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February 24, 1956. Arthur Samuel demonstration of his program in an IBM 701 computer



A crash with reality

e Problems when facing
complex tasks.

e US translation project: “the
spirit is strong but the
flesh is weak” -> “the
vodka is good but the
flesh is rotten”.

e |mpossibility to handle
combinatory explosion.




\ Al is skyrocketing. Why now?
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Advancements in CPUs

169,200 TIMES FASTER

“
APPLE I Ryzen 7 1800X
1977 2017
500,000 FLOPS 84,600,000,000 flops

US$1298 Full System: US$800



: u ’ IF CARS DEVELOPED AT THE PACE OF COMPUTERS,
A 2017 FORD MUSTANG ECOBOOST WOULD HAVE:

= 660,764,192yp

' | - W W= T rR0MO-60IN
| GETABOUT3 666, 652 Augtgg ;4452‘:71

48 KILOBYTES 8 GIGABYTES 166,666x MORE B U
1MHZ 1.6 GHZ ’!F(OMPUTERS DEVELOPED AT THE PACE OF CARS,
140 KILOBYTES 1TERABYTE 7,508,684x MORE | A2017 APPLEiMAC 21.5” WOULD HAVE:
B vk o s e ¥ 43.2K(0F Ram MEMORY,
| WoULD RUNAT 2.9MHz

] \ WOULD BE ABLE T0 STORE 490 oF pATA

= AND WOULD COST 56, 529

IT'S SORT OF A STUPID COMPARISON. BUT IT'S INTERESTING.

20 MPG
5.5 SEC
310 HP
$26,195

16.2 SEC
88 HP
$6789 SV wovnsy
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Why GPUs?
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World’s

First
GPU

GeForce 256: “A single-chip processor with integrated transform,
lighting, triangle setup/clipping, and rendering engines that is
capable of processing a minimum of 10 million polygons per second”
- NVIDIA 1999

200-0010-£0004-091 /5.
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Intel Core i5 4690K a 4 core CPU at 4CHz
VS
NVIDIA GTX 970 a 1664 core GPU at 1,350GHz

from _ futurc  dwport prist_functicn

import matplotlih

import matplotlib.pyplot as plt
import tensorflow as tf

m Intel Core i5 4690K
def get_times(sawimum tise): | ] NV|d|a GTX 970

device_times -

matrix_sizes - range(59@,58088,53)

for size in matrix_sizes:

For device_name in device times keys{):
print{"sassss3 Calculating on the * + device_name ¢+ ° ssssssa”)

shape - (size,size)
tf . floatls
c{device_nasc):
r1 - tf.random_unifcrm{shape-shape, mimal-8, waxval-1, dtype-data type)
r2 - tf.random_uniform(shape-shape, minval-a, wawwal-l, dtype-data_type)
dot_pperation = tf.matmul(rz, ri}

with tf_Session{config-tf.ConfigPrata({lag_device placement-True)) as scscian:
start_time = time time()
result - session.run{dot_cporation)
time_taken - time time{) - start_time
print({result)

device_times[device_name].append{tine_taken)
print{device_times)
if time_taken » maxirum time:

return device_times, matrix sizes

device times, watrix_sizes - got_times{1.5)
BPu_times - device times|

cou_times = devic

T T T
glt.plat(ratrix_sizes[:len(geu_times)], gau

. I
plt.plat{satrix_sizes[:len{cpu_times o) 3{}0 4{}0 5{:":} ﬁﬂ{} ?ﬂﬂ

plt.ylabel( ' Time*)

L e ) Matrix size

plt.shanl )




262 Agents spawned, 76 Agents destroyed, 186 Agents active.
Uptime: 138 secs

Airport simulation using multi
agent systems



Neural networks, deep learning...

output layer

iInput layer
hidden layer 1 hidden layer 2




GRAPHICS TECHNOLOGY LEADERSHIP

. HIGH BANDWIDTH

MEMORY

First in the Industry with
High Bandwidth Memory
(HBM) Technology

3D HBM DRAM Die Stack
on Silicon Interposer
>3X Performance/Watt
Compared to GDDR53

>50% Power Savings Versus
GDDR5*

10 | 2015 FINANCIAL ANALYST DAY | MAY6, 2015



NEURAL NETWORK CPU vs GPU
TensorFlow. MNIST convolutional mode. 1 5 . 24 ti meS

AMD Ryzen 7 1700 a 8 cores / 16 threads CPU at 3,2Ghz.
Released: 2017. Price: US$ 320 fa Ste r

NVIDIA GTX 970 a 1664 core GPU at 1,350GHz
Released: 2014. Price; US$ 329

GPU vs CPU. Neural Network training. Milliseconds

AMD RYZEN 7 1700

NVIDIA GTX 370

200 1000

NVIDIA GTX 570 AMD Ryzen 7 1700




NVIDIA parker, a computer for autonomous cars with a 256 core GPU



A vision of the future

GPU PERFORMANCE COMPARISON

P100 V100 Ratio

DL Training 10 TFLOPS 120 TFLOPS 12x

DL Inferencing 21 TFLOPS 120 TFLOPS 6x

FP64/FP32 5/10 TFLOPS  7.5/15 TFLOPS 1.5x
HBM2 Bandwidth 720 GB/s 900 GB/s 1.2x
STREAM Triad Perf 557 GB/s 855 GB/s 125%
NVLink Bandwidth 160 GB/s 300 GB/s 1.9x
L2 Cache 4 MB 6 MB 1.5x

L1 Caches 1.3 MB 10 MB 7.7x

cuBLAS Single Precision (FP32) cuBLAS Mixed Precision (FP16 Input, FP32 compute)

™ p100 (CUDA 8) ® p100 (CUDA 8)
o
T V100 (CUDA 9) W V100 Tensor Cores (CUDA 9)

Relative Performance
Relative Performance
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1024 2048 4096 1024 2048
Matrix Size (M=N=K) Matrix Size (M=N=K)




New generation of supercomputers for Al

Nvidia DGX-1 IBM Minsky






