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Any fool can write code that a
computer can understand. Good
programmers write code that hu-
mans can understand.

- Martin Flower
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1.2.2 B2

TensorFlow H 2015.11 FELLK, ~FE—ND2 LA — A, @14 (F7R) iR,
JE7R T TensorFlow JU/EELRRI: 1Y & AR H] o

2017.01
2015.11 ® 2016.04 XLA
Initial Distributed Keras
Q Q ©]
TensorFlow @ @ vo.8 V1.0
o
2016.02 2016.11
Serving TensorBoard

Windows

B 1-4 TensorFlow &% 2 A2

1.2.3 TR A

TensorFlow H A REMAELIR, AP IR g f v A . fEBRSY J71E, #58h
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B S5 H TensorFlow Y ZkBIALas 2 181 T8¢ LAF. TensorFlow 7t Google
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Internal TensorFlow launch Production use in many areas:
4000
Search
Gmail
g 3000 Translate
g Maps
Android
g wx Photos
g Speech
YouTube
-i oy Play
= .. many others ...
[1]
SHEISIFISIFITIEISIET Research use for:
) o L]
& & & & ) 100s of projects and papers

Time
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Any fool can write code that a
computer can understand. Good
programmers write code that hu-
mans can understand.

- Martin Flower

mIZINR

A7 SEIE TensorFlow HUTREHATT, AZHEA 24 TensorFlow HI4afEdfii, B,
¥y, THREME, DMEXT TensorFlow H R G HEAHEE N FEA B BN

2.1 R4

2.1.1 =EPEIRERL
B, M Github ETEFE TensorFlow IR

$ git clone git@github.com:tensorflow/tensorflow.git

)5, VIREI R IREER 3 Eo B0, ri.4 9300

$ cd tensorflow
$ git checkout ri1.4

2.1.2 IRAL 54

BT N4, FTEIH TensorFlow JRASIIZHZIZEH

$ tree -d -L 1 ./tensorflow

Hrp ) RS E SR core, python A, #93W K c, cc, stream_executor i

AR AS 2-1 TensorFlow JRAL % H

./tensorflow
— c
— cc

— compiler
— contrib
— core

— docs_src
F— examples
— g3doc
— go
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5% 2 & Gl

— java

F— python

F— stream_executor
— tools

L— user_ops

B SR KA 1.4 A, TensorFlow fCHEZEHNA K2y 100 JTAAHG. HAp, fFE
53 1T C/CH+ 1A, 37 J71T Python A, T HACAEUSAEA B ZRK < H o HH | Python
AL APT B&E5EEN,; ML, HMGmEIES I APT MARRNZN, ER2OTREN B

RIKES 2-2 TensorFlow &A% 43t

77610
92018
27392
8859
2183
1779
1789
1487
1313
227
157
105

443099
369399
86691
30925
16398
15003

Language files
Ct++ 2238
Python 1881
C/C++ Header 1175
Markdown 218
CMake 50
Go 28
Java 72
Bourne Shell 103
Protocol Buffers 87
Objective C++ 9
C 8
make 4
XML 25
Groovy 3
Maven 5
DOS Batch 9
Dockerfile 7
Perl 2
Bourne Again Shell 3
JSON 3
Objective C 1
YAML 1
SUM: 5932
2.1.3 Core

WRZRIRIS S I N R, EEAEFG, SCHREUE, ZERHEZ, Protobuf &3, &
WisArhs, AT TR, BB, OP X, LLK Kernel SEBLSFALMN, X2 A F5 5 i il
Mr 2R 2 —, B RS R HE 2 v BSR ) TT 2 , B B IE AT I B 9 A= i o 30

FEEA TR RR, FHE/RE W OP A Kernel SEBlFEFALEFTHLAEN

|_
|_
|_
|_
|_
|_

./tensorflow/core

common_runtime
debug
distributed_runtime
example

framework

graph

SRR AD 2-3 Core BALLEH




2.1 A ehte 11
— grappler
— kernels
— 1lib
F— ops
— platform
— profiler
— protobuf
— public
F— user_ops
— util
Hrr ) core FEH ++ LI, KA 26 T,
RBIRED 2-4 Core KA %kt
Language files blank  comment code
C++ 1368 44791 38968 259289
C/C++ Header 653 15040 24474 50506
Protocol Buffers 57 736 2371 1806
Markdown 11 327 /] 1285
JSON 2 (7] 0 18
SUM: 2091 60894 65813 312904
2.1.4 Python
Python & X FISEIL T TensorFlow HIgmFEMA | FHXH AN APT A2 sifli H , HIR

MHESAI TR, XA AR fHIAT 1853 o

~N

client

debug
estimator
feature_column
framework
grappler
kernel_tests
layers

lib

ops

platform
profiler
saved_model
summary
tools
training
user_ops
util

[TTTTTTTTTTTTTTTTT

tensorflow/python

RBIRES 2-5 Python R %ZEAH

Hrp, Z4PEH python SEBL, KA 18 T,
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RBIRED 2-6 Python K%t

Language files blank  comment code
Python 714 45769 09407 179565
C++ 20 496 506 3658
C/C++ Header 15 207 387 363
Markdown 4 48 0 200
Protocol Buffers 3 16 10 71
Bourne Shell 1 13 28 68
SUM 757 46549 70338 183925

2.1.5 Contrib

contrib A& %8 = J7 oMk TR R, B2 TensorFlow bniEfL 2 B 1Y SEIG 1 dm 2 32 11,
BN Boost #EX 5 CH++ FRHEZ MHIX Re 24 contrib B AENE , E4# TensorFlow
FRIEAL , FEA contrib HHEEZE core, python H, FFIEA XS ANE A o

RRES 2-7 Contrib R %L

N

tensorflow/contrib
android
batching
bayesflow
benchmark_tools
boosted_trees
cloud
cluster_resolver
cmake

compiler
copy_graph

crf

cudnn_rnn

data
decision_trees
deprecated
distributions
eager
factorization
ffmpeg
framework
fused_conv

gdr
graph_editor
grid_rnn

hooks

hvx

image
imperative
input_pipeline
integrate

keras
kernel_methods
labeled_tensor
layers

learn
legacy_seq2seq
linalg
linear_optimizer
lookup

TTTTTTTTTTTTITITITIT I T I T I T ITTITIT I T TITITTTl
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— losses

F— makefile

F— memory_stats

— meta_graph_transform
F— metrics

F— mpi

nccl

ndlstm
nearest_neighbor
nn

opt

pi_examples
predictor
quantization
reduce_slice_ops
remote_fused_graph
resampler

rnn

saved_model
seqlseq
session_bundle
signal

slim

solvers
sparsemax

specs

staging
stat_summarizer
stateless
tensor_forest
tensorboard
testing

text

tfprof
timeseries

tpu

training

util

verbs
xla_tf_graph

[TTTTTTTTTTITTITIT T T T I T ITTITITTIT T

T TensorFlow 1 X AH 475K, contrib HYAZBIA A #k 1.4 AR, KZ9F 23
TATRAS, FE W Python BITAISLILH 4wt O, EBEfTIN B C++ L3,

KRS 2-8 Contrib XA %t

Language files blank  comment code
Python 1007 41436 75096 170355
C++ 201 5500 5313 32944
(Make 48 2172 955 16358
C/C++ Header 99 1875 2867 6583
Markdown 46 1108 0 3485
Bourne Shell 18 232 386 1272
C 7 151 118 931
Protocol Buffers 20 224 454 680
make 4 105 136 612
Java 2 77 209 335
Groovy 1 10 20 75
Bourne Again Shell 1 6 15 59
Dockerfile 1 2 1 14
XML 2 3 0 9
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2.1.6 StreamExecutor

StreamExecutor /& Google 75— M HAMZE, B4 T 414 (host-side) 4 FEfs
HIFLSFTRS RS ) SEET CUDA F1 OpenCL B4 —E 48 . S mpARS AT LLE
Kernel BRAUTCEEREEAE CUDA B, OpencL BITTHEIRE EHUAT.

HT, StreamExecutor # K5 HT Google Wi GPGPU W FHFEFHis T Hrr,
TensorFlow iZf AL T — StreamExecutor IR, FT &% CUDA Fil openCL
M7 A4S/ 4 CUDA HIZMAERALFIZRERAL, FFEM 4 StreamExecutor
ARG TAEEE, 87K Kernel PRZLY SEIRICRI I A5

RPIRES 2-9 StreamExecutor A4 H)

./tensorflow/stream_executor
— cuda

F— host

— 1ib

L— platform

Hr ) StreamExecutor 1 C++ 3L, KZ9FH 2.5 T,

RHIRES 2-10 StreamExecutor X%t

Language files blank  comment code
C++ 43 2440 1196 16577
C/C++ Header 81 2322 5080 8625
SUM 124 4762 6276 25202

2.1.7 Compiler

IR, RIGVEE TensorFlow fe B ZE 1T HARFIZ OMES:, FIL TensorFlow HY
ARG EA R @Y. TensorFlow °J T8 AT R EI 454, JH@ R E
BEAMIIT. B, RESEMATHNG, JEK OP A& NitE RN, IS
GPU LARBITH, BT H3E 2 1) Kernel HIIEH .

Ft, TensorFlow 7M#EFIZHE OP W7, (EEf T IEANREARIE LA A R 7T BT 7o
BEIE, XLA $RZEFEMA, SMEM JIT GiFsARS s EE, e¥21 OP f#
B, ARSI GRS, SRTHT R ERHITRCER.

RBIRED 2-11 Compiler BALEH

./tensorflow/compiler
— aot
— jit
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F— plugin
F— tests
F— tf2xla
L— xla

XLA HA BT FRIRIWE L[ B, /& TensorFlow i XA ATEERAIGE Jy A, #E BT
AR LR 12.5 TifT, EEMHH C4++ L.

REIRED 2-12 Compiler XA %3t

Language files blank  comment code
C++ 455 19010 18334 102537
C/C++ Header 250 5939 10323 15510
Python 37 1255 1416 6446
Protocol Buffers 5 312 501 781
Markdown 2 (/] 0 3
SUM 749 26516 30574 125277

22 TIEHME

TEHIGZ AT, 220 TensorFlow RIS EEIIHE ) T ## TensorFlow AR E T T
B, RHAEBI AR 6=)7 TEA, X T TensorFlow TAFEELEARAKAIHR B
% }%WE%BE ZIKE{RU\ Mac OS R4 HH, i#i?E TensorFlow HIJRMLSmIE. L4E. &

221 MEER

TensorFlow HIRTNi & — X FF 2B HAEREE . B, %% TensorFlow JHMAM.Z
BT, BB AR M i de R gy ST ERSE. BN, {68 Python 1F 4%
BN, WEFLLHE Python fFfEdr. HIK, AAMHAZKZAT, hFEIE%EE GCC =
Clang 55 C++ Jmikay, HTHIFRHAG L. FH TensorFlow i H C+4+11 1H¥ELIH,
Fr LVEGRIE 22 2% CH+4 dmiFan Z S8 C++11. 74P, TensorFlow ] Bazel FUF4EE T H. |
LR EAUON R AR A Make T.H o ASENYRZ, Bazel i Javag8 5L, HAKHIT JDK.
WA ZHE Bazel ZHT, IGRZFILLE 1.8 LEA LA JDK.

JDK

b

73

HEFE M Oracle B M L4 1.8 iR JDK, SRJG0IEM RIS FR5 T )
~/ .bashrc HIMCE Lo
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$ echo 'export JAVA_HOME=$(/usr/libexec/java_home)' >> ~/.bashrc
$ echo 'export PATH="$JAVA_HOME/bin:$PATH"' >> ~/.bashrc

3£ Bazel

1E Mac OS L, AJLA#H brew %% Bazelo

I $ brew install bazel

WR ARG AL brew, T LAMATUN T 2564058 brewo 498, L4 brew T e %
X Ruby fRFeey, FEILATITR.

$ ruby -e "$Ccurl -fsSL \
https://raw.githubusercontent.com/Homebrew/install/master/install)"

LI Swig

TensorFlow {# /] Swig M 26 F MMEINE, H 3B R TE 5 A6 2Ed
I, FERIHEZ T E LR Swig M1 T AAL

$ brew install swig

2% Python k#i

i pip %% TensorFlow AM& i) Python €.

$ sudo pip install six numpy wheel autograd

WR ARG AR LS pip, WATLAMEH brew FSE4%E pipo

$ brew install pip

%% CUDA THE®E

BRGEHE T CUDA IWHEMAERTHET 3.0 1 GPU ki, NIFFZEZ%: CUDA T
HAL, NH cuDNN, SEZ3 TensorFlow izf7HS 1) GPU k. HEFEM NVIDIA B/ _EFE
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CUDA Toolkit 8 M PAERAS, FH2des R g, BB CIE AR & o

$ echo 'export CUDA_HOME=/usr/local/cuda' >> ~/.bashrc
$ echo '"export LD_LIBRARY_PATH=$CUDA_HOME/1ib:$LD_LIBRARY_PATH' >> ~/.bashrc

SR, FF 3 cuDNN 5.1 M UL ERA IR4EAMRES CUDA_HOME fHOC ARG H .

$ sudo tar -xvf cudnn-8.0-macos-x64-v5.1.tgz -C /usr/local

222 BBE

B, WMIFHRE DI, AT . /configure B & TensorFlow M4RIEIHIE T . MRS
YHF GPU, NFFEACEFKH) CUDA/cuDNN JmiEEfi.

$ ./configure

2.2.3 &

MEERINE, #H Bazel J53) TensorFlow H4wiF. fE4IFRsIZHT, &2l MCHE
G JE PR B AR UZE A IEACHS ) B FE gRPC, Protobuf, Eigen %5, 3 H 8h5¢ w1

I $ bazel build --config=opt //tensorflow/tools/pip_package:build_pip_package

M FE GPU tHER, Wl--config=cuda JwiFiLui,

$ bazel build -c opt --config=cuda \
//tensorflow/tools/pip_package:build_pip_package

IIFERL G, R LAF4#E TensorFlow B Wheel .

$ bazel-bin/tensorflow/tools/pip_package/build_pip_package \
/tmp/tensorflow_pkg

224 R

2 Whell RN, #H pip Z2E TensorFlow | &4 H .




18 82 E IRk

$ sudo pip install /tmp/tensorflow_pkg/tensorflow-1.4.0-py2-none-any.whl

2.2.5 B

JA3l Python fi#feds, %riE TensorFlow 4238215 i

$ python

>>> import tensorflow as tf

>>> hello = tf.constant('Hello, TensorFlow!')
>>> sess = tf.Session()

>>> print(sess.runChello))

Hello, TensorFlow!

2.2.6 IDE

TEP A 2 1T, B — N IEE R IDE 7] DASC S AR (58 152 1 o O e HEF7
A Eclipse CDT [R5 C++ 1015, 223 pybev Wi £ 1712 Python fCi5. AR, iR
JetBrains 1 Clion [#5E C++, PyCharm [#E Python. {HA2&, H[REE C++ ML,
i BC E TensorFlow, CUDA, Eigen3 Sk 3CHFIHE 2 H s, FHWIIAH R TIUE L 22, LAM#E
IDE IEBAMANTIRIS 45 . ARTELL Eclipse CDT A HERMH AL E J75

£ Eclipse T#%

@@ —" Eclipse C++ L, WMHA2.2.6 (F197) frm. MEmE—BEAK, T3
HiF8E TensorFlow B H 5%, FFE#F Makefile T2 THE. A5, #%MH Properties >
C/C++ General > Paths and Symbols > Includes it & 3k 3 HI# 2 H 5% .

Bt & 0 B &
TensorFlow /usr/local/lib/python2.7/site-packages/tensorflow/include
CUDA /usr/local/cuda/include
F21 kXM EAR
Bt E Eigen

ANFEM L, Eigen X ANATFHSLSCABD h B9IE28 44, CDT JCIE AT AH R O AF 5o
152 [fhttp://eigen. tuxfamily.org/index.php?title=IDEstH XU B, 1% M8 Preferences >
C/C++ > Coding Style > Organize Includes > Header Substitution ‘# A\ eigen-header-
substitution.xml 3CfF, WE2-2 (F19R) FiR.



http://eigen.tuxfamily.org/index.php?title=IDEs

2.2 TREAEE

19

C++ Project

C++ Project

Create C++ project of selected type

Project name: tensorflow-r1.3

| Use default location

Location: = /Users/horance/code/tensorflow-r1.3

Choose file system:  default a

Project type:
P = GNU Autotools
V = Executable
@ Empty Project

Toolchains:

-- Other Toolchain --
Cross GCC
GNU Autotools Toolchain

@& Hello World C++ Project MacOSX GCC

P = Shared Library

P (= Static Library

¥ (= Makefile project
@ Empty Project

@ Hello World C++ Makefile Project

Browse...

Show project types and toolchains only if they are supported on the platform

Map Name:

Applies To:

Unconditional Substitution:

Optional Substitution:

< Back Next > Cancel

2-1 4l# Eclipse C++ T4

Edit Header Substitution Map
Eigen Header Substitution

Cand C++ E

Header Replacement
<Eigen/src/Cholesky/LLT_LA... <Eigen/Cholesky>
<Eigen/src/Cholesky/LLT.h> <Eigen/Cholesky>
<Eigen/src/CholmodSupport... <Eigen/CholmodSupp:
<Eigen/src/Core/arch/AltiVe... <Eigen/Core>
<Eigen/src/Core/arch/AltiVe... <Eigen/Core>
<Eigen/src/Core/arch/AltiVe... <Eigen/Core>
<Eigen/src/Core/arch/AVX/C... <Eigen/Core>

Header Replacement

Cancel

Import...

Export...

New...
Edit...

Remove

& 2-2 #i# Eigen #93k X1
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2.3 RAEDAERL

TEMEE TensorFlow R4, Bazel 5, CMake 2 H 8h4: B IS o BEAFCAD AL pliay
HHT R Z5 R, AT LUIMRE G R i T .

2.4 FiAR#x

mE2.4 (F20R) in, WHRAGHZEREEHE/RT TensorFlow HIHE AR, T
TensorFlow ARG MZ Do

E Ihie A
NEZ EIEki TensorBoard
TERE BB a®, &F0E, mE Keras
N o EE—
HETEE iEB’#;:;ig:i e Eigen/cuBLAS/cuDNN
MEE s gRPC/RDMA
BERE Taes CPU/GPU/ASIC

& 2-3 TensorFlow # R4k




Any fool can write code that a
computer can understand. Good
programmers write code that hu-
mans can understand.

- Martin Flower

i K Z T

FEIFIRTRFT TensorFlow WIZZ R, 7% H 3T SR ATIIZE, PRI 2RI EATT
AR, X T RSERE TN R R WRLARSCA ST RISEE, 6 7RI T
FEFFUI SR RS IR T B2 PRI [ 451 o

AT Py T2 2 ) 68 P B R SR g 2 IR Y | e U S R R
ZMZ. FAENGERRS, N T EEER LW EOR, SR ey s R g,
P2 TR BOAR, 20 Dropout AR w2, KRR HERFRET 2 99% LA E.

Ir

FEIT 8 — PRI 5 AT 2 1T, o o] A28 HH A2 AR 1 S BB RR 8 B K 5 ey 2
FRREFRI AR (B, RPARNEIGF T EER LA R, W 7 E 2 AR LN
7, TER DA S SCRRAE 3o

3.1 o)iRH

ARFEAEFH MNIST £0H 5 50 ik T 5 87 M4 BB )1 25, 8T 60000 1 IIZRIEA
Aot Hoeb 58 10000 MERFEAZIE . WE3-1 ($21R) Fon, N TEE DAL
z, ] 28 x 28 BRAVECFHEFER N N T I, 14 28 x 28 HYFERESH fm LA BE, 155
K 784 H—4EIA] o

1

© o oo o o o oo oo oo o
©c o o 0o oo oo oo oo o
©c o o 0o oo oo oo oo o
©c o oo o o o0 oo oo o s o
©c o o 0o oo oo oo oo o
©c o oo o o o0 oo oo o s o
ccl EHEEEEEERE- -
ccHEEBEEERBE == == =
O O h b O O O OO0 © © © © ©
©c o o 0o oo oo oo oo o
©c o oo o o o0 oo oo o s o
©c o oo o o o0 oo oo o s o
s o o oo o0 oo o6 oo o

3-1 MNIST # A% AT

UATE N2 H Martin Gorner £ Codelabs % %) X% Tensorflow and deep learning, without a
PhD, £ Martin Gorner A&, ZAGZ LEAARTHLE.



https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist
https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist
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%3 & Pok2ik
3.1.1 HAHEE

B, 7E MNIST Il sdiass

mnist.train.images A

[60000, 7847 I _4EsE
Feo Hp MRS ER, FrERAPIEMEEAREE, HENMT oM 1 Z2E. W
A3-2 ($2271) Fin.

mnist.train.xs

784 L/ - 5
b

60000 |

B 3-2 MNIST W 4438 % A%

FEXE N HE, MINIST ZCHE SRR 2N T 0 2 9 B%0F, mnist.train.labels &—1

[60000, 107 M " ZEMERE, HPE—172—1 “one-hot” [Alig. WEA3-3 ($227) FiKN.

mnist.train.ys

—

10| p—

60000 |

B 3-3 MNIST 4 43E4%: HEHEE
— A
3.1.2 BE7RixkA

N7 BRI AT B IR AR, 6T matplotlib THAZG T 5 R (Y Eif. a0

2%
B34 ($237) PN, F8—> mini-batch FIYIZRFEAREHESE . HP | batch_size = 100,
HAY RFAECEWIERF I, MLas 5

TAIARAEME, A MR T AR A T .

H4b =

FRBTHORD K, FEETHAAMRR T IE

MNIST #A 50000 NINZREEA, WIH batch_size A 100, WIFFEIEAL 500 KA FESE
Wb P — N REABAREE, HH—1 epoch J&IHo
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R E A B

i g

E

e

n

L

R) AFTFHRAAMM TensorBoard, 28 T matplotlib, &7 4k 8T XA 5% i 2

3.1 [RJAIHE

£ . K
B = &
B K -
¥ =
E Az
= S M W E POTSAC G I o Nl U XN SN~ o
I’ — v ) ) ...IL §§§§§§§§§§§§§§§§ —
__-.aaﬁ.ﬂ. ~\3 W\ =D =~ o ALl 1 i iw ) DOF L PRANIBEERSAAMNNROOm——
: . X = 2 A AIMG AN FS A NN QRS T N O
IV NV e=%Q Y — 7 E X @ SLbomt RS0 LN Eakariuc0n s
: < 2T R e L R R B N L
MW~ e-—=30% N ¢ 2 9 g U R L AL DAL R
o , g s I = SN A S A RN @ ST~ o~
£ - s . S AEN SN NN CE SRS RS O
5 RV ~Fwah~ = = = ¥ Xy M S B e s i om0 0
S : -, IO A S RGN0 o S AN e -
2 Le¥MN=nFoeN B e X D O
: . 2 2E & R T
E SR Pen QAN I B | oundgadedididsaivadareono
= o O i - B R e R e
. O O ~» ~ % £ o el A R i i A R0 T o s
= oﬂé " = 2 = % YR E G0 G o 7ol =l — o0
. . ‘ A GO NS I 6 o NG RO 5 o
SR RLARECELANAS SN e N2 S e S S N SN e~
i : 25 I OB NS d e anEngs hyos
o Qeoe—m~0% S pessodmBnNe s e gah N0 0 -~ —
™ .y ~ - e e N L R 0 AN YN 8o m oo
TP e < By SHE I LT KR AREN TR G 73
- | < m X I R o
. =k g TN e il o e L NG < e
1 ~ # X SN U N IR NG T < e N
8 o
. & K
S
| . Ik,
EN -
g o=
=R

AT XA R S

L AT AR R

B 3-5
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WE3-6 (F24W) Fros, SR B AL B E SRS ATAYIRZ . H, x
FONEAHIREL, y MFOR R E. 75, BT IIGEARSRE, R EN ARSI,
TMEETMAAEALIRLE, BRAER IS

Cross entropy loss
100

— training loss
- test loss

0 200 400 600 800 1000

3-6 W e K 69 3 S B &

WE3-7 ($2470) Frow, WLASER AR RIAURAE 21 B I 2R SE AN £ RS L
Hep, x BIFRTOERAIREL, y WFRREE. R, BT IZREARRIREE, K thZdhish
B, MEETMREALESE, KR shiyh.

Accuracy
1.0
0.8
0.6
0.4
0.2
— training accuracy
= tectncCHracy
0.0
0 200 400 600 800 1000

3-7 W HAe MK 4 B




3.2 HLEEHNAR 25

WE3-8 (%257) Frw, XNTHBEOE—MIISSE(ERERE), ATEAGEHH 52 =X
PR EAE AP o BRI RENSI , SAABUE A I RERS 25 A i B 3R 7R 15 B

Weights
0.8
0.6
0.4

0.2

0 200 400 600 800 1000

3-8 RESHE

3.2 BHERENZE

B, Sl 10 MPEITTHI R Z RIS . WA3-9 (F257) Fir, MTHEINTFER
FUUNNI 2 402K, FEE B A softmax FTHEE EAL.

2808 — 784 P/Xéls —_

pixels

—_—

B 3-9 $#EEHZE




26 % 3 B k2R

3.2.1 EipEa

H% F, softmax HIHA& logistic FIH ¥ . HM | logistic [IHAEN T R 45
K@, By e {0,1}; 1M softmax BN TR k 42K, Bl y e {1,2,..., k}o

FFSEX
N TIEAMHAIE softmax [FIJAIRR, MANE LT — 28 HRFS .

o NMHAEARE: S ={(2®, yD)i=1,2,...,m}
o F i AINGAER (2, y®)

o AN v = (21,29,...,7,)T €R?

o H#AR4FE (one-hot): y = (y1,v2, ..., yr)T € RF
o ME: W e RM¥F

o BE: beRF

o softmax H 2 softmax(z;) = Gl 1=1,2,...,k

softmax F#

WE3-10 (%267) Fron, BRSERBEEEMBN 2, SAERE e, maHEH—1t
(o

3-10 softmax F4k




3.2 HURERI%

27

NESKRE

BEE W A—4 nox k ) 4ERFE.
w11 . W1k

W = (Wi, Wa,..., W) = Do, c R™*k

Wnp1 -+ Wpk

Hr Wy RN n Bl

Wj = (w1j7w2j, ...,wnj)T S Rn7j =1,2,...,k

TRE b A& MERN kY “one-hot” Mo

b= (by,ba,....,b)T € R¥

REE X

293 25 AN Y BRI Y BT softmax IR EREL, RTLANILSE 3o

y =hws(z) = softmaz(z) = softmax(W'z +b)

T
:(ylay27 "’7yk)
= 1 (e**,e*2, ..., ez’“)T
> €%
j=1
1

T
_ (ewszerl W3 b2 eWszerk)
, eens

B, WTEBLEENER (v,y) € S, z XX Wle + b, BIZAEMAN, 10 y;(i

1,2, ..., k) FoRRHKIE N2 @ AR,

Wl o+bi
Py =iz Wb) = ———
erTac—i-bj
1

k
j=

i=1,2,...k
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FETHAEIRE S = (oD, yD);i = 1,2,...,m}, 3 UK EERT LA E Lo

softmax 27} KAE, WAERBURAMAE (W, b%), fif5

W*, b* = argmin J(W,b)
W.b

TTEHE
AL AR (2,y) € S, ATLMESH J(W,b) HIXT W 5 b (AR

Vwd (W, biz,y) =H—y)x
Vi (W b;:c(“,y(”> =W-v)

S

XTFYIGHEALE S, Wil W, b BEARK, SEMATGERIZEE .

m
S Vwd (W, b;2®,y@)
W «W — =2

m
m

Z Vi (W, b; 2, y®)

m

3.2.2 ENEE

Tk, ] TensorFlow 5€ MOZAAL A AN 25 FFEEENE, Hig EARY
TensorFlow EARSEIMAFAERIP I 72 7o BB | AP 2 W3R8 —DFEAR, {H TensorFlow
Y x R mini-batch FREAREREE . KL, {4 TensorFlow ¥ it W LRI 75
BRI RTE A KB R/ MY AR AR S T
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WNFIEREE

HG, i tf.placeholder 735U LINZRIEA B AFIARES o

tf.placeholder(tf.float32, [None, 28, 28, 11)
tf.placeholder(tf.float32, [None, 10])

+
nn

tf.placeholder XL T — M HALH) OP. None BAn AT TEEEARZEH, WabFER
batch_size [ K/)N; 24 Session.run I, J4ifid feed_dict HYFHEEMt—" mini-batch [
FEAEHESE , I H 2 S tf.placeholder HK/N.

7oh, BIKRE R 28 x 28 x 1 M =HERHRHRIR (KR 1)o o T RILIHGE, HEALHS
BN FIREARER AL, o HARON A 784 19—l i, Hrh, -1 387K mini-batch [
FEAKH , dsfTi HahEEH AN

x = tf.reshape(x, [-1, 784])

]

EXZ

SR, (M tf Variable SE XBUZEL. € NGRS HNT, R ESHBIHIIRILIE;
WSS ECRIRIEIRE, BRI, LIHA/N.

w
b

BEAh, AR EAEE 20T, UASERAIIA . AL, init_op AL ATA 2 RIMI42
e

tf.Variable(tf.zeros([784, 10]))
tf.Variable(tf.zeros([10]))

I init_op = tf.global_variables_initializer()

REEX
BT, AT MR 5y M52 2 79 28 (R AL R4 A

y = tf.nn.softmax(tf.matmul(x, w) + b)
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WMA3-11 (F30W) P, EEHE x5 w iR, iLER b 7 # (broadcast) F)
HERER 1T, BZASF RIS ENN LM A .

Wo,0 War Wa,2 Wo,3 ==+ Wo,0
/wr,e/‘ﬁa,/( Wio Wy3 oo Wi
g W W W
/Wi,{(r Wyg Wy g - Wy i
W ,0 W 54 wa,z wa,s ' w4,9 “@
50 Wort Wsp W3 oo W5 03
G0 Werr W 2 Wg,3 oo Wy o &
X: 100 imo4ges, )7/6/: W, o W, W
one per line, 8,0 Wa7 W2 Wg,3 o Wa,0
Hottened / ;W L — ""783,9_
To—
\ g u H Em - Le,o La,f La,z La,3 i Le,a
4| H H H EE- L 5 Lo Loy Ly o s g
b L HEE N Lo, bag Lag by g oo Ly
6 | g EEE E-E | L L)L L L
q . .. . . . LA,G L4,1 L4,2 L4,3 e L4,9
3 AN EEE N
L T Pmds//_

B 3-11 Zitiminde

WME3-12 (%30W) FiRn, softmax BB TSLMEIzH, &2, y INR/NHA [100, 107

Fredictions Images Weights  Biases
Y(/00, 10] X(100, 7841  W[784400]  b[I10]

NI
Y = softmax(X.W +b)

/

applied line moArix MM/%//?//V
b)/ line

broadeast
on odl lines

tensor shopes in & 3

3-12 #EHHK: softmax

RS R
X225 mE, AT LAE A8 U I 2k BR AL

cross_entropy = -tf.reduce_sum(t * tf.log(y))

nE3-13 (F#31R) fin, t F y WR/NESN [100, 101; Foki, t M —fr#E—
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« » =
™ “one-hot” [A]H .

Xy SETf tf . log AF, IS 2] — DA/ [100, 101 FIAERE. 2405, t 5 tf.log(y)
BT GFIRAREAETR), HBEEI /N [100, 10] FIHE. B2, tf.reduce_sum K40
B Er A e E AN, 58— MR (scalar) Ho

0 /I 2 = ¥ 5 B ™ 2 9
o Lo ][e 2]l ]le]]
aetuod probabilities, one-hot' encoded

//
/

Cross 6//7‘;’0?/ — Z Yi,‘ log(YZ
/‘ M‘/; is a"¢"

me/)af&/ prob bobilities

IHHHHIIIHH

B 3-13 a4 k4

BE

tf.argmax(y,1) 4458 1 MEEITF R RKEN RG] MIZM yigoxi0 BIE—1T, 1T15HE
S TR ERRENNERSME. A, tf.argmax(y,1) G2 R/NA [100, 1] E/J%E%,
K/NA 100 WA [EAEME, tf.argmax(t,1) HAE—K/NA 100 B A G

RiG, T tf.equal B ENTZEICE (clement-wise) FATHIZEM: LI, 15%1K/NA 100
HIAR /R A T HHERE I Jelg A /R s A BUE A e, 2SR BUZEUEA A IE .

is_correct = tf.equal(tf.argmax(y,1), tf.argmax(t,1))
accuracy = tf.reduce_mean(tf.cast(is_correct, tf.float32))

3.2.3 fELEE
BRI e B B S SRR BB B ME . EoH ) learning_rate T
SESTRRR EASECEE PR R N, RN S

optimizer = tf.train.GradientDescentOptimizer(learning_rate=0.003)
train_step = optimizer.minimize(cross_entropy)

WE3-14 (%3271) Fron, W LCRIRC R EEAE— R, gl S Hm i 7307
FIRBNNAT o BB AR I BN, SRR ST R R AE—/ NG, BEA
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B JRER IR A -

LS L TR BT RN, WG RO, ARG HY SR/ IMEANE, R BT BRI
SRR E/IME. 750, By MER, TR TR AOOMUARREE, 0
RN, NIHE] o B/ MERTHE B AR, AnRACK, AT RE B AR B A

cross-entropy

3~

B 3-14 HAETHL®

3.2.4 i)l ZRER

FEMZ 1T, TensorFlow U1 T, %?ﬂ%ﬁ RS R PAT. Tk, FHamel
AR, B SAMBE T A EREE, FitE R TIE R

B, ERNGSEEIMRNL. Eidsf RS HEet I8, AT E %
SRRSO R E B OB A B BT 250N

with tf.Session() as sess:
sess.run(init_op)

UOEAR,

>%

SRIE, TFIRIEARHIAT train_step, FEAURTLAT—aEAINZR. Hr,
TT B Y AR A SRR 5 S a5 £ A% T R 461 4k

with tf.Session() as sess:
for step in range(1000):
batch_xs, batch_ys = mnist.train.next_batch(100)
sess.run(train_step, feed_dict={x: batch_xs, t: batch_ys})

if step % 100 ==
acc, loss = sess.run([accuracy, cross_entropy],
feed_dict={x: batch_xs, t: batch_ys})
acc, loss = sess.run([accuracy, cross_entropy],
feed_dict={x: mnist.test.images, t: mnist.test.labels})

Pagit, 43 1000 Yo, FIEEIRYT 92% AFE .
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Accuracy Cross entropy loss Training digits
N — woning o A4.7.0.44.9528.
— test loss 5‘516#%0;63
” ©q353¢ 677/
RObEbL4bEITG
" 03GLE5L1SD
/\V7558x611
- 780503408¢
7100a4ys5s5s01
o Ay ey f0730657/50
— testaccuracy 7 74/ / 22 79 | 2
9 ul) 200 400 600 800 1000 ] 200 400 600 800 1000
Weights Biases Test digits
08 15
06

WAVLAR LA SIS
(YEEOO CERKTALTS
e
1375
AL

%% 200 400 600 800 1000 0 200 400 600 800 1000 oo -
3-15 T £ ERHE, B4 1000 K step
= a
3.3 HZERENSE
AT AR, BETOREAIERE 5 EME 2R A,
784 |
o EEEE B EH :
=== o | +e~
200 O0O0O i
/00 O O 0-ID -5 ) 5 10
g i T— sigmoid Ffunction
w O 7
20
10 softmox

3-16 5 ER4n 3

3.3.1 S E

N T IR 2 R AR, AL E LT — 288 RS

o ng MZREL, HAH 0 BNMAER, B n EARITZR

o spt BT REL £=0,1,...,n

o wl: B (0— 1) BV 5 BN ZIORE, (=1,...,n,
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bO: 55 £ B G R, €= 1, .,

az(-e): EOET B, (=1, np2=0a®,y=al)

200 BN RUERL, =1, ..,

. 51@): BRI WREDL, (=1,...,n

o §={(a®,yM)t =1,2,...,m}: FEARZH

Al 6 {5 1%
20 FIR 0 BIEAEIA, Bl (-1 Bl oD 55 ¢ ZRREERE w® 1
e, FHN_ES ¢ RAYER TS

WM™z, 5 ¢ 2R, mEeEmE f(20) . Hi, o =2,y =al),

2O — O gt=1) 4 p®

al® = f(z9)

a® =g

y = a(me)

R E &

W, RIHESRNRE. B, 6 0RIRE, |0+ 1 ZRIRETENG. Rk
H, TERHZ, BOUE o) 5y Z[RIRRE, AT LAE AR E).

(EFD)T §(E1) o £1(,(0),
50 — (DY SED o £1(20). ¢ £ g,
(@ —y) o f'(=0); £=ny
FURBRA J (w, b) AR5 R0 LT AR e 5 5 8 ) 0 BB T LA 7851
T
Vo J(w,b;z,y) = 50 (a(671))

Vo J (w, bz, y) = 6

= 1, 2, ey Ny

RO, LB RGESEIA, M RGERELS LR, EREEERH T
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SHEH

XETFLAEREARBIREE S = (=@, yD);t =1,2,..,m}, WIRBERAEAR, LA EG
BB HE A

Aw® — Aw® +V 0] (w, b; x(t),y(t)>

Ab(e) — Ab(e) + Vb(z)J (w, b; :C(t), y(t)>

fa, PUTERE MRS, SN2 s E .

l
w® —w® — o Auw?)
m
¢
5Oy _ A0
m

12 Zl, 2, ey Ny

3.3.2 EXIEE

FXSF T rp el Y RO AR, AL E R — D RSB IBCERT, o i
RE AR A RIAA TR, 1 I R R o A AR A BB

K = 200

L = 100

M= 60

N = 30

wl = tf.Variable(tf.truncated_normal([28*28, K] ,stddev=0.1))
bl = tf.Variable(tf.zeros([K]))

w2 = tf.Variable(tf.truncated_normal([K, L], stddev=0.1))
b2 = tf.Variable(tf.zeros([L]))

w3 = tf.Variable(tf.truncated_normal([L, M], stddev=0.1))
b3 = tf.Variable(tf.zeros([M]))

w4 = tf.Variable(tf.truncated_normal([M, N], stddev=0.1))
b4 = tf.Variable(tf.zeros([N]))

w5 = tf.Variable(tf.truncated_normal([N, 10], stddev=0.1))
b5 = tf.Variable(tf.zeros([10]))

FERE SAF— U2, SR sigmoid MORGEREL. MRS M H)Z, KM softmax
HORHE PR AL




36 8§ 3 & BIkZR

tf.nn.sigmoid(tf.matmul(x, wl) + bl)
tf.nn.sigmoid(tf.matmul(Cyl, w2) + b2)
.nn.sigmoid(tf.matmul(Cy2, w3) + b3)
tf.nn.sigmoid(tf.matmul(Cy3, w4) + b4)

yl
y2
y3
y4
y tf.nn.softmax(tf.matmul(Cy4, w5) + b5)

I T I
t
-4

L5 BRI, W LIS RIRZ) 97% ZEAHORE RE. B2, 2R EE B i,
PR ASFF RGO IS 3P0k, 2l — 28w LAY IL B, Bag 2R RO PERE -

N

3.3.3 kAR
HLGEBRE - RelLlU

FERERR A ANE A sigmoid HIH AL ERHEATARERGIE T 0 2 1 28],
BT 2R RIS, 5 A BRI G B ]t

s}
2}

PR S S R |~ A S [ S ho

=10 -5 5 10

Y = tf.nn.relu(tf.matmul(X, W) + b)

3-17 ReLU & &3

A LM ReLU(Rectified Linear Unit) &4 sigmoid, AUkt | sigmoid T2 —LE
), T ELREGS I PRAD 46 A SGH T

yl = tf.nn.relu(tf.matmul(x, wl) + bl)
y2 = tf.nn.reluCtf.matmulCyl, w2) + b2)
y3 = tf.nn.relu(tf.matmul(y2, w3) + b3)
y4 = tf.nn.reluCtf.matmul(y3, w4) + b4)
y = tf.nn.softmax(tf.matmulCy4, w5) + b5)

TION, WRAE ReLU BOH AL, i & 1) 5 W AR O /NI IE(EL, RIS e TCAE—
THARE 2 TAEE ReLU B4R XN
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K = 200

L = 100

M= 60

N = 30

wl = tf.Variable(tf.truncated_normal([28*28, K] ,stddev=0.1))
bl = tf.Variable(tf.ones([L])/10)

w2 = tf.Variable(tf.truncated_normal([K, L], stddev=0.1))
b2 = tf.Variable(tf.ones([L])/10)

w3 = tf.Variable(tf.truncated_normal([L, M], stddev=0.1))
b3 = tf.Variable(tf.ones([L])/10)

w4 = tf.Variable(tf.truncated_normal([M, N], stddev=0.1))
b4 = tf.Variable(tf.ones([L])/10)

w5 = tf.Variable(tf.truncated_normal([N, 10], stddev=0.1))
b5 = tf.Variable(tf.ones([L])/10)

mE3-18 (%#37R) Fron, B 300 KiEAR, M ReLU HXTTEH sigmoid, HAIUHIK
SIGREHETH B

Accuracy Cross entropy loss

— training loss
- test loss

— training accuracy

- test accuracy

0.0 0
0 50 100 150 200 250 300 0 50 100 150 200 250 300

B 3-18 & A ReLU #i& &4 b K st BRI 2 H

EE

N T SRRE R BUETH AR, R IR RN 0 BFI AR 1B SCEA, ]
AESIN 10g(@) TTHEAFE] NaN ASEME I AT, 7T LA softmax_cross_entropy_with_logits
TR R, T ZE ARV E = A (RN logits)o

logits = tf.matmul(y4, w5) + b5
y = tf.nn.softmax(logits)

cross_entropy = tf.nn.softmax_cross_entropy_with_logits(
logits=logits, labels=t)
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Rt O % S 3N, R MR B, B A0S L REAS REAF 21 98% Ao,
EARMEGE]— MERRE L. WE3-19 (F381) FrR, KBRS S I,

Accuracy Cross entropy loss

1.00 20

— training loss
- test loss

0.99

0.98

0.97

10

0.96

0.95 -
— training accuracy

- test accuracy

0 2000 4000 6000 8000 10000 0 2000 8000 12400

r\f\/

)/MGA’ / @

B 3-19 F3#3: $9dkFE R

TR BRI SE:, BIA0 AdamOptimizer. BEAEEAUSREAYREL, #H%K s
BP0, ARSI GRS AT LAGE) A BEARUE AORS EEAT IR R Hh 2 o

1r = tf.placeholder(tf.float32)
train_step = tf.train.AdamOptimizer(lr).minimize(cross_entropy)

R ERINGRERE T, RYE AT step HIMHE, SEHTHE Y ANERAISTHE 1r, A
JEETT feed_dict f£iH%5 Session.run $HAT. HA, MR EFR AN NMUE R, EE
IEAIREHT N, 22 ) R 80

def 1r(step):
max_lr, min_lr, decay_speed = 0.003, 0.0001, 2000.0
return min_lr + (max_lr - min_1r) * math.exp(-step/decay_speed)

with tf.Session() as sess:
for step in range(10000):
batch_xs, batch_ys = mnist.train.next_batch(100)
sess.run(train_step,
feed_dict={x: batch_xs, t: batch_ys, pkeep: 0.75, 1lr: 1lr(step)})

WE3-20 (397D Frow, WA ERZRITER, W LM — B E AAS BT
PRES
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Accuracy Cross entropy loss

1.00 20

— training loss
- test loss

0.99

15
0.98

0.97 10

. e ol

0.96

0.95 =
— training accuracy

- test accuracy

0.94 . 0
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000

Leorning rate 0005 ot stort then dropping exponentiodly +o 0.000!

