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sess tf.Session(target=...
sess.run(...)
sess.close()

tensorflow tf

x = tf.placeholder(tf.float32, name='x")

y = tf.placeholder(tf.float32, name='y')
z = tf.multiply(x, y, name='z")

sess = tf.Session()

(sess.run(z, feed _dict={x: 3.0, y:2.0}))

SN2 JIBE L HH

target SIEERATITE 2
graph SIENNEREUERE
config SEERIBCEIR

tensorflow tf

tf.constant(1.0, name='a"')
tf.constant(2.0, name='b')
tf.add(a, b, name="'c"')

sess = tf.Session()

(sess.run(c))
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Dataflow Graph

a = tf.constant(6)
1 b

Tensor("add_1:0",
Tensor("add_2:0",
Tensor("add_3:0",
Tensor("add_4:0",
Tensor("add_5:0",
Tensor("add_6:0",
Tensor("add_7:0",

int32)
int32)
int32)
int32)
int32)
int32)
int32)

T2

Eager Execution

# Outputs

tf
tf
tf
tf
tf
tf
i
tf

.Tensor (3, dtype=int32)
.Tensor (10, dtype=int32)
.Tensor (5, dtype=int32)
.Tensor (16, dtype=int32)
.Tensor (8, dtype=int32)
.Tensor (4, dtype=int32)
.Tensor (2, dtype=int32)
.Tensor (1, dtype=int32)
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Gradients

* Operations executed are recorded on a tape.

* Convert TensorFlow dataflow graph to Python function
X BRI SR B sk il AL R SR R

: . tf.placeholder(tf.float32,
grad = tfe.gradients_function(square) tf.Variable(tT.zeros ([78

X
W
gradgrad = tfe.gradients_function( b tﬁVada%erremsHiE
. 7 y = tf.matmul(x, W b
lambda x: grad(x)[@]) y_ = tf.placeholder(tf.float32, [None, 10])

Xﬂ‘ Q ﬁ)‘(@;ﬁjﬂ%f}f cross_entropy = tf.reduce_mean(

def £(x) tf.nn.softmax_cross_entropy_with_logits(labels=y_, logits=y))
e X):
y tf. square ( X) optimizer = tf.train.GradientDescentOptimizer(FLAGS. learning_rate)

def g rad_fn ( dresult ) . train_op = optimizer.minimize(cross_entropy)
[x+y]
prod, grad_fn

grad = tfe.gradient_function(f) <C'CNCWUd§




<~ caicloud?
y

E

Speech content

TensorFlow K JEILIR

S SEIN  fir 2 i B — —Eager Execution

B FHNSRE APl——Estimator & Keras
B R IE ARk — —tf.data

RS A 5 24T B — — TensorFlow Lite
< caicloud 2




B5BIEE APl——Estimator & Keras caicloudZ

Estimators : A high—level TensorFlow API that greatly simplifies ML programming.

. . «— Models in a box
o SZELT Canned Estimators
checkpointing D—

Build models

<+
5 Serving AL
4N >
ATPRAT 3 A1 5 TensorFlow Distributed Execution Engine
o Worker KM 5 HINKE
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f$F Estimator #1744 =IZk

estimator.evaluate() estimator.train()
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Why New Pipeline?

e Input data is the lifeblood of machine learning
e Modern accelerators need faster input pipelines

e (Getting your data into TensorFlow can be painful

<, __ 71
caicloud=




<~ caicloudZ
y

B RIE ATk Ek — —tf.data T2

sess.run(...,
fe fict={x: features,
y: labels})
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“Starting the queue runners
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files = string_input_producer(...)

record
parsed

TFRecordReader().read(files)
parse_example(record, ...)

batch = batch(parsed, 32)

i
?gt

FEMR
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sess.run(..., files

record
parsed
batch

feed dict={x: features,
y: labels})

T2

“Starting the queue runners”

string_input_p
TFRecordReade
parse_example
batch(parsed, 32

FEMR =1
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New Input Pipeline = Lazy Lists

Functional programming to the rescue!

e Data elements have the same type
Dataset might be too large to materialize all at once... or
infinite

Compose functions like map() and filter() to preprocess

A well-studied area, applied in existing languages.

Huge literature on optimization (stream fusion etc.)
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Dataset #: [ —— Data sources and functional transformations

Create a Dataset from one or more tf.Tensor objects:
e Dataset. from tensors((features, labels))

e Dataset. from tensor slices((features, labels))

e TextLineDataset (filenames)

Or create a Dataset from another Dataset:

e dataset.map(lambda x: tf.decode jpeg(x))

« dataset. repeat (NUM_EPOCHS)

« dataset. batch (BATCH SIZE)
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Dataset #: [ —— Data sources and functional transformations

Or (in TensorFlow 1.4) create a Dataset from a Python generator:
e def generator():
while True:
yield ...

e Dataset. from generator (generator, tf.int32)
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Iterator I —— Sequential access to Dataset elements

Create an Iterator from a Dataset:

« dataset.make one shot iterator ()

e dataset.make initializable iterator ()

Initialize the Iterator if necessary:

e sess.run(iterator. initializer, feed dict=PARAMS)
Get the next element from the Iterator:

 next element = iterator.get next()

while ... :

sess. run(next element)
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dataset =

# A one-shot iterator automatically initializes itself on first use.

iterator = dataset.make_one_shot_iterator()

# The return value of get_next() matches the dataset element type.
images, labels = diterator.get_next()
train_op = model_and_optimizer(images, labels)

# Loop until all elements have been consumed.
try:
while True:
sess.run(train_op)
except tf.errors.OutOfRangeError:
pass
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More on-device ML More ML hardware
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Why on—-device?

Offline

4

Latency

L ow-bandwidth

=
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Bandwidth GPUs

Memory CPUs
Computation DSPs
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TensorFlow vs TensorFlow Lite

works well on

TensorFlow

focused on

v

Large Devices

TensorFlow Lite

v

Small Devices
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TensorFlow Lite 24845 Hy

TensorFlow

s |
Graphdef = Checkpoint

TensorFlow Lite
Format

T2z

TensorFlow Lite
Interpreter

Neon
Kernels
Hardware
Acceleration Interface
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Neural Network API in Android Framework

APP

NN API

NNRT

NN HAI

Driver Driver
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