6 Volta GPU (@7 TF/s)

| 0.65DP TF/s Bl e [ 512 GiB SMP Memory (32 GB DDR4 RDIMMs) ~ Standard 2U 19in.

! 3.7 GHz S iR ! 64/96GiB GPU Memory (HBM stacks) Rack mount Chassis
b e R

1

' NVIDIA Volt

! 7.0DP TF/s

1

1

COLLABORATION 16GB @ 1.2TB/s

OAK RIDGE » ARGONNE * LIVERMORE  bt--=-=-----=-=--=-=--=-—-=—---

Scalable Active Network:
Mellanox IB4X EDR Switch

o

W.5. DEPARTMENT OF

ENERGY

[
INYSE @ ESS Building

Office of Science .
U A Cuparimard of Exergy
Compute Rack: \

Floor plan rack concept
18 Servers/rack GSS-26: m Compute
779 TF/s/rack 3 2U servers/rack E Switch
10.8 TB/rack 9 4U JBODs/rack m Storage
55 KW max 9 KW max/rack O Infrastructure

14
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Minsky vs. AC922 4= H|u

GPU FLOPS: 1.5Hj &FAF + NVLinks 24| 7}77t0]

oot

1A = BEHFHEE M5 4.5

S

CUDA samples Measurement Pl\l/l(')%SEyAr V'i‘ggz*z 4 AC92r26]{cIi\g|nsky

Memcpy host to device (GB/s) 32.772 66.797 204%

Memcpy device to host (GB/s) 33.415 63.581 190%

simpleMultiCopy |Kernel (GB/s) 1338.152 2408.305 180%

Fully serialized execution (GB/s) 29.483 56.879 193%

Overlapped using 4 streams (GB/s) 60.872 121.408 199%

simpleP2P é“PdeOMaer:gcgwletz’éeBe/Z) 32.9 65.05 198%

, Total time (ms.) 46.811 10.364 22%
MonteCarloMultiGPU

OMEL-AONMIHET Yo ptions per sec 70000640, 3161713.53 452%

BlackScholesGPU() time (msec) 0.161 0.100 62%

BlackScholes Effective memory bandwidth (GB/s) 497.027 797.974 161%

Throughput (GOptions/s) 49.703 79.797 161%

15



AC922 “Newell”9| NVLink 2.00] |3t 217|X M5 TAl

7|Z& x86 7|9t P100 GPUKCL} 2.6Hf, POWERS 7|4t P100 GPUKCL} 1.9H|2| d & <At

Molecular Dynamics (CPMD)

o« EXI4YSt code®l CPMDE= ,
Runtime (secs)

TB Tt 2| data”} CPUR}

GPU AFO|E O|= 1000 917
- 0|2 QI8 CPU-GPU o
d=0| Z2|= 200 673
rfExel o 2
« PCle0j| A= 3.3TB LR
0| 50f 300z O] £ 400 351
« NVLIink 2.00{A= 70X 7 300
- P100X} V1002| O| =4t 200
M= XI0|= 1.5H] 100

AT M= = 26H
* 22X 35 X0|= 2.6Hj Xeon x86 E5-2640 v4 Power S822LC 2x10c Power AC922 2x 20c

2x10c + 4xTesla P100 POWERS + 4xTesla POWER9 + 4xTesla
P100 V100

16
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AC922 “Newell”2| Deep Learning ‘4= H|1

POWER9 + Volta + NVLink 2.02 &5l XI'H2}El Deep Learning &

TensorFlow 1.4.0 — Single Node
ResNet50 + Imagenet2012

35% more images/sec 1400 1301

.vs tested x86 systems £
ResNet50 testing on o
ILSVRC 2012 dataset g 1000
« Training on 1.2M ¢ 800 o
images £ > 3>%
1ges E 600 better
e Validation on 50K
images 0
200
0

Xeon x86 2640 v4/4AxTesla V100 Power AC922 w/4xTesla V100

Results are based IBM Internal Measurements running 1000 iterations of HPM Resnet50 on 1.2M images and validation on 50K images with Dataset from ILSVRC
2012 aka Imagenet 2012.

Hardware: Power AC922; 40 cores (2 x 20c chips), POWER9 with NVLink 2.0; 2.25 GHz, 1024 GB memory, 4xTesla V100 GPU ; Red Hat Enterprise Linux 7.4 for Po
wer Little Endian (POWERY). Competitive stack: 2x Xeon E5-2640 v4; 20 cores (2 x 10c chips) / 40 threads; Intel Xeon E5-2640 v4; 2.4 GHz; 1024 GB memory, 4x
Tesla V100 GPU, Ubuntu 16.04.