3-20 A Adam ®ALHK/E, HEAR KA TEE

Iz Dropout

R, BRHAAENZREE S L&, BB IEEIG . RIBTRAEIZREL
e BRI R, (AN BB, BALE= AR ALRE ST

Cross-entropy loss
20

— training loss
- test loss

15

10

>

Over /;"/“f‘/ﬂj 7

0
0 2000 4000 6000 8000 10000

3-21 WEis

mE3-22 (F40W) Fron, FEYILRENTFE5EZ 14 H S8 dropout ##4E, LA 1 - pkeep
HIMEZRBENL - FE M A TCRY R S, TF A SR 16 0 5 I A P B R 7 A R o T A 35 P K
SHTAMETTH M, [RHEEE T MRz EE
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TRANING EVALYATION
pﬁe&pﬂjﬁ pk&é,ﬁ:/

3-22 Dropout 7

i Ffl TensorFlow SZH dropout BRAERT, JEE L —MHEBEL pkeep, FTrnFRUHZE 1M
ZITCUMER pkeep FEHLEREE , DR 1 - pkeep FEHLE ST

pkeep = tf.placeholder(tf.float32)

yl = tf.nn.reluCtf.matmul(x, wl) + bl)
yld = tf.nn.dropout(yl, pkeep)

y2 = tf.nn.relu(tf.matmul(yld, w2) + b2)
y2d = tf.nn.dropout(y2, pkeep)

y3 = tf.nn.relu(tf.matmul(y2d, w3) + b3)
y3d = tf.nn.dropout(y3, pkeep)

y4 = tf.nn.reluCtf.matmulCy3d, w4) + b4)
y4d = tf.nn.dropout(y4, pkeep)

logits = tf.matmul(Cy4d, w5) + b5
y = tf.nn.softmax(Ylogits)

TN, BZS pkeep HME/NT 1; TEIEER, Hi#ZS pkeep HMEN 1.

with tf.Session() as sess:
for step in range(10000):
batch_xs, batch_ys = mnist.train.next_batch(100)
sess.run(train_step,
feed_dict={x: batch_xs, t: batch_ys, pkeep: 0.75, 1lr: 1lr(step)})

if step % 100 == 0:
acc, loss = sess.run([accuracy, cross_entropy],
feed_dict={x: batch_xs, t: batch_ys, pkeep: 1})
acc, loss = sess.run([accuracy, cross_entropy],
feed_dict={x: mnist.test.images, t: mnist.test.labels, pkeep: 1})

FEEE—[RRUZ S dropout BRIEZ R, INZRGESMALSEN IR 2R IS . (HE, #5
FEFIAR M 2 L SO B/INIE R BE Sl T ELIZR AR 5 LA A 1 4k il Ze A B & A RE AN
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AR, A TR ARG

Mo, JHUG IR AR SR ZI R IR IR o B0, K 28 x 28 BYIED A SEita i - E 2
VB, BN — N 784 By—4E[it, RORERFR THREMZERHFEIIE L.

FTR, WSS BRI, WG RIBURHE, MRS T8RRI 2 Ik
SRR, BEMERTHM 4 HITERE

Accuracy Cross entropy loss

M Ltk

1.00

— training loss
- test loss

0.

[V}
o

0.98
sustained
0.97 "
“ ‘U| )
0.96 A ” w lM
0.95 {& —
— training accuracy

‘ - test accuracy
0.94

0 2000 4000 6000 8000 10000 2000 4000 6000 8000 10000

RELUY, decaying learning rate 0.00% => 0000/ ond dropout 0.75

[ 3-23 %4t Dropout &, WNAKLAXENPRABEFRES

3.4 HFRMLE

3.4.1 $HIESHHE

B [0 265 S R TN, 2 432 O 2% Y0 B 9 R Y D B e S, A S0k P A AR
18 X TAadEEms, BRMEEA 3 DIEEHE, B T MESEIEE, 1T M%
HITZALRET T

HXFaiBEEmL, BN T BEEsE, e Mma A E—ZMac
HRFAEERE. A3-24 (F427) AMATA, BUFFE—K 1000 x 1000 G EZ1EIG, MH
106 NEURZ AU TT. AEEIERMZE ) BHA 103 x 103 x 10° = 1012 MIIZS4.

HEL b, HFMMETCRAVES L —BEMEITAMEEER .. WE3-24 (F427) AHUAT
N, BRI ZE R 2 TS E— 2 10 x 10 A S G AAAEERE, 108 A B E A
ZICNFFE 106 x 10% = 10% PR, M T 4 MR
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FULLY CONNECTED NEURAL NET LOCALLY CONNECTED NEURAL NET
Example: 1000x1000 image
1M hidden units
x = \ M) 10"12 parametersil
Example: 1000x1000 image
1M hidden units
Filter size: 10x10
100M parameters
- Spatial correlation is local
- Betfter to put resources elsewhere! o P
Ranzato Ranzato
3-24 AFREHE
WEHL =

N TR, BIRMAE S 7RSS WA I F AAL
B, AR N ERAAEAR AE. inE3-25 (F420) H0FR, FA0REE AT
5 10 x 10 ARG, HILE 10 x 10 OB, SEUZ I FEITiEH
ToKe MM TUNES-25 (F42) ARl Mgs, &2 10% 24, BRUENE 10

e ¢

nEs-25 (F42) AMFTR, T ERBURNFESHE, B FRZ N EREE, FTEAE

Mg ds. B, 748 100 Mdugds, WHE 10* S5

LOCALLY CONNECTED NEURAL NET CONVOLUTIONAL NET

STATIONARITY? Statistics is

T different locations 44 arn multiple filters.

O
Example: 1000x1000 image
M hidden units
Filter size: 10x10 E.g.: 1000x1000 image
100M parameters 100 Filters

Filter size: 10x10
10K parameters

62
Ranzato

B 3-25 RIULEF, FATER

e

Ranzato

WNE3-26 (%431) Frow, FEHISCH FORIE, B4 INSEL, TR &

Pt




3.4 G 43

CONVOLUTIONAL NET CONV NETS: EXTENSIONS

Over the years, some new modules have proven to be very
By "pooling” (e.g., max or average) filter  effective when plugged into conv-nets:
responses at different locations we gain

robustness to the exact spatial location L2 Poolllng .
of Features. layeri layer i +1
- _ )
NE:/ #:y) hi“'x"v_ Z(iv )EN(x,y)h"'f"‘

- Local Contrast Normalization

layer i layer i+1

t\ h _hi,x,y_mi,N(x,y)
—F x,y) i+lx,y
N(x,y) Ui,N(x.y)
§1 Jarrett et al. "What is the best multi-stage architecture for object 68
Ranzato  recognition?” ICCV 2009 Ranzato

B 3-26 TFRA

3.4.2 EHEE
BRIEE R — I ESER W OP. WEA327 (F43K) Fim, A —FE it
W(3,3,3,2], HAPHGEEECH 3, MHGEEECN 2, BRUEA/ING 3 x 3.

WIS W, WMAEGRIEIELS, SN TERENRE, SREZNEHE, % T Feature
Map FOHHUBEE. Ao, T REEUGITAGFAE, 1EIREGIMEANT (padding) — R
{Ho RGBT, BN K (stride) 4 2. FI, mZ%H 1 Feature Map K/NA 3 x 3.

Input Volume (+pad 1) (7x7x3) Filter W0 (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)
x[:,:,0] wO0[:,:,0 wi[:,:,0] ol[z,:,0]
0 0 |0OfJOofjOofO O -1|11 (o 1 1 -1 6 5
0 0|11 |02 0 1 (o -1 -1 01 3 -1 -1
0 2 (22121 © 0 ff1 |1 0 -1 1 2 -1 4
01 0 0 2 0 O wO[:,:,1 wi[:,:,1] ol:,:,1]
0 0 110 0 0 -1)-1 0 1 2 5 -8
01 2 0 0 2 oo |fo 10 -1 1 4 4
0 0 0 0 0 0 0 f-1]0 11 0 0 5 -5
%[z, 2,3 wO[: 72 will[:,:,2]

o ofofofolo 10 o

o 1[0 2 0 0 [f10 -1 001

o o ol 1o 1A-1|f-1 -1 0 0

S A Bias b0A1x1x1) Bias bl (1x1x1)

01 0 0 0 0 b0[7,:,0] bi[:,:,0]

01 2 1 10 &

0 0 0 0 0

0o o [o]fo]e]o o

0 2 [1]2o]o

0 1 0 (1 0

0 0 2 1 0 1 0

0 01 2 2 2 0

0 21 0 0 1 O

0 0 0 0 0 0 O

3-27 AAREHL
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¥

BEIAFEAE— 32 x 32 x 3 WE T, BRUEK/NN b x 5 x 3. Hir, BREIRESET
BRI A\ JETERL . WA 3-28 (F44T) FivR, GRS E T R/IN 5 x 5 x 3 MRSl
BisH, HE—ME.

— 32x32x3 image
o 5x5x3 filter w

-

——0

=

"~ 1 number:
the result of taking a dot product between the
filter and a small 5x5x3 chunk of the image
(i.e. 5*5*3 = 75-dimensional dot product + bias)

wlz+b

N

w|

3-28 AAIBEH: ARAZLE N R EREL

ME3-29 ($44R) Fon, GRZETEDNE RS0, 2458 — A/ 28 x 28 x 1
f] Feature Mapo

activation map
32x32x3 image

- 5x5xa3 filter

convolve (slide) over all
spatial locations

w|

3-20 AREH: ARZwHAN, FKA 1

WNE3-30 (F457) AR, WRAFAEZ T ERZ, NIGEIZ 1 Feature Map.
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32x32x3 image activation maps

/ i 5x5x3 filter %
32
i “

convolve (slide) over all
spatial locations

32 28

w |
-

B 3-30 AREH: ZAERE

3.43 AKES
Bl B &%

Z®) FIR BRVRIEIRA, Bl - 1 20 H A 558 ¢ ERREREME WO
G, FHIN_ES ¢ 2R IRE R TS

WM, %6 ¢ 2R, mEnERE £(Z20) Frig. Hi, A© =g,y =AM,

70 — A1) L 4 pO
A0 = ¢ (Zw))

R EfkiE

WE, RIGHESZNRZE. Hf, 8 02/0RE, |0+ 1 ZRRETEIG. XY
TaimMg, WtEMEEHsRE, HAEMRLEH.

5@):5M+Q*va+nof/<ga)
I BREL J (w, b) AR T2 2 AR -5 5 1) Fo o B (5 R AT A 5

Vi J(W,b) =AE1 4 50
Vo J(W,b) =6
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3.4.4 SETEFAM L

SCIUGFRRZEI | B Selh B AR I IR aR OB JERE , I THREUEG A RFAE . AR
PEAE R BB A B — D R AR B G AR 3R VR E (R BRI 98 & — DRUCEREFE R REA]
RIBMEGAGAGF R, — MBEREFE ] RER AR — M e, 75— MRCEREME TR
XN R M BT o

UL N ERRR, WIREEERBURZ 1) —BURFL; B MRS, BUE
FE PSR U R ORI 2% | S HLBOR B T IR A1 A EL AR

B, SRR R 4 JERSK RN, BT 4ERTR I IR YA, B8 = MEROR
NROIEERL, SHPUEERTR T AEE . A 3-31 (F467) Fis.

W, 4 2 2]
/

Filter /npu% ou%pu%

/28 chonnels channels

3-31 AREMLIES

WAE3-32 ($46W) frn, #iE T 3 MEHEM 2 MEHE. Hrf, mial k28 H
ReLU FWE R%L, Bt 2R A softmax RO KA

+ bioses on
all {a;«ers
28x2.8x]
convolutionad loyer, 4 channels
WIL5, 5, 1, 4] stride |
28 x2.8 x4
convolutionad loyer, 8 chonnels
14x1%x8 W[4, 4, 4, §] stride 2
convolutional layer, Iz channels
Tx7x12 .
W34, 4, 2, 12] stride 2
200 R /MZZ)/ connected loyer WA 7x7x12, 200]
0 softmox readout layer W5(200, 10]

3-32 FAERIVZML

i Fl TensorFlow SEIVEFAMZE a0 RS 7R o

N = 0o p

Z=Z=r X
o
SN
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wl
bl

w2
b2

w3
b3

w4
b4

w5
b5

yl
y2
y3

yy
y4

mE3-33 (F470) FiR,

-0.5

-1.0

4}

tf.Variable(tf.truncated_normal([5, 5,
tf.Variable(tf.ones([K])/10)

tf.Variable(tf.truncated_normal([5, 5,
tf.Variable(tf.ones([L])/10)

tf.Variable(tf.truncated_normal([4, 4,
tf.Variable(tf.ones([M])/10)

tf.Variable(tf.truncated_normal([7 * 7
tf.Variable(tf.ones([N])/10)

tf.Variable(tf.truncated_normal ([N, 10],

tf.Variable(tf.ones([10])/10)

tf.nn.relu(tf.nn.conv2d(

x, wl, strides=[1, 1, 1, 1], padding=

tf.ﬁn.relu(tf.nn.conde(

yl, w2, strides=[1, 2, 2, 1], padding=

tf.nn.relu(tf.nn.conv2d(

1, K], stddev=0.1))

K, L], stddev=0.1))

L, M], stddev=0.1))

M, N], stddev=0.1))

stddev=0.1))

"SAME') + bl)

'SAME') + b2)

y2, w3, strides=[1, 2, 2, 1], padding='SAME') + b3)

tf.reshape(Y3, shape=[-1, 7 * 7 * M])
tf.nn.relu(tf.matmulCyy, w4) + b4)

logits = tf.matmul(y4, w5) + b5
y = tf.nn.softmax(logits)

Accuracy Cross entropy loss

Il

| |
— ftraining loss
= fest loss

— training accuracy
— test accuracy

o
2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000

Weights Biases
03

2000 4000 6000 8000 10000 o 2000 4000 6000 8000 10000

B 3-33 ZHERML: TIAFE 98.9%

3.4.5 1EREFAM K

WE3-34 (F48T) Pk, PREZATAIMZEZRE, HiE T 3 MERURM 2 e

JRe Hrr, Hila]kzK

2ot 104 gk, ATLASEIRYY 98.9% HIWERTH.

4
9
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~Uw—ocawN\ R
eI +Be0 e
NNI0EL£0 N
SURNARNAN N R N ot
NWIEND 2D —~—
NAdNoyasna e
R e~ awN
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1
o
7
2
/
g
9
/

Test digit:
LB LTALLE

JE{EH] ReLU HIBUGE sRAL, $5Ji HYH HUZR A softmax FYBTT BREL

B2, MXTZRTRIGIRMZS, (1 T 2 R EERDE 2 fRHE. R, fEamEn
BeBlZ 5L dropout #R4F, HESRMZEAIZALRETT -
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% 3 B k2R

28x2.8x/ iz

28x28 X6
14x1% x1 2 i
=
TxT x24 :
200
10

+ biases on
all layers

convolutional loyer, 6 ChOrnels

= Wile, 6, 1, ¢] stride |
e convolutional layer, 12 ehonnels
Wz[5, 5, ¢ 12] stride 2
convolutional loyer, 24 chOrnels
W24, 4, 12, 24] stride 2
DROPOVT
+ =075 fo(((/v connected Zayef WH[7x7x24, 200]

softmox readout layer W5(200, 10]

B 3-34 HEBRVZAL

i TensorFlow SEENEE KGRI, W FABEATR .

K=6

L =12

M = 24

N = 200

wl = tf.Variable(tf.truncated_normal([6, 6, 1, K], stddev=0.1))
bl = tf.Variable(tf.ones([K])/10)

w2 = tf.Variable(tf.truncated_normal([5, 5, K, L], stddev=0.1))
b2 = tf.Variable(tf.ones([L])/10)

w3 = tf.Variable(tf.truncated_normal([4, 4, L, M], stddev=0.1))
b3 = tf.Variable(tf.ones([M])/10)

w4 = tf.Variable(tf.truncated_normal([7 * 7 * M, N], stddev=0.1))
b4 = tf.Variable(tf.ones([N])/10)

w5 = tf.Variable(tf.truncated_normal([N, 10], stddev=0.1))

b5 = tf.Variable(tf.ones([10])/10)

yl = tf.nn.reluCtf.nn.conv2d(

x, wl, strides=[1, 1, 1, 1], padding='SAME') + bl)
y2 = tf.nn.relu(tf.nn.conv2d(

yl, w2, strides=[1, 2, 2, 1], padding='SAME') + b2)
y3 = tf.nn.relu(tf.nn.conv2d(

y2, w3, strides=[1, 2, 2, 1], padding='SAME') + b3)

yy = tf.reshape(Y3,

v4

shape=[-1, 7 * 7 * M])

tf.nn.reluCtf.matmulCyy, w4) + b4)

y4d = tf.nn.dropout(y4, pkeep)

logits = tf.matmul(y4d, w5) + b5
y = tf.nn.softmax(logits)

WE3-35 (F497) firn, 25 10* willgk, WTLMSEIRZY 99.3% HITERZR.
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Accuracy

1.000

0.995

0.990

0.985

0.980
— training accuracy
— test accuracy

0.975
0 2000 4000 6000 8000 10000

Weights
0.8
0.6

0.4

0 2000 4000 6000 8000 10000

Cross entropy loss

—— training loss
= testloss

)
o 2000 4000 6000 8000 10000

Biases

-0.05

] 2000 4000 6000 8000 10000

100%
[

98%

s
96% 32
LOLECAl 400

;

94%

2
92% 3

90%

Training digits

~r=VdwaQ~ Qo
BwOS AW o —

221 L9949
}s3P1l 23
9901{b2g
33158
4520009
750506\ 4
264 (55
§04 682
/I bos 25
¢2:Sé7%

DAOINJ EVNR &~

Test digits

LT
716279473
PiEviagy

37737 2037
©054592/448132 ey
7192025355 15L034é5qusEal
034250141050, 16§336/ (3gb2
$171358973224159p215042
81803, 193 2917

28454

336162/
92041 14

190205205 063541
4a65E7Eb0240R7)

G136092171920d1 481774509313107703¢
5316542 175836173060
S381444039/474738514712132373232/930585¢

83152254032 CH63312233800

B 3-35 ¥BAERML: TAFH 99.3% 695 %

RIS, HXTZ AT LB ERMS, dilE

Bt

Accuracy

1.000

0.995

0.990

0.985

0.980

0.975
0 2000 4000 6000

— training accuracy
- test accuracy

Cross entropy loss

0
8000 10000 0 2000

4000

— training loss
- test loss

<

6000 8000 10000

with dr opau%

B 3-36 3R AERML: dhb F A B EE

[RlBS 3] T BB HGE |, B 3-36 (F497)
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Any fool can write code that a
computer can understand. Good
programmers write code that hu-

mans can understand.

- Martin Flower

RS AR

AREAG L TensorFlow MY RGN, F— A REHEPIT, JHEESHRALTUER.
J&, AR TR E B TAENLE], IAEA# TensorFlow iafTHS #Y TARHLEL

4.1 RGFEEH

WME4-1 (F541) FR, TensorFlow B RFELHLL C APL A F, HEEA RS0 i
FERD T RG5! .

1. Arsm AL REHEMEY, AxHE+IR;
2. B AR RBBATHIRE, A THATHIEA,

b2

TensorFlow M RGER T ENG R0 2588, J5 i 2248 TR SE B AT LAgE— 4590
N4 E.

1. BATH: SR RBRWE X oo KBEX, FEF Rt E0;

2. HEE: &4 OP 4 Kernel LI K; £iEATH, Kernel £IMAT OP 49 £
R FER;

3. iBfE & AT gRPC SHLAM A 69338 e, JTRES%E L4 IB M6 % L%

I, RDMA 13 ;
4, X&E HEEXER OP #4769 £ 284K, TensorFlow Z4F % # F# 60t Ak &

MIEHRAER BB REATH, TensorFlow ST LR M HERIMMIE . Sl M
:/H\ié'/fao
1. &2 W: #git i, ERPUTHE;
2. SHFE L KT I 69 A RAR S PAT T R F A LA P S g BT,

Lo b, e RGP AL Client MRS, B RSE/E TensorFlow XAMYMmAEHH - fERTHIIETT, W%
AL A IR




54 %4 5 250U

3. B4TH: BBHAMEFHATR P L, FEBFHFEAN OP 49 Kernel 5.

Front End
[ ( Python ) ( C++ ) ( Go ) C Java ) ( Others ) ]

[ CAPI

" Exec System A
( Local Runtime N Distributed Runtime A
C Executor )

( GrpcSession ) ((MasterSession ) ( WorkerSession )
( DirectSession ) ( Client ) (C  Master ) ( Worker )

C

C

GrpcRemoteRendezvous )
( IntraProcessRendezvous )
GrpcServer )
. v . J
(" Kernels Implements h
(variable ) ( Queve ) ( RelU ) ((Sofimax ) (MatMul ) (CConv2d )
CPU 3 4 GPU
( Eigen::Tensor ) Eigen ( StreamExecutor )
( cuBLAS ) (cwDNN ) ((cuNCCL )
C Eigen ) C CUDA Runtime )
J \
. /
( Network Layer N ( Device Layer
Cgree ) (CROMA ) Ccau) (oeru) (o) (FPGA)
. VAN J
. J

4-1 TensorFlow #%%AH

4.1.1 Client

Client A& 0¥ KRG W) EEA NI, BT XRFLIES NmENRE. Client T
TensorFlow HI4mfet% 1, #i&itH K. HAT, TensorFlow SZ4F Python Fl C++ gt
AR5, JLHX Python 1Y API SZHrcha. JEH, XHMIEFIE T API 2 H

N2,

fi S o

RS, TensorFlow HAPATEMNE TR, EHESE G IFEGI % E# 7 Session, FLA
Session A, H57 Client 55 Master Z [A]HYHE, 25 Protobuf #3CH GraphDef /7%
e 1&iB% Master, Joshit & BRI TR




4.1 RGLH 55

4.1.2 Master

TE A BT IR, Client $A1T Session.run [N, %8 8> 11 8 K145 )5 v 1Y
Master. BCHT, THEEESEREE, #HCN Full Graph. PS5, Master Hi#i Session.run f&
BZA TN fetches, feeds 245135, KMIMEJT Full Graph, FIZHR{EHIE R, X H BT
K, AT EAS R B NIRRT K, W FRM Client Grapho

45, Master 1504 Client Graph &/ (E55 12 FR % (SplitByTask) HZ 1 Graph
Partition; HH, £ Worker X} .—> Graph Partition. FfiJ5, Master ¥ Graph Partition
DREMEIAE Y Worker b, DMBELEAIR ) Worker _EIHf &4 TiX2E Graph Partition. iz
J&, Master $EHAIATA Work JE3IHHNY. Graph Partition [J44 T2

Hr, Work 2] BEAAERURIKHIRE R, Master JAZ HWHE Z MREHRESCH:, B
PP Z A ELARA R, S i Se s i, BB se T i

4.1.3 Worker

T4, TensorFlow #W J58h—1 Worker 354 Worker F# Mo~ 3 1
ﬁﬁﬁ‘]ﬂ/\m N

1. &£¥ % B Master 8935 K;

2. T iEM 49 Graph Partition # 8B K3t H X & % £ =k 5 2 (SplitByDevice),
It 18 fo S AT H X &I A AT EA Graph Partition;

3. BB F A AT A& L PAT AT B, A OP 4 Kernel £3L;

4. YrRMES-Z 08 69 H R4S,

45, Worker 2] Master &%k 19 PAT TS, HEAF AT THEE XS T Worker /2
SEHER), RN Full Graph, EXIW T Master B—1 Graph Partition. /5, Worker 1
a0 R, 4G (GPU/CPU) %l %I OP s HIZRMIE, ARG R
(SplitByDevice) A% Graph Partition; HH, &M IFHEIEEX W —1 Graph Partition.
45, Worker JHZIFTA# Graph Partition FIHT. /5, AT —1115H %%, Worker
R4 R B Y R T RO R PUATIRAMIEF B, FHKA T OP #Y Kernel 523,
e OP HIIs S (— M B9 2 25 SEIEOR) o

Hrh Worker M54 OP 1a B HIZE R A IR F| HALR) Worker b2, 8i&EHZ KA
HAth Worker KR8 E R LS ) LAMHESCIN Worker 2 [H]AIEHESE H o TensorFlow R 5K
W7 IR A HAR & ] Send/Recve

1. A3 CPU 5 GPU 1, 4£/A cudaMemcpyAsync =35 # N ;
2. A3 GPU 208, 1732369 DMA #1F, #% E4m CPU #9330,
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XL RIFE(E, TensorFlow 2R ML

1. gRPC over TCP;
2. RDMA over Converged Ethernet,

AN, TensorFlow B4V AT HF cuNCCL &, HTHMGEZL GPU A B35 -

4.1.4 Kernel

Kernel /& OP f& 5 il £ 5 25 B9 R 8 S8 30, B AsiihAT OP W EfRiz &, Hr,
TensorFlow R4S 200 £ 1ERT OP, BIFEHUEITE, SAEUHERME, IR, K
SEHE,

— R OP IR RIS MU THY Kernel Lo fEIZ1THS, BT
A OP AR LIRAE, MHEAMBAIIZRA, ) OP iEFRER Kernel SEM, SERGX
OP W5,

Hr, KL% Kernel 3T Eigen::Tensor L. Eigen: :Tensor & M#iH C++ itk
HoR, NE¥ CPU/GPU ARt KRS, 122, TensorFlow thA] AR 1 H B 2 (f H
cuDNN, cuNCCL, cuBLAS SEZBUE =R Kernelo

I4h, TensorFlow SEHEL T Rmfb AR, @A, DR AL M HFRRF, &
HE s, LSRR WRYTE S OP Mt E IR R, s fTRes
{&'F, TensorFlow H & 5 &3 Kernel {41, H¥ BRI E I,

42 [EEH

W MR E AT, 2R, BEZ IR TensorFlow HAIEN K] 53z
ALl

42.1 HEEE:
mE4-2 (F57R) Fin. BAFEE— DRI AL 1 PS + 1 Worker, Jf4H

R APAAES

1. psO: 42 H /job:ps/task:0 4738, R FALA K549 H4% A= 2 37 ;

2. worker0: /job:worker/task:0 4738, R FTAER 499 4,




4.2 il 57

Worker
/job:worker/task:0

Worker
/job:ps/task:0

B 4-2 TensorFlow %% : 1 PS + 1 Worker

4.2.2 BEtE

WE4.2.2 (E57R) FirRe Client M 7 MEHITHEE; HE, H w5 o BETHER
T3, FHSEEE b AR, RIFEHRE s o

d b Worker
d b /job:worker/task:0
A

Worker
/job:ps/task:0

B 4-3 AH#HE

4.2.3 BT

Wmr4.2.3 (%58R) Fine E4E, Client GE—"1 Session LM, #3715 Master 2 [H]
HEIE ; #55, Client BT Session.run ¥ iTHEE#H2 Masters

i), Master 46 53—k Step HIETHAI R . fEHATZHT, Master £ 5L0— R
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SURALE A, BIIARIAR MR, BRIFES. S5, Master MIHIE 2 MM, #
AL R

Q@
dq ‘ \® /job:wv:‘:l::?/rtask:ﬂ )

RunStep
Client Master

Worker
/job:ps/task:0

B 4-4 BHAT

ElaH

MB12.3 58T P, AR EaIAE LA S, Master FEHZHUIER OP
RIM A4, JFRCRAE ps0 (B9 5 HoAl OP RIS IS5 Sb—4, HOBAE workesO £E55 L0
e

Worker
/job:worker/task:0

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV

Worker
/job:ps/task:0

B 4-5 BHE: #E5X

FEEH

ME4.2.3 (F59R) Frno FEEID SRR WERTHE By BTy S sk 48, Master
WiZh SLti 2, AEWA T a2 A1 Send FI1 Recv 77 4, SEINELIE 11550 o




4.3 SiHE 59

Hrp, send Ml Recv T itE OP, FUREENTRM AR OP, N #HalTH & H
g, AP, FFE, ENOURTRIRREE, A medEit SrizE.

)i, Master B H RegisterGraph #1, 1 EFMLE M NI Worker I, FFHHH
M.H] Worker ATTHHAITIZE

Worker
/job:worker/task:0

'''''''''''''''''''''''''''''''''''''''' T
| | Ps

Worker
/job:ps/task:0

B 4-6 FHEEM: AN Send # Recv ¥ .5

FEIEZE

mE4.2.3 (£59M) Fione Master I THH RunGraph #:10, JEEIFTA Worker #0471
Kiz®. HH, Worker 2 [0 LLU#ES M RecvTensor #2105 AR I3

®

Worker
/job:worker/task:0

Worker

Worker
/job:ps/task:0

B 4-7 TEIUT

43 SIEEIE

FPOR, RS TERREA R R, MHSEE G R R, P8
Tty R L] .




60 B 4E ZRBHEN

43.1 GBIESIE

4G, Client BXRINAT tf.Session.run I, S EEANE YL, @it gRPC Kik
CreateSessionRequest (%M F B & 25 Mastero

BfiJ5, Master G —"> MasterSession SLfi|, F/H2mME—Y handle triH, FZldELt
CreateSessionResponse & [EIZ5 Client. UM1E4.3.1 (F60R) .

[tF.Sessinn .run(fetches, Feed_dict)}

Ny ____

|
|
l
| CreateSessionReq(graph)
|
|
|
|

|
CreateSessionRsp(handle ,ver'sion):

B 4-8 414t

432 ERIE

BEJ5, Client < 5 shiEARAT IR, FFERREEREMR N — Ik Step. ULIT, Client
K i% RunStepRequest JH E.Z5 Master, 1HEIEM handle FriH, FT Master 5] fH M Y
MasterSession Sifl. WE4.3.2 (560R) Fino

|

[tf Session. mn(fe&ches feed_. d1ct)w :
b |

|

I
|
|
I
RunStepReq(hundle feeds, fetchs,ta r‘gets&l :
gl |
111, Full Graph |
: 2. Client Graph :
|| 3+ Partition Graph(Split By Task) |
| I
| RegisterGraphReq(graph_def) J
|
\ P11, Full Graph
{Foreach Partition}| | || 2. Client Graph
L<_____Ee_QLSEe_FG_FjbESQC_QFﬂEh_ﬁﬂﬂd_le_) ______ _1|3. Partition Graph(Split By Device)
|

:RunGr‘atheq(graph,hand'le, step_id, sends, recv_key | -

L. I P1| rendezvous . send(feeds)
{Foreach Partition} ! 1] for p : partitions: executor.run(p)
:< _________ RunGraphRsp(recvs) _ | rendezvous. recv(fetches)
| |
mmem RunStepRsp(outputs) _ __ _ _ 4 !
|

4-9 HRIAT

T E

Master Y€F] RunStepRequest JHEJG, KHATEBIRL, 2%, ILERE. HELEIBT
% (Task), #EK5> N2 D7 E B (Graph Partition). Bfif5, Master [[]751> Worker &




4.3 SiHE 61

i% RegisterGraphRequest 4B, 147 El R BUK KM 251 Worker 75 5 Lo

24 Worker Y %] RegisterGraphRequest 1B J5, KL SEAE, AL MIE%
(Device), &R 24T E B (Graph Partition). !

24 Worker 5% 7 MG , BidiR M RegisterGraphReponse 1H.E , H-#17 graph_handle
Frife iXAZKA Worker ﬂu#ﬁﬁﬂﬂ%ﬂﬁy4\¥l§] AT EIEH graph_handle Mi—
PRI

ZITFHE

Master 5¢J& 7 FEEME, ##EETA Worker & #ATHT A 1 &l XA HE 218
Master &i% RunGraphRequest JH4.5.25 Worker SE 51T Hi | B (session_handle,
graph_handle, step_id) Eﬁ?ﬂﬁ/ﬂﬁiﬂ1§%, T Worker 51 H M 1) T-1&

Worker W E7H & RunGraphRequest TH.E /5, Worker #R4 graph_handle ZZ5|FHMN 11
Ko %, Worker F‘@Ki&ﬁﬁﬁﬁﬁu%ﬂ??’i?ﬂﬁﬁﬁﬁ?IEIo Hrr, 07 EBCE AR R
7 Executor AT, Executor RHZIRIAFMIEF L SE R 18 Fr BERUIT L. BBk el LUE
A HHEA T A

def run_partitions(rendezvous, executors_and_partitions, inputs, outputs):
rendezvous.send(inputs)
for (executor, partition) in executors_and_partitions:
executor.run(partition)
rendezvous.recv(outputs)

RIREIE
USRI B 2 [B) i A it , MBI A Send/Recy T st SE /AT Fefkily, iR
P~ Worker 2[RI EEACHEE , 5 2000 M 5 ERR (] A48 45 o

IR, FRELE R 8 &% RecvTensorRequest JH BRI AL, FMNKIE T BIEH
B XS MW Tensor, 81 RecvTensorResponse iRl WME4.3.2 (F627) Fi7no

433 KHASIE

MIHSERUE , Client 1] Master &A% CloseSessionReq 5B Master WENHEE, F
BRI MasterSession ATFRFAITA R WHE4.3.3 ($621) Fin.

VA Rasfrhd, FaRad s 2. £ Master _EIZIRATS5 02, 1 Worker #4550,
I, BEEREF AT, BIGEETEE, REKNIES .
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%4 5 250U

[ Worker® ] [ Workerl J

B 4-10 Worker X ] 9 3% 5 4%

[ Client J ( Master j
|
I
:
: CloseSessionReq(handleb
|
I

CloseSessionRsp |

B 4-11 #A4%




Any fool can write code that a
computer can understand. Good
programmers write code that hu-

mans can understand.

- Martin Flower

C API : 4Kils

AT IS 7 i Session A=A IR SEEN Y, RN HTNG Python 553 C++ REEH)
SLYLEIE, #3578 TensorFlow 2015 5 a1 B3 F

5.1 Swig : BEia®if

A6 220 5 A IR 5 50 C++ LI ARGHEE NI T Swig E"J@ﬂi firo TensorFlow
ffiH Bazel M8 T H | 7ERFHIFZ 01 JH 30 Swig B AE G, 1#iT tensorflow. i
Hsh Ak T ANERDS (Wrapper) X

1. pywrap_tensorflow_internal.py: # 3 *F4 L& Python &M ;

2. pywrap_tensorflow_internal.cc: f 7wAF4#& T & C APIAA,

WmAEs-1 (F64W) 7N, pywrap_tensorflow_internal.py FERE RBES ART, H 3k
% _pywrap_tensorflow_internal.so a7 E#E % ; H | _pywrap_tensorflow_internal.so
8T A TensorFlow 121 THTRIFTA 5. £ pywrap_tensorflow_internal.cc FJSEELHT
FRASTEM T — RS2, LT Python BRELAE] C BELAII —ICK R TRIBITIY, %
8 Python MY ERELAFR, DCECHRZIXT R B C PRECSEIL, &AL Python #) c_api.c BAK
SEIRATIR FHOE & o
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% 5 % C APL: 47k

load

tensorflow.i ]

swig -python -c+4 tensorflow.i

setup.py

call

python setup.py build

[ c_api.c

B 5-1 Swig KAERE

e e S

iiq”, BazelE@éEﬁEi%mUﬁiﬁiﬂ://tensorflow/python:pywrap_tensorflow_internal, an
TSR

tf_py_wrap_cc(
name = "pywrap_tensorflow_internal",

srcs = ["tensorflow.i"],

swig_includes = [
"client/device_lib.i",
"client/events_writer.i",
"client/tf_session.i",

"client/tf_sessionrun_wrapper.i",
"framework/cpp_shape_inference.i",

"framework/python_op_gen.i",

"grappler/cost_analyzer.i"

)

"grappler/model_analyzer.i",

"grappler/tf_optimizer.i",
"lib/core/py_func.i",
"lib/core/strings.i",
"lib/io/file_io.i",

"lib/io/py_record_reader.i",
"lib/io/py_record_writer.i",

"platform/base.i",
"pywrap_tfe.i",

"training/quantize_training.i",

"training/server_lib.i",
"util/kernel_registry.i",
"util/port.i",

"util/py_checkpoint_reader.i",

"util/stat_summarizer.i",
"util/tfprof.i",
"util/transform_graph.i",

TP P Session Ax i FIHASZEL B, 7R ATS Python 54 C++ RETHYL

P GRIER
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5.2 SiRIEH

FPERSE X I, C API H+9E& Client 5 Master 17 4. W A5-2 (F65R) Frw,
Client fF1EHRS C++ LI, HI tensorflow::Session. F:H', tf.Session LU B A
tensorflow: :Session SEBIATAI M. (ESLFRIZITHIERIE A, tensorflow: :Session AJ AEFAE
Z M SEH. U, DirectSession M7 AR MR K I & 1H 15 Hl. 1 GrpcSession 775 T
gRPC MR FmAEK A S imaa gl — kb, HP SR tf.Session SLfidmte, 1Mk

tensorflow: :Sessiono

- - ™
: Client
python ! Cc | C++
! :
! 1
! 1
1
! C API i SessionFactory Session(C++)
! :————1—————: ‘ :—————r————:
1
o) R R |
. 1
sess = S‘esswn(tar'get)I | ! | |
— |
| : | | | I
| TF_NewsSession(graph) | 1 | |
1
:TF_NewDepre&atedSessirﬂ: | : :
i | I L : :
| ! | NewSession h| |
| : | ! [ |
| i | i | new hl
| | ! [
I i I i I I
[ i ' ! lg__ccosess_ |
: : | I —:
| 1 l-___ccsess | |
| : A . |
PER R : . .
_ 1 | L

B 5-2 % F#%: tensorflow::Session 4| 4)#id42

5.3 SiREGER

SN R R AE RO, QEITEE, vRIEERE, PTIHHRE, K&,
HBATEEANR . £ Python MJE¥ C++ RELNMEMHFA R D L.

5.3.1 Python &iif
WAs5-3 (£66m) Frzn, fE Python Hi¥ii, Session A= il HH 3= ZAAINAE :

1. 413 Session(target);
2. %K HMAT Session.run(fetches, feed_dict);

(a) Session._extend_graph(graph);
(b) Session.TF_Run(feeds, fetches, targets);
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3. XM Session;

4. 4% Session;

tf.Session(target) |
g

!

|

E——————————————= .|
| |
| |
| |
! sess.run(feeds, fetches) ’:
I tput |
=== S ~
| |
| |
| |
: sess.close() >I‘
| |

None

ST T 3
| |
I I
| sess.__del__ |
:< ______ Nome ______ T
| |

5-3 Python: Session 4% )5

Bitn, pEALEIEE T A Session SE4, FFEZN mnist AYIIZRISRE.

sess = tf.Session()
for _ in range(1000):
batch_xs, batch_ys = mnist.train.next_batch(100)
sess.run(train_step, feed_dict={x: batch_xs, y_: batch_ys})
sess.close()

5.3.2 C++ [5if

MV HL, ££ C++ JE¥s, Session A= & H = BAARINAE :

1. ¥ target % 54| Session;

2. Session.Create(graph): A HAUH —K;

3. Session.Extend(graph): KX &R 3% k;

4, #RIMAT Session.Run(inputs, outputs, targets);
5. %M Session.Close;

6. 459 Session % %,




5.3 &iFAE A A

SessionFactory Session(C++)

NewSession(options) ’:
!
i

|
i
I
sess

| E— =
| sess | |
e —— ~ [
| | |
| | |
| | |
: ses5—>Cr'eate:/Extend(Gr'aph) ’I
| | t |
:<_________________5’5F'_”£ ________________ _:
| | |
| | |
| sess->Run(inputs, output_names, target_names) .l
| | |
= outputs _ __ _ _ _ _ _ i
I‘< |

|

|

|
delete sess

|

|

|

|

. l
sess-3Close() |
| g

|

l

|

B 5-4 C++: Session £ &

B, MALEIE T AR DirectSession L4, I fE ST ERHI T

tensorflow: :GraphDef graph;
tensorflow: :SessionOptions options;

std: :unique_ptr<tensorflow: :Session>
sess(tensorflow: :NewSession(options));

tensorflow: :Status s = sess->Create(graph);

if (Is.okO) { ... }

std: :vector<tensorflow: :Tensor> outputs;
s = session->Run(

{1,

{"output:0"%},

{"update_state"},

&outputs);
if (Is.okO) { ...}

session->Close();
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5.4 GIESIE

N IE A2 Session GE LT FE, M Python B A#E A, Wit Swig H3h4 Ay
Python-C++ HIELEEAT, JFLUCHIES Y, SCIL T Python #| TensorFlow ) C API .
Hrf | C API 2R RSG5 G R4 53 7KIE .

Python C API C++

TF_NewSession(graph)
TF_NewDeprecatedSession

sess = Session(target)

SessionFactory.NewSession,

| | SessionFactory* factory = nulptr;

| SessionFactory: : GetFactory(options, &factory);
: factory->NewSession(options); // DirectSession
l

Y

5.4.1 #wi2iEO

4 Client 25 it B AT RRERS, S80I8 T —1 Session L], HETTIHAH AL
BaseSession M EREL .

RBIXES 5-1 tensorflow/python/client/session.py

class Session(BaseSession):
def __init__(self, target='', graph=None, config=None):
super(Session, self).__init__(target, graph, config=config)
self._default_graph_context_manager = None
self._default_session_context_manager = None

1E BaseSession HY#4 ik i AL+, ¥ 8 H pywrap_tensorflow 5B b (1) o8 4. H A,
TF_NewDeprecatedSession /it 4 PRIV, O#EFIREOSLI. B8 API H, BEHE4E
SRR G e O+, AR TR i ] SE 3 240 B 4

RBIKES 5-2 tensorflow/python/client/session.py
from tensorflow.python import pywrap_tensorflow as tf_session

class BaseSession(SessionInterface):
def __init__(self, target=""', graph=None, config=None):

if graph is None:

self._graph = ops.get_default_graph(Q)
else:

self._graph = graph

self._session = None
opts = tf_session.TF_NewSessionOptions(target=self._target,
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config=config)
try:
with errors.raise_exception_on_not_ok_status() as status:
if self._created_with_new_api:
self._session = tf_session.TF_NewSession(
self._graph._c_graph, opts, status)
else:
self._session = tf_session.TF_NewDeprecatedSession(opts, status)
finally:
tf_session.TF_DeleteSessionOptions(opts)

WE5-6 ($700) Fii7N, ScopedTFGraph /X TF_Graph HIEHERER, SEMRIIT C++ 1Y
RAII #9 TAENL o T TF_Graph #54 ternsorflow: :Graph 361, HH1 self._graph._c_graph
IR[E—A~ TF_Graph SEf], JE#& 8T C API G307 B SLH.

RBIRES 5-3 tensorflow/python/framework/ops.py

class Graph(object):
def __init__(self):
if _USE_C_API:
self._scoped_c_graph = c_api_util.ScopedTFGraph()
else:
self._scoped_c_graph = None

def _c_graph(self):
if self._scoped_c_graph:
return self._scoped_c_graph.graph
return None

~I{KES 5-4 tensorflow/python/framework/c_api_util.py

class ScopedTFGraph(object):
def __init__(self):
self.graph = c_api.TF_NewGraph(Q)

def __del__(self):
if c_api.TF_DeleteGraph is not None:
c_api.TF_DeleteGraph(self.graph)
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(Python h
| tf.Graph |
scoped_c_graph
| ScopedTFGraph |
. J
c_graph
(C API h
TF_Graph
\. J
cc_graph

C++

tensorflow: :Graph

B 5-6 /G B EpthiE

Python €388

£ pywrap_tensorflow fELH | JBiT _pywrap_tensorflow_internal %64, SEELT M
Python Z|ZIAEREE _pywrap_tensorflow_internal.so HYRRZCR .

RBIXES 5-5 tensorflow/bazel-bin/tensorflow/python/pywrap_ tensorflow_internal.py

def TF_NewDeprecatedSession(opts, status):
return _pywrap_tensorflow_internal.TF_NewDeprecatedSession(opts, status)

def TF_NewSession(graph, opts, status):
return _pywrap_tensorflow_internal.TF_NewSession(graph, opts, status)

C++ B13588

v pywrap_tensorflow_internal.cc Hﬂﬁiﬁk§Z£%EP, §$Z§ﬁfﬂﬂj7@§§ﬁﬁ§ﬁﬁE@?@é%ﬁg, &
I Python HIERELATRE] CH+ RELSCINAT ARG o

~fI{XES 5-6 tensorflow/bazel-bin/tensorflow/python/pywrap_ tensorflow_ internal.cc
static PyMethodDef SwigMethods[] = {

{ (char *)"TF_NewDeprecatedSession",
_wrap_TF_NewDeprecatedSession, METH_VARARGS, NULL},

{ (char *)"TF_NewSession",
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_wrap_TF_NewSession, METH_VARARGS, NULL},
}s

w2, _wrap_TF_NewSession/_wrap_TF_NewDeprecatedSession 4% 43 3 H c_api.h Xt
HIFHCAT API 8 H: TF_NewSession/TF_NewDeprecatedSession. i/, H 3h4 A
pywrap_tensorflow_internal.cc ({157 Python BKE(E| C/C++ REIHM L K, wm&
KHMIRE C KGR LAY APT #0.

5.4.2 C API

c_api.h 72 TensorFlow HYJE¥iAAT R GEMH A B SR A28 APT $0. Jr, Brigs
HESRA T 3T B, SCIESEBIEL N Session S L=,

RBIRES 5-7 tensorflow/c/c_api.c

TF_Session* TF_NewSession(TF_Graph* graph, const TF_SessionOptions* opt,
TF_Status* status) {
Session* session;
status->status = NewSession(opt->options, &session);
if (status->status.ok()) {
if (graph !'= nullptr) {
mutex_lock 1(graph->mu);
graph->num_sessions += 1;

return new TF_Session(session, graph);
} else {

return nullptr;
}

}

TF_DeprecatedSession* TF_NewDeprecatedSession(const TF_SessionOptions* opt,
TF_Status* status) {
Session* session;
status->status = NewSession(opt->options, &session);
if (status->status.ok()) {
return new TF_DeprecatedSession({session});
} else {
DCHECK_EQ(nullptr, session);
return nullptr;
3
1

543 RiRR%

NewSession 15 3 B % 5 3% 1) target, {#H SessionFactory 2 2 QI A [ 28T 1)

tensorflow: :Session 4.

RI4KES 5-8 tensorflow/c/c_api.c

Status NewSession(const SessionOptions& options, Session** out_session) {
SessionFactory* factory;
Status s = SessionFactory::GetFactory(options, &factory);
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if (Is.ok()) {
*out_session = nullptr;
return s;
1
*out_session = factory->NewSession(options);
if (!*out_session) {
return errors::Internal("Failed to create session.");

}
return Status::0KQ);

I Ak

JEu C4++ SEIH, tensorflow: :Session WG A THZR L) J7E. R Ses-
sionOptions H17 target ﬁﬂgggﬁfgqii(%ﬁikH@), MG % DirectSession 9?@@, JA B AR
178 AR SessionOptions HHY target LA grpc://FF3k, NIGAIZEE GrpcSession SEH, JH
T RPC WM RIBTRA. A5 (F727) fin.

| Session |
| DirectSession | | GrpcSession |
create create
|DirectSessionFactory| | GrpcSessionFactory |
A Ji A
( target="" ) @r‘get:”gr‘pc://master‘:port')
| SessionFactory |

& 5-7 tensorflow::Session €3 % L) 7k

5.5 €lE/TRE

FEREA A O SeBlrp, RIS G s oL, FEsBLS N C++ RSt
MAER AR O SEB A, Jor SCBRE A B eld . RUOMAEGIEE OP A, 7 r SRR 22 /5 i
CH++ RGBS HE, BEARASI, XTHMERETABONEE, LR E i
3 o

Python Hi¥#f ik H Session.run #H, MGG AT EIE, LA GraphDef T
KKy C++ Jau. Hr, AKX IH A Session.run FZIRT ) #RE R ENHTHG T S A THE
ARG TG R8s, LMEXGHTIE T S A THE S Extend 2IFCRETFEIE F . FRikdh, EE X
WH Session.run B, M4 A&IEFEANITHEEL Gk RS-
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JEuG ARG E IR Session.Extend B, %R (kM SEH)Session.Create. LAG, JEH
RAEFF M Session.Extend B E IEIAT Extend BYTE S, HErBG A 11 &0 5 38
ZJFSRIFH B

[ Python ) [ C API ) C++

sess.run(fetches, feed_dict)

sess._extend_graph

TF_ExtendG r*t:lph(c_:;r'clph)h
|
|
I

Session. Extend(g raph)h

5-8 GlEA

5.5.1 “wmiE#0

ERA I 0 sl 181 _extend_graph SEERESEHIIT R .

~BIKES 5-9 tensorflow/python/client/session.py

class Session(BaseSession):
def run(self, fetch_list, feed_dict=None, options=None, run_metadata=None):

self._extend_graph()

EéﬁﬁﬁsdﬂjﬁmLthﬁ,ﬁ%ﬁ%m%ﬁm%m§ﬁ§@¢ﬁ,ﬁﬁﬁg
GraphDef SLHit AL RAE, ik tf_session.TF_ExtendGraph i H o

~fl{XES 5-10 tensorflow/python/client/session.py
from tensorflow.python import pywrap_tensorflow as tf_session

class Session(BaseSession):
def _extend_graph(self):
if self._created_with_new_api: return

with self._extend_lock:
if self._graph.version > self._current_version:
graph_def, self._current_version = self._graph._as_graph_def(
from_version=self._current_version,
add_shapes=self._add_shapes)

with errors.raise_exception_on_not_ok_status() as status:
tf_session.TF_ExtendGraph(
self._session, graph_def.SerializeToString(), status)
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Python 13538

~l4XFG 5-11 tensorflow/bazel-bin/tensorflow/python/pywrap_ tensorflow__internal.py

def TF_ExtendGraph(sess, graph_def, status):
return _pywrap_tensorflow.TF_ExtendGraph(sess, graph_def, status)

C++ 13588

RBIKES 5-12 tensorflow/bazel-bin/tensorflow /python/pywrap_ tensorflow_internal.cc
static PyMethodDef SwigMethods[] = {

{ (char *)"TF_ExtendGraph",
_wrap_TF_ExtendGraph, METH_VARARGS, NULL},
3

5.5.2 C API

TF_ExtendGraph +& C AP Xf4% b2 RGN L . B9k, Bt A Graphdef 1Y
BZE?§U4K, AP tensorflow: :Session M Extend $%1 .

~IKES 5-13 tensorflow/c/c_api.c

void TF_ExtendGraph(TF_DeprecatedSession* sess,
const void* proto, size_t proto_len, TF_Status* status) {
GraphDef g;
if (!tensorflow::ParseProtoUnlimited(&g, proto, proto_len)) {
status->status = InvalidArgument("Invalid GraphDef");
return;

status->status = sess->session->Extend(g);

}

5.5.3 Rin&R%

tensorflow: :Session fEIEITHIHYE Session WA ) N4 23S Hu IR FAE Y 1281 5K
Imo

~fl4XF 5-14 tensorflow/core/common_ runtime/session.h

class Session {

public:
virtual Status Create(const GraphDef& graph)
virtual Status Extend(const GraphDef& graph)

1
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iiFP, Create FK/NFEHHTH tensorflow: :Session Szﬁﬂj:ifﬂﬁtfﬁiﬁﬂ, R
HITHEIE, TAEK A% tensorflow: :Session A4. Extend F/N1E tensorflow::Session 5
B b O EM A SR LB N A Extend B IRIRATI, ST Create BB XL, IAE
K Extend A, CIEMEHHEE N, FL b, KRGS Iy LRy, ALl
GrpcSession SEHL A

B XY BE: GrpcSession

WRFIWS| A Master B handle ASHZS, MIFHAT Extend; SN, AT Create AJIE X,
H 5 Master WiEE, HFFA MasterSession Y handle.

~BIKAS 5-15 tensorflow/core/distributed_runtime/rpc/grpc_session.cc

Status GrpcSession: :Extend(const GraphDef& graph) {
CallOptions call_options;
call_options.SetTimeout(options_.config.operation_timeout_in_ms());
return ExtendImpl(&call_options, graph);

}

Status GrpcSession: :ExtendImpl
(CallOptions* call_options, const GraphDef& graph) {
if Chandle_is_empty()) {

return Create(graph);
3

5.6 EXIETT

WAE5-9 (%75M) Fizn, Python B Session.run SEIHH fetches, feed_dict f&XiB%y
i RS, kARSI Session.Run M. JEli RAH] X Session.Run FHATH H ALK
K Stepo HH1, Step HIHTIIFEZE TensorFlow i/ THT HICHEEE 12,

() Com) (&)

sess.run(fetches, feed_dict)

TF_SessionRun/TF_Run(feeds, fetches, targets)

TF_SessionRun/TF_Run

feeds, fetches, targets

Session.Run >
inputs, outputs, targets 1. Full Graph
2. Client Graph

3. Partition Graph

e N ]

B 5-9 &RHAT
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5.6.1 %m0

24 Client 1 Session.run B, AL A pywrap_tensorflow_internal FHE AT YRR

RBI{XAS 5-16 tensorflow/python/client/session.py
from tensorflow.python import pywrap_tensorflow as tf_session

class Session(BaseSession):
def run(self, fetch_list, feed_dict=None, options=None, run_metadata=None):

self._extend_graph()
with errors.raise_exception_on_not_ok_status() as status:
if self._created_with_new_api:
return tf_session.TF_SessionRun_wrapper(
session, options, feed_dict, fetch_list, target_list,
run_metadata, status)
else:
return tf_session.TF_Run(session, options,
feed_dict, fetch_list, target_list,
status, run_metadata)

Python €388

~4XF 5-17 tensorflow/bazel-bin/tensorflow/python/pywrap_ tensorflow__internal.py

def TF_SessionRun_wrapper(session, run_options, inputs,
outputs, targets, run_metadata, out_status):
return _pywrap_tensorflow_internal.TF_SessionRun_wrapper(
session, run_options, inputs, outputs, targets, run_metadata, out_status)

def TF_Run(sess, options, feeds, outputs,
targets, status, run_metadata):
return _pywrap_tensorflow.TF_Run(
sess, options, feeds, outputs, targets, status, run_metadata)

C++ 13538

~BI{KAS 5-18 tensorflow/bazel-bin/tensorflow /python/pywrap_tensorflow_internal.cc
static PyMethodDef SwigMethods[] = {

{ Cchar *)"TF_Run",
_wrap_TF_Run, METH_VARARGS, NULL},

{ (char *)"TF_SessionRun_wrapper",
_wrap_TF_SessionRun_wrapper, METH_VARARGS, NULL},

1

%, _wrap_TF_Run/_wrap_TF_SessionRun_wrapper #433155 C API X TF_Run/

TF_SessionRun 1% FREL .
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5.6.2 C API

AR H, TF_Run & C API X4 BGRB8, &5 i A%
M C ] C++ HER e, 535S 1Y tensorflow: :Session HIPHATIEHRE. S IAT5E K
J&, % outputs HIHIHHAGRM C++ B C HIME L4k, TF_SessionRun 55 TF_Run LAEAL
HEAZ , FEWAEITTIA,

RBIRES 5-19 tensorflow/c/c_api.c
void TF_Run(TF_DeprecatedSession* s,
const TF_Buffer* run_options,
const char** c_input_names, TF_Tensor** c_inputs, int ninputs,
const char** c_output_names, TF_Tensor** c_outputs, int noutputs,
const char** c_target_oper_names, int ntargets,
TF_Buffer* run_metadata, TF_Status* status) {

s->session->Run(options_proto, input_names, output_names,
target_names, &outputs, &run_metadata);

}

void TF_SessionRun(TF_Session* session,
const TF_Buffer* run_options,

const TF_Output* inputs, TF_Tensor* const * input_values, int ninputs,
const TF_Qutput* outputs, TF_Tensor** output_values, int noutputs,
const TF_Operation* const* target_opers, int ntargets,

TF_Buffer* run_metadata, TF_Status* status) {

5.6.3 Rin&R%

tensorflow: :Session fEIEf TN & I BN | 44 22 Al AR R 1Y 728 SE o

~I4XES 5-20 tensorflow/core/common_ runtime/session.h

class Session {
public:
virtual Status Run(
const RunOptions& options,
const vector<pair<string, Tensor> >& inputs,
const vector<string>& output_names,
const vector<string>& target_names,
vector<Tensor>* outputs, RunMetadata* run_metadata) {
return errors: :Unimplemented(
"Run with options is not supported for this session.");

1
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AL

1. options: Session #93iE4TELE 54K

2. inputs: 3T\ Tensor #9.% F 3| % ;

3. output_names: ¥ Tensor #9.% F 7 %k ;

4. targets: LA, FHATH OP #9.48 F3] 4,

f AR -

1. outputs: # i 9 Tensor 74 ;

2. run_metadata: BEAT BT LA 69K IE B,

Hrp ) HiH P outputs IR SHIAN output_names ——XJ M., QIS T RIFH AT,
FE outputs ﬁL%ﬁLﬁ, T 249 (1] B A G HE AR N Y output_names %?@J%@, *F outputs
HATHET

5.7 XHEIAE

M E BTG, HEEM tf.Session, LMERBUGIR RF IR, HIEAF, 10
Fo SUHRMRBERNER, MA5-10 (BF78R) iNo.

[ Python J [ C API J [ C++ )

sess.close .
TF_CloseSession

TF_CloseDeprecatedSession

Session.(lose

.Y

5-10 XMaiE

5.7.1 #wiEO

24 Client 8 fH Session.close B, mZ 41 pywrap_tensorflow 5 B A [1) iF £4:

TF_CloseDeprecatedSessiono

RBIKAS 5-21 tensorflow/python/client/session.py
from tensorflow.python import pywrap_tensorflow as tf_session

class Session(BaseSession):
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def close(self):
if self._created_with_new_api:
if self._session and not self._closed:
self._closed = True
with errors.raise_exception_on_not_ok_status() as status:
tf_session.TF_CloseSession(self._session, status)
else:
with self._extend_lock:
if self._opened and not self._closed:
self._closed = True
with errors.raise_exception_on_not_ok_status() as status:
tf_session.TF_CloseDeprecatedSession(self._session, status)

Python €388

~4XFS 5-22 tensorflow/bazel-bin/tensorflow/python/pywrap_ tensorflow__internal.py

def TF_CloseSession(sess, status):
return _pywrap_tensorflow_internal.TF_CloseSession(sess, status)

def TF_CloseDeprecatedSession(sess, status):
return _pywrap_tensorflow.TF_CloseDeprecatedSession(sess, status)

C++ B13588

_wrap_TF_CloseSession/_wrap_TF_CloseDeprecatedSession 73 Al 5 C API XJ [ 11
TF_CloseSession/TF_CloseDeprecatedSession 1% [ R4

~l4XES 5-23 tensorflow/bazel-bin/tensorflow/python/pywrap_ tensorflow_ internal.cc
static PyMethodDef SwigMethods[] = {

{ (char *)"TF_CloseSession",
_wrap_TF_CloseSession, METH_VARARGS, NULL},

{ (char *)"TF_CloseDeprecatedSession",
_wrap_TF_CloseDeprecatedSession, METH_VARARGS, NULL},
}s

5.7.2 C API

TF_CloseSession/TF_CloseDeprecatedSession EHE5E tensorflow: : Session HYIC Ak
o

RBIRES 5-24 tensorflow/c/c_api.c

void TF_CloseSession(TF_Session* s, TF_Status* status) {
status->status = s->session->Close();

}
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void TF_CloseDeprecatedSession(TF_DeprecatedSession* s, TF_Status* status) {
status->status = s->session->Close();
3

5.7.3 RiRR%

Session(C++) FEISFTHY HBIASIA | 44 22 254t FHAH B2 1Y) -2 S8

RBIKES 5-25 tensorflow/core/common_runtime/session.h

class Session {
public:

virtual Status Close() = 0;
}s

5.8 $HEESIR

24 tf.Session AEHEH, B Python B GC BEil. Session.__del__ #iHM G, ¥ /H
B 6 tensorflow::Session X Z I . WES-11 (F80R) Fiine

( Python ] ( C API J ( C++ )

sess.__del_

| |
| |
| |
: TF_DeleteSession :
| TF_DeleteDeprecatedSession|
!
|
|
|
|

N ]

|
: Session.Destructor
|

5-11 4% 4E

5.8.1 wiEHEO

24 Client W H Session.__del__ B}, JEJ53) Session.close B, <A py-
wrap_tensorflow BB I BK%L TF_DeleteSession/TF_DeleteDeprecatedSessiono

~IKAS 5-26 tensorflow/python/client/session.py
from tensorflow.python import pywrap_tensorflow as tf_session

class Session(BaseSession):
def __del__(self):

try:
self.close()
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except Exception:
pass

if self._session is not None:
try:
status = c_api_util.ScopedTFStatus()
if self._created_with_new_api:
tf_session.TF_DeleteSession(self._session, status)
else:
tf_session.TF_DeleteDeprecatedSession(self._session, status)
except AttributeError:
pass
self._session = None

Python €13£88

~4XFS 5-27 tensorflow/bazel-bin/tensorflow/python/pywrap_ tensorflow__internal.py

def TF_DeleteSession(sess, status):
return _pywrap_tensorflow_internal.TF_DeleteSession(sess, status)

def TF_DeleteDeprecatedSession(sess, status):
return _pywrap_tensorflow.TF_DeleteDeprecatedSession(sess, status)

C++ 13588

_wrap_TF_DeleteSession/_wrap_TF_DeleteDeprecatedSession 144 H & # C API XJ M
£ TF_DeleteSession/TF_DeleteDeprecatedSession B R

~l4XES 5-28 tensorflow/bazel-bin/tensorflow/python/pywrap_ tensorflow_ internal.cc
static PyMethodDef SwigMethods[] = {

{ (char*)"TF_DeleteSession",
_wrap_TF_DeleteSession, METH_VARARGS, NULL},

{ (char*)"TF_DeleteDeprecatedSession",
_wrap_TF_DeleteDeprecatedSession, METH_VARARGS, NULL},
3

5.8.2 C API

TF_DeleteDeprecatedSession BELIZ5E/K tensorflow: :Session X ZRIIBR. THT R L
TF_DeleteSession SEILHT ) HTEEMIBE tensorflow: :Session SEEIRT , HH N 1 A S 114K
ik 1o MUY 0 B, IINBRIZ B SE], A0, AN BRI S
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RBIRES 5-29 tensorflow/c/c_api.c

void TF_DeleteSession(TF_Session* s, TF_Status* status) {

status->status = Status::0KQ;

TF_Graph* const graph = s->graph;

if (graph != nullptr) {
graph->mu.lock();
graph->num_sessions -= 1;
const bool del = graph->delete_requested && graph->num_sessions == 0;
graph->mu.unlock();
if (del) delete graph;

delete s->session;
delete s;

}

void TF_DeleteDeprecatedSession(TF_DeprecatedSession* s, TF_Status* status) {
status->status = Status::0KQ;
delete s->session;
delete s;

}

5.8.3 RiRAR%

tensorflow: :Session fEISfTIN L BIAIEIY | 2 A R AR I 1~ RS A A 44 PR A

~I4XAS 5-30 tensorflow/core/common_ runtime/session.h

class Session {
public:
virtual ~Session() {};

1

5.9 TEgeiEM

FHECIS BS e T SEB, Br A O SR TR AR T R R Bk, #ubA
FHRE I, B O AR SE RN INE AT, ABR] AT S MR A CEF RO, Bl
TR O S,

5.9.1 H£E=ELH

mAEs-1 (F120W) Fian, —> Session HEEEfT— 1 ELH. WHR—1 Session Hiz
P HA B S, e T Session, SAJE PR BT TR SEHFMZ| I Session H, )5 /A
FEET T R E B P T R

EEER, — M EEA LUBITHEZL T Session L4 o WIRAE Graph S L 4EFF
Session M5 FHIT4%E, £ Session GIEERS, FEiZESLH] BN 1; 1E Session FHEHE (41
SERM Session), (EIZEIZLW] Faid 1; M3ty o B, W B ZhiilER - Spl. fEgrHEn
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T, S TS | TR AR

handle

Session Graph

ref_count*

5-12 A B Session 7l AiHHBH K

5.9.2 HEFY

mE5-13 (F83W) Fron, Rt s, Jivg Python 1EEMER, ¥4 EMiE
sEE, TEEHEFSIM, HIEET Session: :Create B Session::Extend f&i%%5 JGvm C++
ARG XARFE—ESLFI R VSR, AR KB IEF4H .

4 Python h ( C++
| Operation
*
create_op tengorflow: :Session: :Create(Graphlef)
| tf.Graph } I tensorflow: :Graph
. J \, J

B 5-13 EEH: ARSI

@514 ($83W) Fron, (O sciid, aLLLER Session Y Create/Extend 1)
B fEERIIERS, Bl Python fEMIERE OP I, EHaET C APT ¥4 HIBINZE 5
C++ BB, TSR 1 1 S 1T i s 64 SRR B 9 A T4 o

[ Python h ( C++ )

- 1 register
| Operation I

* create_op

| tf.Graph tensorflow: :Graph

B 5-14 B5%H: %EEM asciiOP
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Any fool can write code that a
computer can understand. Good
programmers write code that hu-

mans can understand.

- Martin Flower

TEE

TE TensorFlow FITH&EE Y, (i OP /R T17 &, W OP Z AT EFIE R i ¢ |
& OP Z [AIAE SIHB R BC R, B A RBERR. K, HIRIAFEPFEE
B —PoREESE, R Tensor 3R, H—MAKEEME, [ERTHEMKHOC K.

ARERE A TensorFlow H EEIMIOET 5 TTEE. N 1 2 EiA i 5 A A st
BUBOR, R 20 R B S B AR GE B AN S B, IR ST R i R 4 A T A8 P e e AR
JREE

6.1 Python Hjif

1 Python HIRTSG R AT, JF% A Node, Edge HIMES:, {UAFAE Operation, Tensor HY
W&o 5L E, 7EHTYG Python RZtH, Operation F/nEHHY Node LM, 1M Tensor /R
EIH Edge SLfl.

6.1.1 Operation

P HTRIBHM R EC A E, EFRRIFEETRY 5. Operation &1 Python
ARG EEN— D%, 2 TensorFlow &1 TH /N AT,

DmARE

WEG6-1 (%88M) Fi7R, Operation H/RIHERHR NI, il Ty sl th (R Z A
Tensor YENHAA, L it HRHH TN HE A Tensor 2 TFHY T A, Ml _EF A
Operation AR A T BRI O R fl%rﬁffiiﬁi,, Operation A RERFA b A s AR B £
B, FOREAER AR R

et EEE R, @i OP #i&%s (OP Constructor), F4i& Operation L], Jf4%
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HE M EBOARESLEI . SIEEES, operation it >Kilid graph B ZERFA 1% K SLH

Operation HITCEU FH OpDef 5 NodeDef ##47, EAILA ProtoBuf HIMEXFAE, Bk
T Operation HABTHIZR . HH1, opbef fiiid T OP WEFASEIEE L, #Iin OP HY&ZK,
AN/ SENFR, BIEEE LFERE . T NodeDef A T OP MZIZSEIHER L, Hlan
JRIEAEEE R

Graph
Tensor Z
% graph
X output*
Operation Tensor
ﬁ*
co“ﬂ
OpDef/NodeDef

6-1 4B %: Operation

HiE =%

class Operation(object):
def __init__(self, node_def, g, inputs=None, output_types=None,
control_inputs=None, input_types=None, original_op=None,
op_def=None):

self._node_def = copy.deepcopy(node_def)
self._op_def = op_def
self._graph = g

if input_types is None:
input_types = [i.dtype.base_dtype for i in self._inputs]
self._input_types = input_types

if output_types is None:
output_types = []
self._output_types = output_types

if inputs is None:
inputs = []
self._inputs = list(inputs)

if control_inputs is None:
control_inputs = []

self._control_inputs = []
for c in control_inputs:
c_op = self._get_op_from(c)
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self._control_inputs.append(c_op)

self._outputs = [Tensor(self, i, output_type)
for i, output_type in enumerate(output_types)]

for a in self._inputs:
a._add_consumer(self)

self._id_value = self._graph._next_id()

BiEE

Operation ZE . T W H TIEME %, HTIREGZ OP T, HH, name FnEH
B4R, BT name_scope [NEIR TR, TEEISLAIITE RN A ME—R, #14 1ayer_2/
MatMul; type NIZIR1Z op ZRAUME—RIZFR, 141 MatMul, Variableo

class Operation(object):
@property
def name(self):

return self._node_def.name

@property
def type(self):
"MatMul”
return self._node_def.op

@property
def graph(self):
Graph
return self._graph

@property
def node_def(self):
NodeDef
return self._node_def

@property
def op_def(self):
OpDef
return self._op_def

@property
def device(self):

return self._node_def.device

iz{T OP

FTLLIZ OP A SR B, 33/ MERIN 7, FFAEBRIANY Session FHERAT
[ZERSE
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class Operation(object):
def run(self, feed_dict=None, session=None):
Session

_run_using_default_session(self, feed_dict, session)

HH | _run_using_default_session 4 HERIAI Session i&Z1T1% OP.

def _run_using_default_session(operation, feed_dict, session=None):

if session is None:
session = get_default_session()
session.run(operation, feed_dict)

6.1.2 Tensor

T{T@iﬁ/ﬁﬁ, Tensor F*#?ﬁ%ﬁé@ﬁ&, AR Operation ar P — D5 A0
5 b, FFEEIL Session.run THEAREIGE] Tensor FITFFA I HLE R .

ErESHESE

mAEe-2 (£90M) F7N, Tensor /=M1 Operation UGS HLHIMEZE, A2 RIME T
A EFEESEBE LR LiiF operation 1ENA 3, Sid R R &, &
Vi Tensor, FLAMAE A1z bl Operation H@ﬁﬁtHZZ‘#, FAd output_index 1EAPR
o % Tensor #ifLIB %G Tl Operation, JFAEAN FilF Operation i A, Tiif Operation
FE241% Tensor HITHZH o

. output* consumer* .

B 6-2 Tensor: % ,=#-i %%

TR E

ME6-3 (F9I1R) N, Tensor Wit op FrAMHELEE MM Operation, FfHMHH]
index K7NI% Tensor fEi% Operation #iitH#IZR P HIZR S| . ﬂlit%%ﬁ%’ PTEATE op: index ]
ZICHE BAEE P E— BRI Tensor SEH.
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IEAh, Tensor £ Operation HITHZRAEFIZE, FITHEBERIZ Tensor i Z|HFLE Operation
LB T . B, Tensor 7834 Tl AEM, WMEET Operation Z[BIINEHEM I &Ko

TensorShape

shape

X op:output_index consumer* X
Operation Tensor Operation

producer

B 6-3 4Rt % Tensor

EERYAE 3

i, 2% Operation 5 Tensor MW SLHL, R Z L PIE 2 A A =& -TH o & 1%
R R 2 Tensor YFERAENH AR Operation B, WHIES T Fiif Operation S AR
Tensor FZ2Z (AN TR Ko

class Operation(object):
def __init__(self, node_def, graph, inputs=None, output_types=None):

self._inputs = list(inputs)
for a in self._inputs:
a._add_consumer(self)

self._output_types = output_types
self._outputs = [Tensor(self, i, output_type)
for i, output_type in enumerate(output_types)]

[AFEHL, Tensor TEAIE#R A LIFHIAI 47" Operation, MHiZ Tensor SLHITEIZ
Operation 1) outputs FIEF RG] ﬂt?f, 249 H _add_consumer, Wiz Tl Operation
BINEERETFRZ .

class Tensor(_TensorLike):
def __init__(self, op, value_index, dtype):

self._op = op
self._value_index = value_index

self._consumers = []

def _add_consumer(self, consumer):
if not isinstance(consumer, Operation):
raise TypeError("Consumer must be an Operation: %s" % consumer)
self._consumers.append(consumer)
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BiEE

BT Tensor B LLIB I LU Operation, M TIZRIUAE R B JCEHE. A LAEN, ¥
Dt SR R R AR, SR N E R B A 0 U7 M N e HH ) name IR (8] T
(node:output_index) I —JCAFE, TEITEEATEE N ME—HARIN T Tensor SL4.

class Tensor(_TensorLike):
@property
def op(self):
Operation
return self._op

@property
def dtype(self):
DType
return self._dtype

@property
def graph(self):
Graph
return self._op.graph

@property
def name(self):

return "%s:%d" % (self._op.name, self._value_index)

@property
def device(self):

return self._op.device

@property
def shape(self):
TensorShape

return self._shape

@property
def value_index(self):
Operation
return self._value_index

T

class Tensor(_TensorLike):
def eval(self, feed_dict=None, session=None):
Session

return _eval_using_default_session(self, feed_dict, self.graph, session)

HH | _eval_using_default_session H4{H FERIAY Session A% Tensor L. 7,
tf.Session.run I fetches FIZER] LIRATE Operation, Tensor 5L
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def _eval_using_default_session(tensors, feed_dict, graph, session=None):
if session is None:

session = get_default_session()
return session.run(tensors, feed_dict)

6.1.3 TensorShape

Tensor [l TensorShape HiiAHERIE B EFFFZ Tensor HIEPEZEA KH Dimen-
sion #5, 1> Dimension i TIZ4EE I K/Ne HH | TensorShape 55 Dimension &2 {H
X5, G T SRR R T, B, S, AR AL,

Tensor shape TensorShape * Dimension
shape: TensorShape type: DataType size: int

dims: [Dimension]

B 6-4 TensorShape

NAIE 3R ATLMEH TensorShape #EEH Tensor ATt & HIICERE N4,

class TensorShape(object):
def num_elements(self):
if self.is_fully_defined():
size = 1
for dim in self._dims:
size *= dim.value
return size
else:
return None

I A&

FAEIUNSEHBI L) 5, scalar, vector, matrix JTr MG 0 4, 1 4, 2 461
TensorShape 4o

def scalar():
return TensorShape([])

def vector(length):
return TensorShape([length])

def matrix(rows, cols):
return TensorShape([rows, cols])
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A EX

WS T EE R, S H TensorShape B B ASREHfE, WA LAfEH None F/ne 121E
WAIE DL, R rank K/NARM, FRIZ TensorShape KF; WHE rank K/NEE, WIFRIZ
TensorShape ZF4E X

def unknown_shape(ndims=None):
if ndims is None:
return TensorShape(None)
else:
return TensorShape([Dimension(None)] * ndims)

*Hﬁﬂﬁ, 24 TensorShape /I\?ﬁf}fﬁ/‘]j(d\%‘fﬁaﬁﬁfﬁ, MFRTEEEN

class TensorShape(object):
def is_fully_defined(self):
return (self._dims is not None and all(dim.value is not None
for dim in self._dims))

BiEE

" LME A ndims BMIR[E] TensorShape B rank K/, {8 dims BYEIR[E] Dimension
FZ o

class TensorShape(object):
@property
def dims(self):
return self._dims

@property
def ndims(self):
if self._dims is None:
return None
else:
return len(self._dims)

Feif

ATLMEH as_proto ¥4 HA44A TensorShapeProto 7o FEikih, 45— Dimension
ARH, N TREBETIM, T2 None HHih-1.
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class TensorShape(object):
def _dims_as_proto(self):
def _size(dim):
return -1 if dim.value is None else dim.value

return [tensor_shape_pb2.TensorShapeProto.Dim(size=_size(d))
for d in self._dims]

def as_proto(self):
if self._dims is None:
return tensor_shape_pb2.TensorShapeProto(unknown_rank=True)
else:
return tensor_shape_pb2.TensorShapeProto(dim=self._dims_as_proto())

WA DME A as_list #HEL 4 Dimension #3. M1H TensorShape Y rank jid\ﬂifﬂ,
NP valueError 5774 o

class TensorShape(object):
def as_list(self):
if self._dims is None:
raise ValueError("as_list() is not defined on an unknown TensorShape.")
return [dim.value for dim in self._dims]

LEDE: LN {#H as_shape ¥ Deimension §U%§, Bl TensorShapeProto ¥4 Tensor-
Shape SZ4

def as_shape(shape):
if isinstance(shape, TensorShape):
return shape
else:
return TensorShape(shape)

ik, M4H9iE TensorShape B, 24 TensorShapeProto HYIE—4EE K/ NA-1 B #H
oM None HIZE7R o

class TensorShape(object):
def __init__(self, dims):
if dims is None:
self._dims = None
elif isinstance(dims, tensor_shape_pb2.TensorShapeProto):
if dims.unknown_rank:
self._dims = None
else:
self._dims = [
as_dimension(dim.size if dim.size != -1 else None)
for dim in dims.dim

elif isinstance(dims, TensorShape):
self._dims = dims.dims
else:
try:
dims_iter = iter(dims)
except TypeError:

self._dims = [as_dimension(dims)]
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else:

self._dims = [as_dimension(d) for d in dims_iter]

6.1.4 Graph

Graph #& TensorFlow fx B 455 , TensorFlow HiafTHI SR Graph IS
B BRIl 4324 PdT. I, 2% Graph MR X THEfERE TensorFlow
BT KA #ias o

i

WHEA-1 ($3127) Fin, —1 Graph MG E&— R Operation M5, FnilHH
TS . [, BHEERE— RV Tensor X%, RRBERHLITHIES .

Variable Queue
Context Manager
* *
Collection NameScope
GraphKey*
Device
Graph
Container
node*
Operation ControlDependency
output*
Tensor

B 6-5 4A#t%: Graph

AT P ESIE R SEE, YR ERIER BN N Ooperation 7 ELME—RY id,
FHAEE P AEME _nodes_by_id FUELHE 78, [AIES, A 7 ] LURIETT 5SS & 7 2= 5|5 5 G
B, HEFWEME T _nodes_by_name M T4,

class Graph(object):
def __init__(self):
self._lock = threading.Lock()
self._nodes_by_id = dict()
self._next_id_counter = 0
self._nodes_by_name = dict()
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I self._version = 0

FEFEIRE ], op it OP WIS G, AWM AE LA Graph LBl HIEHIA
Zi)m, (EAREERIFIEMT AT, 15 Graph SLHIFEL AR & it =,

class Graph(object):
def _add_op(self, op):
self._check_not_finalized()
with self._lock:
self._nodes_by_id[op._id] =
self._nodes_by_name[op.name] = op
self._version = max(self._version, op._id)

poEic]

N T AR Graph YT, FEEE Operation LT BRI ERIFRES, SLELT 55
B2, MHEZRBLP T SR RIAER —1 Collection A7, FEHME—N GraphKey FRiHiZ
6. WS, (AT LMEYE GraphKey ‘mb%%[m?@ﬁ/‘]ﬁmfnwo H, REHUE L T
GraphKey, [FIFfHLZ4F HE L GraphKeyo

class GraphKeys(object):

GLOBAL_VARIABLES = "variables"

LOCAL_VARIABLES

"local_variables"

MODEL_VARIABLES = "model_variables"

TRAINABLE_VARIABLES = "trainable_variables"

SUMMARIES = "summaries"

QUEUE_RUNNERS = "queue_runners"

TABLE_INITIALIZERS = "table_initializer"

ASSET_FILEPATHS = "asset_filepaths"”

MOVING_AVERAGE_VARIABLES = "moving_average_variables"

REGULARIZATION_LOSSES = "regularization_losses"

CONCATENATED_VARIABLES = "concatenated_variables"
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SAVERS = "savers"

WEIGHTS = "weights"

BIASES = "biases"

ACTIVATIONS = "activations"

UPDATE_OPS = "update_ops"

LOSSES = "losses"

SAVEABLE_OBJECTS = "saveable_objects"

RESOURCES = "resources"

LOCAL_RESOURCES = "local_resources"”

TRAINABLE_RESOURCE_VARIABLES = "trainable_resource_variables"

INIT_OP = "init_op"

LOCAL_INIT_OP = "local_init_op"

READY_OP = "ready_op"

READY_FOR_LOCAL_INIT_OP = "ready_for_local_init_op"
SUMMARY_OP = "summary_op"

GLOBAL_STEP = "global_step"

EVAL_STEP = "eval_step"
TRAIN_OP = "train_op"

COND_CONTEXT = "cond_context"
WHILE_CONTEXT = "while_context"

BEAS Opeartion QR ALK HRIHERSEWES Y, ET/FHRYE Graphkey
HE5.

class Graph(object):
def add_to_collection(self, name, value):
self._check_not_finalized()
with self._lock:
if name not in self._collections:
self._collections[name] = [value]
else:
self._collections[name].append(value)
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BEL]

s, OP FEMFE]— -2y ME—RY FCATs BOARE LB o B35k, TensorFlow
W] LU A OB 5] g, FFMH g.as_default) fFH A AT ZAE H ME—BRIA Y
Bl FRAeiz EF SCE B T ATEERT OP A B shiel 2L sLpi .

with tf.Graph().as_default() as g:
c = tf.constant(5.0)
assert c.graph is g

FE L, g.as_default M ATEHE B PIR B 7 — A EFSCUEBLAR, 15 AT A9
FSEf] g LG FORBOARY I SEBI; 2B H 1 B R SCE B R, T SRR B Y 18] 52
Blo AHZ, FEARM—ARZ, ELRTZRE A BOCHE — B sCOy BOART, W] LLR A
tf.get_default_graphQ), IR [EZ RN ) S

_default_graph_stack = _DefaultGraphStack()
def get_default_graphQ):

return _default_graph_stack.get_default()
class Graph(object):

def as_default(self):

Graph
return _default_graph_stack.get_controller(self)

Hrr | _pefaultStack H1Y get_controller FEARTIGENIH AT E LB, 4B BN CUE R
aela, WM BRIZ I se ], O Z AT S22 get_default I, ARSI
it _GetGlobalDefaultGraph iR [EI4 R ME—[T. FRzUAYEISEH]. £2AHRS) TensorFlow
e, RRA R CEZ A E LG, MArA OP #ERAME 2132 B 56 o

class _DefaultStack(threading.local):

def __init__(self):
super(_DefaultStack, self).__init__Q)
self.stack = []

def get_default(self):
return self.stack[-1] if len(self.stack) >= 1 else None

@tf_contextlib.contextmanager
def get_controller(self, default):

try:
self.stack.append(default)
yield default

finally:
self.stack.remove(default)

class _DefaultGraphStack(_DefaultStack):
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def __init__(self):
super(_DefaultGraphStack, self).__init__Q)
self._global_default_graph = None

def get_default(self):

ret = super(_DefaultGraphStack, self).get_default()
if ret is None:

ret = self._GetGlobalDefaultGraph()
return ret

def _GetGlobalDefaultGraph(self):
if self._global_default_graph is None:
self._global_default_graph = Graph(Q)
return self._global_default_graph

H}

BF T

R T AT A PRI R R, B name_scope R P HTRY Y SUSE i E A . T,
BT RVERI PEM S FIALE, W LA R R a4 . 7 /4RI R /K P & /4

B/ E /AU /S . XK TensorBoard SEEUH A B A WAL AR AR, MSiTH KK
KH, TLGE AN R, T LU IR I A SIS

k) name_scope & 4k K ZMEI Y name_scope; MR AIHREY name_scope LA/EEE, W
HH NG M name_scope; W1 N i HY name_scope N %5 F 15 HR EL None, 14 EE B

name_scopeo

with tf.Graph().as_default() as g:
with g.name_scope("nested") as scope:
nested_c = tf.constant(10.0, name="c")
assert nested_c.op.name == "nested/c"

with g.name_scope("inner"):
nested_inner_c = tf.constant(30.0, name="c")
assert nested_inner_c.op.name == "nested/inner/c"

with g.name_scope(scope):
nested_d = tf.constant(40.0, name="d")
assert nested_d.op.name == "nested/d"

with g.name_scope(""):
e = tf.constant(50.0, name="e")

assert e.op.name == "e

L I name_scope /&2 b N UEHIEE  fEHRERT name_scope H', SLHL T name_scope
HUE . 24 name_scope i TAERIEL, {# B 30K E SMNEH name_scopeo
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def _name_from_scope_name(name):
return name[:-1] if name[-1] == "/" else name

class Graph(object):
def __init__(self):
self._name_stack = ""
@tf_contextlib.contextmanager
def name_scope(self, name):
try:
old_stack = self._name_stack
if not name:
new_stack = None

elif name and name[-1] == "/":
new_stack = _name_from_scope_name(name)
else:

new_stack = self.unique_name(name)
self._name_stack = new_stack
yield "" if new_stack is None else new_stack + "/"
finally:
self._name_stack = old_stack

EEWED, OP Mg B IR T H tf.name_scope, & MHii A K Operation B
Tensor |58 AR B 5L, AnRARREZRENE], WA B BOAR L fl. R, FeizE
SEAG| BB AT name_scopeo

@tf_contextlib.contextmanager
def name_scope(name, default_name=None, values=[]):
n = default_name if name is None else name
g = _get_graph_from_inputs(values)
with g.as_default(), g.name_scope(n) as scope:
yield scope

E e

Al LA B P R Y control_dependencies IR control_dependencies, B8
None HE B % i A & =

with g.control_dependencies([a, b]):
with g.control_dependencies(None):

with g.control_dependencies([c, d]):

with g.control_dependencies([e, f]):

L F control_dependencies & [H T —A B E A, HTH8:E OP M hilf iR
Fo HH | control_ops it5% | Y HIEFTKHIT) Operation #5&, 1 current itk T M4 HIZ,
S FLANFE PRI Y BT A Operation 5156 o
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class Graph(object):
def control_dependencies(self, control_inputs):
if control_inputs is None:
return self._ControlDependenciesController(self, None)

control_ops = []
current = self._current_control_dependencies()
for ¢ in control_inputs:
c = self.as_graph_element(c)
if isinstance(c, Tensor):
C = c.op
if ¢ not in current:
control_ops.append(c)
current.add(c)
return self._ControlDependenciesController(self, control_ops)

_ControlDependenciesController SEEE T — A 4 AR R A 2 ) e control_inputs A
None, Kb H— IS OV ARk, TSEEL Tt A IHAR HiB H a7 £ T SCPERE0R,
PR Z R IEAR, ARG R 1 A 2 B B RO 2 A0, &20EA—J2 control_inputs,
(5B 2 0 244 A PR 24 A A e

class Graph(object):
def __init__(self):
self._control_dependencies_stack = []

def _push_control_dependencies_controller(self, controller):
self._control_dependencies_stack.append(controller)

def _pop_control_dependencies_controller(self):
self._control_dependencies_stack.pop()

class _ControlDependenciesController(object):
control_dependencies()

def __init__(self, graph, control_inputs):

self._graph = graph

if control_inputs is None:
self._control_inputs = []
self._new_stack = True

else:
self._control_inputs = control_inputs
self._new_stack = False

self._seen_nodes = set()

self._old_stack = None

def __enter__(self):
if self._new_stack:

self._old_stack = self._graph._control_dependencies_stack
self._graph._control_dependencies_stack = []
self._graph._push_control_dependencies_controller(self)

def __exit__(self, unused_type, unused_value, unused_traceback):
self._graph._pop_control_dependencies_controller()
if self._new_stack:
self._graph._control_dependencies_stack = self._old_stack

_current_control_dependencies T HLZ pir A N Y control_inputs, HEYRENT
{RHH I Operation 513,
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class Graph(object):
def _current_control_dependencies(self):
ret = set()
for controller in self._control_dependencies_stack:
for op in controller.control_inputs:
ret.add(op)
return ret

with g.container('experiment@'):

tf.Variable([1.0])
tf.Variable([2.0])
with g.container("experimentl"):

v3 = tf.Variable([3.0])
gl = tf.FIFOQueue(1@, tf.float32)
v4 = tf.Variable([4.0])

tf.FIFOQueue(20, tf.float32)
with g.container(""):

v5
q3

tf.Variable([5.0])
tf.FIFOQueue(30, tf.float32)

tf.Session.reset(target, ["experiment@"])

class Graph(object):
@tf_contextlib.contextmanager
def container(self, container_name):

original_container = self._container
try:
self._container = container_name
yield self._container
finally:
self._container = original_container

6.1.5 B#i&

TEITEE RG] APATEMAT OP AyTHE.. ikl Ry R g 2 les Op
Mg 5E A Operation SEBIH)E o THAE Operation SERIAAAE 2 B, T B sLBl5E L OpDef
5 NodeDef WMyttt fe.
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OpDef T

OpDef /FEAE ARG E XGRS, SEHLT opDef WIALIRINEANIEM . Ll Eid, XTI
BRI OpDef B4, _InitOpDefLibrary FHE X FANT, 3 op_list_ascii FRWIAIE
OP, ¥4 Protobuf #&:011 opList S5, FHZGHIEME] opbefLibrary SLA| 2
o

B, FEH gen_array_ops AEFAERUAR H 3141, BFEESEKTAE array_ops 2K
R opbef MIE X, FHHENEME] opDefLibrary M ZESLE T, FHH% A opDef M
R4 #

_op_def_lib = _InitOpDeflLibrary()

def _InitOpDefLibrary():
op_list = _op_def_pb2.0pList()
_text_format .Merge(_InitOpDefLibrary.op_list_ascii, op_list)
op_def_lib = _op_def_library.OpDefLibrary()
op_def_lib.add_op_list(op_list)
return op_def_lib

_InitOpDefLibrary.op_list_ascii =

I A&
MAEe6-6 (F105T) fi7mo 24 Client f#H OP #i&erflE#— operation SEHIHS, Fix
IR Graph.create_op J1¥%, #i% Operation SEBITEMENZE SLH o

WAL, — 7T, Graph 7524 Operation HJL), 137 Operation MIGIEIRTT; H—
J7Ml, Graph 724 Operation HIEE, 1177 Operation HIFFA, tuZe, HHSEHAE.