Software: Tensorflow 1.4 framework and HPM Resnet50. Found at mldl-repo-local-esp-5.0.0-5rc4.ppcb4le.rpm and https://github.com/tensorflow/benchmarks.gif
with the following parameters:Batch-Size: 64 per GPU ; Iterations: 1100; Data: synthetic and imagenet; local-parameter-device: gpu; variable-update: replicated

17



https://github.com/tensorflow/benchmarks.gif

He|st 22 E 2 toolkit — IBM PowerAl

OpenCV, hdf5, bazel,
protobuf, Imdb 5&2| =
or2 7|4t open source SW
£ 20| buildet F Caffe,
Tensorflow & AX| 0.5

o= =
O
1

Mo|11 ds £2 Deep Learning SW stack

The IBM PowerAl
deep learning
frameworks

Caffe ¥+

TensorFlow

7|4t open source S W= 2 &
Caffe, Tensorflow & =8 %
Al framework= %A 3} build
| 2 & packageZ Hl&

5~10&

18
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IBM Large Model Support (LMS) — host memoryE GPUO||A| 2H&

GPU memory 37|2| oA ujZ0f| E7}s5IE 2 Z&2| training0| 75

4

V4
/ GPU ,0 PCleE Eoff 2=} 0|0O|
/ X|& HXY GPU mem<2

]
9 T 2 EAlst 20{|0F GPUZ}
\ GPU GPU memof ©Z2
e (PCle =)

= GPU I 22|7} 16GBE H|otE|BE2 =2 1 .
21t O|O|X[ 2 A& 7S

= Batch size7} 2{0tX|E 2 H5 T LR

= O] training0| E7+53t AT 2 :

19

AC922

POWER9
CPU

NVLink

150GB/s
NVLInkE E38 GPUZ} A
I H RAMO| R & O|O|X]|
T o XY B2
r?,zrl:] (GPU mem2 cache ¥
Sh
=

Z|CH 1TB2| MH RAMZ OFX| GPU Of| 2 2|
H AR 7tsStER W o 2 22t o[0|X|
A2 7ts (248 2 batch size: 7ts)

CPU-GPUZI 91Z0| NVLinkO|7| I 20| 7ts



IBM Large Model Support (LMS) - I £ O|0|X|E X2| 7t
“caffe time"OjjA] €A =Qlk]= LMSQ| mz|gt

S caffe time -gpu 0 -model=bvlc_alexnet/deploy.prototxt --iterations=1

name: "AlexNet"

layer { error == cudaSuccess (2 vs. 0) out of memory
name: "data"
type: "Input”
top: "data" batch_size x channel x width x height

input_param { shape: { dim: 10 dim: 3 dim: 1600 dim: 1200 } }
# input_param { shape: {dim: 10 dim: 3 dim: 227 dim: 227 } }
}

S caffe time -gpu 0 -Ims 16000000 -model=bvic_alexnet/deploy.prototxt --iterations=1
11025 16:38:28.052325 29541 net.cpp:425] [LMS] conv4_forward [11] data:

11025 16:38:29.983943 29541 caffe.cpp:528] *** Benchmark ends ***

20
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AC922 “Newell”0j| MOt 7H=3F Cia o|o| x| X2

CPU-GPU 72| NVLink 2.02 0|82%t PowerAI2| LMS (Large Model Support) 7| s

Caffe with LMS

Large Mode/ Support Runtime of 1000 Iterations for Englarged GoogleNet
12000 11215
POWER9 ﬁ Images 10000
CPU models 3.8 x
“n 8000
T NVLink 3 faster
150GB o 0000
V100 /s 2
GPU i= 4000 2040
. CPU 42 2| E GPU 2000
Cache I]'" E EI x-l En'l §E.|'.g.'
0
GPU I}IIEEI ﬂ7|9_l Xeon x86 2640 v4/4xTesla Power AC922 w/4xTesla
'ﬂ-7:||§ o= V100 V100

Results are based IBM Internal Measurements running 1000 iterations of Enlarged GoogleNet model (mini-batch size=5) on Enlarged Imagenet Dataset (2240x2240) .
Hardware: Power AC922; 40 cores (2 x 20c chips), POWER9 with NVLink 2.0; 2.25 GHz, 1024 GB memory, 4xTesla V100 GPU Pegas 1.0. Competitive stack: 2x Xeon
E5-2640 v4; 20 cores (2 x 10c chips) / 40 threads; Intel Xeon E5-2640 v4; 2.4 GHz; 1024 GB memory, 4xTesla V100 GPU, Ubuntu 16.04.

Software: IBM Caffe with LMS Source code: https://github.ibm.com/TUNG/trlcaffe/tree/1.0-ibm-blc-bm-fix-hang+-p9collateral based on the branch "1.0-ibm-blc-bm-fix-
hang+" (base for PowerAl R4) and a PR#5972 from BVLC/Caffe (for supporting cudnn?).
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https://github.ibm.com/TUNG/trlcaffe/tree/1.0-ibm-blc-bm-fix-hang+-p9collateral

IBM GPU £2M ™2 Al
E3 A} OCR
DUSC S0386
OCR

DL9CD5036

AME7ic N7 2 M ol ol S 8Al Fraud Detection
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