R REEMIT R B G ETREIAELR, AT OP 25,
ENOUEIATH R RIZ R R, HWE DAG &, XA TR R AR A .
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l

Graph Operation

create_op

register

B 6-6 Graph: OP L) + OP ©4

OP #JiE &7

Wwre-7 (F105m) Fron. fEEMEWY, Client i H tf.zeros_like i — 4N
ZeroslLike ) OP, % OP #iA—1Hi A, HitH—"14 0 # Tensor; HH, tf.zeros_like ¥
PRl OP #ai& s

S8, OP Mi&dw i fl— B A s AR i UAD, EIMT#R opDefLibrary.apply_op Jii%.

( 3\
OP Constructor
N
def zeros_like(tensor, name=None):
gen_array_ops._zeros_like(tensor, name=name)
tensor = tf.constant([1, 2], name="n1")
zeros = tf.zeros_like(tensor, name="n2")
J
Code Generator
N
def _zeros_like(dtype, shape=None, name=None):
return _op_def_lib.apply_op("ZerosLike", x=x, name=name)
J
J

B 6-7 OP ## & 5KMAERE

#i& OpDef 5 NodeDef

SRJE, WE6-8 (%106) Fi7N. OpDefLibrary fR4E OP 1447 M OpDefLibrary H1, #%
2y o OpDef i%; E%L%, FCBUN Graph.create_op E‘]Irﬁ%, QI NodeDef i%, PEm A
H Operation SZH, 443 B SR S5 o




106

%6 & IHHEH

6.2.1 18

( a
OpDef Repository
N 4 )
class OpDefLibrary(object): -
def apply_op(self, op_name, name=None, **keywords):
inputs, input_types, output_types, attr_protos, op_de’: ~
with graph.as_default(), ops.name_scope(name) as scope:
return graph.create_op(op_name, inputs, output_types, nafie=scope,
input_types=input_types, attrs=attr_protos, op_def=op_def)
/
Graph
N\
class Graph(object):
& def create op(self, op_type, inputs, dtypes, input_types=None,
-~ - name=None, attrs=None, op_def=None):
P node_def, control_inputs = ...

“return Operation(node_def, self, inputs=inputs, output_types=output_types,
control_inputs=control_inputs, input_types=input_types,
op_def=op_def)

J
" J
6-8 43 Operation %4): 4] OpDef, NodeDef %4
RYil)
6.2 Jgim C++
oy N A s FONN

e C++ J5um, THHEKEE TensorFlow A=A ATAZ Lo

RV e i s YL A Y ~7 . —H v I5Ed >
Edge FFA BTIKTT MU SR AKX i, TMTSEEL 7T S SR, — D ma LA 58K

ZEMNL, SUATESRE AN B, R AN

1. L. A FARBEHE (A Tensor A7), AFF.&E “E=FHEH" HE

RIME R, WHEERT,

2. THRHM . TARRKIE, ATRTHERGIATRBX R, FREEET,

A 1RIA

Edge FrAA M EER RG]

1. src_output: R TZAA [ATIRF & 495 src_output i,

2. dst_input: R FiZiaA [EIRF &) 9% dst_input TNk,
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src dst
e e BTN ey "

src_output dst_input

4

:] ):f control_dependency <=> src_output=-1 && dst_input=-1

6-9 AN % Edge

BN, AAEPARTICTT R s1, s2, EAFAEPISA L AR DRI R d1, d2, #
FFAEPIZE AL o

(num_outputs = 1) ( num_inputs = 1 )

src_output=-1 dst_input=-1

dst_input=1

src_output=1

(num_outputs = 1) ( num_inputs = 1)

6-10 #HF

12 R

TR, B src_output, dst_input #F4-1(Graph: :kControlSlot), MM
WAL AU £ A7

bool Edge::IsControlEdge() const {
// or dst_input_ == Graph::kControlSlot;
return src_output_ == Graph::kControlSlot;

}
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Tensor #RiH

—, PR TEE ) K E Tensor, FFHH TensorId #riN. Tensor FRiH HIERTT
ﬁiﬂ@éﬁﬁz, N LAY src_output ME—HfAE

TensorId ::= node_name:src_output

B, src_output BRIAH 0; HLilZiH, node_name 15 node_name:0@ Wi 5. 4ik
i, 4 src_output FFT-1 I, FoRiZilh TEHIKHEEN 1, TensorId T LIARIHCA Aode_name,
FRIIZIIK T node_name FITAERY Y Ao

622 T

Node (17 %) AT LAIA & uk 2 &t A\ /i i, I in_edges, out_edges 437ll5&
TN AR RS . 534N, Node £ NodeDef, OpDefo H:H', NodeDef L&k 4rAiC
5., MHE OP WEI{EFZE; oppef A OP By CEE, (45 OP H Af 2R & (E B

' 3 ' N
inputs l NodeDef I outputs

def

in_edges out_edges
Node

OpDef
\, J \ J

B 6-11 43t %: Node

WAL

ERNBREG T, ATLHZRES] (dst_input) ZelEdk. Y37 s AR L2 I,
RES ONTERERIIA. (RUCHE, FEIERT| (src_output) BEHA L, KK .

gﬂ

Status Node: :input_edge(int idx, const Edge** e) const {
for (auto edge : in_edges()) {
if (edge->dst_input() == idx) {
*e = edge;
return Status::0KQ);
}
}

return errors::NotFound("not found input edge ", idx);
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CIESEN=

HOGL idx RIIEEE AL, A5 AL EE IR A AR, IR
BHSEITT R, KR

Status Node::input_node(int idx, const Node** n) const {
const Edge* e = nullptr;
TF_RETURN_IF_ERROR(input_edge(idx, &e));

*n = e == nullptr ? nullptr : e->src();
return Status::0KQ);

6.2.3

Graph(HH 5 &) AT R EAES . HEEZE 1 DAG B, R EIPITIE R
DAG W fMIER, KA OP 1Yiafe. Hr, WERIFAEZ A AN 0 H975 5, TensorFlow
AT P ASEEIE 4, [RIHAATE2 A OP WIS, A IITRCR.

[ Edge ](—[ Graph ]——>[ Node ]

6-12 AABME: B

B}
R

EEMRIRES, HAEE— DK SEIEIN T AR 5. Source 55 Sink 7
L, AN DAG ERGER G S SR . H ) Source BY id M 0, Sink By id A 1;
HIEHT, A OP 1759 id Bk T 1.

Source 5 Sink B, MEiLERE [ 190, RUETFEEIIAITIG T Source 17
B, 2T sink . B2 AT, H o src_output, dst_input {EHHA-1.
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B 6-13 A

Source 5 Sink & WA FPSLBLAR BE A R, HW A IREA T R 2Tk, 0l 4l
~SOURCE Al _SINK fir 44 JFH., EAAE Noop, FR MRS

Node* Graph::AddInternalNode(const char* name, int id) {
NodeDef def;
def.set_name(name);
def.set_op("NoOp");

Status status;

Node* node = AddNode(def, &status);
TF_CHECK_OK(status);
CHECK_EQ(nhode->id(), id);

return node;

}

Graph: :Graph(const OpRegistryInterface* ops)
: ops_(ops), arena_(8 << 10 /* 8kB */) {
auto src = AddInternalNode("_SOURCE", kSourceId);
auto sink = AddInternalNode("_SINK", kSinkId);
AddControlEdge(src, sink);
3

MR L, LS Source 5 Sink AR EE W E HFRASE .

TERTS, HAEH OP Midss, MiaEEEE TR EE . X TEfrh, Sl
a3t T I R30S Source/Sink %gfiiﬁﬁi, PRI EEATIE T Source 17
A, AT sink T
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4 S
/ \
4 \
/
control , , control

6-14 F=H

)byl

T A S AR AR F A PR B S Graph: :AddNode FE | FRCE T 5, SN E AT
Graph: :AddEdge FERFRBCE D, SN 22 R A EEHE .

const Edge* Graph::AllocEdge() const {
Edge* e = nullptr;
if (free_edges_.empty()) {
e = new (arena_.Alloc(sizeof(Edge))) Edge;
} else {
e = free_edges_.back();
free_edges_.pop_back();

e->id_ = edges_.size();
return e;

}

const Edge* Graph::AddEdge(Node* source, int x, Node* dest, int y) {
auto e = Allockdge();

e->src_ = source;
e->dst_ = dest;
e->src_output_ = x;

e->dst_input_ = y;

CHECK(source->out_edges_.insert(e).second);
CHECK(dest->in_edges_.1insert(e).second);

edges_.push_back(e);
edge_set_.insert(e);
return e;

N IAE S A

%ﬁﬂﬂ%ﬁﬁﬁﬁ?%ﬁiﬂ, W] DA% 22 Graph: :AddEdge SEE%; Y src_output, dst_input
HH-10
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®6E iHHHA

const Edge* Graph::AddControlEdge(Node* src, Node* dst) {
return AddeEdge(src, kControlSlot, dst, kControlSlot);

}

6.2.4 OpDef €

[ FEH, OpDef GJHELE C++ RS main HREUHSIZ BI5EA OpDef HUMMZLFTF M. © 4

H REGISTER_OP %5Ek OpDef BJEM o

Ie

Register OP OpDef
N s
REGISTER_OP("ZerosLike™) op {
nputCx: T name: "ZerosLike"
input_arg {

Output("y: T")
CAttr("T: type™)

.Doc(R"doc(
Returns a tensor of zeros with

Xx: a tensor of type T.

ddoc");

.SetShapeFn(shape_inference: :UnchangedShape)

y: a tensor of the same shape and type as x but filled with zeros.

the same shape and type as x.

name: "x"
type_attr: "T"

output_arg {
name: "y"
type_attr: "T"

attr {
name: "T"
type: "type"

6-15 OpDef iz #: 4 REGISTER_OP

Python

tf.matmul

(e

0P Constructor J

registe\

[ OpDefLibraray

/p,def,lib.apply,op

l/ default_graph.create_op

l Graph }

graph_def

C++

OpDefBuilder

register

OpRegistry

lookup(op_def)

6-16 M #5714 5 B 7140




Any fool can write code that a
computer can understand. Good
programmers write code that hu-

mans can understand.

- Martin Flower

IR&

7.1 IXEBNE

WERIE (Device Specification) M THHA OP fE# T Ak & 1 HARGL E

7.1.1 ik

— AT LOR A A -

DEVICE_SPEC ::= COLOCATED_NODE | PARTIAL_SPEC

COLOCATED_NODE ::= "@" NODE_NAME
PARTIAL_SPEC ::= ("/" CONSTRAINT) *
CONSTRAINT :: "job:" JOB_NAME)

"task:" [1-9][0-971*)

C

("replica:" [1-9][0-9]1*)

C

( (ugpuu | "Cpu") u:u ([1_9][0_9]* | n*n) )

WRBIFR, SEBRERTEA OP #UitErE PS 1Bk, 0 544y, 0 5155, GPUO 5
W

/job:ps/replica:@/task:0/device:GPU:0@

BN IR, HERE. filin, TEIUEIA T GPue Tk
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/device:GPU:0@

Frik, MIRERITENZN, MZIRX OP RELHERELIH, o7 H s aiE
OP.

B4

5] COLOCATED_NODE ¥57~i% OP S¥8E 19 77 s 5] N U AEAH IR 1Y ke & o Bilan, 1%
ﬁgﬁifi other/node ﬁﬁ%i%f$ﬁﬁﬂ5@tgéﬁ_to

@other/node

DeviceSpec

—MREEMYE A LMEF F5 8, 5 DeviceSpec F/nvo HH, DeviceSpec A&—MEXT
%, HHWT 5 MR E AL,

b 2 A
&k 3
5% 3
EEEA
B& %5

Ul ok W N =

Filan, i DeviceSpec FAiE I A HILIE -

DeviceSpec(job="ps", replica=0, task=0, device_type="CPU", device_index=0)

712 ETNEEE

WA B UE PSS device(device_spec) TEE OP IXAIIVE, 1E1% BN IR FH g
WHFIER] o TEIB TR M EAE TR BN LIl To

with g.device('/gpu:0'):
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HHr | device /& Graph —PT73k, B T — MU R B UEBEY, LI

FRERIA R B BEAERE

B

R LA PN AV B A IR A T B T 5 5 F

with device("/job:ps"):

with device("/task:0/device:GPU:0"):

FEE T HFVEE BB TR, WEMEE I a T B miiedt, SBsEm
TR

with device("/device:CPU:0"):

with device("/job:ps/device:GPU:0"):

i
Rk, YNERAIL ARV E LA None I, 1 2 SMER FIT AT I A FLVE B R S

with device("/device:GPU:0"):

with device(None):

REHE R

MR ER VG, HE TG, 50 DeviceSpec FHATHEIA . o nl LA H B hn R 1%
HigEEMSEERE, TRME T —MEMRENY BT I k&, REMEEREE—1
BV EREL, ANZ4 Operation, A2l 1715 Hg & AT




116 $B7E KK

def matmul_on_gpu(n):

if n.type == "MatMul":
return "/gpu:0"
else:

return "/cpu:Q"

with g.device(matmul_on_gpu):

}

:\Iy_ll‘

Graph.device(spec) SEHL T — MR LAY B FSCEHEES, B R LA A7 ks =i
FHE, BEIRRITERS. FEL L, MY device MEUL IS TATH | B DeviceSpec i,
E S MZ AT, 8 DeviceSpec li—PAIFRAVIENS, F—HH IS ITEREL.

class Graph(object):
def device(self, device_name_or_func):
def to_device_func():
if (device_name_or_func is not None
and not callable(device_name_or_func)):

return pydev.merge_device(device_name_or_func)

else:
return device_name_or_func

try:
self._device_function_stack.append(to_device_func())
yield

finally:
self._device_function_stack.pop()

MHFER device B, AR HIAEE EISLH, BRI 4 Jmy M — R BRI 241
HHELE UL, tf.device(spec) HKEIF L LEXS get_default_graph().device(spec) HJ—-f&i
AR,

def device(device_name_or_function):
return get_default_graph().device(device_name_or_function)

g

£ Graph.device §Zi%q”, pydev.merge_device AR N IR TS PR B A BRAILLA
A spec ﬁﬂig%ﬁHQEUji, Wit copy_spec.merge_from(current_device), &IEEA
M node_def.device ﬁi%%ﬁ%ﬁi, It H. node_def.device B 5 m I IEH o §E£%$§ﬂ§&é%§,
HMAF 4 node_def.device A B ML HWE? XIRT _apply_device_functions SEEL A
i B EERFR
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def merge_device(spec):

if not isinstance(spec, DeviceSpec):
spec = DeviceSpec.from_string(spec or "")

def _device_function(node_def):
current_device = DeviceSpec.from_string(node_def.device or "")
copy_spec = copy.copy(spec)

copy_spec.merge_from(current_device)
return copy_spec
return _device_function

24 Graph.create_op Hﬁ, 1498 _apply_device_functions 1% & NodeDef H 18 £ FR T o
BN _device_function_stack ﬁikﬁéiﬁﬁtﬂi%i%fﬁ, ??U%Fﬁ*ﬁﬂiﬂ@ﬁ%%&i%?ﬁéﬁéﬁ, Ftg
REPED NodeDef HIBFEMIE. WML, WIHIEER device HAKMMEH, LT &
IE R EEINETEERN device.

class Graph(object):
def _apply_device_functions(self, op):
for device_function in reversed(self._device_function_stack):
if device_function is None:
break

op._set_device(device_function(op))







Any fool can write code that a
computer can understand. Good
programmers write code that hu-

mans can understand.

- Martin Flower

BPIREL Session WHRR, E GBS Sk e, SR A E BT L, B
Hr, Gl Session. run H4 il TensorFlow H)—Xit5 (Step).

HoL E, Session A7 THATIFE P AERSE, BEEET OP M5, MH Tensor 3k
fERTH R IR

8.1 REEIE

£ Session HyAEam M, FRPE T R HHE®RK, HHEIAZEIR, Wi,
BAFI, eI 55

8.1.1 XA&IE

YIS RMUR, TR Session B AMIICH], LAEL 2R BT R

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

8.1.2 ETXNEERS
—ﬁﬂ,ﬁﬁ@%iTﬁ%@%@@S%ﬂm,@ﬁS%ﬂmEﬁﬁﬁﬁﬁ,%%Eﬁ
K, ORI G AE HRE.

with tf.Session() as sess:
sess.run(targets)
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8.1.3 B4
— Session L], HABIE T —ANEISLH]; (HA, — DL, nTLUEITEZ N Session
SEffH . RS AE R Session IB{TH M NEISLH], WAASEIH] Session(A AR,
s Er AR .
E%*W‘%$Mniﬁhfﬁﬁﬁﬁﬁﬁgiﬁm4&%,ﬂﬂlﬁsmn%*ﬁﬁﬁﬁﬂé

1938, WL R AT B S B ROAR 1. i, — S HRL g RLE S ST I gl ]
LIMERIFE > Session S0, FAMIa AT, IZTHE, M Checkpoint &

SI AT #ER

ATIREBCEE, et E RSO S8, AP SCI ERIU R . TR LA
HRYET—> Session 5T, M HALY Session MIELH AT, A L IF M4 58 & 52
Bl

handle

Session Graph

T

ref_count*

B 8-1 AP A: 2i&EH 695 A4 E

WL

BEAL, I TF_Graph #5702k T Session 51T AAR BRI 4 7 BL; AT, TF_Graph
SERIATE LT C APT L3

struct TF_Graph {
TF_Graph();

tensorflow: :mutex mu;
tensorflow: :Graph graph GUARDED_BY(mu);

int num_sessions GUARDED_BY(mu);
bool delete_requested GUARDED_BY(mu);

1




8.2 Bi\&iE 121

FIH | TF_Session A —1 " JC4: <tensorflow::Sesssion, TF_Graph>, T {12 [0
XK K. HH, tensorflow::Sesssion & C++ 257 il (<1 SE 4

struct TF_Session {
TF_Session(tensorflow::Session* s, TF_Graph* g)
: session(s), graph(g), last_num_graph_nodes(@) {}
tensorflow: :Session* session;
TF_Graph* graph;
tensorflow: :mutex mu;
int last_num_graph_nodes;

};

tIESIE

TF_Session* TF_NewSession(TF_Graph* graph, const TF_SessionOptions* opt,
TF_Status* status) {
Session* session;
status->status = NewSession(opt->options, &session);
if (status->status.ok()) {
if (graph !'= nullptr) {
mutex_lock 1(graph->mu);
graph->num_sessions += 1;

return new TF_Session(session, graph);
} else {

DCHECK_EQ(nullptr, session);

return nullptr;

}

}

HESIE

void TF_DeleteSession(TF_Session* s, TF_Status* status) {

status->status = Status::0KQ);

TF_Graph* const graph = s->graph;

if (graph != nullptr) {
graph->mu.lock();
graph->num_sessions -= 1;
const bool del = graph->delete_requested && graph->num_sessions == 0;
graph->mu.unlock();
if (del) delete graph;

delete s->session;
delete s;

8.2 BEI\&1E

T Session.as_default(), ¥41% Session B NERIN Session, [FIFFEIR[EIT —4>
BTN SCE AR . BN Session BY_EICH, WILLEFESLNE OP HIiz%, Bl Tensor AYSKIH.
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hello = tf.constant('hello, world')

sess = tf.Session()

with sess.as_default():
printChello.eval())

sess.close()

fH/Z, Session.as_default() AN H 31K A Session, 774 WA I A Ses-
sion.close J7 o

8.2.1 skENKIE

W _EHMCAS, hello.eval() ST tf.get_default_session().runChello). HH, Ten-
sor.eval AT FACAGSLEL,

class Tensor(_TensorLike):
def eval(self, feed_dict=None, session=None):
if session is None:
session = get_default_session()
return session.run(tensors, feed_dict)

8.2.2 OP =&

FIE, Y AREAIRM Session, Operation.run ¥4 B SIZREUERINHY Session SEAH,
FHZHCYRT OP MR R, DA ERRT MR Tzt J 7.

class Operation(object):
def run(self, feed_dict=None, session=None):
if session is None:
session = tf.get_default_session()
session.run(self, feed_dict)

8.2.3 Z&iEtHX
BRI\ SR (LU S AR, DUE R M AT FRIB S Session [V . 0 SR7E iy
SRFR I BRI L% TR A B VAT as_default 1 Session B NEIALIE.

5L |, 4F TensorFlow iBfTHI4E4 T —A Session ARMZFERL, SCILERIA Session
M E s .

_default_session_stack = _DefaultStack()

def get_default_session(session):
return _default_session_stack.get_default(session)
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Hrp , _DefaultStack R o

class _DefaultStack(threading.local):
def __init__(self):
super(_DefaultStack, self).__init__Q)
self.stack = []

def get_default(self):
return self.stack[-1] if len(self.stack) >= 1 else None

@contextlib.contextmanager
def get_controller(self, default):
try:
self.stack.append(default)
yield default
finally:
self.stack.remove(default)

8.3 =iFEE
— R, FAEWFRIEARA) 2152 . Session &5 InteractiveSession. Jagr i & AT
HAIRE, EEMEIHNEEE SE BN, A BIAS IS PR

Ebﬁf,ﬁﬁ%?%figffﬁﬁE@EEE%ﬂZ??%Eiﬁg%o@mﬁﬂ,InteractiveSession*% GPUOptions.allow_growth
BN True, BERAESIGEREE M GBS GPU HIAEAE BT

SessionInterface
A

BaseSession
A

Session InteractiveSession

& 8-2 Session: XEK%EH

8.3.1 Session

Session 47k BaseSession, }?ﬂgﬁﬂ]7%ﬁt&ﬁﬂii%ktké§ﬁ%E@J:Tijtéfiiﬁﬁﬁﬁzhﬁﬁ, PRAE
RV LR

e, B with BEASTEN BN SCE G, IF A SO S BOA SRR LT
1B with BRI, K A SR BONE SNSRI 3, FFASIRH 4.
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class Session(BaseSession):
def __init__(self, target=''", graph=None, config=None):
super(Session, self).__init__(target, graph, config=config)
self._default_graph_context_manager = None
self._default_session_context_manager = None

def __enter__(self):
self._default_graph_context_manager = self.graph.as_default()
self._default_session_context_manager = self.as_default()

self._default_graph_context_manager.__enter__()
return self._default_session_context_manager.__enter__()

def __exit__(self, exec_type, exec_value, exec_tb):
self._default_session_context_manager.__exit__(
exec_type, exec_value, exec_tb)
self._default_graph_context_manager.__exit__(
exec_type, exec_value, exec_tb)

self._default_session_context_manager = None
self._default_graph_context_manager = None

self.close()

8.3.2 InteractiveSession

LY Session AN, InteractiveSession fEAAIEHAFPGE H BB HEGA, FFEBEINES
ERANSIER H B DI, S, Session MERIT with ©HAIARESEIZIIRE. 1E3C H
AIMEH, InteractiveSession fAjfL T AP B HLERIA AT BN S TE I F2E

[F]¥, InteractiveSession TETH 5 S 75 2 5 1] , DI 22 4 MR e HL i o FH 1Y)

class InteractiveSession(BaseSession):
def __init__(self, target='"', graph=None, config=None):
super(InteractiveSession, self).__init__(target, graph, config)

self._default_session_context_manager = self.as_default()
self._default_session_context_manager.__enter__()

self._default_graph_context_manager = graph.as_default()
self._default_graph_context_manager.__enter__()

def close(self):
super(InteractiveSession, self).close()
self._default_graph.__exit__(None, None, None)
self._default_session.__exit__(None, None, None)

8.3.3 BaseSession

BaseSession it WA HIFEZS, B ELIMSTERCIEE, XM, tfT, FHBSEE AR
HRHEAE; ESEaTHESEMEER:, LT Ew T B .
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tIERE

HWITM C APL B3, self._session ELIEFFA R G HSIHASIGAW, JEHIIT
HEE, RS TEFRIER LA A iR R

class BaseSession(SessionInterface):
def __init__(self, target='', graph=None, config=None):

with errors.raise_exception_on_not_ok_status() as status:
self._session =
tf_session.TF_NewDeprecatedSession(opts, status)

MITIHE

T run 8200, LI EE—XIHE . EEEIEE tf_session. TF_ExtendGraph
WML 618512, SR PR tf_session. TF_Run 8T & EIHAT.

class BaseSession(SessionInterface):
def run(self,

fetches, feed_dict=None, options=None, run_metadata=None):

self._extend_graph()

with errors.raise_exception_on_not_ok_status() as status:

return tf_session.TF_Run(session,

options, feed_dict, fetch_list,
target_list, status, run_metadata)

def _extend_graph(self):
with errors.raise_exception_on_not_ok_status() as status:
tf_session.TF_ExtendGraph(self._session,
graph_def.SerializeToString(), status)

KASIE

class BaseSession(SessionInterface):
def close(self):
with errors.raise_exception_on_not_ok_status() as status:
tf_session.TF_CloseDeprecatedSession(self._session, status)

HERE

class BaseSession(SessionInterface):
def __del__(self):
try:
status = tf_session.TF_NewStatus()
tf_session.TF_DeleteDeprecatedSession(self._session, status)
finally:
tf_session.TF_DeleteStatus(status)
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as
>Z

=
=<1

Variable A& — i) OP, B AR (Stateful)s MELELELARIRSE, Variable Y
Kernel SEHLEL#4F A —1 Tensor L4, HA M 54— HXTE@#ER Tensor %
B, HoA: i OO AR UGEA (Step) HRL; 1M Variable X 2 MERERARL, £ 20T LUK
B RSE, ST RGE KD

9.1 SEAk @ ZMHRE

PA—A ] BB e e B RO i) O 7 g AL TR) A, U AL i Tl 25 7 ). L, (A
tf.placeholder E AT | IR E LT A2 Rdct, RN ENMESNGSK, &h
TE ST AR B LA

= tf.placeholder(tf.float32, [None, 784])
tf.Variable(tf.zeros([784,10]), name='W'")
tf.Variable(tf.zeros([10]), name='b')

X
W
b
y = tf.matmul(x, W) + b

TEA AR e 2 /i, WO AR e A TR . #2BSIHE, fH] tf.global_variables
_initializerQ) ¥ ArA 2RI EE, HXTHI TR

init = tf.global_variables_initializer()

with tf.Session() as sess:
sess.run(init)

BBEALY, HiEE A mE-1 ($128W) FiN.

F b, IEME-2 (F128W) Frn, SRR EEEE MG L, RN LIE.




128 BOE L
Add
b
MatMul Variable
w x
Variable Placeholder
9-1 HHB: Kkise
r " -
w ‘ Add ) b
w A > ‘(bl
arlable ©
zzzzz WiAssig:
Const —)( Assign
=3 init <
NoOp

B 9-2 #HHH: Kbkt

9.2 #iaRE

Variable & ML) OP, EHFARE (Stateful)o WIERMSEIEARIRSE, Variable HY
Kernel LI H#%5FH — 1> Tensor S, HAa3EI S Variable —%. XT38 Tensor
S, HAE R RO A GER (Step) AR 1M Variable X2 MM %AL (Step) #ARL, H 5
AR A B SO RS, BN R G IR

9.2.1 BELE

FAE )L BAE Variable B35k OP A TE U MR, 140 Assign, AssignAdd 5.
Variable JrHEA 1] Tensor LAG| R JT 2 A2 Assign 7, Assign HRAEHILAE (Initial Value)
BOHTHE, Wi E I Tensor NI, o LAG IR0 )5 46 % Tensor.

M A, Variable 7l LUG I Tensor HIEEET, Tensor FT 3z 514 A #RAE AL B
Variable B LM, &1, Variable 7] LAHHILAE Tensor WIFTAML 7. H40,

=
]

tf.Variable(tf.zeros([784,10]), name="W")

tf.matmul(x, W)

<
]
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z = tf.sigmoid(w + y)

w.assign(w + 1.0)
w.assign_add(1.0)

9.2.2 ¥ItAE

— e, AR, AU R TR A . F555 E, TensorFlow it T —4
FEITHAS e IGAB o Variable MRAEAILGE (Initial Value) #EH Variable HIEHRA ) If
i€ Tensor HIJZIR (Shape)o

B, tf.zeros FRM Variable FURIIAME, EMfiE T Variable BIZEAN int32, H Shape
4y [784, 10].

W = tf.Variable(tf.zeros([784,10]), name='W")

W RN, WS RAIRERN T L OP 4.

9.2.3 #¥Ia{LES

AN, A RIIA S (Initializer) FERIIAILITIE], KR IAILAEIR T Variable PAIRAT
+5H Tensor, EAL Variable HYRLHIAE .

TEAF B 2 1, RS R IA L B ORI IG o HSL b, AP RpIa i fe, Blis
AR IR I 25 o

TR B wi5E L, TTRAIN R S8 w HRIIA L. HAL, W.initializer SZB5_ B9 Assign
] OP, %42 Variable BRIAMIFIIAILES,

with tf.Session() as sess:
sess.run(W.initializer)

— H5ERL Variable FI#JIGL, HAER SESDHE. FETTLMEH Assign &R OP(f)
1 Assign, AssignAdd %¥) {24 Variable H{H.

TR 2, fE TensorBoard H1 /R Assign BYHIA , Hal i FHEER ref #riRo 4L
P52 WA s, BN E SR IR, BRI T DAG(A RITCERE) FEARTT R o
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i
©
i
K
i

9.2.4 'REB

SR B B e AR, A Identity ° o S5 A b, B AR i TR A 1Y Tensoro
Identity 2% Variable F15 | HIARIR, [FIIHo G 1 N 45 Do

Identity ##4F Variable HFEA— AR (Snapshot), /R Variable 4 HTHI{H

F5L E, 18T Identity #4 Variable #4745 A58 Tensor, 158 REMIZATH Tensor
AR

9.2.5 TEFHE

B, AR W RE LT

W = tf.Variable(tf.zeros([784,10]), name="W'")

tf.zeros([784,101) M NVIUGE, BEIVIIGLE Assign, 4 w AEFFA T Tensor
PAS| AT sk #0825 RiZ 1 Ba s [EIRY, Identity Z5B% T Variable 95 H#FRIN, SZHLT
Variable BJ1ZHL,

7 2

W
zeros W/Assign W/read
Const = Assign
“‘\“ref /
(w)
Variable
J

9-3 XETH

9.2.6 ¥MIR{LIIE

O R, B3 tf.global_variables_initializer() A 28w AR IR 1L 4%
LR, S85)H3) Session i5171% OP.
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init = tf.global_variables_initializer()

R b, WMAETA 2RI ER OP 21> NoOp, RIAERA, WAFLE
Htho AR RERIRIIR A AR FEH IR A0 5% NoOp MHIE, PRIEFTA 1Y 42 R s
o

zaros
Const

‘G--‘

9-4 #¥A OP

9.2.7 RfIXKHE

[ 7 0% R — P RF IR I I A R OC Re M 55 WL, Assign, Identity X W OP 5
Variable K RN HE %, 0L 7 RIER 3B Fit, BT Variable ££[H]
—A A BT XFERRR, EMONFEIAZIE R (Colocation)o

AT LATE Assign/Identity 15 _E¥8E _class JEMEMH: [s: "loc:ew"], BEFRRNEXM T OP
5 wHER—1 ks EiBlT.

B, LA W/read TR0, T RHINT _class JBYE, fRnS w BYRIGOC R

node {

name: "W/read"
op: "Identity"
input: "W"
attr {

key: IITII

value {

type: DT_FLOAT

}
attr {
key: "_class"
value {
list {
s: "loc:@W"
1
1
1
1
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i
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9.2.8 ¥lIR{LikEs
SRR T T BT 55 S — A ORI IG I, T Sk b B . i, A5
BV EIGERET W EEIAME, T LGN W, initialized_value() $55E-

tf.Variable(tf.zeros([784,10]), name='W"')
tf.Variable(W.initialized_value(), name='V'")

=
o

P, P Identity %, HAMAIN TARREERL, FIE wAE v ZHTEIA
fEo HLAL, FFAEMA Identity #Y OP, (HEASTA—HE, E 19055 AN HARRURI AL Hi 132

—~| <
—

V]
Variable
A
/l ref \
/
V/Assign V/read
Assign Identity

,////Wlll

Identity

A
~
~
LY
N\ -
X =

zeros W/Assign W/read
Const > Assign Identity
\ref ///

(w,
Variable

M’.

B 9-5 #ndsik

FIREHL, ATLLET A tf.global_variables_initializer() W25 &1 FrE ®I G gtk
LR, X538 Session 58 TA 2 IR, o
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init = tf.global_variables_initializer()

RIS R, BINIEINT W/Assign 5 Identity Z IR MIRASIL, AT TS b 5K
BT WAE v ZBEISEANA, I w M ETRIRIIGE, BASER v BIRIA .

g B

A
v)
Variable
A
7
/ ’ ref \
V/Assign V/read

5,

zeros W/Assign W/read
Const > Assign Identity
<
\ re

{(w
Varia{)le

9-6 #¥E OP

9.2.9 ¥iE1LEETIFE

T LMEA variables_initializer FEEAS w7 K AR IR a5 o ;iEP, group s
— MU T _initialier_list() BJ NoOPo

def variables_initializer(var_list, name="init"):
def _initialier_list():
return *[v.initializer for v in var_list]
return control_flow_ops.group(_initialier_list(), name=name)

B, R AR LAR 15 T LA T A4 .




134 %O E Ah
def global_variables_initializer():
return variables_initializer(global_variables())
93 TEnNdA

BRINHE, Variable HEXI 7054 R AL AR ARG e IEA0 LG, w, v BEhXID 2
GRS RIS R A

93.1 £RT=E

A LA tf.global_variables() J7{HHIIG R4 R R ES . EHMMRIRET, 27
S RELE AN IR] B HERR A LBl 2 =

K

def global_variables():
return ops.get_collection(ops.GraphKeys.GLOBAL_VARIABLES)

Al LLEN tf.local_variables() J7{HHIAG =AM AR G (15 &

def local_variables():
return ops.get_collection(ops.GraphKeys.LOCAL_VARIABLES)

B LMEH local_variable HYTEEEM, WE— AR 5.

def local_variable(initial_value, validate_shape=True, name=None):
return variables.Variable(
initial_value, trainable=False,
collections=[ops.GraphKeys.LOCAL_VARIABLES],
validate_shape=validate_shape, name=name)

AHAS R FORHERE N B AR B E AN B K (Checkpoint), (UHTF IS
W AR i g BN, AEArsCERsE (R A B iE S % R E 3R AE 1 Epoch 2L
Ho
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9.3.3 JI&ET=E

T LAETE tf.trainable_variablesQ) MR INEL RHES . EEEFEIP, JIgGE R
FNERIZH

def trainable_variables():
return ops.get_collection(ops.GraphKeys.TRAINABLE_VARIABLES)

9.3.4 global_step

global_step /&MY Variable, EAEIIZGL T, (HEE PR R, 5040
IR, global_step M TIBEECISAT step HIIREL, FHAEA [FERE ] 5L E ﬁﬁ%ﬁﬁrj,Vo

G13—1 global_step AJ LA AN K%K :

def create_global_step(graph=None):
graph = ops.get_default_graph() if graph is None else graph
with graph.as_default() as g, g.name_scope(None):
collections = [GLOBAL_VARIABLES, GLOBAL_STEP]
return variable(
GLOBAL_STEP,
shape=[],
dtype=dtypes.int64,
initializer=init_ops.zeros_initializer(),
trainable=False,
collections=collections)

9.4 RS I WETE

N AR SEEL, ALY Variable 1 fA] LA AL o

class Variable(object):
def __init__(self, initial_value=None, trainable=True,

collections=None, name=None, dtype=None):

with ops.name_scope(name, "Variable", [initial_value]) as name:
self._cons_initial_value(initial_value, dtype)
self._cons_variable(name)
self._cons_initializer()
self._cons_snapshot()

self._cons_collections(trainable, collections)

¥i& Variable SEB1, FEAEIHUNIT LA LER:
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i

1

K
il

9.4.1 MIE¥IRE

def _cons_initial_value(self, initial_value, dtype):
self._initial_value = ops.convert_to_tensor(
initial_value, name="initial_value", dtype=dtype)

9.4.2 HiELT= OP

Variable M54 A {E R ZE RN/ NS RE H BhHER .

def _cons_variable(self, name):
self._variable = state_ops.variable_op_v2(
self._initial_value.get_shape(Q),
self._initial_value.dtype.base_dtype,
name=name)

9.4.3 HIEMIEILER

Variable IR IR A B A& — Assign, EHFA Variable B35 H, F08H W) MR E T

WA A S

def _cons_initializer(self):
self._initializer_op = state_ops.assign(
self._variable,
self._initial_value).op

9.4.4 MJIEIRER

Variable FJHRIEA T /& Identity, #7~ Variable HJ4H1{H

def _cons_snapshot(self):
with ops.colocate_with(self._variable.op):
self._snapshot = array_ops.identity(
self._variable, name="read")

9.4.5 TE4H

BRiAML, Variable R4 R EEST; R trainable AE, NIFERNIZ

WHZBEL, RIS BN R HE AT

/

M
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def _cons_collections(self, trainable, collections)
if collections is None:
collections = [GLOBAL_VARIABLES]
if trainable and TRAINABLE_VARIABLES not in collections:
collections = list(collections) + [TRAINABLE_VARIABLES]
ops.add_to_collections(collections, self)
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A%

TensorFlow ] Session /B2t 4o Wi, 2B LMEHE— Session
SER, IR AT — A E SEFI A TE OP; TensorFlow 047 5|28 2ARPak A S H X 1]
SETETRL 45 2] — i/ M) 714 .

Wt, it 2 2RI FE 1 Session SLH, FAMMATRE T ELPIHIAF OP,
AR T 2 Rl L AT

XFT MBI AR, ATLATE S K% Session ZLRERIIFARETST, TRTTIIZRAIIERE. 1]
wn, WA T ERE TR ZRE R, TR AR il gRr EWs TS A4
B AAR T, FFEM batch_size HYR/N—PHUKBGENZEAR , H R 3ERAYIIZRd .

ARICKG PR EIRTE AR B B A I, ARSI, SRR P as, S A
Enqueue OP FITHI QueueRunmnero

10.1  BA%

TE TensorFlow HIHITEEEH | Queue & —Fh¥ il 1M E K T H . Bk, Queue
MR OP, 5 Variable 2581, B2 IRAEM OP.

52 L, Variable #iA KXHHT Assign FEBIHRER OP, Queue A5 22 KHHY
OP, i Enqueue, Dequeue, EnqueueMany, DequeueMany 55 OP, EJEIREEZEN Queue
FIRAS -

10.1.1 FIFOQueue

HE—RE T L, M T — FIFoQueue PASY; SRJE, EIFEE IR NT —
™~ EnqueueMany, 1% OP FTTEBAFISLERIE N 1 ek DIe K, Hik, HEm—"1HEW
Dequeue; H)i7, HHBATTHEAMEIGI 1, FRISHERAB . fEEIITHEEMITZAT, 5 E
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AT I FR -

q = tf.FIFOQueue(3, "float")
init = g.enqueue _many(([0.,0.,0.],))

X
y
q

g.dequeue()
x+1
inc = g.enqueue([y])

init.run()
q_inc.run()
g _inc.run()
g_inc.run()
g_inc.run()

B 10-1 A4yl

AT EnqueueMany FRAEI , 1 EIRPRAI N EFTR

q = tf.FIFOQueue(3, "float")
init = q.enqueue many(([0.,0.,0.],))

equeue()

x = q.d
y = x+1
g_inc = g.enqueue([y])

init.run()
gq_inc.run()
g _inc.run()
q_inc.run()
g _inc.run()

[OOO.Q

B 10-2 HE#ATM: 47—k EnqueueMany
PATH—2 Enqueue Ji, ITHEEAPIRASW FETR.

q = tf.FIFOQueue(3, "float")

""""" init = g.enqueue _many(([0.,0.,0.],))
* x = q.dequeue()
Enqueue y = x+1
g _inc = qg.enqueue([y])
[
init.run()
] Add g_inc.run()
0 g_inc.run()
0 q_inc.run()
g _inc.run()
Dequeue 1

10-3 BE#ATH: 47—k Enqueue
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10.1.2 AIE

BAF R Zrrp P B A 0, R SO IRR R NEH) Pipeline, JIZ5RASAL  # H
RandomShuffleQueue MIMERIEAL . b T Hem 10 WAt nLAMEH 22, FF A
RE ARG B MBI AR o SR, IR R AREE AT train_op B, — kK
I batch_size R/NYHEIAEARL S -

W50, BAFUAE Pipeline 123 1 57 20 Ml AN AU S HLHU DI RE, 1X 45 Pipeline
HOBSE TR SEBAT AR A A 25 1] o

TEEEAE, N TSI SRR KA KRR, R B R I A ]

1. 4o fT B B4 BT R 69 542, REREFFIRE?
2. do AT I Z M@ A F) 18 Ao kE RSB

BlIY,, TensorFlow 11T tf.train.Coordinator A1 tf.train.QueueRunner B35, 4
bally a7 e LR ST

XA LS AL, Coordinator T 2 AR FIATEE izl T, FEH MRS 1EE A
LRI A 95, 1 QueueRunner BIEE T —4ZME, FEEMEZ AR OP(BIAI Enqueue,
EnqueueMany) HIEATo

10.2 1A
Coordinator Mt T —FhEIHE: (F —4HZ AT R BBALE . BIA 3 DTEEN T E:

1. should_stop: F#IB7 % AT &AZ & F & % 3B
2. request_stop: K PTA LAZIF LPAT
3. join: FHHAH KARIF LHAT

10.2.1 ERAE

—t, EREFFE AN MRS A Coordinators

coord = tf.train.Coordinator()

threads = [threading.Thread(target=MyLoop, args=(coord,))
for 1 in xrange(10)]
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for t in threads:
t.start()

coord. join(threads)

{482, HnT LB M coord. request_stop, iBAIH MBS (FT0FT. K, 4F
MEFENEARII T, BV EH A coord. should_stop()o —H. coord.request_stop #1f
H, HALLFER coord. request_stop() ¥ 7 BIHR[] Trueo

R, AR RS AT O T SE

def MyLoop(coord):
try
while not coord.should_stop():

except Exception as e:
coord.request_stop(e)

10.2.2 BELTE

MENLRERET R, WA LLUENT coord. request_stop(e) i T & 4 .

try:
while not coord.should_stop():

except Exception as e:
coord.request_stop(e)

AT HBES A ER A EE AT, W LAMEMA coord. stop_on_exception() WL X
piiIEN

with coord.stop_on_exception():
while not coord.should_stop():

Hrp, ZRHHRRFE coord. join PREFLH . R, TR EAE EHAL I

try:

coord = tf.train.Coordinator()

threads = [threading.Thread(target=MylLoop, args=(coord,))
for i in xrange(10)]
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for t in threads:
t.start()

coord. join(threads)
except Exception as e:

10.2.3 52&% : LoopThread

10.3 QueueRunner
—~ QueueRunner LHIFFE —12k L2 Enqueue FIAFL OP, B N%EF1 Enqueue OP J&

Bkt

Collection EnQueue OP

GraphKeys . QUEUE_RUNNERS

* Enqueue
1..%
Graph —— > QueueRunner
EnqueueMany

*

B 10-4 TensorFlow #%ZE#

10.3.1 iE£#t QueueRunner

" LLEH tf.train.add_queue_runner 3T E EHFIEM QueueRunner SEH, I EUKGHGR
Hn% GraphKeys .QUEUE_RUNNERS £E& 7.

def add_queue_runner(qr, collection=ops.GraphKeys.QUEUE_RUNNERS):
ops.add_to_collection(collection, gr)

10.3.2 #11T QueueRunner

A LA A tf.train.start_queue_runners B}, © 4 MiTEEF 2 A QueueRunner
e, A QueueRunner SEBIHELHFTA Enqueue OP, A%EET OP J38h— 1 4k1E.

def start_queue_runners(sess, coord, daemon=True, start=True,
collection=ops.GraphKeys.QUEUE_RUNNERS):
with sess.graph.as_default():
threads = []
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for gr in ops.get_collection(collection):
threads.extend(qr.create_threads(
sess, coord=coord, daemon=daemon, start=start))
return threads

%E QueueRunner.create_threads ffﬁEqﬂ, ﬁﬂ}if@f?ﬂ@i§4\ Enqueue KA OP Jgshig
PHHIZAE o

class QueueRunner(object):
def create_threads(self, sess, coord, daemon, start):

threads = [threading.Thread(
target=self._run, args=(sess, op, coord))
for op in self._enqueue_ops]
if coord:
threads.append(threading. Thread(
target=self._close_on_stop,
args=(sess, self._cancel_op, coord)))
for t in threads:
if coord:
coord.register_thread(t)
if daemon:
t.daemon = daemon
if start:
t.start(Q)
return threads

£ 1T Enqueue

A~ Enqueue TRFEWGEACIAT Enqueue OP. 244 4 OutOfRangeError SIS, ¥4 H
BRI, FHBH AR (B, R A4 HAERIR 5% 238085 Coordinator 15
IEFTA SRR IB1T, HHRH T4,

class QueueRunner(object):
def _run(self, sess, enqueue_op, coord):

try:
enqueue_cdllable = sess.make_callable(enqueue_op)
while True:
if coord.should_stop():
break
try:

enqueue_callable()
except errors.QutOfRangeError:
sess.run(self._close_op)
return
except Exception as e:
coord.request_stop(e)
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W5 T BA Y S 1]

FHAN, IRZEE Coordinator LA, QueueRunner L ENAMNE 81— 26H2 ; 24 Coordinator
S Al &V P request_stop JTENE, 4G BB B

class QueueRunner(object):
def _close_on_stop(self, sess, cancel_op, coord):

coord.wait_for_stop()

try:
sess.run(cancel_op)

except Exception:
pass

HH | Queue I Cancel OP 5 Close OP #B& K IAIBAA, {H/E Cancel 0P &HisH B2 4T
f] Enqueue OP %1J3, {H Close OP NILREH EZE(FH] Enqueue OP 513,

10.3.3 XFABATY

MBI, M TAR22 Enqueue W27 A 551% » (HAE, X TAE(T2% Dequeue
SRR IR, KNS hiEE TR, &0, Dequeue ¥4 7 RIZEM, #lH OutOfRangeError
S, MASPHESERFELZ TTEMA.
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OP Z[Frit

11.1 OP B9;E

£ C++ B AL, RZENHLE, REEKTA OP WiEM. OP WyyEM&iEid
REGISTER_OP %52 /i .

11.1.1 REGISTER_OP

SCJfi L, REGISTER_OP E X T —EAEEMIN DSL, £t H sh5e 7 B n I BiFEE
ik, IPBEEHA oppef INNEBETR, BafR{FTE OpDef MY ZEH

Register OP OpDef
' \ g ~\
REGISTER_OP("ZerosLike™) op {

nput(x: T name: "ZerosLike"
Output('y: T input_arg {
Attr("T: type™) name: "x"
.SetShapeFn(shape_inference: :UnchangedShape) type_attr: T
.Doc(R"doc( 1

output_arg {
name: "y"
type_attr: "T"

Returns a tensor of zeros with the same shape and type as x.

Xx: a tensor of type T.

y: a tensor of the same shape and type as x but filled with zeros. attr {
ddoc"); name: "T"
type: "type"
}
\. J \. J

11-1 REGISTER_OP: iz#t OP #5%A%

11.1.2 EiaiEO

struct OpRegistryInterface {
virtual ~OpRegistryInterface() {}

virtual Status LookUp(
const string& op_name,
const OpRegistrationData** op_reg_data) const = 0;




148 811 & OP &AJhie

Status LookUpOpDef(const string& op_name, const OpDef** op_def) const;
};

}itﬁ, OpRegistrationData RT OP WP 5 AN B ST &L - OpDef = OpShapelInfer-
encefn; Hi& ML OP BN /M SRR, BIE&IER, MAEARK R, FEHT
& OP 1 Shape HIHEBERLNI .

struct OpRegistrationData {
OpDef op_def;
OpShapelInferenceFn shape_inference_fn;

’

using OpRegistrationDataFactory =
std: : function<Status(OpRegistrationData*)>;

11.1.3 OpDef €

SR SRAIEIRWIAE LRI o S T AL IR BRI IA  UAL S T R B AR AD EE A, BA
fEHF B R Z PR OpRegistry FY TAEJHE,

struct OpRegistry : OpRegistryInterface {
OpRegistry(Q);
~0pRegistry() override;

void Register(const OpRegistrationDataFactory& factory);

private:
Status LookUp(
const string& op_name,
const OpRegistrationData** op_reg_data) const override;

private:
using Registry =
std: :unordered_map<string, OpRegistrationData*>;

mutex mu_;
Registry registry_;

b

Status OpRegistry::Register(

const OpRegistrationDataFactory& factory) {

auto op_reg_data(std: :make_unique<OpRegistrationData>());

Status s = factory(op_reg_data.get());

if (s.ok()) {

gtl::InsertIfNotPresent(&registry_,

op_reg_data->op_def.name(),
op_reg_data.get())

1

if (s.ok()) {
op_reg_data.release();

} else {
op_reg_data.reset();

return watcher_status;
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Any fool can write code that a
computer can understand. Good
programmers write code that hu-

mans can understand.

- Martin Flower

AT

TensorFlow 0] LAIHSZ HGEATAE— N ERE N, SEat BRI Tt . ABEESA9H
AHISA T R FEAR B STl B RTHE T R ITE. s il PUTEFE LIRS
Wy HEHIFIRFAEAMBTS, BigE R OP Z [MAWH s B TAENLE, MH OP fEiX
5 _EIgWHE (placement) H5 o

12.1 7Rl

mEi12-1 (F15170) Fw, FEAHET, Client, Master, Worker H#33E7E [Rl— G HLAT
Bl —iFFEN, I DirectSession [FHH3HIX =, DirectSession & T(EAMh 1 HEFE
W, FIRSS SER 2z Bl R EOR H OE R .

Intra Process
. Session.run
[ Client ]—)[ Master ]

Execute
Subgraph

Worker

( CPu@ ) ( CPUn ) ( GPU@ ) ( GPUn )

12-1 AKX

Client BT EEREE, B Session.run, B3I EEMWHFIERE. E12-2
(#152%) Firn, £ run_step BUATIEREZ ) W AHEIERIBIR. 05 $AT =1 EE N
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B
' N
IntraProcess
FullGraph
Partial
prune Execute
ClientGraph

PartitionGraph

GPUL

( IntraProcessRendezvous ]

E 12-2 AbiEX: B#HEM%E

12.1.1 EoAIT

Master W EEHATHSE, HIHHEE TR SERAE. SRR TSR A5 A
i, S — D E MK 7, HHON ClientGrapho

WAtV , FRRIAT run_step B, HEARSHATENITEIE (FullGraph), M EHATH50
BT Ee BIRRILT TensorFlow w07 ST HE &

12.1.2 FEZ#HIT

WG, BITHIZRYATIREETHEN DR, 2 TRZTHE, B0 TERKRA
PartitionGraph; ZAJ5fill & &1~ Worker I & #0174 PartitionGraph; X+ 4&F—1
PartitionGraph, iZ/7HP¥ JE 30— Executor, %M EFFMEFFEA PartitionGraph FIHR
o

WYL, HRAHITRELT TensorFlow JF AT & .

12.2 SiREH

EARMBERT, Hiz{THH DirectSession #Mile — MM, DirectSession $HATIHHEIE
B, SR AR REOR FHE R . (B2, DirectSession tLEFEAETR MY A= iy 31 BEAIL G
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mm|12-3 (F1531) Fimo

|
sess >
e S 1
| |
| |
: Create(graph_def) N'
| ok |
< B
! !
; Run(inputs, output_names, targets) .;‘
[
¢ o ____Outputs _l
< ;
| |
| |
| |
| Close |
| » >
o
Si—————————— .
| |
| |
| |
| delete
: g

12-3 DirectSession %4 )84

12.2.1 SumiREy

WmAE12-4 ($153R) 7N, DirectSession #FH SimpleGraphExecutionState L4, J&
%Jﬁ%‘fﬁggﬁ/ﬂﬁjﬁ, AR ClientGraph SEA

DirectSession [AIIRFA —HLFEM, [H/2IX DirectSession.run [, HRAESMRNCE
E/‘]?ﬁ%l, M AR e H— A HAR AR S5« A8 DirectSession %?ﬁﬁi‘?éﬁ/‘], BER 2
DIEATI DirectSession.run, BIELARIATIZETT2 > Zefd it L4
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SimpleClientGraph |

[

prune(feeds, fetches)

|SimpleGraphExecutionState|

state

* .1 1..
Devife |<+———————1 DirectSession | ThreadPool

(B L

split_by(devices)

| Executor

(B

run

| PartitionGraph

& 12-4 DirectSession AR # 4% 4!

12.2.2 BIEESIE

WMAE12-5 ($154R) 7N, DirectSession Hi DirectSessionFactory 27450, HM,
DeviceFactory: :AddDevices A AR M A2

HH ) DirectSession H1E#E5E I AL 1 A1 o

create

| Session |<—| SessionFactory |

| |

- N create X X
| DirectSession |<—| Dlr‘ectSessmnFactor‘yl

12-5 % & 4] DirectSession

struct DirectSessionFactory : SessionFactory {
bool AcceptsOptions(const SessionOptions& options) override {
return options.target.empty(Q);
1

Session* NewSession(const SessionOptions& options) override {
std: :vector<Device*> devices;
DeviceFactory: :AddDevices(
options, "/job:localhost/replica:0/task:Q", &devices);
return new DirectSession(options, new DeviceMgr(devices));
}
3
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Hr, DirectSessionFactory::NewSession H C API i 4.

Status NewSession(const SessionOptions& options, Session** out_session) {
SessionFactory* factory;
Status s = SessionFactory::GetFactory(options, &factory);
if (!s.ok) {
*out_session = nullptr;
return s;
b
*out_session = factory->NewSession(options);
if (*out_session) {
return errors::Internal("Failed to create session.");

}
return Status::0KQ);
}

TF_DeprecatedSession* TF_NewDeprecatedSession(
const TF_SessionOptions* opt, TF_Status* status) {
Session* session;
status->status = NewSession(opt->options, &session);
if (status->status.ok()) {
return new TF_DeprecatedSession({session});
} else {
return nullptr;
}
1

TE DirectSession M4 A& H, AT HAUSMR IR IAIL , BIFGZAE AT A2,
HJ#E CancellationManager SEfo

DirectSession: :DirectSession(
const SessionOptions& options,
const DeviceMgr* device_mgr)
: options_(options),
device_mgr_(device_mgr),
cancellation_manager_(new CancellationManager()) {

12.2.3 $HESIE

i SessionFactory FIT new iK1 DirectSession, Hi C API 1757 delete f#.

void TF_DeleteDeprecatedSession(TF_DeprecatedSession* s, TF_Status* status) {
status->status = Status::0KQ);
delete s->session;
delete s;

3

BfiJ5, DirectSession WINTHARRELHIA A, © MIOHFHH MTTE M RAe i, 1384
}E Executor 5U%§, ThreadPool §U%§, CancellationManager S
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DirectSession: :~DirectSession() {
for (auto& it : partial_runs_) {
it.second.reset(nullptr);

}

for (auto& it : executors_) {
it.second.reset();

}

for (auto d : device_mgr_->ListDevices()) {
d->op_segment()->RemoveHold(session_handle_);

delete cancellation_manager_;

for (const auto& p_and_owned : thread_pools_) {

if (p_and_owned.second) delete p_and_owned.first;

execution_state_.reset(nullptr);
flib_def_.reset(nullptr);

12.2.4 SI&/§RHE

HXYRAE, ST el JREBUEERA TR AR, BhEe .
g8, BT TS BT R, AR R TS PO RO AR A

Status DirectSession::Create(const GraphDef& graph) {
if (graph.node_size() > @) {
mutex_lock 1(graph_def_lock_);
return ExtendLocked(graph);

}
return Status::0KQ);
}

Status DirectSession::Extend(const GraphDef& graph) {
mutex_lock 1(graph_def_lock_);
return ExtendLocked(graph);

3

LOJE T FERT ) DirectSession FEESER, SimpleGraphExecutionState S AIZEE . 40
B/12-6 (F156]) JIT7N, SimpleGraphExecutionState SR FullGraph PHRIAS 2 A SE4 -
Graph 5 GraphDef, JfHE MTTE HMLEY" FullGraph BRI
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Full Graph

Graph GraphDef

N\ /
gr‘aph\ /gr'aph_def

SimpleGraphExecutionState

12-6 4/# SimpleGraphExecutionState %4

iiq”, SimpleGraphExecutionState ) = R DAL dE

1. #1i% FullGraph: & ’EFE DirectSession.Create;
2. HATR £49 OP %HFH & KAAE DirectSession.Create;
3. HATE 89 T B RAE: KAFE DirectSession.Rune

YPAT DirectSession::Create I, H4QI%E SimpleGraphExecutionState SEAi|, F58 K
FullGraph S RIRAEERIRIURAL -

Status SimpleGraphExecutionState: :MakeForBaseGraph(
GraphDef* graph_def, const SimpleGraphExecutionStateOptions& opts,
std: :unique_ptr<SimpleGraphExecutionState>* out_state) {
auto ret = std::make_unique<SimpleGraphExecutionState>(graph_def, opts));

AddDefaultAttrsToGraphDef(&ret->original_graph_def_, *ret->flib_def_, 0));

if (!ret->session_options_->config.graph_options().place_pruned_graph()) {
ret->InitBaseGraph();

3

*out_state = std::move(ret);

return Status::0KQ;

iiEP,SimpleGraphExecutionState::InitBaseGraphﬁ%ﬁﬁ FullGraphéA GraphDef ] Graph
Hks L HIE3D SimplePlacer ) OP ZmHERA .

Status SimpleGraphExecutionState: :InitBaseGraph() {
auto ng = std::make_unique<Graph>(0OpRegistry: :Global());

GraphConstructorOptions opts;
ConvertGraphDefToGraph(opts, *original_graph_def_, ng.get());

SimplePlacer placer(ng.get(), device_set_, session_options_);
placer.RunQ);

this->graph_ = ng.release();
return Status::0KQ);
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El#3i& : GraphDef -> Graph

WIJF4f, SimpleGraphExecutionState 5EIH/2E GraphDef, IXAZfJRIHHIELE . B H
Client ¥ P FIMIRIEIE R C++, A R P 7S 2 E54 .

mE12-7 (F157W) s, B ConvertGraphDefToGraph % GraphDef S {45
HEEMY Graph SEB; [FHE, 0 LU A Graph.ToGraphDef ¥4 Graph S5 4% # ok 55 4/ 11
GraphDef L.

Hrp , GraphDef AEAd A protobuf A AFAER S5 s CaST @Fﬁﬁﬁ%ﬁ%@; m Graph
MBI RS T I THEIA B Z5H I ST 5, B Graphef HITCEGRE, JFELE
HERLSEHWHHEER.

graph = ConvertGraphDefToGraph(graph_def)

GraphDef Graph

graph_def = graph.ToGraphDef()

B 12-7 GraphDef 5 Graph i) X%

OP %4 : SimplePlacer

OP 1%tk (placement) fiFHYE, FitEE PSR OP Rlim R )y L B S 1E 1)
B L, DS BHRIRI AR, aT LU i B 12-8 (15870 .

Input: G ={n,ny,...n,}, D=1{d, d,,....d }
Output : d= arg rgﬁgl C(n,d) forVneG
Cost Model: C(n, )RR mnoREiREd EHRITHFHE:

1. MRVPREREIEFFESH, HFSELHEK
2. T RN A AT

3. T RAnTEIREd LTI E T

4. BRIV EEET /ol EfS 1T,

B 12-8 #FABEA

RBURACHIZHE T 58, TS NP (Ao % [FBBR T R ARHIE, M2
MR, HEAMESZ NN NE, LR AL X a2 —




12.2 &gt 159

12.2.5 &ERAIT

DirectSession.Run 72 TensorFlow iafTHT B8 %1% , BRMIRTE R UGER T L B ,
DirectSession MRAEHIA /Hi HXT FullGraph SEHEBIRE , 42K ClientGraph; FA)E , IRAEFTHA
AR, W ClientGraph 2324 NZ 4 PartitionGraph; &1 TH M HAE PartitionGraph
JH8I—1 Executor S JaE AT PartitionGraph E"]Tﬁﬂ‘ﬁlf}?%:?%, FERCOH R AT

BRSEL, 2 12.3% (4, 124% (9 2), 12.5% (#47).

WmE12-9 (F158W) fion, EAMBGUT, RSN =M ANZR, A0
ERMITERRE L, MESIAES TS EIFARIT 7.

Graph

1..1 *
FullGraph |—>| ClientGraph |—>| PartitionGraph

prune(feeds, fetches) split(devices)

B 12-9 Bx#

o FullGraph: Client 1 BT#IiEE A SE B ITE I, WHA FullGraph; 1HAZ, —IX Ses-
sion.run JFASHATREAIHEIA;

o ClientGraph: Master HR#E Session.run 1% feeds, fetches fiAfHFIZE, X Full-
Graph ;Eﬁ@*ﬁﬁﬂf, i‘l‘%ﬁ%?”ﬁﬂ%ﬁﬁhﬁE/‘J%/J\ﬁ‘iﬁ¥[§], W ClientGraph;

e PartitionGraph: Master MR Y ATTHE IR, LIH OP MIRELAHRME, ¥ Client-
Graph 7322 PartitionGraph; H A, HMIHHE &R N —1 PartitionGraph,
TR 4 15T PartitionGraph HYHAT .

{H2, FullGraph, ClientGraph, PartitionGraph MIEUHEZEAIMHE, BN1EE Graph =

FORRIRIIH R, SUUA/NRITEE (7522 5.0

15544

TEREM ARG, A T2 C++ M. HH, TensorFlow E17
A SCHEER 2N run_stepo INE LRGP W SGL 2 M40, A0 K IEER TR
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W T R B IA , B A run_step HYSEHLFE .

def do_run_partitions(executors_and_partitions):
barrier = ExecutorBarrier(executors_and_partitions.size())
for (executor, partition) in executors_and_partitions:
executor.run(partition, barrier)
barrier.wait()

def run_partitions(executors_and_partitions, inputs, outputs):
frame = FunctionCallFrame()
frame.set_args(inputs)
do_run_partitions(executors_and_partitions)
frame.get_ret_vals(outputs)

def run_step(devices, full_graph, inputs, outputs):
client_graph = prune(full_graph, inputs, outputs)
executors_and_partitions = split(client_graph, devices)
run_partitions(executors_and_partitions, inputs, outputs)

He FEFMENRE L, H3I—1 Executor $ATHECL B PartitionGrapho 4%
— M EIRARITE LY PartitionGraph ZJ5, ExecutorBarrier HITAERN 1, HE
FrA 1545568 PartitionGraph FIFEMIHAT, barrier.wait() PHEERAEIRE

5 PartitionGraph Z [A] A REAFAEEIRAK I OC 22, B2 [AlEIS A Send/Recv
T ESERAE H. %§§ZJ:, ffjiﬁﬁﬁifttp, Send/Recv ifid Rendezvous FEEIEACHLHT - Send
WHAR AL Rendezvous -, T Recv NIARFEHRINM Rendezvous HUE. HH1, Send ANPHZE,
1M Recv +&FHZERT

12.2.6 XHA<IE

Status DirectSession::Close() {
cancellation_manager_->StartCancel();
{
mutex_lock 1(closed_lock_);
if (closed_) return Status::0KQ);
closed_ = true;

}
return Status::0KQ);
}

WME12-10 (F16071) A, ¥ Step IHEMES DirectSession ) CancellationManager <
Fo 24 DirectSession #iFRMIAT, DirectSession I CancellationManager, F4IIHIXIX step
HIPATIS R
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' N\
Step
register(token®, callback)
- - FIFOQueue
Session

context

- run .
CancellationManager | CancellationManager
\ context
register R R
PriorityQueue
register(tokenl, callback)

B 12-10 CancellationManager TAE/R 32

Status DirectSession: :Run(
const NamedTensorList& inputs,
const std::vector<string>& output_names,
const std::vector<string>& target_nodes,
std: :vector<Tensor>* outputs) {

CancellationManager step_cancellation_manager;

CancellationToken cancellation_token =
cancellation_manager_->get_cancellation_token();
bool already_cancelled = !cancellation_manager_->RegisterCallback(
cancellation_token, [&step_cancellation_manager]() {
step_cancellation_manager.StartCancel();

s

24T Step B CancellationManager fxZ£x{%iB%G OpKernelContext. Kernel SEHLIT 5
N, AUERORAE T R PR, oI LA H A R B R 8 7 o o S IRl 44 4R A E— Y

token FRiH.

24 Step HEEBGHAT, [ 78 | 1% Kernel °] LABGH1Z OP BYTHEL. 40, FIFOQueue
SCHL TryEnqueue B, {H{FEAIK Step B CancellationManager JEM T FIA T, ATFEENIZ
Kernel HRIFPIRAE B o

void FIFOQueue: :TryEnqueue(const Tuple& tuple, OpKernelContext* ctx,
DoneCallback callback) {
ctx->cancellation_manager();
cm->get_cancellation_token();

CancellationManager* cm
CancellationToken token
bool already_cancelled;
{
mutex_lock 1(mu_);
dalready_cancelled = !cm->RegisterCallback(
token, [this, cm, token]() { Cancel(kEnqueue, cm, token); });
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12.3  BIfE

DirectSession: :Run %ﬂ??ﬁﬁ, HIE5E ClientGraph MM 3§§ZJ:, ClientGraph I
Pt FE . EESERL FullGraph MBTRIE Y Jf2EBL ClientGraphs

12.3.1 #% ClientGraph

WmE12-11 ($%1617) Fro~, SimpleGraphExecutionState SEHIHFA FullGraph SE61, I
ﬂ%ﬁ%ﬁﬁ}\/ﬁﬁﬂj§U§§, ARk ClientGrapho

Full Graph

Graph GraphDef

N\ /!
QPGPH\\\\ ////;raphdef

SimpleGraphExecutionState

prune(feeds, fetches)

SimpleClientGraph

B 12-11 £& ClientGraph

Hrh BuildGraphOptions f1& THi A /4t %13, W SimpleGraphExecutionState: :BuildGraph
RS ClientGraph &6

namespace {
BuildGraphOptions build_graph_options(
const NamedTensorList& inputs,
const std::vector<string>& outputs,
const std::vector<string>& targets) {

std: :vector<string> inputs_sorted(inputs.begin(), inputs.end());
std: :sort(inputs_sorted.begin(), inputs_sorted.end());

std: :vector<string> outputs_sorted(outputs.begin(), outputs.end());
std: :sort(outputs_sorted.begin(), outputs_sorted.end());

std: :vector<string> tn_sorted(targets.begin(), targets.end());
std: :sort(tn_sorted.begin(), tn_sorted.end());

BuildGraphOptions options;
options.feed_endpoints = inputs_sorted;
options.fetch_endpoints = outputs_sorted;
options.target_nodes = tn_sorted;
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options.use_function_convention = !run_state_args->is_partial_run;
return options;
3
3

Status DirectSession: :Run(
const RunOptions& run_options,
const NamedTensorList& inputs,
const std::vector<string>& output_names,
const std::vector<string>& target_nodes,
std: :vector<Tensor>* outputs,
RunMetadata* run_metadata) {

std: :unique_ptr<SimpleClientGraph> client_graph;
execution_state_->BuildGraph(
build_graph_options(inputs, output_names, target_nodes),
&client_graph);

return Status::0KQ);
}

ClientGraph #UGK B JRIAHT FullGraph, YA RewriteGraphForExecution ER%L, #iR
Pati A/, X ClientGraph SCECL S #4E, EFEEEG MY A, sOMBR AT A, B2k
SimpleClientGraph L4,

const DeviceAttributes&
SimpleGraphExecutionState::local_device_attr() const {
return device_set_->client_device()->attributes();

}

Status SimpleGraphExecutionState: :BuildGraph(
const BuildGraphOptions& options,
std: :unique_ptr<SimpleClientGraph>* out) {

std: :unique_ptr<Graph> ng;
ng.reset(new Graph(flib_def_.get()));
CopyGraph(*graph_, ng.get());

subgraph: :RewriteGraphForExecution(
ng.get(), options.feed_endpoints, options.fetch_endpoints,
options.target_nodes, local_device_attr(Q),
options.use_function_convention);

}

std: :unique_ptr<SimpleClientGraph> dense_copy(
new SimpleClientGraph(std: :move(flib)));

CopyGraph(*ng, &dense_copy->graph);

*out = std::move(dense_copy);

return Status::0KQ);
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F, 3 ClientGraph T2, HIREEKFEA RewriteGraphForExecution, RIETR7EH: .
R A AR TR A /H I AEE SR T FullGraph, &5/ MORHET & ClientGrapho

L, KT ClientGraph BT AL, I TG MR AL, 09 TOETY
mho HIL, SRR, 7B PRI Y ) -

1. . & ClientGraph #FH 477, SMER09E4T B 45 % Tensor L AT &

2. Wl % ClientGraph 3+ T ARG, SM3RAGEAT B Ldm AT 4 7 £ 3K I Tensoro

FAEWFIEA . FunctionCallFrame Fll Rendezvous, ZMFBizfTHS S A/ H 17 sm] LA
{8 = — B St

FunctionCallFrame F T Arg/Retval BRECH Y OP, FT eRECH IS AL 3 pR A2 4K
i, MIIRFREUE. H2, BAUEH TR BTN IR

Rendezvous fl T Send/Recv 1HE &L OP, XAE—FH i@ HIEGE =, EHTS
A =B TH IR

12.3.2 E7F Rendezvous

ME12-12 ($16471) s, R4 fetches FIFE, RS RKHEAIT 5, HE feeds,
RS2 B/ M) 11K

T Feed HUIASEMEETR:, HIANEIHR: ina:0) i1, FEAEMALTE AT A Recv, FEIZHREIA
WA T 4% T A, Bl _recv_ina_0.

B, XT Fetch RO SUMBIRL, PIMITIRL £:0 1, FHAEMATRAT A Send 7,
FE I L B2 a4, B _send_f_0.

2, LA Source/Sink A, MG EIR EIF RIS PGHE AT T B TLE, B
SEEN DAG Ho
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_send_f_@ }k
ntr'ol
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@ 0
i”“:?/) @wnb:@
feed feed
_recv}ina_@ e @ _recv_inb_@

!/Ycontrol

control\

B 12-12 B H: 4 Send/Recv ¥ .4

12.3.3 &7 FunctionCallFrame

B2, Hi /%8I Rendezvous ST H YL AT BEAF AE L RE_E BUTRA. A 0 f5p Kk 1Y
Tensor i BB KB B, B, Tensorld, JLFLLM 7 HE— I FRFERARIN, Bmiik
TR AT ZAL SR AR Y 575 B AT B A TRD T4

ik, XA, FER—UFREAN, 4 Rendezvous S HEIRAFAEA LT
PERESAFE. P LMEFAIET FunctionCallFrame BREUH AN o

R, fEAMEE T, ATLME ] Arg/Retval 4303548 Send/Recv 7 A, MIMSZEL 1 B8
BOH A 1 7=, B EET Rendezvous 3¢ H & 1 772,

ME12-13 ($1657) Fione X T Feed HIBSLMEETAL, BIANTIRL ina:0) 31, FFAEIVAL
TN AL Arg, IR AR 2 F 6 421% 15 40, B _arg_ina_0.

[FHE, XT Fetch HUIMMSLHBTARL, PIANSTRL £:0 31, FHAELLALIHATI AT Retval 7
A, JHERE R A T AT R, PI0 _retval_f_oo

I, B Source/Sink T, GBI SRS IGER T BB, A
SEE DAG B
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_retval_f_0 z\
|

’

l

]

]

B 12-13 BFH: 4N\ Arg/RetVal 7 .5

12.3.4 BT EESM

BRI EEH RewriteGraphForExecution S8, FEALRE 3 P idfE.

1. By A
2. B Audr s

3. RE I AL

void RewriteGraphForExecution(Graph* g, bool use_function,
const ArraySlice<string>& fed_outputs,
const ArraySlice<string>& fetch_outputs,
const ArraySlice<string>& target_node_names,
const DeviceAttributes& device_info) {
FeedInputs(g, use_function, device_info, fed_outputs);

std: :vector<Node*> fetch_nodes;
FetchOutputs(g, use_function, device_info,
fetch_outputs, &fetch_nodes);

PruneForTargets(g, fetch_nodes, target_node_names);
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EINEANT =

mE12-14 (£166 1) Fron, M TAEE KM AL SIS RN, FHAMME Arg 5L Recv

T, MHBREEA AL, B AR B A

B EA, —&hME—HiH TensorId #7iR, B H op:src_output JCZHMAL. BIE

FORIBI LW R, SR ORI B RS LAD

AP IHER T AN AR, FEOE T BB ERTT, AR SRR R
R, DMERIF R I EIE NS . Hrb, R Graph ATLMZHE TensorId 25177 RIAIIA

12-14 4 Az

namespace {
DataType data_type(Graph& g, const TensorId& tensor_id) {
Node* upstream_node = g.upstream_node(tensor_id);
return BaseType(upstream_node->output_type(tensor_id.src_output()));
}

Node* AppendRecvNode(Graph& g,
const TensorId& tensor_id, const DeviceAttributes& device_info) {

Node* recv_node;

NodeBuilder(strings::StrCat(
"_recv_", tensor_id.op(), "_", tensor_id.src_output()), "_Recv")
Attr("tensor_type", data_type(g, tensor_id))
.Attr("tensor_name", tensor_id.name())
Attr("send_device", device_info.name())
Attr("recv_device", device_info.name())
.Attr("send_device_incarnation", device_info.incarnation())
Attr("client_terminated", true)
.Finalize(g, &recv_node);

return recv_node;

}

Node* AppendArgNode(Graph& g, size_t index,
const TensorId& tensor_id, const DeviceAttributes& device_info) {
Node* arg_node;
NodeBuilder(strings::StrCat(
"_arg_", tensor_id.op(), "_", tensor_id.src_output()), "_Arg")
Attr("T", data_type(g, tensor_id))
Attr("index", index)
.Finalize(g, &arg_node);
return arg_node;

}

Node* AppendNewNode(Graph& g, bool use_function, size_t index,
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const TensorId& tensor_id, const DeviceAttributes& device_info) {
if (use_function) {
return AppendArgNode(g, index, tensor_id, device_info);
} else {
return AppendRecvNode(g, tensor_id, device_info);
}
}

void AppendNewEdges(Graph& g,
Node* new_node, const TensorId& tensor_id) {

g.AddControlEdge(g.source_node(), new_node);

Edge* old_edge = g.edge(tensor_id);
g.AddEdge(new_node, @, old_edge->dst(), old_edge->dst_input());

g.RemoveEdge(old_edge);

3
}

void FeedInputs(Graph& g, bool use_function,
const DeviceAttributes& device_info,
const ArraySlice<TensorId>& feeds) {
for (size_t i = 0; i < feeds.size(); ++i) {
Node* new_node = AppendNewNode(use_function, i, feeds[i]);
AppendNewEdges(g, new_node, feeds[i]);

EBinEHT R

Xﬂ“?&%ﬁ FAm SRR, AT Retval B Send 195, I Sink Y
R I HR O R

WE12-15 (%516731’) Firor, R S S AR . B RS B SRR R,
TEFGIEFT ST, 1l Input DA AN, HRECEFER M TH7 & (Retval/Send) A2
1B R, BRI ZE M bR R R, B2 S N\ R PR R B 22 5

12-15 ¥4k Wb
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namespace {
Node* AppendSendNode(Graph& g,
const TensorId& tensor_id, const DeviceAttributes& device_info) {
Node* send_node;
NodeBuilder(strings::StrCat(
"_send_", tensor_id.op(D, "_", id.src_output()), "_Send")

.Input(g.upstream_node(tensor_id), tensor_id.src_output())

.Attr("tensor_name", tensor_id.name())

Attr("send_device", device_info.name())

Attr("recv_device", device_info.name())

.Attr("send_device_incarnation”,
device_info.incarnation())

Attr("client_terminated", true)

.Finalize(g, &send_node);

return send_node;

}

Node* AppendRetvalNode(Graph& g, size_t index,
const TensorId& tensor_id, const DeviceAttributes& device_info) {
Node* retval_node;
NodeBuilder(strings::StrCat(
"_retval_", tensor_id.op(), "_", tensor_id.src_output(), "_", index),
"_Retval™)

.Input(g.upstream_node(tensor_id), tensor_id.src_output())
Attr("T", data_type(g, tensor_id))
Attr(Mindex", index)
.Finalize(g, &retval_node))
return retval_node;

}

Node* AppendNewNode(Graph& g, bool use_function, size_t index,
const TensorId& tensor_id, const DeviceAttributes& device_info) {
if (use_function) {

return AppendRetvalNode(g, index, tensor_id, device_info);
} else {
return AppendSendNode(g, tensor_id, device_info);
}
}
1

void FetchOutputs(Graph& g, bool use_function,
const DeviceAttributes& device_info,
const ArraySlice<TensorId>& fetches,
std: :vector<Node*>& fetch_nodes) {
for (size_t i = 0; i < fetches.size(); ++i) {
Node* new_node = AppendNewNode(use_function, i, fetches[i]);

g->AddControlEdge(new_node, g->sink_node());

fetch_nodes.push_back(new_node);
3
3
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namespace {
void ReverseBFS(

Graph* g, std::unordered_set<const Node*>& visited) {
std: :deque<const Node*> queue(visited.begin(), visited.end());
while (!queue.empty()) {

const Node* n = queue.front();

queue.pop_front();

for (const Node* in : n->in_nodes()) {

if (visited.insert(in).second) {
queue.push_back(in);

b
3
3

void RemoveUnvisitedNodes(
Graph* g, std::unordered_set<const Node*>& visited) {
for (Node* n : g->nodes()) {
if (visited.count(n) == 0 && !n->IsSource() && !'n->IsSink()) {
g->RemoveNode(n);
1
}
}

void PruneForReverseReachability(
Graph* g, std::unordered_set<const Node*>& visited) {
ReverseBFS(g, visited);
RemoveUnvisitedNodes(g, visited);

}

void FixupSourceEdges(Graph* g, Node* n) {
if (In->IsSource() && n->in_edges(). empty()) {
g->AddControlEdge(g->source_node(), n
}
}

void FixupSinkEdges(Graph* g, Node* n) {
if (In->IsSink() && n->out_edges().empty()) {
g->AddControlEdge(n, g->sink_node());
}
}

void FixupSourceAndSinkEdges(Graph* g) {
for (Node* n : g->nodes()) {
FixupSourceEdges(g, n);
FixupSinkEdges(g, n);
}
}

void AppendTargetNodes(Graph& g,
const ArraySlice<string>& target_names,
std: :unordered_set<const Node*>& targets) {
for (auto name : target_names) {
Node* target = g.GetNodeBy(name);
targets.insert(target);
}
}
3

void PruneForTargets(Graph* g,
std: :vector<Node*>& fetch_nodes,
const ArraySlice<string>& target_names) {
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std: :unordered_set<const Node*> targets(
begin(fetch_nodes), end(fetch_nodes));

AppendTargetNodes(g, target_names, targets);
PruneForReverseReachability(g, targets);
FixupSourceAndSinkEdges(g);
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namespace {

using Edges = std::vector<const Edge*>;
using Partitions = std::unordered_map<string, GraphDef>;

void AddInput(NodeDef* dst, StringPiece src_name, int src_slot) {
if (src_slot == Graph::kControlSlot) {
dst->add_input(strings::StrCat("A", src_name));
} else if (src_slot == 0) {
dst->add_input(src_name.data(), src_name.size());
} else {
dst->add_input(strings::StrCat(src_name, ":", src_slot));
1
1

Edges InputsOf(const Node* dst) {
Edges inputs(dst->num_inputs(), nullptr);
for (auto edge : dst.in_edges()) {
if (edge->IsControlEdge()) {
inputs.push_back(e);
} else {
inputs[edge->dst_input()] = edge;

}

return inputs;

}

NodeDef* InitDstNodeDef(const Node& dst, NodeDef* dst_def) {
dst_def = dst.def();
dst_def->set_device(dst.assigned_device_name());
dst_def->clear_input();
return dst_def;

}

NodeDef* AddDummyConst(const PartitionOptions& opts, GraphDef* gdef,
const Edge* edge, Status* status) {

const Node* src = edge->src();

Tensor tensor(DT_FLOAT, TensorShape({0}));

NodeDef* result = gdef->add_node();

*status = NodeDefBuilder(opts.new_name(src->name()), "Const™)
.Device(src->assigned_device_name())
Attr("dtype", DT_FLOAT)
Attr("value", tensor)
.Finalize(result);

return result;

}

NodeDefBuilder: :NodeOut BuildSendFrom(
const PartitionOptions& opts,
GraphDef* src_graph,
const Edge* edge,

NodeDefBuilder: :NodeOut& send_from) {
if (edge->IsControlEdge()) {

NodeDef* dummy = AddDummyConst(opts, src_graph, edge);
AddInput(dummy, edge->src()->name(), Graph::kControlSlot);
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send_from.Reset(dummy->name(), @, DT_FLOAT);
} else {

send_from.Reset(edge->src()->name(),
edge->src_output(),
EdgeType(edge));
}
}

void SetSendRecvAttrs(
const PartitionOptions& opts,
const Edge* edge,
NodeDefBuilder* builder) {
builder->Attr("tensor_name",
strings::StrCat("edge_", edge->id(), "_", \
edge->src()->name()));
builder->Attr("send_device", edge->src()->assigned_device_name());
builder->Attr("send_device_incarnation",
static_cast<int64>(
opts.get_incarnation(edge->src()->assigned_device_name())));
builder->Attr("recv_device", edge->dst()->assigned_device_name());
builder->Attr("client_terminated", false);
}

NodeDef* AddSend(
const PartitionOptions& opts,
GraphDef* gdef,
const Edge* edge,
NodeDefBuilder: :NodeOut send_from) {
NodeDef* send = gdef->add_node();
NodeDefBuilder builder(opts.new_name(edge->src()->name()), "_Send");
SetSendRecvAttrs(opts, edge, &builder);
builder.Device(edge->src()->assigned_device_name())
.Input(send_from)
.Finalize(send);
return send;

}

NodeDef* AddRecv(const PartitionOptions& opts, const GraphInfo& g_info,
GraphDef* gdef, const Edge* edge, NodeDef** real_recv,
Status* status) {
NodeDef* recv = gdef->add_node();
NodeDefBuilder builder(opts.new_name(src->name()), "_Recv");
SetSendRecvAttrs(opts, edge, &builder);
builder.Device(dst->assigned_device_name())
Attr("tensor_type", EdgeType(edge))
.Finalize(recv);
return recv;

if (edge->IsControlEdge()) {

NodeDef* id = gdef->add_node();
NodeDefBuilder(opts.new_name(src->name()), "Identity")
.Device(dst->assigned_device_name())
.Input(recv->name(), 0, cast_dtype)
.Finalize(id);
return id;
} else {
return recv;
}
}

void InsertSendRecv(
const PartitionOptions& opts,
GraphDef* src_graph,
Edge* edge,
GraphDef* dst_graph,
NodeDef* dst_def) {
NodeDefBuilder: :NodeOut send_from;
BuildSendFrom(opts, src_graph, edge, send_from);

NodeDef* send = AddSend(opts, src_graph, edge, send_from);
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NodeDef* recv = AddRecv(opts, dst_graph, edge);
if (edge->IsControlEdge()) {
AddInput(dst_def, recv->name(), Graph::kControlSlot);

} else {
AddInput(dst_def, recv->name(), 0);

b
}

Status Partition(const PartitionOptions& opts,
Partitions& partitions, Graph& client_graph) {
for (const Node* dst : client_graph.op_nodes()) {
GraphDef* dst_graph = &partitions[opts.node_to_loc(dst)];
NodeDef* dst_def = InitDstNodeDef(*dst, dst_graph->add_node());
for (const Edge* edge : InputsOf(dst)) {
GraphDef* src_graph = &partitions[opts.node_to_loc(src)];

if (ledge->src()->IsO0p())
continue;

if (src_graph == dst_graph) {
AddInput(dst_def, src->name(), edge->src_output());
continue;

}

InsertSendRecv(opts, src_graph, edge, dst_graph, dst_def);

12.4.5 [EIFEEE

{£ PartitionOptions ', £7fE W 1> B %L Y [8] ] b5 %o NodeToLocFunc Ml T I& 73 %¢;
NewNameFunc 25515 a4, I Send/Recve

struct PartitionOptions {
typedef std::function<string(const Node*)> NodeTolLocFunc;
NodeToLocFunc node_to_loc = nullptr;

typedef std::function<string(const string&)> NewNameFunc;
NewNameFunc new_name = nullptr;

1

XTI, AAAE PR i B A B 32T ¥ o

string SplitByDevice(const Node* node) {
return node->assigned_device_name();
}




12.5 47 177

string SplitByWorker(const Node* node) {
string task, device;
DeviceNameUtils: :SplitDeviceName(
node->assigned_device_name(), &task, &device);
return task;

}

ijiﬂﬁﬁﬁit*F, NodeToLocFunc #% It & A SplitByDeviceo e intraprocess-splity-
by-device FI7Ro

4 N
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12.5.1 A

IE§£4\tQ€§,t, PartitionGraph HE R AN Arg %5ﬁi, ZERAT SN Retval T . &
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YT Arg 55, HBHRTF A set_arg -> get_arg. HH, HiF H DirectSession 1EJH 5l
Executor ¥ Hi, #iLIMA FunctionCallFrame.SetArgs(feeds), f&idh# NS EHIEH)
{H; J5#&H Arg 1 Kernel S o

Status DirectSession: :Run(
const RunOptions& run_options,
const NamedTensorList& inputs,
const std::vector<string>& output_names,
const std::vector<string>& target_nodes,
std: :vector<Tensor>* outputs,
RunMetadata* run_metadata) {

ExecutorsAndKeys* executors_and_keys = ...

FunctionCallFrame call_frame(
executors_and_keys->input_types,
executors_and_keys->output_types);

gtl::InlinedVector<Tensor, 4> feed_args(inputs.size());
for (const auto& it : inputs) {

feed_args[executors_and_keys->input_name_to_index[it.first]] = it.second;

call_frame.SetArgs(feed_args);

M frame.get_arg WA Arg KIAKEL, FHH Arg ¥ HHH 2] PartitionGraph HIEE—4>
TR R
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struct ArgOp : OpKernel {
explicit ArgOp(OpKernelConstruction* ctx) : OpKernel(ctx) {
ctx->GetAttr("T", &dtype_);
ctx->GetAttr("index", &index_);
}

void Compute(OpKernelContext* ctx) override {
auto frame = ctx->call_frame(Q);

Tensor val;
frame->GetArg(index_, &val);

ctx->set_output(0, val);
}

private:
int index_;
DataType dtype_;

b

12.5.2 FEZ#IT

Zit W35, 1817 A Partition JH 31— Executors A T YEWTATA Executor
a4 Em, Q8T —1 ExecutorBarrier. 3 HAEJH ST H Executor Z 5, A H
executors_done.Wait() FHZE, F1FIA Executor SEINAT.

WMIERL— Executor H5E L, ExecutorBarrier HITTH 2RI LRI ISIE N num_executors),
BHENO, BRAARZEMHA T, LA executors_done.Notify()o

Status DirectSession: :Run(
const RunOptions& run_options,
const NamedTensorList& inputs,
const std::vector<string>& output_names,
const std::vector<string>& target_nodes,
std: :vector<Tensor>* outputs,
RunMetadata* run_metadata) {

ExecutorsAndKeys* executors_and_keys = ...

FunctionCallFrame call_frame(
executors_and_keys->input_types,
executors_and_keys->output_types);

gtl::InlinedVector<Tensor, 4> feed_args(inputs.size());
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for (const auto& it : inputs) {

feed_args[executors_and_keys->input_name_to_index[it.first]] = it.second;

call_frame.SetArgs(feed_args);

RunState run_state(&devices_);
run_state.rendez = new IntraProcessRendezvous(device_mgr_.get());

size_t num_executors = executors_and_keys->items.size();
ExecutorBarrier* barrier = new ExecutorBarrier(
num_executors, run_state.rendez, [&run_state](const Status& ret) {

mutex_lock 1(run_state.mu_);
run_state.status.Update(ret);
}
run_state.executors_done.Notify();

s

Executor::Args args;

args.call_frame = &call_frame;

args.rendezvous = run_state.rendez;

args.runner = [this, pool](Executor::Args::Closure c) {
SchedClosure(pool, std::move(c));

s

for (const auto& item : executors_and_keys->items) {
item.executor->RunAsync(args, barrier->Get());

}

WaitForNotification(&run_state,
&step_cancellation_manager,
GetTimeoutInMs(run_options));

12.5.3 Hiy

FIH XF Retval T4, HIFHEFN: set_ret_val -> get_ret_val. HI#& H Retval
5ERY, J5& H DirectSession &M%

struct RetvalOp : OpKernel {
explicit RetvalOp(OpKernelConstruction* ctx) : OpKernel(ctx) {
ctx->GetAttr("T", &dtype_);
ctx->GetAttr("index", &index_);
}

void Compute(OpKernelContext* ctx) override {
const Tensor& val = ctx->input(0);

auto frame = ctx->call_frame(Q);
frame->SetRetval(index_, val);




182 $ 12 & AHAT

}

private:
int index_;
DataType dtype_;

)

ZTH Executor IB{T4 W G, DirectSession {8 A LA FunctionCallFrame FHEH
B e, FREEBCESE outputs, FFIR[E Cliento

Status DirectSession: :Run(
const RunOptions& run_options,
const NamedTensorList& inputs,
const std::vector<string>& output_names,
const std::vector<string>& target_nodes,
std: :vector<Tensor>* outputs,
RunMetadata* run_metadata) {

executors_and_keys = ...

FunctionCallFrame call_frame(
executors_and_keys->input_types,
executors_and_keys->output_types);

gtl::InlinedVector<Tensor, 4> feed_args(inputs.size());
for (const auto& it : inputs) {

feed_args[executors_and_keys->input_name_to_index[it.first]] = it.second;

}

call_frame.SetArgs(feed_args);

RunState run_state(&devices_);
run_state.rendez = new IntraProcessRendezvous(device_mgr_.get());

size_t num_executors = executors_and_keys->items.size();
ExecutorBarrier* barrier = new ExecutorBarrier(
num_executors, run_state.rendez, [&run_state](const Status& ret) {

mutex_lock 1(run_state.mu_);
run_state.status.Update(ret);
}

run_state.executors_done.Notify();

DK
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Executor::Args args;

args.call_frame = &call_frame;

args.rendezvous = run_state.rendez;

args.runner = [this, pool](Executor::Args::Closure c) {
SchedClosure(pool, std::move(c));

s

for (const auto& item : executors_and_keys->items) {
item.executor->RunAsync(args, barrier->Get());
}

WaitForNotification(&run_state,
&step_cancellation_manager,
GetTimeoutInMs(run_options));

std: :vector<Tensor> sorted_outputs;
Status s = call_frame.ConsumeRetvals(&sorted_outputs);

outputs->reserve(sorted_outputs.size());
for (int i1 = 0; i < output_names.size(); ++i) {
const string& output_name = output_names[i];
outputs->emplace_back(
std: :move(sorted_outputs[
executors_and_keys->output_name_to_index[output_name]]));

2, 1 DirectSession.Run fi#EESEE. (B2, Partition HYT Sl QAT A R AT Y,

Partition Z[A]¥ Send/Recv ZUNfA TAERIWE ?

R, fEma—a8, EEREFT=1HEH.

1. SendOp 5 RecvOp #9 TAE /R 32
2. IntraProcessRendezvous &9 TAE /R 32

3. Executor #978 BE F %
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12.6.1 SendOp £

mE12-24 (£1837) Fan, HFEN Send/Recv BITME—HATFRIR ParsedKey SEENEHE
A3 o

‘Par'sedKey ::= (send_device, recv_device, incarnation, tensor_id) |
| SendOp | | RecvOp |
‘r'endezvous.send(l*ey, tensor) | |tensor' = rendezvous.recv_async(Ckey) ‘
"
v

C IntraProcess Rendezvous )

B 12-24 ##7 SendOp 5 RecvOp #4534

2% SendOp Y Kernel SLI, FHiRRAEW E %, (H2 Bk bl 7 —F3E. B9,
TR IR RS T ParsedKey, SAJ5 M Rendezvous.Send #:1E, ¥ i OP i A
F| SendOp MY Tensor Ki%%| Rendezvous LBAEZ 1, iZHERAERARRHZEN
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struct SendOp : OpKernel {
explicit SendOp(OpKernelConstruction* ctx) : OpKernel(ctx) {
string send_device;
ctx->GetAttr("send_device", &send_device);

string recv_device;
ctx->GetAttr("recv_device", &recv_device);

uint64 send_device_incarnation;

ctx->GetAttr(
"send_device_incarnation",
reinterpret_cast<int64*>(&send_device_incarnation));

string tensor_name;
ctx->GetAttr("tensor_name", &tensor_name);

key_prefix_ = GetRendezvousKeyPrefix(
send_device, recv_device,
send_device_incarnation, tensor_name);

GetRendezvousKey(key_prefix_, {0, 0}, &parsed_key_.buf_);
Rendezvous: :ParseKey(parsed_key_.buf_, &parsed_key_);

if (lctx->GetAttr("_hostmem_sendrecv", &hostmem_sendrecv_).ok()) {
hostmem_sendrecv_ = false;
1

3

void Compute(OpKernelContext* ctx) override {
Rendezvous: :Args args;
args.device_context = ctx->op_device_context();
args.alloc_attrs = ctx->input_alloc_attr(0);
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ctx->rendezvous()->Send(
CreateParsedkey(ctx), args, ctx->input(0),
ctx->is_input_dead());
}

private:
Rendezvous: :ParsedKey CreateParsedkey(OpKernelContext* ctx) {
FrameAndIter frame_iter = GetFrameAndIter(ctx, hostmem_sendrecv_);
if (frame_iter == FrameAndIter(Q, 0)) {
return parsed_key_;

} else {
Rendezvous: :ParsedKey in_loop_parsed;
GetRendezvousKey(key_prefix_, frame_iter, &in_loop_parsed.buf_);
Rendezvous: :ParseKey(in_loop_parsed.buf_, &in_loop_parsed);
return in_loop_parsed;

}

3

private:

string key_prefix_;

Rendezvous: :ParsedKey parsed_key_;
bool hostmem_sendrecv_;

1

12.6.2 RecvOp 3£

[F] 2 4y | AT EAAE M Recv HY Kernel HYSEIE 7o B HSGHME Rendezvous HY ParsedKey,
SR Rendezvous.RecvAsync #4E, M Rendezvous BUHHH I Tensoro

XE—NFHEE, 24 Rendezvous TEHE I AR, EFFIETRA T EKEL done_cb, B
15

B =52 Tensor HiiHE T OP.

struct RecvOp : AsyncOpKernel {
explicit RecvOp(OpKernelConstruction* ctx) : AsyncOpKernel(ctx) {
string send_device;
ctx->GetAttr("send_device", &send_device);

string recv_device;
ctx->GetAttr("recv_device", &recv_device);

uint64 send_device_incarnation;

ctx->GetAttr(
"send_device_incarnation",
reinterpret_cast<into4*>(&send_device_incarnation));

string tensor_name;
ctx->GetAttr("tensor_name", &tensor_name);

key_prefix_ = GetRendezvousKeyPrefix(
send_device, recv_device,
send_device_incarnation, tensor_name);

GetRendezvousKey(key_prefix_, {0, 0}, &parsed_key_.buf_);
Rendezvous: :ParseKey(parsed_key_.buf_, &parsed_key_));
if (lctx->GetAttr("_hostmem_sendrecv", &hostmem_sendrecv_).ok()) {
hostmem_sendrecv_ = false;
}
3

void ComputeAsync(OpKernelContext* ctx, DoneCallback done) override {
Rendezvous: :Args args;
args.device_context = ctx->op_device_context();
args.alloc_attrs = ctx->output_alloc_attr(@);
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ctx->rendezvous()->RecvAsync(
CreateParsedKey(ctx), args, CreateDoneCallback(ctx));
}

private:
Rendezvous: :ParsedKey CreateParsedKey(OpKernelContext* ctx) {
FrameAndIter frame_iter = GetFrameAndIter(ctx, hostmem_sendrecv_);
if (frame_iter == FrameAndIter(Q, 0)) {
return parsed_key_;

} else {
Rendezvous: :ParsedKey in_loop_parsed;
GetRendezvousKey(key_prefix_, frame_iter, &in_loop_parsed.buf_);
Rendezvous: :ParseKey(in_loop_parsed.buf_, &in_loop_parsed);
return in_loop_parsed;

}

}

Rendezvous: :DoneCallback CreateDoneCallback(OpKernelContext* ctx) {
using namespace std::placeholders;
return std::bind([ctx](DoneCallback done, const Status& s,
const Rendezvous: :Args&, const Rendezvous::Args&,
const Tensor& val, bool is_dead) {
ctx->SetStatus(s);
if (s.okQ) {
if (lis_dead) {

ctx->set_output(@, val);

>}':c’cx—>is_ou’cpu‘c_dead() = is_dead;
zone();
s%d::move(done), 21, 2, 3, _4, _5);
3
private:

string key_prefix_;
Rendezvous: :ParsedKey parsed_key_;
bool hostmem_sendrecv_;

1
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def run_step(workers, full_graph, inputs, outputs):
client_graph = prune(full_graph, inputs, outputs)
partition_graphs = split(client_graph, workers)
register_graphs(partition_graphs, inputs, outputs)
run_graphs(partition_graphs, inputs, outputs)

Worker::RunStep

HIREAE:ER Worker 1755 1, 24ULF RegisterGraphRequest BB &, W iTH E %R
Z’-‘f@;iﬁ%%ﬁ\%yggﬁ\ Par‘titionGr‘apho ??QE, Z‘E/I\)L‘I‘ﬁiﬁ%ﬁijjé/l\ Executor, Lj\@
PATHBLZEER PartitionGrapho

MR PAT ST PartitionGraph Z 5, ExecutorBarrier HIITZLER N
1, HEEAIRETCH PartitionGraph FIFERIAT, barrier.wait() PHIERAEIRH

RS PartitionGraph Z [BJ ] REAFAEEUIMK I C R, BA1Z BB A Send/Recv
WNTERAS B, L b, FE A EUBITIY, Send/Recv iHid RpcRemoteRendezvous 5t /M AT
ST o

def send_inputs(remote_rendezvous, inputs):
for (key, tensor) in inputs:
remote_rendezvous.send(key, tensor)

def do_run_partitions(executors_and_partitions):
barrier = ExecutorBarrier(executors_and_partitions.size())
for (executor, partition) in executors_and_partitions:
executor.run(partition, barrier.on_done())
barrier.wait()

def recv_outputs(remote_rendezvous, outputs):
for (key, tensor) in outputs:
remote_rendezvous.recv(key, tensor)

def run_partitions(executors_and_partitions, inputs, outputs):
remote_rendezvous = RpcRemoteRendezvous()
send_inputs(remote_rendezvous, inputs)
do_run_partitions(executors_and_partitions)
recv_outputs(remote_rendezvous, outputs)

def run_step(devices, full_graph, inputs, outputs):
executors_and_partitions = split(full_graph, devices)
run_partitions(executors_and_partitions, inputs, outputs)

13.1.3 s iEsE

ME13-5 (%193W) fr7n, 1E TensorFlow ST Isf T, fEAE—HE T5 A AUl
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[ Cluster ]—>[ Job ]—>[ Task ]

spec identity
job_name
ClusterSpec task_id

B 13-5 oA X AURBEE

Cluster

Cluster i [ ClusterSpec HHTHEIA, & LARKI> H—18Z£ 1> Job, —> Job & —
P Z A Tasko A2, TensorFlow Ffffe AT EIE AL R (Task Set) 4LAH) .

£ Task 7] LSS AR L, el LIE— S P8t Lisfr 24 Task(Blan,
HiflZ CPU, HHHLL GPU).
Job

¥ H BRI Task KIHAER—4 Job e 4> Job 1 H] job_id ME—HriH.
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Task

— g, oA X is i, Task s M iRy, HAEHR Esir—1
tf.train.Server SEf. HH, Task [#H job_id:task_index B _JCHME—FRIH,

Server

Server 7~ Task HIARS R, EXTIMEAE MasterService F1 WorkerService Ai55.
AU, Server A LARIASH37# Master A1 Worker PAFH {60

13.1.4 HBEEE

TE 53 A1 2L TensorFlow iz 47 H, &4 Task 530 7 — 4 Server, Jf X #hHE it
MasterService R 551 WorkerService fi55. HH1, 4% TensorFlow SERFELTE A IEA L

.

1. 4132 tf.train.ClusterSpec, X B+ Task 6938 F12 &, F ¥4 Job 897 X4

N,y

2. X FH—A Task, B3—4 tf.train.Server F4),

KEELE

ClusterSpec ffiiR TEEREF Task HUFPEE S, JELL Job WAL . — B, AE A
HIPA TR, B Task JHsh— 2. L, ClusterSpec [FIFTHHFHIAT TensorFlow
A RGBT R A T D

Blan, fF4E— TensorFlow ZERE, ©H ps 1 worker N1 Job Al HH, ps HHE
TE ps0:2222, ps1:2222 _b; worker FBEHFE worker@:2222, workerl:2222, worker2:2222 Lo

tf.train.ClusterSpec({

"worker": [
"worker@:2222",
"workerl:2222",
"worker2:2222"

1,

"ps": [
"ps@:2222",
"psl:2222"

iED)




13.2 Master iR% 195

WA KRR HIEE Task 25 B ML, — Job B Task ZEE ', Task &3]
M0 H IR T BT

Protobuf i

message JobDef {
string name = 1;
map<int32, string> tasks = 2;

}

message ClusterDef {
repeated JobDef job = 1;
}

}iq“, tasks R F IR task_index, EE %N host:ports

13.2 Master %

MasterService 72— RPC 5. 24 Client #R4E target # A Server SLHIJ5, Server
39 T Master FYF€, XAMEMSE MasterService IR55»

Hr ) Client 5 Master 2 [8] 3¢ H %/ MasterService xE B O #TE. HELEIR,
MasterService *E X T Client A Master [A LI MIgthBFAIEHI 21 WorkerService
FIPATIE R

13.2.1 #EFAEX

g master_service.proto A 4], E X T MasterService M) Fr A # ; 1] #E mas-
ter.proto JCHFHT, LT H AITH B

service MasterService {
rpc CreateSession(CreateSessionRequest)
returns (CreateSessionResponse);

rpc ExtendSession(ExtendSessionRequest)
returns (ExtendSessionResponse);

rpc PartialRunSetup(PartialRunSetupRequest)
returns (PartialRunSetupResponse);

rpc RunStep(RunStepRequest)
returns (RunStepResponse);

rpc CloseSession(CloseSessionRequest)
returns (CloseSessionResponse);

rpc ListDevices(ListDevicesRequest)
returns (ListDevicesResponse);
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rpc Reset(ResetRequest)
returns (ResetResponse);

13.2.2 HEIBRES

—%H, Client {# H#%1 MasterInterface ZKHULY; MasterService MRS ki,
MasterInterface HIFTA R OAREFIEH O, #15 Client U5[A]iLk; MasterService IRGFHLAN
W A b pR A — % o

%%&%E@%, FH RunStepRequest/RunStepResponse HEH T REE S KM Tensor
SLfie 9T MERADERIS DL, SCEURMESEEL T B

struct MasterInterface {
virtual ~MasterInterface() {}

virtual Status CreateSession(
CallOptions* call_options,
const CreateSessionRequest* request,
CreateSessionResponse* response) = 0;

virtual Status ExtendSession(
CallOptions* call_options,
const ExtendSessionRequest* request,
ExtendSessionResponse* response) = 0;

virtual Status PartialRunSetup(
CallOptions* call_options,
const PartialRunSetupRequest* request,
PartialRunSetupResponse* response) {
return errors: :Unimplemented(
"Partial run not implemented for master");
1

virtual Status RunStep(
CallOptions* call_options,
RunStepRequestWrapper* request,
MutableRunStepResponseWrapper* response) = 0;

virtual Status RunStep(

CallOptions* call_options,

const RunStepRequest* request,

RunStepResponse* response) {

std: :unique_ptr<RunStepRequestWrapper> wrapped_request(
new ProtoRunStepRequest(request));

std: :unique_ptr<MutableRunStepResponseWrapper> wrapped_response(
new NonOwnedProtoRunStepResponse(response));

return RunStep(call_options,
wrapped_request.get(),
wrapped_response.get());
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virtual MutableRunStepRequestWrapper* CreateRunStepRequest() {
return new MutableProtoRunStepRequest;
3

virtual MutableRunStepResponseWrapper* CreateRunStepResponse() {
return new OwnedProtoRunStepResponse;
3

virtual Status CloseSession(
CallOptions* call_options,
const CloseSessionRequest* request,
(CloseSessionResponse* response) = 0;

virtual Status ListDevices(
CallOptions* call_options,
const ListDevicesRequest* request,
ListDevicesResponse* response) = 0;

virtual Status Reset(
CallOptions* call_options, const ResetRequest* request,
ResetResponse* response) = 0;

};

WMAE13-7 ($197R) Fi7~, MasterInterface f7AEPIFIFEASIIN,
1. 24 X: AT gRPC % GrpcRemoteMaster 53, Client 55 Master % %] 3f & /£ %

AN 6y AL

2. AKX AT HHAM LocalMaster LI, Client &5 Master /& F] — At 42
I*]O

MasterInterface

LocalMaster GrpcRemoteMaster

B 13-7 MasterInterface

FER AT, GrpcRemoteMaster AU N 2L ACAS, FFil L gRPC ARHUZ S
MasterService ft%5 o

stub = NewStub("/job:worker/replica:0/task:0")
handle = stub->CreateSession({graph_def})
do {

stub->RunStep(handle, feeds, fetches);
} while (!should_stop());
stub->CloseSession({handle})
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13.2.3 RPC I8

WAE13-8 ($198W) fisn, Client il MasterInterface FREUZLYG MasterService [
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CreateSession

MAE13-9(F1997) fi7N, CreateSessionRequest IHE PTG IITEE , 75 target
fRAER Master 7. 4 Master WEITERIHES, B — DI MasterSession
SE, - session_handle ME—HiIbRIHIZ MasterSession SE4.

fF Master ZARALEESE RS, IR 4B CreateSessionResponse 25 Cliento JH:HT,
CreateSessionResponse HE F#EH session_ handle, ML E Client it GrpcSession 5
Master ¥t MasterSession 1_523§Ef3§%§o ﬁ_ﬁﬁ Client 55 Master (AL, (EIEK
THE T session_handle, Master i B2 5152 X I ] MasterSession 54

ﬁt?ﬁ CreateSessionResponse WA T HIIARY graph_version, TR KL Extend-
Session #AE, FEJAA AT E H B IFT AT A

|
CreateSessionReq(graph, config) |
L

!
'CreateSessionRsp(handle,versionﬂ

e Y )

& 13-9 CreateSession

message CreateSessionRequest {
GraphDef graph_def =
ConfigProto config =
string target = 3;

}

message CreateSessionResponse {
string session_handle = 1;
int64 graph_version = 2;

}

ExtendSession

34 CreateSession I 5, JG%E Client 7] LB ExtendSession, i R T- K%
Master, 3MNEATHE BRI CRREEITE, ASREESEMBE T 5)o

WE13-10 (F2007R) Frox, {EigRIEE 7 EHEH current_graph_version, Mas-
ter i 34T AR AS DEFC 88 1E; 1% ExtendSession 1% 8 AL PR 52 % f&, £ W W I8 B 1%
new_graph_version, F T F —Ill, ExtendSession #fE. H ', W IHH graph_version H

CreateSessionResponse #Ei2s Client o
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B 13-10 ExtendSession

message ExtendSessionRequest {
string session_handle = 1;

GraphDef graph_def = 2;

int64 current_graph_version = 3;

}

message ExtendSessionResponse {

int64 new_graph_version = 4;

}

RunStep

— e, R B AT RunSteps QA 13-11 (%200 ) 7R, fE4F—IX RunStep i,
IR, Client £E353RIGE PN feed, fetch, target, 733/ I AR NamedTensor
MF, FFHIH Tensor HYAFRYIZE, AT OP BYBFRYIZE; TR IHE T tensor, 3£
IRATNT fetch A FHIEE, HHi#Y Tensor 513

( Client j (_ Master J
I

I
!RunStepReq(handle,feeds,Fetchs,targetiz
I I

B 13-11 RunStep

message RunStepRequest {
string session_handle = 1;

repeated NamedTensorProto feed = 2;
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repeated string fetch = 3;
repeated string target = 4;

RunOptions options = 5;
string partial_run_handle = 6;

message RunStepResponse {
repeated NamedTensorProto tensor = 1;
RunMetadata metadata = 2;

}

CloseSession

M ESEE, WECHSE, BIARS AR, WE13-12 ($201R) Hiw, Client
A& 1% CloseSession 25 Master, JoshiTHE R IRIIREHGETE o

I

(CloseSessionReqCha ndle)”
CloseSessionRsp

B 13-12 CloseSession

message CloseSessionRequest {
string session_handle = 1;

}

message CloseSessionResponse {

}

13.3 Worker R%

WorkerService /&1 gRPC 55, MTTHEAMIZEEIITAM T B8 TH#
A Worker BJ#2HMIE, Bl master_service.proto & X HIH:H .

Master R4 ClusterSpec {55, FREIGEREFHAMIY Server S, ILITIXLE Server S
47378 Worker FIF . Master ¥4 T Kl K455 Worker 915, FH 8041 Worker 717 1
H)F B B R TR

A0SR Worker 2 [RIAFAEEARACH T R 3R [A] 05 58 3 B . HH | Master 55 Worker
28], Worker 5 Worker Z [RIF)3C Hi8ME WorkerService & S 4 LT
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13.3.1 BAEX

1 worker_service.proto X, E LT WorkerService A+ ; TIAE worker.proto
SR, BT SO BIIE R

service WorkerService {
rpc GetStatus(GetStatusRequest)
returns (GetStatusResponse);

rpc CreateWorkerSession(CreateWorkerSessionRequest)
returns (CreateWorkerSessionResponse);

rpc RegisterGraph(RegisterGraphRequest)
returns (RegisterGraphResponse);

rpc DeregisterGraph(DeregisterGraphRequest)
returns (DeregisterGraphResponse);

rpc RunGraph(RunGraphRequest)
returns (RunGraphResponse);

rpc CleanupGraph(CleanupGraphRequest)
returns (CleanupGraphResponse);

rpc CleanupAll(CleanupAllRequest)
returns (CleanupAllResponse);

rpc RecvTensor(RecvTensorRequest)
returns (RecvTensorResponse) {

}

rpc Logging(LoggingRequest)
returns (LoggingResponse);

rpc Tracing(TracingRequest)
returns (TracingResponse);

13.3.2 IFIEIIRE

— i, Master/Worker f# F#% 1 WorkerInterface KLY WorkerService [R5
HH1 | workerInterface i X T 57251517 WorkerService HJ#H; 5 MasterInterface ZE1UL,
XI5 RunGraphRequest/RunGraphResponse R RE S A BRI Tensor, A [ RGBS
FPEVL, Rl 7SI IR R ALRE R

struct WorkerInterface {

virtual void GetStatusAsync(
const GetStatusRequest* request,
GetStatusResponse* response,
StatusCallback done) = 0;

virtual void CreateWorkerSessionAsync(
const CreateWorkerSessionRequest* request,
CreateWorkerSessionResponse* response,
StatusCallback done) = 0;

virtual void RegisterGraphAsync(
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const RegisterGraphRequest* request,
RegisterGraphResponse* response,
StatusCallback done) = 0;

virtual void DeregisterGraphAsync(
const DeregisterGraphRequest* request,
DeregisterGraphResponse* response,
StatusCallback done) = 0;

virtual void RunGraphAsync(
CallOptions* opts,
RunGraphRequestWrapper* request,
MutableRunGraphResponseWrapper* repsonse,
StatusCallback done) = 0;

virtual void RunGraphAsync(
CallOptions* opts,
const RunGraphRequest* request,
RunGraphResponse* response,
StatusCallback done) {
RunGraphRequestWrapper* wrapped_request =
new ProtoRunGraphRequest(request);
MutableRunGraphResponseWrapper* wrapped_response =
new NonOwnedProtoRunGraphResponse(response);
RunGraphAsync(opts, wrapped_request, wrapped_response,
[wrapped_request, wrapped_response, done](const Status& s) {
done(s);
delete wrapped_request;
delete wrapped_response;

b;

virtual MutableRunGraphRequestWrapper* CreateRunGraphRequest() {
return new MutableProtoRunGraphRequest;

}

virtual MutableRunGraphResponseWrapper* CreateRunGraphResponse() {
return new OwnedProtoRunGraphResponse;

}

virtual void CleanupGraphAsync(
const CleanupGraphRequest* request,
CleanupGraphResponse* response,
StatusCallback done) = 0;

virtual void CleanupAllAsync(
const CleanupAllRequest* request,
CleanupAllResponse* response,
StatusCallback done) = 0;

virtual void RecvTensorAsync(
CallOptions* opts,
const RecvTensorRequest* request,
TensorResponse* response,
StatusCallback done) = 0;

virtual void LoggingAsync(
const LoggingRequest* request,
LoggingResponse* response,
StatusCallback done) = 0;

virtual void TracingAsync(
const TracingRequest* request,
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TracingResponse* response,
StatusCallback done) = 0;

35

WorkerInterface [F]I g LT FIZE 15 A4 0. [F264 0T CallAndWait FYIEBCSS,
LT S O 2 o Bkt [R5 015 Master/ Worker ¥ IS WorkerService
EASCE FH A o pR P8

struct WorkerInterface {

Status GetStatus(
const GetStatusRequest* request,
GetStatusResponse* response) {
return CallAndWait(&ME: :GetStatusAsync, request, response);
1

Status CreateWorkerSession(
const CreateWorkerSessionRequest* request,
CreateWorkerSessionResponse* response) {
return CallAndWait(&ME: :CreateWorkerSessionAsync, request, response);

}

Status RegisterGraph(
const RegisterGraphRequest* request,
RegisterGraphResponse* response) {
return CallAndWait(&ME: :RegisterGraphAsync, request, response);
}

Status DeregisterGraph(
const DeregisterGraphRequest* request,
DeregisterGraphResponse* response) {
return CallAndWait(&ME: :DeregisterGraphAsync, request, response);
}

Status CleanupGraph(
const CleanupGraphRequest* request,
CleanupGraphResponse* response) {
return CallAndWait(&ME: :CleanupGraphAsync, request, response);
}

Status CleanupAll(
const CleanupAllRequest* request,
CleanupAllResponse* response) {
return CallAndWait(&ME: :CleanupAllAsync, request, response);
}

Status Logging(
const LoggingRequest* request,
LoggingResponse* response) {
return CallAndWait(&ME: :LoggingAsync, request, response);
}

Status Tracing(
const TracingRequest* request,
TracingResponse* response) {
return CallAndWait(&ME: :TracingAsync, request, response);

}

private:
typedef WorkerInterface ME;

template <typename Method, typename Req, typename Resp>
Status CallAndWait(Method func, const Req* req, Resp* resp) {
Status ret;
Notification n;
(this->*func)(req, resp, [&ret, &n](const Status& s) {
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ret = s;
n.Notify(Q);

b
n.WaitForNotification();
return ret;

3
}s

%?%Fﬁﬁ, WorkerInterface 42 5% SEH i WorkerCacheInterface: :ReleaseWorker 1T
Fro R, BCALSA T B AN AE T MBE WorkerInterface SEHY, BRI WorkerInterface HIAT
FIPRECH protected, FFH ] WorkerCacheInterface AT

struct WorkerInterface {

protected:
virtual ~WorkerInterface() {}
friend class WorkerCacheInterface;

};

WAE13-13(%205W) fli7N , WorkerService f7AE P FRSEEL . Horp | FE A ) E 400
GrpcWorker ; 7E AT AU, Worker #3EAE S — DASFE HYBEFEA, #H GrpcRemoteWorkers

[ WorkerInterface J

T

[ GrpcWorker ] [ GrpcRemoteWorker ]

B 13-13 WorkerInterface #o

13.3.3 RPC T8

WME13-14 ($%2067) o, ESAARH, GrpcRemoteWorker /& gRPC % )7 i —
ﬁ#22£%, ERZGOmL Stub RN Worker 1Y GrpcWorkerService HE??, IS HAT
WASA I A R EE FH — M. HA, GrpcWorkerService SEHLT WorkerService & X HITE
M58

R) MAEHEL LD, GrpcRemoteWorker & Master S *F 3% Worker 5 IL4)—3R 4

MAEAHE A, 18 GrpcWorker HERECA A, EHARIE] T WorkerService RS,
T T AN X 28 A o
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Master/Worker

lworker*

WorkerInterface

T

GrpcRemoteWorker

"RPC v )
Q

: j j Master/Worker
Worker

[ GrpcWorker ]

B 13-14 #R& MasterService # RPC it#

13.3.4 HEENX

BEROR, BIEANE R WorkerService 2512 M HIHEE Lo Hr | SEE 5L INHH
BANIRE BIFRIR. 2402 WorkerSession Ff, MasterSession HIFRINIEIEZS Worker, SEELT
MasterSession 46— & LB WorkerSession L.

24 Worker BIX5C/L RegisterGraph /7, [f] Master JR[HIME—F graph_handle, PAILAR
Wz s I, EERENATLAEH (session_handle, graph_handle) —JCZALME—FRIN
PAGERIR

24 Master | #EEHIET Worker H&HL RunGrapho A T X3N] step, Master 42k
2 JRME—H step_id, FFi#IT RunGraph f5i# %5 51~ Workero

1. session_handle: 4] MasterSession =% Bt & 30 &£ &, @ iL CreateSessionRe-
sponse 1% A %5 Client; i#if CreateWorkerSessionRequest # i % Worker;

2. graph_id: & K RegisterGraph B ¥ Worker £ &, iBif RegisterGraphResponse
45 4 Master;

3. step_id: X RunStep i, # Master & R E—89471R, @il RunGraphRequest #5
A 75 Worker,
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CreateWorkerSession

A 13-15 ($207R) Fi7R, CreateWorkerSessionRequest 1H.E 1 H#EHT MasterSession 73
BLIY session_handleo. 4 Worker YL EIIERIHE T, 4K —"1 WorkerSession S|, i f
session_handle 7£1% Worker W ME—HIFRINIZ LA

FEE—NERE, X F—1 MasterSession L, HAh Worker i £ M [F [ ses-
sion_handle. M, 1% MasterSession SEHIERES — B R JE T E WA WorkerSession

Ao

:CreateWOrkerSessionReq(sess_handle, server_def):

I Pt
I
I

[ CreateWorkerSessionRsp

A
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

-

B 13-15 CreateWorkerSession

message CreateWorkerSessionRequest {
string session_handle = 1;
ServerDef server_def = 2;

}

message CreateWorkerSessionResponse {

}

RegisterGraph

MA13-16 (%2077) Fi7~, RegisterGraphRequest JHE 57T MasterSession 73t
session_handle, M H 7 ESLH| graph defo 24 Worker 5¢ % 1~ VEM M Hwta L )5, 1A
Master 12 [1i% 1-[&]¥] graph_handleo

TR, Master A& TEAT—IK RegisterGraph, BEIFETHEIEIW)T S 4 E Brdm
HE, Bl Master FFFRARE .

lIIIIIIHIiEIHiIIIIII |IIIIIIHHIIIHHIIIIIIIl

: RegisterGraphReq(sess_handle, graph_def) :

__¥

: RegisterGraphRsp(graph_handle)

B 13-16 RegisterGraph
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message RegisterGraphRequest {
string session_handle = 1;

GraphDef graph_def = 2;

bool has_control_flow = 3 [deprecated = true];
4;

5;

GraphOptions graph_options
DebugOptions debug_options
3

message RegisterGraphResponse {
string graph_handle = 1;

DeregisterGraph

WE13-17 ($2087) Fron, 4 Worker T fi BT EBIANFRFR S, (B4, & €k E
R, B SRR HE), BEET Master [1] Worker 4% DeregisterGraph JHE, PAMHE
Worker T 4H#511% T & L4 .

'IIIIIIIHHHIIIII' lIIIIIVIH)IIIHHIIIIIII
|

| DeregisterGraphRsp

S R ]

B 13-17 DeregisterGraph

message DeregisterGraphRequest {
string session_handle = 2;
string graph_handle = 1;

message DeregisterGraphResponse {

}

RunGraph

PUT Worker 11 £ ELEMHI I, T K47 step, Master 42— step_id JF
fEIRZE R Worker, 1 Worker 81T step_id SEELELHE I HAE .

AN, RunGraphRequest 13 | send, recv_key, 7r3F/~ T EHi AN Tensor friHFI
BoE, METEHHET Tensor ARIH. RunGraphResponse i&[Fl recv_key fHXI . Tensor
VI
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& 13-18 RunGraph

message RunGraphRequest {
string session_handle = §;
string graph_handle = 1;
int64 step_id = 2;

ExecutorOpts exec_opts = 5;

repeated NamedTensorProto send = 3;
repeated string recv_key = 4;

bool is_partial = 6;
bool is_last_partial_run = 7;

}

message RunGraphResponse {
repeated NamedTensorProto recv

[}
=

StepStats step_stats = 2;

CostGraphDef cost_graph = 3;

repeated GraphDef partition_graph = 4;
3

RecvTensor

BPAT I — K step W, MR WA Worker 75 2 3¢ B AUHE, I8 2% & ) 4B 77 & K ik
RecvTensorRequest JH.& , BTN (step_id, rendezvous_key) TG4, 1&>KXJu Worker
R E Tensor %, Ffifid RecvTensorResponse 12 [0,

lIIIIHHIHHIIIIII 'IIIIHHIEHIIIIIII

RecvTensorReq(step_id,key)

RecvTensorReq(tensor)

B 13-19 RecvTensor

message RecvTensorRequest {
int64 step_id = 1;
string rendezvous_key = 2;

bool dma_ok = 3;

Devicelocality client_locality = 4;
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Devicelocality server_locality = 5;

google.protobuf.Any transport_options = 6;

message RecvTensorResponse {

TensorProto tensor = 1;

bool is_dead =

int64 send_start_micros = 3;

google.protobuf.Any transport_options = 4;

13.4 PR%EE

Server & —EET gRPC MRS, MTEHAMSASE. BXTIMEML MasterService
f 551 workerService iS5, EA[HIf137H Master 1 Worker HYFH (0.

13.4.1 SumiEE

WA 13-20 (F211R) 7R, GrpcServer i Master BN, XIAMEME MasterService

k55, Hir, A —TEAR Client 53— MasterSession SEf, FH-{ FH 4 J/miE—/Y

session_handle /R E. HHELENL, Master ﬂu*ﬁ)\g/l\ Client, M—> Client M R e+
A—REER] Mastero

GrpcServer 338 Worker R, XFAMEAL WorkerService RS- HF, 41 Worker
A LIAZ S Master TRALTEIRS, B AN EIERITERKS BT MasterSession A l—7
FHI. Y WorkerSession SEf, ZEFFHH I MasterSession & ERGEMAHITH S

A GrpeServer SLHIEE T grpe::Server HREZ B T WU R Eim O AIIHE, 474
BEAR B3R A 2] MasterService 3K WorkerService HVRE N 11 B AL B 1P BT BR 4L




13.4 k54

211

( tensorflow::GrpcServer )
- Master N Worker )
* *

( grpc::Server )
\ J
13-20 Server AR#HABEA

3
Protobuf ##i

24 protocol N grpc I, RGBITHPEEHET gRPC SLELHY GrpcServer SL4il. It
A, ATLLELE ConfigProto SEMUZ TN Z A ECE . &1, TensorFlow MY ZRFAE XS A
FRLE . N, By protocol X HRFHTHE E ML, SCIFEETHHMLY Server SL4.

message ServerDef {
ClusterDef cluster = 1;

string job_name = 2;
int32 task_index = 3;

ConfigProto default_session_config = 4;
string protocol = 5;

AR 55 BBk

WmrE13-21 (F211W) fin, —4 Server SLAIELT tf.train.ClusterSpec SR
HAb Server SEBSZIL BB,

Cluster

Server Server

Server Server

13-21 R4 Z B
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WE13-22 ($2127) fin, 2 Client # A —4 Server, HIE)TE T Master B
o, HAth Server MR T Worker HIfifh. Rk, Client #2A M) Server t1477#H T Worker
I ff €8

( Cluster

Server

13-22 # Client & NE#

WE13-23 ($2120) Fin, ATREFAEZL D Client 73 A ARFEE Server LMo U,
Client # A Server SEHI# 7 T Master fi{to {H/&, % Server 3L, XS TEEREH 55 4k
[ Server SEf, NIF37E T Worker ff{f.

8 Cluster

lien

iz

13-23 % Client # N%#

FFpEHE, Client 5 Master A AEBELER— P EFEN o BEHY, Client 15 Master Z [A]H%C
HENER, W B R, BR T gRPC X HR AN . RIRSEHE, 1EF—
A~ Server N, Master 5 Worker H] LAHSELER—FFEN . I, Master 5 Worker Z [A]H.
T R ECR
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13.4.2 K7

WrE13-24 (%213W) 7N, GrpcServer s&2— 13T grpe: :Server HIRSS4, BEH
e 17— R ARSI

GrpcServer £ New MRZ_LJE3IT grpe::Server IR, HXAMNERERILMSE; TAE
Started WA LJEEIRSE, XAMEAL MasterService Fl WorkerService B RPC 1HEMRS; %

2% TE Stopped IRZS T15 1E MasterService Fl WorkerService & 55

join join

Stopped ]

Started

stop/join

13-24 GrpcServer k&M

BIZ RS

create
ServerInterface ServerFactory
A A
create
GrpcServer GrpcServerFactory

\

C protocol="grpc" )

13-25 % &4 Server %4

struct GrpcServerFactory : ServerFactory {
bool AcceptsOptions(const ServerDef& server_def) override {
return server_def.protocol() == "grpc";
}

Status NewServer(const ServerDef& server_def,
std: :unique_ptr<ServerInterface>* out_server) override {
GrpcServer: :Create(server_def, Env::Default(), out_server);
return Status::0KQ);
}
3
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void GrpcServer: :Create(
const ServerDef& server_def, Env* env,
std: :unique_ptr<ServerInterface>* out_server) {
auto ret = std::make_unique<GrpcServer>(server_def, env);
ret->Init(Q);
*out_server = std::move(ret);

}

MAE13-20 (%2117) Fh7n, GrpeServer: :Init ¥&5E3 GrpcServer ST S A IAL
FEAFENT 3 MDA,

1. #1454% MasterEnv 4] ;
2. AL WorkerEnv 4 ;

3. ®l#IH B3 grpc::Server

(a) #1451 MasterService

o 43 Master 4 ;
o 4J# MasterService 524 ;

(b) #1444% WorkerService

o 43 Worker 4 ;
o A3 WorkerService %4,

BT EIFHERARIED GrpcServer SEFIRIRIIAIL I RE , ALK SEILM T R EAY .
S5, EHIIAM MasterEnv, WorkerEnv SE4]; SANE, GIEEIEIS 3 grpe: :Server IR £%.

void GrpcServer::Init() {
InitMasterenvQ);
InitWorkerEnv(Q);
StartGrpcServer();

b

#1151 MasterEnv

MasterEnv 54 Master IE{THT I _EFSCENE, B5 GrpcServer HAHH R 1 A4 i 53
R FEA Master WIE1THSHRAE R LAY,

WE13-26 (£2157) 7R, LocalDevices H TAREUAHIE A 4L ; WorkerCacheFactory H
T2 workerCacheInterface EE@M; WorkerCacheInterface F T 1] MasterInterface 5K
B, 55 T8 A MasterService R4 ; MasterSessionFactory FT0l|# MasterSession
i%; OpRegisteryInterface FT &R E op H‘]TE%ZTE; Env A TFIREUES -5 1 APT #1.
Hrp | N3O E SIS WorkerCacheInterface MG TR
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MasterEnv

LocalDevices

WorkerCacheInterface

WorkerCacheFactory

MasterSessionFactory

OpRegisteryInterface

Env

B 13-26 MasterEnv ##

#1151 WorkerEnv

WorkerEnv 4 Worker iZ{TIN Y _E NS, B GrpcServer HA AR 1Y AL & 1,
FIHLFE Worker HIEA T HTZ ] WY o

WE13-27 (%216 ) 7N, LocalDevices I TARHUAS I IX #54E ; DeviceManager T4
AR F EE T 1 45 5E ;. SessionManager AT WorkerSession HI%E4; Rendezvous-
Manager HTE . Rendezvous i%%; ThreadPool ’l%%ﬁzjjjﬁkifﬁﬁﬁqjﬁj\@a—/l\éﬁﬁ, =
5 OP W] Kernel HFHHAT; Env JHTIRIUEFEH) APT 421 .
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r— ~
WorkerEnv

LocalDevices

DeviceManager

SessionManager

RendezvousManager

ThreadPool

Env

B 13-27 WorkerEnv ##

Bzh grpc:Server

ARG LIR A ER G grpe: :Server LB BE, BLE grpc: :Server HYARSSIEIN; 94
S5, BRI MasterService SEBIFT WorkerService 2455, I builder.BuildAndStart
JTEJEED grpe: :Server RS %o

T EIF R A, grpc::Server JGaIAT, GrpcServer RIRALT New IRZS, grpc::Server
B B AR AN R AL MasterService MRS F WorkerService Hi55. B ZE GrpcServer ITH 2
Started WIRASNLE, grpc::Server A HIEXAMEME MasterService [R55F1 WorkerService filt
%o

void InitServerBuilder(::grpc::ServerBuilder& builder) {
builder.AddListeningPort(
strings::StrCat("0.0.0.0:", GetRequestedPort()),
GetServerCredentials(server_def_), &bound_port_);
builder.SetMaxMessageSize(std: :numeric_limits<int32>::max());
builder.SetOption(
std: :unique_ptr<::grpc::ServerBuilderOption>(new NoReusePortOption));

}

void GrpcServer::StartGrpcServer() {
::grpc::ServerBuilder builder;

InitServerBuilder(builder);
InitMasterService(builder);
InitWorkerService(builder);

server_ = builder.BuildAndStart();




13.4 k%45 217

WA ZIN, grpc::Server X IMEAL MasterService IR SEMZE GrpcMasterService
el SIEEFIAR, B BEINEIE GrpcMasterService SEFHAH R TE EAC LR E. Hp
FEHEALEE R Eh ) Hol 452 5 AL SE AR FE T Master HYSTIEON 4 o

std: :unique_ptr<Master> GrpcServer::CreateMaster(
MasterkEnv* master_env) {
return std::make_unique<Master>(master_env);

}

AsyncServicelnterface* NewGrpcMasterService(
Master* master, ::grpc::ServerBuilder* builder) {
return new GrpcMasterService(master, builder);

}

void GrpcServer::InitMasterService() {
master_impl_ = CreateMaster(&master_env_);
master_service_ = NewGrpcMasterService(
master_impl_.get(), &builder);

ﬁ?{k%ﬁ?ﬁ grpc::Server STAMERL WorkerService ARSI SEA4 R GrpcWorkerService 5K
Bl 478 EFAET, K BE3IEE GrpcWorkerService SEFFRAHMN [F1H BAL PR K%, HAp, 1F
THEALHE R Hol 558 5 AL FLSE KT T GrpcWorker BY4THEON 42 o

std: :unique_ptr<GrpcWorker> NewGrpcWorker(WorkerEnv* env) {
return std: :unique_ptr<GrpcWorker>(new GrpcWorker(env));
3

AsyncServicelnterface* NewGrpcWorkerService(
GrpcWorker* worker, ::grpc::ServerBuilder* builder) {
return new GrpcWorkerService(worker, builder);

}

void GrpcServer::InitWorkerService(::grpc::ServerBuilder& builder) {
worker_impl_ = NewGrpcWorker(&worker_env_);
worker_service_ = NewGrpcWorkerService(
worker_impl_.get(), &builder);

BEhRR S5

E New IRZ, grpc::Server C&JH5), HEN A IMEM: MasterService M55 FH
WorkerService %5 WL GrpcServer::Start JTHJG, GrpcServer HPIRZSM New iTH
Started IR, ﬁ?ﬁ§3h77ﬁﬁ4\ﬁﬁiiﬁﬁé%$%, DAJE B MasterService Fil WorkerService f7H
SALHER o BT, GrpcServer IEAXTAMEfE MasterService A1 WorkerServices

Status GrpcServer::Start() {
mutex_lock 1(mu_);
switch (state ) {
case NEW: {
master_thread_.reset(
env_->StartThread(ThreadOptions(), "TF_master_service",
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[this] { master_service_->HandleRPCsLoop(); }));
worker_thread_.reset(
env_->StartThread(ThreadOptions(), "TF_worker_service",
[this] { worker_service_->HandleRPCsLoop(); }));
state_ = STARTED;
return Status::0KQ);

}

case STARTED:
LOG(INFO) << "Server already started(" << target() << ")";
return Status::0KQ);

case STOPPED:

default:
CHECK(false);

[Se]

EFFLIERSS

R T R AT SR MasterService AR 551 WorkerService k55, 7% B3 Bl XT £k
TF_master_service #ll TF_worker_service Z£jift join Eﬁ?ﬁ, ﬁﬁﬁ%jiéﬁfifiﬁﬁ, HEXPNLL
2 S I

H A GrpcServer::Join J7ik, 4 GrpcServer AT Started B Stoped KA, B
¥ HBNEH Thread BIHTHI KL

Status GrpcServer::Join() {
mutex_lock 1(mu_);
switch (state_) {
case NEW:

state_ = STOPPED;
return Status::0KQ);
case STARTED:
case STOPPED:
master_thread_.reset();
worker_thread_.reset();
return Status::0KQ);
default:
CHECK(false);

B, BT Cor bREFESLILE StdThread H, HATHRECE A std::thread Y join

struct StdThread : Thread {
StdThread(const ThreadOptions&, const string&,
std: : function<void()> fn)
. thread_(fn) {
}

~StdThread() override {
thread_. join(Q);
1

private:
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std: :thread thread_;
};

KIFRRSS

WHERE 2, HET GrpcServer JEARREMHEMLIEH o Kl , 78 THESLERERG T, TensorFlow
H A OB T T G BT Kubernetes, SCHE GrpcServer ARS51 H B HE

Status GrpcServer::Stop() {
mutex_lock 1(mu_);
switch (state.) {
case NEW:
state_ = STOPPED;
return Status::0KQ);
case STARTED:
return errors::Unimplemented(
"Clean shutdown is not currently implemented");
case STOPPED:
LOG(INFO) << "Server already stopped(" << target() << ")";
return Status::0KQ);
default:
CHECK(false);

13.4.3 €3 WorkerCachelnterface

2858 GrpcServer AP 2 J5 | B 2] 2 /i3 & 1 — 7). MasterEnv 54
WorkerCacheInterface §Z@m, © AT AR e R G g WorkerInterface; iiEP, WorkerInter-
face TR WorkerService RS o

T Ai% . GrpcServer:WorkerCacheFactory

X IE MasterEnv B, 183 L) J7 5 GrpcServer: :WorkerCacheFactory i #
WorkerCacheInterface S£fil. H ', WorkerCacheFactoryOptions EMmT ServerDef, )
4 ClusterDef, M H job_name:task_index {5 B.. H I, L1 ParseChannelSpec 15 £ 1
GrpcChannelSpec £, 25T ClusterSpec, Bl T AEREA LA B15 H.

Status GrpcServer: :WorkerCacheFactory(
const WorkerCacheFactoryOptions& options,
WorkerCacheInterface** worker_cache) {

GrpcChannelSpec channel_spec;
TF_RETURN_IF_ERROR(ParseChannelSpec(options, &channel_spec));

std: :unique_ptr<GrpcChannelCache> channel_cache(
NewGrpcChannelCache(channel_spec, GetChannelCreationFunction()));
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string name_prefix = strings::StrCat(
"/job:", *options.job_name, "/replica:Q",
"/task:", options.task_index);

*worker_cache = NewGrpcWorkerCacheWithLocalWorker(
channel_cache.release(), worker_impl_.get(), name_prefix);
return Status::0KQ);
3

T A% : NewGrpcChannelCache

NewGrpcChannelCache H T 61 ## GrpcChannelCache 3£, GrpcChannelCache A LAAR
Worker 44 FK, ZRECEZEIR G AH I Y grpc: :Channel SE6. HH —4 Job g —1
SparseGrpcChannelCache §E@W, MultiGrpcChannelCache a2 SparseGrpcChannelCache,
iiﬁ%‘*$¢§ﬂﬁﬁ5@ﬂﬁé?ﬁ§ftE@EZFH, T OCE A AR GrpcChannelCache e

GrpcChannelCache* NewGrpcChannelCache(
const GrpcChannelSpec& spec,
ChannelCreationFunction channel_func) {
std: :vector<GrpcChannelCache*> caches;
for (auto& job : spec.host_ports_jobs()) {
caches.push_back(
new SparseGrpcChannelCache(
job.job_id, job.host_ports, channel_func));
1

return new MultiGrpcChannelCache(caches);

}

I 7AiE : NewGrpcWorkerCacheWithLocalWorker

M 1) J7# NewGrpcWorkerCacheWithLocalWorker, TG A A M Worker I Grpc-
WorkerCache SE4]o

WorkerCacheInterface* NewGrpcWorkerCacheWithLocalWorker(
GrpcChannelCache* cc, WorkerInterface* local_worker,
const string& local_target) {

return new GrpcWorkerCache(cc, local_worker, local_target);

}

I Ai% . GrpcServer:GetChannelCreationFunction

GetChannelCreationFunction HIIZITHHH T C++ sREEURERNEME, ERE T —1H
TFOUEE grpc: :Channel SEFIRTBRECN %o (HASSERTE, TAFFEH) NewHostPortGrpcChannel i
#(5 ChannelCreationFunction FZ A ANICHC. K, BLALE T 4474 ConvertToChannelCre-

ationFunction HIIEACES, F NewHostPortGrpcChannel Z5#tA ChannelCreationFunction.
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using SharedGrpcChannelPtr = std::shared_ptr<::grpc::Channel>;
using ChannelCreationFunction = std::function<SharedGrpcChannelPtr(string)>;

Status NewHostPortGrpcChannel(const string& target,
SharedGrpcChannelPtr* channel) {
::grpc: :ChannelArguments args;
args.SetInt("grapc.arg.max.message_length",
std: :numeric_limits<int32>::max());
args.SetInt("grpc.testing.fixed_reconnect_backoff_ms",
1000);

*channel = ::grpc::CreateCustomChannel(
"dns:///" + target, ::grpc::InsecureChannelCredentials(), args);
return Status::0KQ);
3

ChannelCreationFunction ConvertToChannelCreationFunction(
const std::function<Status(string, SharedGrpcChannelPtr*)>& new_channel) {
return [new_channel_func](const string& target) -> SharedGrpcChannelPtr {
SharedGrpcChannelPtr channel_ptr;
if (new_channel(target, &channel_ptr).ok()) {
return channel_ptr;
} else {
return nullptr;
}
b
}

ChannelCreationFunction GrpcServer: :GetChannelCreationFunction() const {
return ConvertToChannelCreationFunction(NewHostPortGrpcChannel);

}

I, FATENT GrpcChannelCache 55 WorkerCacheInterface FIAIETHE, (HAEA]
EHPRTFAT AW ? ZF5E 1, WorkerCacheInterface T 3REL WorkerInterface SEf], & H
T TR WorkerSerivice MRS, T AE R R E .,

1. FIREBF A Worker ¥9.4 53]k ;
2. HIE Worker #9.% F 4] RPC i#@iE

3. #&¥% Worker # RPC iBid, 4|4 GrpcRemoteWorker 41,

Hrr | GrpcRemoteWorker & WorkerInterface HJEAKSZIL: GrpcChannelCache FITTEREL
Worker HJ&HK, FMEAIEE worker MM grpc::Channelo

13.4.4 6]3& Worker A RPC &g

GrpcChannelCache T ERHUEL G AERFHIEhG Worker Y RPC 1#E. HH | ListWork-
ers F TIR I EEREH Worker 1 2 FKF 5. TranslateTask F T4 Worker [ 44 FR%% #h
host:port L (S B FindWorkerChannel MZETEH &K grpc: :Channel EE@N; R AL
2], AR HEE Eh A1 —1 grpc: :Channel SE61], IR ZEAFH
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typedef std::shared_ptr<::grpc::Channel> SharedGrpcChannelPtr;

struct GrpcChannelCache {
virtual ~GrpcChannelCache() {3}
virtual void ListWorkers(std::vector<string>* workers) const = 0;
virtual SharedGrpcChannelPtr FindWorkerChannel(const string& target) = 0;
virtual string TranslateTask(const string& task) = 0;

1

R\

WA13-28 (%2227) Fli7N, GrpcChannelCache 252 R 45 HE R A WAL 254
SparseGrpcChannelCache A1 i, ARSI . —1 Job SE4. 1M MultiGrpcChannel-
Cache MH5HZ 1 SparseGrpcChannelCache S5, FHAEF N SEHIT W 24> Job SE4

channel_cache

GrpcWorkerCache GrpcChannelCache

T

channels caches
grace: :Channel < " CachingGrpcChannelCache |[<— "
<dns://host:port> T
SparseGrpcChannelCache MultiGrpcChannelCache
{
ps:
L
{@: ps@:2222},
{1: psl:2222}
]
}

B 13-28 #4413 GRPC @i

ZTFIH

T ERARR LR grpe: :Channel SEFIHT4S, 51T CachingGrpcChannelCache,
BAEEE grpc::Channel HIIEREMET T2 GFEAR BT ELLMES, WL Find-
ChannelOnce JEIRHIZIZARENEE grpc: :Channel L6, HIR B H .

struct CachingGrpcChannelCache : GrpcChannelCache {
SharedGrpcChannelPtr FindWorkerChannel(const string& target) override {
SharedGrpcChannelPtr ch = nullptr;
{
mutex_lock 1(mu_);
ch = gtl::FindPtrOrNull(channels_, target);
if (ch) {
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return ch;

}

}

ch = FindChannelOnce(target);

if (ch) {
mutex_lock 1(mu_);
channels_.insert({target, ch});

return ch;

}

protected:
virtual SharedGrpcChannelPtr FindChannelOnce(const string& target) = 0;

private:
mutex mu_;
std: :unordered_map<string, SharedGrpcChannelPtr> channels_;

1

HFh=

SparseGrpcChannelCache HY&E™ SEAF) AT B2 — 4> Job SE4], & AHA Job Al HEAH R HY
grpc: :Channel EZ@WﬁE, £~ Task XY —4> grpc: :Channel.

}iq”,FindChanneIOncei@fiﬁ%fﬁ TranslateTask,ik Worker 24 HR FRHHEEU M 1) task_id,
IRJG FF M host_ports_ FZE 51 H host:port HyHutE(E B, PAtHuhbiE A L) ¥ chan-
nel_func_ BN grpc::Channel SEfl. R, BFEMTUTF =13

1. i@ 1L ListWorkers & ™% Job * & & Task & # %) & ; #lde, /job:ps A& [/
job:ps/replica:@0/task:@, /job:ps/replica:0/task:1];

2. i@iL TranslateTask, FFH&4E4FE Task B4R, &3] host:port #93uhbiz & ; f4e,
/job:ps/replica:0/task:0 & 5| #93ik A ps0:2222;

3. i@id FindChannelOnce, F#IE4F & Task LAk, Al E 9 grpc::Channel 41,
B4, /job:ps/replica:0/task:0, &1 VA ps@:2222 A Huik#) grpc::Channel 41,

static string MakeAddress(const string& job, int task) {
return strings::StrCat("/job:", job, "/replica:0@/task:", task);
3

struct SparseGrpcChannelCache : CachingGrpcChannelCache {
SparseGrpcChannelCache(
const string& job_id,
const std::map<int, string>& host_ports,
ChannelCreationFunction channel_func)
: job_id_(job_id), host_ports_Chost_ports),
channel_func_(std: :move(channel_func)) {

}

void ListWorkers(std::vector<string>* workers) const override {
workers->reserve(workers->size() + host_ports_.size());
for (const auto& id_host_port : host_ports_) {
workers->emplace_back(MakeAddress(job_id_, id_host_port.first));
}

}




224 % 13 Z 401 TensorFlow

string TranslateTask(const string& target) override {
DeviceNameUtils: :ParsedName parsed;
if (!DeviceNameUtils: :ParseFullName(target, &parsed)) {

return "";
1
auto iter = host_ports_.find(parsed.task);
return iter == host_ports_.end() ? "" : iter->second;
}
protected:

SharedGrpcChannelPtr FindChannelOnce(const string& target) override {
auto host_port = TranslateTask(target);
if Chost_port.empty()) {
return nullptr;

return channel_func_Chost_port);

}

private:

const string job_id_;

const std::map<int, string> host_ports_;
const ChannelCreationFunction channel_func_;

};

EMHFTR

MultiGrpcChannelCache 1Y caches_ a2 SparseGrpcChannelCache L, SEI#E
MEFETE Worker 17 51 grpe: :Channel GG, AT —H1EE SparseGrpcChan-
nelCache SEHIHEHLITFE, MultiGrpcChannelCache 2247 7 EF AL SparseGrpcChannel -
Cache 4, R UEF AT SparseGrpcChannelCache SEHIRIMUE ,, A 24K caches_ 1l
ZHZEG MM AT SparseGrpcChannelCache 3241, FFEBIRINEZEZGF T .

class MultiGrpcChannelCache : public CachingGrpcChannelCache {
public:
explicit MultiGrpcChannelCache(
const std::vector<GrpcChannelCache*>& caches)
: caches_(caches) {}

~MultiGrpcChannelCache() override {
for (auto cache : caches_) {
delete cache;
1
}

void ListWorkers(std::vector<string>* workers) const override {
for (auto cache : caches_) {
cache->ListWorkers(workers);
}
}

string TranslateTask(const string& target) override {
mutex_lock 1(mu_);
auto cache = gtl::FindPtrOrNull(target_caches_, target);
if (cache == nullptr) {
for (auto ¢ : caches.) {
string r = c->TranslateTask(target);
if ('r.empty)) {
target_caches_.insert({target, c});
cache = c;
break;
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3
b

return cache->TranslateTask(target);

}

protected:
SharedGrpcChannelPtr FindChannelOnce(const string& target) override {
for (auto cache : caches_) {
auto ch = cache->FindWorkerChannel(target);
if (ch) {
mutex_lock 1(mu_);
target_caches_.insert({target, cache});
return ch;

}

return nullptr;

3

private:

const std::vector<GrpcChannelCache*> caches_;
mutex mu_;

std: :unordered_map<string, GrpcChannelCache*> target_caches_;

1

13.4.5 €l# WorkerInterface

MM13-29 (%225W) Fi7N, GrpcWorkerCache 54 GrpcChannelCache X%, FflitE
Nz grpc: :Channel EE@W, PNIIES NS GrpcRemoteWorker SR B A EE

<server_def> GetOrCreateWorker(task_name)

WorkerCacheInterface WorkerInterface

1

GrpcWorkerCache GrpcRemoteWorker GrpcWorker

GetOrCreateWorker(task_name) I

13-29 % A&41# WorkerInterface %4

struct GrpcWorkerCache : WorkerCachePartial {
GrpcWorkerCache(

GrpcChannelCache* channel_cache,

WorkerInterface* local_worker,

const string& local_target)

: local_target_(local_target),
local_worker_(local_worker),
channel_cache_(channel_cache) {}

~GrpcWorkerCache() override {
live_rpc_counter_.WaitUntilUnused();
delete channel_cache_;
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}

void ListWorkers(std::vector<string>* workers) const override {
channel_cache_->ListWorkers(workers);

}

WorkerInterface* CreateWorker(const string& target) override {
if (target == local_target_) {
return local_worker_;
} else {
auto channel = channel_cache_->FindWorkerChannel(target);
if (!channel) return nullptr;
return new GrpcRemoteWorker(&live_rpc_counter_, std::move(channel),
&completion_queue_, &logger_);
}

}

void ReleaseWorker(const string& target,
WorkerInterface* worker) override {
if (target != local_target_ ) {
WorkerCacheInterface::ReleaseWorker(target, worker);
}
}

private:
string local_target_;
WorkerInterface* local_worker_;
GrpcCounter live_rpc_counter_;
GrpcChannelCache* channel_cache_;
::grpc: :CompletionQueue completion_queue_;
WorkerCachelLogger logger_;

s

13.5 SiRIEH

SIRIEH 2 TensorFlow 9 U THTUAZ L, 2 HEN TensorFlow B4 7512 B 1) 5¢
BEERIR . N T BT RIS, T R SR E SRR R SR d A TR AR

13.5.1 &i&thE

WE13-30 ($227R) Aion, AT S EEHEE GrpcSession, MasterSes-
sion, WorkerSession ziﬁﬂEQtUEﬂQZEWE@, EA15 B EE Client, Master, Worker J:, {ii
HIE—1 session_handle SEELHRE TAEART.

HAr tf.Session f# ] Python SZHE, /& TensorFlow X #MEALH API. ©5 GrpcSession
FEE RN, HHEEFA GrpcSession HIAIHE (Ei¥gET) SLILAT.
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4 . N
Client
tf.Session
cC_sess
GrpcSession
\ >
session_handle
4 N
Master
MasterSession
\ / \ J
sess‘i.on_handle/ \ession_hand‘le
r N
Worker / \ Worker
WorkerSession WorkerSession
\ /job:ps/task:@ /job:worker/task:@ y

13-30 REWHF

ME13-31 ($227R) fron, E5AAAE T, FTREAFAEL D Client [FI A —4
Master, Master AHHEEMEAN Client 6> MasterSession Sf. Worker A GE[F]
N2~ Master %@iﬂ‘gﬂﬁ%, Worker A HEAME R ITEN Master GlZ2E—1 WorkerSession
Sle T XA Client BITHEIRS, HAFT session_handle X436
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target
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handle@
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WorkerSession A
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Worker1
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target
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13-31 A4 AR

13.5.2 £ EAH

GrpcSession 21| Client HY£ 1417 B, MasterSession ##il Master 21 A4 i
1, WorkerSession %1 Worker H)<xi%2E A&, BT AI#EIT session_handle SLEL A
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GrpcSession 445 & £

FE AT, Client HIISTTHI I GrpcSession #51], GrpcSession AR fiy J&l i #2
WE13-32 ($2281) Fime
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| sess-»Close() |
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delete sess
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13-32 GrpcSession 44

MasterSession 27y JE &f
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WorkerSession 445 B 8B
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13.5.3 £i1EHFE

R RAEIRIEF ) Client M tf.Session(target) Mg, HiT Session.run joshi%
APAT, AT EFERETI Session.close RS Th. H2, EN0MmIIT5 2809523
o HiREE 52,

o Bl LRIE

1. 21 GrpcSession;
2. RBE XA E;

3. 4]# MasterSession;
4

. £1# WorkerSession;

o HRIAT

& B AT
A A

B,

EMFBE;
EATTFH;

(2 BV RGO RE NO R

o A&t

1. X# GrpcSession;
2. %M MasterSession;
3. %M WorkerSession;

13.6 GIESIE

EF'@JI*%:Z% FEAE Client ¥ Al GrpcSession i{ﬁﬂ E Master ¥l ZE Mas-
terSession LAl ; 1E41> Worker LGIEE WorkerSession SE#l, =it MasterSession [
session_handle SEILIAE], T MRFFIZFEEAR Client SE41

13.6.1 €& GrpcSession

24 Client i tf.Session(target) B, BT TF_NewDeprecatedSession [ C API
O, fitkG# GrpcSession L. HAT, C API /& TensorFlow J&kh RGN MR ZIES
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PR HIARERE D o 2L, tf.Session M ELHFFA GrpcSession HIAINE, WA 13-35 (5231 7)
FrR o

Client

new
tf.Session GrpcSession

CC_sess

B 13-35 ¢l GrpcSession: tf.Session ## GrpcSession &4

Status NewSession(const SessionOptions& options, Session** out_session) {
SessionFactory* factory;
Status s = SessionFactory::GetFactory(options, &factory);
if (!s.ok()) {
*out_session = nullptr;
return s;
1
*out_session = factory->NewSession(options);
if (!*out_session) {
return errors::Internal("Failed to create session.");
1
return Status::0KQ);
1

TF_DeprecatedSession* TF_NewDeprecatedSession(
const TF_SessionOptions* opt, TF_Status* status) {
Session* session;
status->status = NewSession(opt->options, &session);
if (status->status.ok()) {
return new TF_DeprecatedSession({session});
} else {
return nullptr;
}
3

A 13-36 ($2317) 7N, GrpcSession H GrpcSessionFactory 24501 . 24 target
LA grpc://}F%&, Il SessionFactory: :GetFactory #& [F] GrpcSessionFactory EE@W, MM Gr-
pcSessionFactory: :NewSession B L) T EZHE GrpcSession: :Create HIERAS T T 0
GrpcSession SE4 o

create

| Session F&———————l SessionFactory |

) create N
| GrpcSession F&———————{ GrpcSessionFactory |

7\

(:Eérget=”grpc://master:porgz:)

B 13-36 % &4/# GrpcSession




232 % 13 Z 401 TensorFlow

const char* kSchemePrefix = "grpc://";

struct GrpcSessionFactory : SessionFactory {
bool AcceptsOptions(const SessionOptions& options) override {
return StringPiece(options.target).starts_with(kSchemePrefix);

}

Session* NewSession(const SessionOptions& options) override {
std: :unique_ptr<GrpcSession> ret;
Status s = GrpcSession::Create(options, &ret);
if (s.okQ)) {
return ret.release();
} else {
return nullptr;
}
}
s

GrpcSession: :Create it Ax ) J7FEMTTAIE GrpcSession SEH, H-5¢ B (R 1G
W TAE FTERIIRIL IR | S EE B B2 M MasterInterface 356 ; HH' | MasterInterface
HF Client 5[] Master Y MasterService CimR55, TFAEMFFZESLEL, 20 BN
FAS TR 13 5% -

1. LocalMaster: Client 55 Master /£ F—# 421, # A LocalMaster: :Lookup B4 3K
B LocalMaster 4 ;

2. GrpcRemoteMaster: Client &5 Master &4E B —# 42N, B L) 7 % NewGrpc-
Master £ A% GrpcRemoteMaster 24,

GrpcRemoteMaster SEf2E—1 RPC W& imsLEl, (1ZE GrpcRemoteMaster SEIRT, 75
ARG target FHERT Master MR S0, QS 2 fHER RPC #iE.

Status GrpcSession::Create(
const SessionOptions& options,
std: :unique_ptr<GrpcSession>* out_session) {
std: :unique_ptr<GrpcSession> session(hew GrpcSession(options));
std: :unique_ptr<MasterInterface> master;

if (loptions.config.rpc_options().use_rpc_for_inprocess_master()) {
master = LocalMaster::Lookup(options.target);

}

if (!master) {
SharedGrpcChannelPtr master_channel;
TF_RETURN_IF_ERROR(NewHostPortGrpcChannel(

options.target.substr(strlen(kSchemePrefix)), &master_channel));

master.reset(NewGrpcMaster(master_channel));

}

session->SetRemoteMaster(std: :move(master));

*out_session = std::move(session);

return Status::0KQ);
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13.6.2 €& MasterSession

WME13-37 ($2337W) 7N, 24 GrpcSession SEFIGIE NI G, MEEBMIA GprcSes-
sion::Create WA, HRIIGATHE K CreateSessionRequst JHE A IEZS Master; 4
Master % CreateSessionRequst 7%%}5, A A XS Y 1Y MasterSession i%, I 15
4 JijME—1 session_handle R i% L, HZLiH i) CreateSessionResponse 15417 [H] 25
GrpcSessiono

— a
Client

tf.Session

|_m Create(graph_def)

GrpcSession

@ CreateSession(graph_def)

GrpcRemoteMaster

. A

CreateSessionReq( e ;
RPC CreateSessionRsp(

graph_def,target) session_handle)

r ™
Master

GrpcMasterService

@ CreateSession(graph_def)

Master

@ \ Create(graph_def)

MasterSession

B 13-37 4l# MasterSession

GrpcSesion::Create(graph_def)

GrpcSession: :Create(graph_def) TTEFEMT Client 153K Master fllE MasterSes-
sion L. E5E, GrpcSession::Create J7 55T/ H4iE CreateSessionRequst 145, SAJHIH
it GrpcRemoteMaster WBH A IRZE Mastero

M GrpcSession YN F| CreateSessionResponse JHEJG, PR{F MasterSession Y handle,
NEMIATEE RS graph_version. H A, handle AT HrIH Master Ml MasterSes-
sion SLf, graph_version T JE&y BT EEHH .
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void GrpcSession::BuildCreateSessionReq(
const GraphDef& graph,
CreateSessionRequest& req) {
*req.mutable_config() = options_.config;
*req.mutable_graph_def() = graph;
req.set_target(options_.target);
}

void GrpcSession::SaveCreateSessionRsp(
CreateSessionResponse& rsp) {
mutex_lock 1(mu_);
swapChandle_, *(resp.mutable_session_handle()));
current_graph_version_ = resp.graph_version();

}

Status GrpcSession::CreateImpl(CallOptions* call_options,
const GraphDef& graph) {
CreateSessionRequest req;
CreateSessionResponse resp;

BuildCreateSessionReq(graph, req);
Status s = master_->CreateSession(call_options, &req, &resp);

if (s.okQ)) {

SaveCreateSessionRsp(resp);
}

return s;

}

Status GrpcSession: :Create(const RunOptions& run_options,
const GraphDef& graph) {
CallOptions call_options;
call_options.SetTimeout(run_options.timeout_in_ms());
return CreateImpl(&call_options, graph);
3

Status GrpcSession::Create(const GraphDef& graph) {
CallOptions call_options;
call_options.SetTimeout(options_.config.operation_timeout_in_ms());
return CreateImpl(&call_options, graph);

3

GrpcRemoteMaster::CreateSession

GrpcRemoteMaster A& —1> gRPC K% 7 i L. BRISCHIAER 2, 1Wid gRPC H)—
A stub A NG Master HHR ARG 1 o

Status GrpcRemoteMaster::CreateSession(
CallOptions* call_options,
const CreateSessionRequest* request,
CreateSessionResponse* response) override {
::grpc::ClientContext ctx;
Set(lientContext(*call_options, ctx);
return FromGrpcStatus(stub_->CreateSession(&ctx, *request, response));
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GrpcMasterService::CreateSessionHandler

GrpcMasterService & — 1 gRPC W55, BLIM T MasterService B RPC IR55H: M.
LI F] CreateSession 1HEJE 4%‘33 GrpcMasterService: :CreateSessionHandler =] 5 A 3
ZIHE, BHZEE Master QhﬂﬂiZY%,uw

M Master ACFESEALE, B EIESE BT Y lambda 323438, 7] Client iR [F] CreateSes-
sionResponse M IH E o

void GrpcMasterService::CreateSessionHandler(
MasterCall<CreateSessionRequest, CreateSessionResponse>* call) {
master_impl_->CreateSession(
&call->request, &call->response,
[call]l(const Status& status) {
call->SendResponse(ToGrpcStatus(status));

s
ENQUEUE_REQUEST(CreateSession, true);
3

Master::CreateSession

Master: :CreateSession *%é?ZE%%i§ﬁﬁ55ﬁ§53‘44\%%55 FHELEN %R cluster_spec
FR., FHITAER Worker, WAL NEE. &5, Q1 7 —1 MasterSessiono

R) EREMBALFGIE, FTWHE@ILA, AV TR Pk IR R4 L.

24 MasterSession ﬁdiﬁﬁi@bﬁ% Master 2R A7 (handle, master_session) i —Jod s
B, LMEE4E Master REMGETT handle ZX5|HHMN [ MasterSession SEf.

using RemoveDevices = unique_ptr<vector<unique_ptr<Device>>>;

void Master: :CreateSession(const CreateSessionRequest* req,
CreateSessionResponse* resp, MyClosure done) {
SchedClosure([this, req, resp, done]() {

WorkerCacheInterface* worker_cache = env_->worker_cache;
RemoveDevices remote_devices(new vector<unique_ptr<Device>>());

Status status = DeviceFinder: :GetRemoteDevices(
reqg->config().device_filters(), env_,
worker_cache, remote_devices.get())

if (!status.ok()) return;

std: :unique_ptr<DeviceSet> device_set(new DeviceSet);

for (auto&& d : *remote_devices) {
device_set->AddDevice(d.get());

}

int num_local_devices = 0;
for (Device* d : env_->local_devices) {
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device_set->AddDevice(d);
if (num_local_devices == @) {

device_set->set_client_device(d);

num_local_devices++;

SessionQOptions options;
options.config = reqg->config();

MasterSession* session = env_->master_session_factory(
options, env_, std::move(remote_devices),
std: :move(worker_cache_ptr), std::move(device_set));

GraphDef* gdef =
const_cast<CreateSessionRequest*>(req)->mutable_graph_def();

WorkerCacheFactoryOptions worker_cache_factory_options;
Status status = session->Create(gdef, worker_cache_factory_options);
resp->set_session_handle(session->handle());

{
mutex_lock 1(mu_);
CHECK(sessions_.insert({session->handle(), session}).second);

}
s
}

MasterSession::Create(graph_def)

MasterSession::Create(graph_def) FESE MR

1. ¥t 28, £ R SimpleGraphExecutionState 524 ;
2. W R ATE LR, WS & A Worker 4148 2 49 WorkerSession 54,

Hr | SimpleGraphExecutionState: :MakeForBaseGraph SEEN S5 A MM AH A | A6 AT
Eﬁo

Status MasterSession: :Create(
GraphDef* graph_def,
const WorkerCacheFactoryOptions& options) {
SimpleGraphExecutionStateOptions execution_options;
execution_options.device_set = devices_.get();
execution_options.session_options = &session_opts_;
{
mutex_lock 1(mu_);
TF_RETURN_IF_ERROR(SimpleGraphExecutionState: :MakeForBaseGraph(
graph_def, execution_options, &execution_state_));

if (options.cluster_def != nullptr) {
return CreateWorkerSessions(options);

}
return Status::0KQ);
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13.6.3 FBURIRIEEFE

A 13-38 (#237M) Fin, FEQIEE MasterSession Z B, MasterSession <451l A 1)
Worker LM, FRBUGILIH AT A Worker M E(EE . BT DeviceFinder HJIt#Akay, 1
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HBEI/‘]I{/Eﬁ@ﬂEﬁﬁ%, TR GrpcWorkerCache: :ListWorkers 2R BUEEFEH AT A 1Y
Worker [ 5513 ; 85, 1RY% worker_name 4%, 1 GrpcWorkerCache: : CreateWorker
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AR

r Y
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struct DeviceFinder {
static Status DeviceFinder: :GetRemoteDevices(
MasterEnv* env,
WorkerCacheInterface* worker_cache,
std: :vector<std: :unique_ptr<Device>>* out_remote) {
DeviceFinder finder(env, worker_cache);
finder.StartQ);
TF_RETURN_IF_ERROR(finder.Wait());
finder.GetRemoteDevices(env->local_devices, out_remote);
return Status::0KQ);

1

N T EHIEFE 21 worker ) GetStatusResponse JHE, WANMEH T num_pending_
114045, B DeviceFinder::Start IXEMIGIEN Worker HIE(H o

BILFR I Worker 1Y GetStatusResponse JHEL, MIEJE WhenDone, T4 1.
M HEIE RN 0 B, BT pending_zero_.notify_all, " pending_zero_.wait_for
15A], BEEME R LAET finder.GetRemoteDevices R IHZE R T o

}iqﬂ, 1 DeviceFinder::Start q“, 13T NewRemoteDevices [ I Worker | #%& Get-
StatusRequest {HEAIHAHN HIIRAEFE, T & E iR LB

struct DeviceFinder {
private:
explicit DeviceFinder(
MasterkEnv* env,
WorkerCacheInterface* worker_cache)
. env_(env), worker_cache_(worker_cache) {
worker_cache->ListWorkers(&targets_);
seen_targets_.assign(targets_.size(), false);

}

~DeviceFinder() {
for (auto dev : found_) delete dev;

1
void Start() {
{

mutex_lock 1(mu_);
num_pending_ = targets_.size();

}

using std::placeholders::_1;
using std::placeholders::_2;
for (size_t i = 0; i < targets_.size(); ++i) {
NewRemoteDevices(env_->env, worker_cache_, targets_[i],
std: :bind(&ME: :WhenFound, this, i, _1, _2));

void GetRemoteDevices(
const std::vector<Device*>& local,
std: :vector<std: :unique_ptr<Device>>* remote) {
std: :unordered_set<string> names(local.size());
for (auto dev : local) {
names.insert(dev->name());
1

mutex_lock 1(mu_);
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for (auto dev : found.) {
auto& name = dev->name();
if (names.insert(name).second) {
remote->push_back(std: :unique_ptr<Device>(dev));
} else {
delete dev;

}

found_.clear(Q);

}

Status Wait() {
mutex_lock 1(mu_);
while (num_pending_ != @) {
pending_zero_.wait_for(l, std::chrono::milliseconds(10 * 1000));
if (num_pending_ !'= @) {
for (size_t i = 0; i < targets_.size(); ++i) {
if (!seen_targets_[i]) {
LOGCINFO)
<< "CreateSession still waiting for response from worker:
<< targets_[1i];

}
}
}
3
return status_;

}

void WhenFound(int target_index, const Status& s,
std: :vector<Device*>* devices) {

mutex_lock 1(mu_);

seen_targets_[target_index] = true;

if (Is.ok()) {
status_.Update(s);

} else {
found_.1insert(found_.end(), devices->begin(), devices->end());
devices->clear(Q);

}

--num_pending_;

if (num_pending_ == @) {
pending_zero_.notify_allQ);

}

typedef DeviceFinder ME;
const MasterEnv* env_;
WorkerCacheInterface* worker_cache_;

mutex mu_;

int num_pending_ GUARDED_BY(mu_);
condition_variable pending_zero_;

std: :vector<Device*> found_ GUARDED_BY(mu_);

std::vector<string> targets_;
std: :vector<bool> seen_targets_ GUARDED_BY(mu_);
Status status_;

1

BN, 4 num_pending_ THEER AN, MLt A MEMEAR 10 F04h, BESKIY
MR A IAFAE Worker IAIR IR IH . WIFTERARLE Worker F 24 FRe 4B EIEIAHFT E
W NEER, M Z B H/job :worker/task:2 XV Server £ &R HIBH T, 3t Master
HZ M Worker Z [R5 AR AET %, M5 RGP,
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CreateSession still waiting for response from worker: /job:worker/task:2

NewRemoteDevices

NewRemoteDevices 4R worker_name £k WorkerInterFaceEE@ﬂ,3$2i£§ GetStatus-
Request HEFIXS I Worker ZREUHRL A5 . UIHEIRIS, KB cb FIREDR . H
M, MG Worker ZRENAYIZ A (S BIFAEEE, HAE S worker_name HIfFE., HIILFEET
Zhis i L.

void NewRemoteDevices(
Env* env, WorkerCacheInterface* worker_cache,
const string& worker_name, NewRemoteDevicesDone done) {
struct Call {
GetStatusRequest req;
GetStatusResponse resp;

1

WorkerInterface* wi = worker_cache->CreateWorker(worker_name);
Call* call = new Call;
auto cb = [env, worker_cache, &worker_name, &done, wi, call](
const Status& status) {
Status s = status;
std: :vector<Device*> remote_devices;
auto cleanup = gtl::MakeCleanup(
[worker_cache, &worker_name, wi, &done, &remote_devices, &s, call] {
worker_cache->ReleaseWorker(worker_name, wi);
done(s, &remote_devices);
delete call;

B
if (s.ok()) {
DeviceNameUtils: :ParsedName worker_name_parsed;
DeviceNameUtils: :ParseFullName(worker_name, &worker_name_parsed);

remote_devices.reserve(call->resp.device_attributes_size());

for (auto& da : call->resp.device_attributes()) {
DeviceNameUtils: :ParsedName device_name_parsed;
DeviceNameUtils: :ParseFullName(da.name(), &device_name_parsed);

DeviceAttributes da_rewritten = da;

da_rewritten.set_name(DeviceNameUtils: :FullName(
worker_name_parsed. job, worker_name_parsed.replica,
worker_name_parsed.task, device_name_parsed.type,
device_name_parsed.id));

auto d = new RemoteDevice(env, da_rewritten);

remote_devices.push_back(d);

}
}

b
wi->GetStatusAsync(&call->req, &call->resp, cb);
1

GrpcRemoteWorker::GetStatusAsync

N

GrpcRemoteWorker /& WorkerInterface M EARSLIL, B & gRPC & i, ©il
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i stub WAL WorkerService FHMN IR0 o

struct GrpcRemoteWorker : WorkerInterface {
void GetStatusAsync(const GetStatusRequest* request,
GetStatusResponse* response,
StatusCallback done) override {
IssueRequest(request, response, getstatus_, std::move(done));
3
3

GrpcRemoteWorker::GetStatusAsync

GrpcWorkerService /& WorkerService HJE/RSII, I F] GetStatusRequest TH/E, 1%
H GetStatusHandler [A]Jf40FE

struct GrpcWorkerService : AsyncServicelnterface {
void GetStatusHandler(WorkerCall<GetStatusRequest, GetStatusResponse>* \
call) {
Schedule([this, call](Q) {
Status s = worker_->GetStatus(&call->request, &call->response);
call->SendResponse(ToGrpcStatus(s));
b;
ENQUEUE_REQUEST(GetStatus, false);
1
3

Worker::GetStatusAsync

Worker: :GetStatusAsync ¥4 Z5 L DeviceMgr SEIUAS M % &5 BEIL A, FFmZaE it

GetStatusResponse 1M ELIR [125 %] i o

void Worker::GetStatusAsync(const GetStatusRequest* request,
GetStatusResponse* response, StatusCallback \
done) {
std: :vector<DeviceAttributes> devices;
env_->device_mgr->ListDeviceAttributes(&devices);
response->mutable_device_attributes()->Reserve(devices.size());
for (auto& d : devices) {
response->add_device_attributes()->Swap(&d);
h
done(Status: :0K());

DeviceMgr %?%ijiﬂﬁﬁigﬁég, SEERAN A 1R B

void DeviceMgr::ListDeviceAttributes(
std: :vector<DeviceAttributes>* devices) const {
devices->reserve(devices_.size());
for (auto dev : devices_) {
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devices->emplace_back(dev->attributes());
1
}

13.6.4 €3 WorkerSession

24 MasterSession O E i 5, WIRE A ShASHEEH GO 9 A LK B 2R ),
ML i Worker S 702 WorkerSessiono ZF3L I, £ Worker #8FAE— 1
SessionMgr LB, BFEA — 1 &N legacy_session_ I WorkerSession L. I, &4~
Worker f7AE—>4JAME— WorkerSession SLfo

SessionMgr: :SessionMgr(
WorkerEnv* worker_env,
const string& default_worker_name,
std: :unique_ptr<WorkerCacheInterface> default_worker_cache,
WorkerCacheFactory worker_cache_factory)
: worker_env_(worker_env),
legacy_session_(
default_worker_name,
std: :move(default_worker_cache),
std: :unique_ptr<DeviceMgr>(worker_env->device_mgr),
std: :unique_ptr<GraphMgr>(
new GraphMgr(worker_env,
worker_env->device_mgr))),
worker_cache_factory_(std: :move(worker_cache_factory)) {}

WE13-39 ($243W) Fin, WERAFESAERICE, W Master | #E%5E1> Worker £
H @ — " workerSession 3L, Ff H{# H sessin_handle F5i1Z% WorkerSessiono iX4£E
WorkerSession 3JE T I MasterSession 36, FENE1EHYS MasterSession SEAIHHIF Y

session_handle FRiHo.

}iKP, MasterSession 24 T Y55 i 5 Worker i A 1] CreateWorkerSessionResponse M
B, 5IAT BlockingCounter 14{#¢. BlockingCounter TSI IARE A Worker HIELH , 4
WeEIE1> Worker FINERZ TS, WA 1, HRITEERN 0, done.Wait() HEIFHE.

AN, WorkerInterface SEfl/2iHit WorkerCacheInterface FifjEl GIEAIS2IAY, J5 30K
PEANTHRR L T AR U
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Master |

Master |

CreateWorkerSession

| GrpcRemoteWorker

@ CreateWorkerSessionRsp

CreateWorkerSessionReq

sess_hundle . ﬁ

server_def)

- ™ - A
Worker Worker
I GrpcWorkerService | | GrpcWorkerService |
@ CreateWNorkerSessionAsync CreateWorkerSessionAsync
| Worker | | Worker
§ /job:ps/task:0 ) L /job:worker/task:@

B 13-39 #441% WorkerSession

struct MasterSession: :Worker {
Worker(MasterSession* sess, const string& name,
const DeviceNameUtils::ParsedName& parsed_name,
const WorkerCacheFactoryOptions& opts)
. sess(sess), name(&name), worker(GetOrCreateWorker()) {
BuildRequest(parsed_name, opts);
1

void CreateWorkerSession(BlockingCounter& done, Status& status) {
auto cb = [&status, &done](const Status& s) {
status.Update(s);
done.DecrementCount();

1

worker->CreateWorkerSessionAsync(&request, &response, cb);

}

void Release() {
if (worker != nullptr) {
sess->worker_cache_->ReleaseWorker(*name, worker);
}
3

private:
WorkerInterface* GetOrCreateWorker() {
return sess->worker_cache_->CreateWorker(*name);

}

void BuildRequest(const DeviceNameUtils::ParsedName& parsed_name,
const WorkerCacheFactoryOptions& opts) {
request.set_session_handle(sess->handle_);
BuildServerDef(parsed_name, opts, request.mutable_server_def());

}

void BuildServerDef(const DeviceNameUtils: :ParsedName& parsed_name,
const WorkerCacheFactoryOptions& opts,
ServerDef* server_def) {
*server_def->mutable_cluster() = *opts.cluster_def;
server_def->set_protocol(*opts.protocol);
server_def->set_job_name(parsed_name. job);
server_def->set_task_index(parsed_name.task);

}

private:
MasterSession* sess;




244 % 13 Z 401 TensorFlow

const string* name;
WorkerInterface* worker = nullptr;

CreateWorkerSessionRequest request;
CreateWorkerSessionResponse response;

};

struct MasterSession: :WorkerGroup {
WorkerGroup(MasterSession* sess) : sess(sess) {}

Status CreateWorkerSessions(const WorkerCacheFactoryOptions& opts) {
TF_RETURN_IF_ERROR(CreateWorkers(opts));
TF_RETURN_IF_ERROR(BroadcastWorkers());
return Status::0KQ);

}

void ReleaseWorkers() {
for (auto& worker : workers) {
worker.Release();
1

}

private:
Status CreateWorkers(const WorkerCacheFactoryOptions& opts) {
sess->worker_cache_->ListWorkers(&worker_names);
for (auto& worker_name : worker_names) {
TF_RETURN_IF_ERROR(AppendWorker(worker_name, opts));

}
return Status::0KQ);

Status BroadcastWorkers() {
Status status = Status::0KQ;
BlockingCounter done(workers.size());
for (auto& worker : workers) {
worker.CreateWorkerSession(done, status);

}
done . Wait(Q);
return status;

3

Status AppendWorker(const string& worker_name,
const WorkerCacheFactoryOptions& opts) {
DeviceNameUtils: :ParsedName parsed_name;
TF_RETURN_IF_ERROR(ParseWorkerName(worker_name, &parsed_name));
workers.emplace_back(Worker(sess, worker_name, parsed_name, opts));
return Status::0KQ);
}

Status ParseWorkerName(const string& worker_name,
DeviceNameUtils: :ParsedName* parsed_name) {
if (!DeviceNameUtils: :ParseFullName(worker_name, parsed_name)) {
return errors::Internal("Could not parse name ", worker_name);

if (!parsed_name->has_job || !parsed_name->has_task) {
return errors::Internal("Incomplete worker name ", worker_name);

}
return Status::0KQ);
}

private:

MasterSession* sess;

std: :vector<string> worker_names;
std: :vector<Worker> workers;

};

Status MasterSession: :CreateWorkerSessions(
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const WorkerCacheFactoryOptions& options) {
CHECK(worker_cache_) << "CreateWorkerSessions should be called only with "
<< "dynamic cluster membership.";

WorkerGroup worker_group(this);
auto cleanup = gtl::MakeCleanup([&worker_group] {
worker_group.ReleaseWorkers();

s

return worker_group.CreateWorkerSessions(options);

GrpcRemoteWorker

GrpcRemoteWorker #2177 [1]iE%i Worker ) gRPC % 7 ¥i. E AN HY stub I i
R 55 o

struct GrpcRemoteWorker : WorkerInterface {
void CreateWorkerSessionAsync(
const CreateWorkerSessionRequest* request,
CreateWorkerSessionResponse* response,
StatusCallback done) override {
IssueRequest(request, response, createworkersession_, std::move(done));
}
3

GrpcWorkerService::CreateWorkerSessionHandler

TE Worker ¥, CreateWorkerSession JHE.H CreateWorkerSessionHandler [HIJHALEE, &
TELLRREM T B — D ATs T ZRE , il Worker BIZSAIEE WorkerSession SE6 o

struct GrpcWorkerService : AsyncServicelnterface {
void CreateWorkerSessionHandler(
WorkerCall<CreateWorkerSessionRequest, CreateWorkerSessionResponse>*
call) {

Schedule([this, call](Q) {

Status s = worker_->CreateWorkerSession(&call->request, \
&call->response);

call->SendResponse(ToGrpcStatus(s));

b

ENQUEUE_REQUEST(CreateWorkerSession, false);

1
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£1i# WorkerSession £

Worker f4G# WorkerSession SLf|[NERTIZFEL4S T SessionMgr, HHZ—/& BRAILES
PP WorkerSession SEGIfAE T HH . ANE13-40 (52467 ) Ffi7N, SessionMgr M RERFH £
™~ WorkerSession S 41~ WorkerSession SEAIfE ] session_handle FRiHo

<session_handle>

SessionManager WorkerSession

B 13-40 Session #®%

void Worker: :CreateWorkerSessionAsync(
const CreateWorkerSessionRequest* request,
CreateWorkerSessionResponse* response,
StatusCallback done) {

Status s = env_->session_mgr->CreateSession(
request->session_handle(),
request->server_def());

done(s);

3

N

A 13-41 ($246W) Fi7~, WorkerSession 38— GraphMgr SE41|, HFIEMFIIELT
AR L], Hp, HAEEEEH graph_handle FriHe FEIE, 41 WorkerSession 54
— DeviceMgr SLf, FTEEEAMITEIRSINES .

r— ™
WorkerSession <session_handle>
GraphManager DeviceManager
* *
\
Graph <session_handle, LocalDevice
graph_handle>
splj -byNe
CPUO K N GPUO
Partition Partition
Executor Executor
~ v

13-41 WorkerSession 4R : TizMA=iait % ANE %4

Status SessionMgr::CreateSession(const string& session,
const ServerDef& server_def) {
mutex_lock 1(mu_);

WorkerCacheInterface* worker_cache = nullptr;
TF_RETURN_IF_ERROR(worker_cache_factory_(server_def, &worker_cache));
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auto worker_name = WorkerNameFromServerDef(server_def);
std: :vector<Device*> renamed_devices;
for (Device* d : worker_env_->local_devices) {
renamed_devices.push_back(
RenamedDevice: :NewRenamedDevice(worker_name, d, false));

std: :unique_ptr<DeviceMgr> device_mgr(new DeviceMgr(renamed_devices));

std: :unique_ptr<GraphMgr> graph_mgr(
new GraphMgr(worker_env_, device_mgr.get()));

std: :unique_ptr<WorkerSession> worker_session(nhew WorkerSession(
worker_name, std::unique_ptr<WorkerCacheInterface>(worker_cache),
std: :move(device_mgr), std::move(graph_mgr)));

sessions_.insert(std: :make_pair(session, std::move(worker_session)));
return Status::0KQ);
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13.7 ERHIT

13.7.1 BEi#iT

r )
Client
tf.Session
@ outputs = Run(inputs,
output_names,
. target_names)
GrpcSession ¢
@ LRunStep(req, rsp)
GrpcRemoteMaster
_ J
RunStepReq(sess_handle,
inputs,

output_names, RPC RunStepRsp(outputs)

target_names)
- \
Master

GrpcMasterService

@ RunStep(req, rsp)
Master
@ Run(req, rsp)

MasterSession

@ Prune Graph
Split Graph By Worker
RegisterGraph

& 13-42 GprcSession: &% RunStep

GrpcSession::Run

namespace {
using TensorIndex = std::unordered_map<string, int>;

void BuildReqOptions(const SessionOptions& sess_options,
const RunOptions& run_options,
RunOptions& options) {
options = run_options;
if (run_options.timeout_in_ms() == 0) {
options.set_timeout_in_ms(
sess_options.config.operation_timeout_in_ms());
}

}

void BuildReqFeeds(const vector<pair<string, Tensor>>& inputs,
MutableRunStepRequestWrapper* req) {
for (auto& it : inputs) {
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req->add_feed(it.first, it.second);
}
}

void BuildReqgFetches(const std::vector<string>& output_names,
MutableRunStepRequestWrapper* req) {
for (int i = 0; i < output_names.size(); ++i) {
req->add_fetchCoutput_names[i]);
3

void BuildReqTargets(const std::vector<string>& target_names,
MutableRunStepRequestWrapper* req) {
for (string& target : target_names) {
req->add_target(target);
}

}

void BuildRunStepReq(
const SessionOptions& sess_options,
const RunOptions& run_options,
const vector<pair<string, Tensor>>& inputs,
const std::vector<string>& output_names,
const std::vector<string>& target_names,
MutableRunStepRequestWrapper* req) {
BuildReqOptions(sess_options, run_options,
req->mutable_options());
BuildReqgFeeds(inputs, req);
BuildReqgFetches(output_names, req);
BuildReqTargets(target_names, req);
3

void BuildOuputNamesIndex(
const std::vector<string>& output_names,
TensorIndex& tensor_index) {
for (int i = 0; i < output_names.size(); ++i) {
const string& name = output_names[i];
tensor_index.insert(make_pair(name, i));
}
3

void BuildCallOptions(const RunOptions& options,
CallOptions& call_options) {
call_options.SetTimeout(options.timeout_in_ms());

}

Status DoSaveOutputs(const TensorIndex& tensor_index,
const std::vector<string>& output_names,
MutableRunStepResponseWrapper* resp,
std: :vector<Tensor>* outputs) {
for (size_t i = 0; i < resp->num_tensors(); ++i) {
auto fetch_it = tensor_index.find(resp->tensor_name(i));
if (fetch_it == tensor_index.end()) {
return errors::Internal(
"unrequested fetch: ", resp->tensor_name(i));

}

Tensor output;
TF_RETURN_IF_ERROR(resp->TensorValue(i, &output));
(*outputs)[fetch_it->second] = output;
}
}

Status SaveOutputs(const TensorIndex& tensor_index,
const std::vector<string>& output_names,
MutableRunStepResponseWrapper* resp,
std: :vector<Tensor>* outputs) {

if (loutput_names.empty()) {
outputs->resize(output_names.size());

return DoSaveOutputs(tensor_index,
output_names, rsep, outputs);
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void SaveRunMetaData(MutableRunStepResponseWrapper* resp,
RunMetadata* run_metadata) {
if (run_metadata) {
run_metadata->Swap(resp->mutable_metadata());
1
}

Status SaveRspToOutputs(const TensorIndex& tensor_index,
const std::vector<string>& output_names,
MutableRunStepResponseWrapper* resp,
std: :vector<Tensor>* outputs,
RunMetadata* run_metadata) {
SaveRunMetaData(resp, run_metadata);
return SaveOutputs(tensor_index, output_names, rsep, outputs);
}
3

Status GrpcSession: :Run(
const RunOptions& run_options,
const vector<pair<string, Tensor>>& inputs,
const vector<string>& output_names,
const vector<string>& target_names,
std: :vector<Tensor>* outputs,
RunMetadata* run_metadata) {

unique_ptr<MutableRunStepRequestWrappers> req(
master_->CreateRunStepRequest());

unique_ptr<MutableRunStepResponseWrapper> resp(
master_->CreateRunStepResponse());

BuildRunStepReq(options_, run_options, inputs,

output_names, target_names, req.get());

TensorIndex tensor_index;
BuildOuputNamesIndex(output_names, tensor_index);

CallOptions call_options;
BuildCallOptions(reqg->options(), call_options)

TF_RETURN_IF_ERROR(RunProto(&call_options,
req.get(), resp.get(0));

return SaveRspToOutputs(tensor_index, output_names,
resp.get(), outputs, run_metadata);

Status GrpcSession: :RunProto(

CallOptions* call_options,
MutableRunStepRequestWrapper* req,
MutableRunStepResponseWrapper* resp) {

{
mutex_lock 1(mu_);
req->set_session_handleChandle_);

}

return master_->RunStep(call_options, req, resp);

}
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GrpcRemoteMaster::RunStep

struct GrpcRemoteMaster : MasterInterface {
using MasterServiceStub = ::grpc::MasterService::Stub;

Status RunStep(CallOptions* call_options, RunStepRequestWrapper* request,
MutableRunStepResponseWrapper* response) override {
::grpc::ClientContext ctx;
return Call(&ctx, call_options, &request->ToProto(),
get_proto_from_wrapper(response),
&MasterServiceStub: :RunStep);

1

GrpcMasterService::RunStepHandler

struct GrpcMasterService : AsyncServicelnterface {
using RunStepCall = MasterCall<RunStepRequest, RunStepResponse>;

void RunStepHandler(RunStepCall* call) {
CallOptions* call_opts = CreateCallOptions(call);

RunStepRequestWrapper* wrapped_request =
new ProtoRunStepRequest(&call->request);

MutableRunStepResponseWrapper* wrapped_response =
new NonOwnedProtoRunStepResponse(&call->response);

call->SetCancelCallback([call_opts]() {
call_opts->StartCancel();
b;

master_impl_->RunStep(call_opts, wrapped_request, wrapped_response,
[call, call_opts, wrapped_request, wrapped_response](
const Status& status) {
call->ClearCancelCallback();
delete call_opts;
delete wrapped_request;
call->SendResponse(ToGrpcStatus(status));

19k
ENQUEUE_REQUEST(RunStep, true);
3

private:
CallOptions* CreateCallOptions(RunStepCall* call) {
CallOptions* call_opts = new CallOptions;
if (call->request.options().timeout_in_ms() > @) {
call_opts->SetTimeout(call->request.options().timeout_in_ms());
} else {
call_opts->SetTimeout(default_timeout_in_ms_);

return call_opts;

1
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Master::RunStep

void Master: :RunStep(CallOptions* opts,
const RunStepRequestWrapper* req,
MutableRunStepResponseWrapper* resp,
DoneClosure done) {
auto session = FindMasterSession(req->session_handle());
SchedClosure([this, session, opts, req, resp, done]() {
Status status = session->Run(opts, *req, resp);
session->Unref();
done(status);
b;
}

MasterSession::Run

Status MasterSession: :Run(
CallOptions* opts,
const RunStepRequestWrapper& req,
MutableRunStepResponseWrapper* resp) {
Status status;
if (lreq.partial_run_handle().empty()) {
status = DoPartialRun(opts, req, resp);

} else {

status = DoRunWithLocalExecution(opts, req, resp);
}
return status;

Status MasterSession: :DoRunWithLocalExecution(
CallOptions* opts, const RunStepRequestWrapper& req,
MutableRunStepResponseWrapper* resp) {

BuildGraphOptions bgopts;
BuildBuildGraphOptions(req, &bgopts);

ReffedClientGraph* rcg = nullptr;
int64 count = 0;
TF_RETURN_IF_ERROR(StartStep(bgopts, &count, &rcg, false));

core: :ScopedUnref unref(rcg);
TF_RETURN_IF_ERROR(BuildAndRegisterPartitions(rcg));

uint64 step_id = (random::New64() & ((luLL << 56) - 1)) | (luLL << 56);
Status s = rcg->RunPartitions(env_, step_id, count, &pss, opts, req, resp,
&cancellation_manager_, false);

Ref();

rcg->Ref(Q);

rcg->CleanupPartitionsAsync(step_id, [this, rcg](const Status& s) {
rcg->Unref();
Unref();

b;

return s;
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MasterSession::BuildAndRegisterPartitions

Status MasterSession: :BuildAndRegisterPartitions(ReffedClientGraph* rcg) {
PartitionOptions popts;
popts.node_to_loc = SplitByWorker;
popts.flib_def = rcg->client_graph()->flib_def.get();
popts.control_flow_added = false;

popts.new_name = [this](const string& prefix) {
mutex_lock 1(mu_);
return strings::StrCat(prefix, "_S", next_node_id_++);

1

popts.get_incarnation = [this](const string& name) -> int64 {
auto d = devices_->FindDeviceByName(name);
return d->attributes().incarnation();

};

TF_RETURN_IF_ERROR(rcg->RegisterPartitions(popts));
return Status::0KQ);

ReffedClientGraph::RegisterPartitions

Status ReffedClientGraph::RegisterPartitions(
const PartitionOptions& popts) {

mu_.lock();
if (linit_started.) {
init_started_ = true;

mu_.unlock();

std: :unordered_map<string, GraphDef> graph_defs;
Status s = DoBuildPartitions(popts, &graph_defs);

if (s.ok()) {
s = DoRegisterPartitions(popts, std::move(graph_defs));

1

mu_.lock();

init_result_ = s;

init_done_.Notify();
} else {

mu_.unlock();
init_done_.WaitForNotification();
mu_.lock();

Status result = init_result_;
mu_.unlock();
return result;
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13.7.2 E4r# . SplitByWorker

ReffedClientGraph::DoBuildPartitions

Status MasterSession: :ReffedClientGraph: :DoBuildPartitions(
PartitionOptions popts,
std: :unordered_map<string, GraphDef>* out_partitions) {

return Partition(popts, &client_graph_->graph, out_partitions);

}

13.7.3 iEME

' A
Master

@ Prune Graph
Split Graph By Worker

MasterSession

RegisterGraph

GrpcRemoteWorker

. e ANEAN J

RegisterGraphReq( RegisterGraphRsp(
w graph_handle)
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- N r ™
Worker . Worker
GrpcWorkerService GrpcWorkerService
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Worker Split Graph Worker
By Device
\ /job:ps/task:@ ) L /job:worker/task:@

13-43 RegisterGraph

ReffedClientGraph::DoRegisterPartitions

Status ReffedClientGraph: :DoRegisterPartitions(
const PartitionOptions& popts,
std: :unordered_map<string, GraphDef> graph_partitions) {
partitions_.reserve(graph_partitions.size());
Status s;
for (auto& name_def : graph_partitions) {
partitions_.resize(partitions_.size() + 1);
Part* part = &partitions_.back();
part->name = name_def.first;
TrackFeedsAndFetches(part, name_def.second, popts);
part->worker = worker_cache_->CreateWorker(part->name);

}
struct Call {
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RegisterGraphRequest req;
RegisterGraphResponse resp;
Status status;

1

const int num = partitions_.size();
gtl::InlinedVector<Call, 4> calls(Chum);

BlockingCounter done(num);

for (int 1 = 0; 1 < num; ++1) {
const Part& part = partitions_[i];
Call* c = &calls[i];

c->req.set_session_handle(session_handle_);
c->req.mutable_graph_def()->Swap(&graph_partitions[part.name]);
*c->req.mutable_graph_options() = session_opts_.config.graph_options();
*c->req.mutable_debug_options() = debug_opts_;
auto cb = [c, &done](const Status& s) {

c->status = s;

done.DecrementCount();
1

part.worker->RegisterGraphAsync(&c->req, &c->resp, cb);
ks
done . Wait(Q);
for (int 1 = 0; 1 < num; ++1) {

Call* c = &calls[i];

s.Update(c->status);

partitions_[i].graph_handle = c->resp.graph_handle();

return s;

GrpcRemoteWorker::RegisterGraphAsync

class GrpcRemoteWorker : public WorkerInterface {
void RegisterGraphAsync(const RegisterGraphRequest* request,
RegisterGraphResponse* response,
StatusCallback done) override {
IssueRequest(request, response, registergraph_, std::move(done));

3

void IssueRequest(const protobuf::Message* request,
protobuf: :Message* response, const ::grpc::string& \
method,
StatusCallback done, CallOptions* call_opts = nullptr) {
new RPCState<protobuf::Message>(counter_, &stub_, cq_, method, *request,
response, std::move(done), call_opts);

1

GrpcWorkerService::RegisterGraphHandler

class GrpcWorkerService : public AsyncServiceInterface {
void RegisterGraphHandler(
WorkerCall<RegisterGraphRequest, RegisterGraphResponse>* call) {
Schedule([this, call](Q {
Status s = worker_->RegisterGraph(&call->request, &call->response);
call->SendResponse(ToGrpcStatus(s));
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35
ENQUEUE_REQUEST(RegisterGraph, false);
}
}s

Worker::RegisterGraphAsync

void Worker: :RegisterGraphAsync(
const RegisterGraphRequest* request,
RegisterGraphResponse* response,
StatusCallback done) {
auto session = FindWorkerSession(request);
Status s = session->graph_mgr->Register(
request->session_handle(),
request->graph_def(),
request->graph_options(),
response->mutable_graph_handle());
done(s);

}

GraphMgr::Register

Status GraphMgr: :Register(
const string& session,
const GraphDef& gdef,
const GraphOptions& graph_options,
string* handle) {
Item* item = new Item;
Status s = InitItem(session, gdef, graph_options, item);
if (!s.ok) {
item->Unref();
return s;

}

mutex_lock 1(mu_);

*handle = strings::Printf("%01611x", ++next_id_);
item->handle = *handle;
CHECK(table_.insert({*handle, item}).second);

}
return Status::0KQ);

13.7.4 E43! : SplitByDevice

Status GraphMgr::InitItem(
const string& session, const GraphDef& gdef,
const GraphOptions& graph_options,
Item* item) {
item->session = session;
item->1lib_def.reset(
new FunctionLibraryDefinition(OpRegistry::Global(), gdef.library()));
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item->proc_flr.reset(new ProcessFunctionLibraryRuntime(
device_mgr_, worker_env_->env, gdef.versions().producer(),
item->1ib_def.get(), graph_options.optimizer_options()));

Graph graph(OpRegistry::Global());

GraphConstructorOptions opts;

opts.allow_internal_ops = true;

opts.expect_device_spec = true;
TF_RETURN_IF_ERROR(ConvertGraphDefToGraph(opts, gdef, &graph));

std: :unordered_map<string, GraphDef> partitions;
PartitionOptions popts;
popts.node_to_loc = SplitByDevice;
popts.new_name = [this](const string& prefix) {
mutex_lock 1(mu_);
return strings::StrCat(prefix, "_G", next_id_++);
s
popts.get_incarnation = [this](const string& name) -> int64 {
Device* device = nullptr;
Status s = device_mgr_->LookupDevice(name, &device);
if (s.ok()) {
return device->attributes().incarnation();
} else {
return PartitionOptions::kIllegalIncarnation;

}

s

popts.flib_def = &graph.flib_def(Q);

popts.control_flow_added = true;

popts.scheduling_for_recvs = graph_options.enable_recv_scheduling();

TF_RETURN_IF_ERROR(Partition(popts, &graph, &partitions));

std: :unordered_map<string, std::unique_ptr<Graph>> partition_graphs;
for (const auto& partition : partitions) {
std: :unique_ptr<Graph> device_graph(new Graph(OpRegistry::Global()));
GraphConstructorOptions device_opts;

device_opts.allow_internal_ops = true;

device_opts.expect_device_spec = true;

TF_RETURN_IF_ERROR(ConvertGraphDefToGraph(device_opts, partition.second,
device_graph.get()));

partition_graphs.emplace(partition.first, std::move(device_graph));

LocalExecutorParams params;
item->units.reserve(partitions.size());
item->graph_mgr = this;

for (Cauto& p : partition_graphs) {
const string& device_name = p.first;
std: :unique_ptr<Graph>& subgraph = p.second;
item->units.resize(item->units.size() + 1);
ExecutionUnit* unit = &(item->units.back());

params.device = unit->device;

params.function_library = 1lib;

params.create_kernel = [session, lib, opseg](
const NodeDef& ndef, OpKernel** kernel) {

if (!lib->IsStateful(ndef.op())) {
return lib->CreateKernel(ndef, kernel);
1

auto create_fn = [1lib, &ndef](OpKernel** kernel) {
return lib->CreateKernel(ndef, kernel);
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1

return opseg->FindOrCreate(session, ndef.name(), kernel, create_fn);

}H
params.delete_kernel = [1ib](OpKernel* kernel) {

if (kernel && !lib->IsStateful(kernel->type_string())) {
delete kernel;
}
1
unit->graph = subgraph.getQ);

TF_RETURN_IF_ERROR(
NewLocalExecutor(params, subgraph.release(), &unit->root));

}
return Status::0KQ);

}
13.7.5 B1THE
l\-/lster

MasterSession

@ RunGraph

GrpcRemoteWorker

v ANAN
@ RunGraphRsp(recvs)
- B

RunGraphReq(sess_handle,
|_ graph_handle, step_id,
sends, recv_keys)

r— B
Worker Worker
GrpcWorkerService GrpcWorkerService

RunGraph @ RunGraph
Worker Worker
\ /job:ps/task:@ J L /job:worker/task:@ y

B 13-44 RunGraph

ReffedClientGraph::RunPartitions

Status MasterSession: :ReffedClientGraph: :RunPartitions(
const MasterEnv* env, int64 step_id, int64 execution_count,
PerStepState* pss, CallOptions* call_opts, const RunStepRequestWrapper& \
req,
MutableRunStepResponseWrapper* resp, CancellationManager* cm,
const bool is_last_partial_run) {

const int num = partitions_.size();
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RunManyGraphs calls(num);

for (int 1 = 0; 1 < num; ++1) {

const Part& part = partitions_[i];

RunManyGraphs: :Call* ¢ = calls.get(i);

c->req.reset(part.worker->CreateRunGraphRequest());

c->resp.reset(part.worker->CreateRunGraphResponse());

if (is_partial_ ) {
c->reg->set_is_partial(is_partial_);
c->reg->set_is_last_partial_run(is_last_partial_run);

1

c->reg->set_session_handle(session_handle_);

c->req->set_graph_handle(part.graph_handle);

c->req->set_step_id(step_id);

for (const auto& feed_key : part.feed_key) {
const string& feed = feed_key.first;
const string& key = feed_key.second;
const into4 feed_index = feeds[feed];
TF_RETURN_IF_ERROR(
c->req->AddSendFromRunStepRequest(req, feed_index, key));
}

for (const auto& key_fetch : part.key_fetch) {
const string& key = key_fetch.first;
c->req->add_recv_key(key);
}
3

for (int i = 0; 1 < num; ++1) {
const Part& part = partitions_[i];
RunManyGraphs: :Call* call = calls.get(i);
part.worker->RunGraphAsync(
&call->opts, call->req.get(), call->resp.get(),
std: :bind(&RunManyGraphs: :WhenDone, &calls, i, \
std: :placeholders::_1));

call_opts->SetCancelCallback([&calls]() { calls.StartCancel(); });
auto token = cm->get_cancellation_token();
bool success =
cm->RegisterCallback(token, [&calls]() { calls.StartCancel(Q); });
if (!success) {
calls.StartCancel();
}

calls.WaitQ);

call_opts->ClearCancelCallback();
if (success) {
cm->DeregisterCallback(token);
} else {
return errors::Cancelled("Step was cancelled");

}

Status status = calls.statusQ);
if (status.ok()) {
for (int i = 0; i < num; ++1) {
const Part& part = partitions_[i];
MutableRunGraphResponseWrapper* run_graph_resp = \
calls.get(i)->resp.get(Q);
for (size_t j = @; j < run_graph_resp->num_recvs(); ++j) {
auto iter = part.key_fetch.find(run_graph_resp->recv_key(j));
if (iter == part.key_fetch.end()) {
status.Update(errors: :Internal("Unexpected fetch key: ",
run_graph_resp->recv_key(j)));
break;
1

const string& fetch = iter->second;
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status.Update(
resp->AddTensorFromRunGraphResponse(fetch, run_graph_resp, j));
if (!status.ok()) {
break;
}
}
}
}
return status;

}

GrpcRemoteWorker::RunGraphAsync

struct GrpcRemoteWorker : public WorkerInterface {
void RunGraphAsync(

CallOptions* call_opts,

RunGraphRequestWrapper* request,

MutableRunGraphResponseWrapper* response,

StatusCallback done) override {

IssueRequest(&request->ToProto(),

get_proto_from_wrapper(response),
rungraph_, std::move(done), call_opts);

1

GrpcWorkerService::RunGraphHandler

struct GrpcWorkerService : AsyncServicelnterface {
void RunGraphHandler(WorkerCall<RunGraphRequest, RunGraphResponse>* call) {
Schedule([this, call](Q) {
auto wrapped_req = new ProtoRunGraphRequest(&call->request);
auto wrapped_rsp = new NonOwnedProtoRunGraphResponse(&call->response);

auto call_opts = new CallOptions;

call->SetCancelCallback([call_opts]() {
call_opts->StartCancel();

IO

worker_->RunGraphAsync(call_opts, wrapped_req, wrapped_rsp,
[call, call_opts, wrapped_req, wrapped_rsp](const Status& s) {
call->ClearCancelCallback();
delete call_opts;
delete wrapped_req;
delete wrapped_rsp;
call->SendResponse(ToGrpcStatus(s));

. s

b;
ENQUEUE_REQUEST(RunGraph, true);
1
};

Worker::RunGraphAsync
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void Worker: :RunGraphAsync(
CallOptions* opts,
RunGraphRequestWrapper* request,
MutableRunGraphResponseWrapper* response,
StatusCallback done) {
if (request->is_partial()) {
DoPartialRunGraph(opts, request, response, std::move(done));
1 else {
DoRunGraph(opts, request, response, std::move(done));

void Worker: :DoRunGraph(
CallOptions* opts,
RunGraphRequestWrapper* request,
MutableRunGraphResponseWrapper* response,
StatusCallback done) {
const int64 step_id = request->step_id(Q);

GraphMgr: :NamedTensors in;
GraphMgr: :NamedTensors* out = new GraphMgr::NamedTensors;
Status s = PrepareRunGraph(request, &in, out);
if (Is.okQ) {
delete out;
done(s);
return;

3

CancellationManager* cm = new CancellationManager;

opts->SetCancelCallback([this, cm, step_id]() {
cm->StartCancel();

AbortStep(step_id);

s

CancellationToken token;
{
mutex_lock 1(mu_);
token = cancellation_manager_->get_cancellation_token();
bool already_cancelled = !cancellation_manager_->RegisterCallback(
token, [cm]() { cm->StartCancel(); });
if (already_cancelled) {
opts->ClearCancelCallback();
delete cm;
delete out;
done(errors: :Aborted("Call was aborted"));
return;

auto session =
FindWorkerSession(request);

session->graph_mgr->ExecuteAsync(
request->graph_handle(), step_id, session,
request->exec_opts(), response, cm, in,
[ this, step_id, response, session, cm,
out, token, opts, done](Status s) {

if (s.okQ) {
s = session->graph_mgr->RecvOutputs(step_id, out);

}

opts->ClearCancelCallback();
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mutex_lock 1(mu_);

cancellation_manager_->DeregisterCallback(token);

delete cm;

if (s.okQ)) {
for (const auto& p
const string& key
const Tensor& val
response->AddRecv(key, val);

*out) {
p.first;

delete out;
done(s);
I9K

GraphMgr

p.second;

def send_inputs(remote_rendezvous, inputs):
for (key, tensor) in inputs:
remote_rendezvous.send(key, tensor)

def do_run_partitions(executors_and_partitions):
barrier = ExecutorBarrier(executors_and_partitions.size())
for (executor, partition) in executors_and_partitions:
executor.run(partition, barrier.on_done())
barrier.wait()

def recv_outputs(remote_rendezvous, outputs):
for (key, tensor) in outputs:
remote_rendezvous.recv(key, tensor)

def run_step(executors_and_partitions, inputs, outputs):

class RpcRemoteRendezvous(Rendezvous)
def __init__Q):

def send(key, tensor):

def recvCkey):

def is_same_worker(src, dst):

self._local = LocalRendezvous()

self._local.send(key, tensor)

if self.is_same_worker(key.src(), key.dst()):
return self._local.recv(key)

else:
return rpc(recv_tensor_requestCkey.dst()))

remote_rendezvous = RpcRemoteRendezvous() return (src.job_name == dst.job_name and
send_inputs(remote_rendezvous, inputs) src.replica == dst.replica and
do_run_partitions(executors_and_partitions) src.task_index == dst.task_index)
recv_outputs(remote_rendezvous, outputs)
( Worker0 R ( Worker1 A
GPUO ] ( GPUO
C Send ) Recv
Parsedlﬁy ::= (send_device, recv_devilce, fincarnation, tensor_id) L
[E tensor = remote_rende. recv(ke
|_|I| remote_rende.send(key, tensor) = Cey)
@ RecvTensor
( RpcRemoteRendezvous ) —( RpcRemoteRendezvous )

@ local_rende.send(key, tensor)

~ I\

tensor = local_rende.recv(key) @

C

LocalRendezvous ) | GrpcWorkerService q D GrpcRemoteWorker | C LocalRendezvous
|E) RecvTepsorReq(step_id, key)
©
rendz_mgr.local_recv(step_id, key) | _____| RecvTepsorRsp(tensor) >

J \

13-45 Worker: RunStep # X4t

void GraphMgr: :ExecuteAsync(

const string& handle, const int64 step_id,
WorkerSession* session, const ExecutorOpts& opts,
MutableRunGraphResponseWrapper* response,
CancellationManager* cancellation_manager,

const NamedTensors& in, StatusCallback done) {

Item* item

{

nullptr;
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mutex_lock 1(mu_);
auto iter = table_.findChandle);
if (iter != table_.end()) {
item = iter->second;
item->Ref();
1
}

RemoteRendezvous* rendezvous = worker_env_->rendezvous_mgr->Find(step_id);
Status s = rendezvous->Initialize(session);

if (s.ok()) {

s = SendInputsToRendezvous(rendezvous, in);
}

StartParallelExecutors(
handle, step_id, item, rendezvous, collector,
cost_graph, cancellation_manager,
[this, item, rendezvous, done](const Status& s) {

done(s);
rendezvous->Unref();
item->Unref();

s

Status GraphMgr: :SendInputsToRendezvous(
Rendezvous* rendezvous, const NamedTensors& in) {
Rendezvous: :ParsedKey parsed;
for Cauto& p : in) {
auto& key = p.first;
auto& val = p.second;

Status s = Rendezvous: :ParseKey(key, &parsed);
if (s.okQ)) {

s = rendezvous->Send(parsed, Rendezvous::Args(), val, false);

3
if (!s.okQ) {

return s;
}

return Status::0KQ);
1

void GraphMgr::StartParallelExecutors(
const string& handle, int64 step_id,
Item* item, Rendezvous* rendezvous,
StepStatsCollector* collector,
CancellationManager* cancellation_manager,
StatusCallback done) {

int num_units = item->units.size();
ExecutorBarrier* barrier =
new ExecutorBarrier(
num_units, rendezvous, [done](const Status& s) {
done(s);

’

Executor::Args args;

{
mutex_lock 1(mu_);
args.step_id = ++next_id_;
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args.
args.
args.
args.
args.

rendezvous = rendezvous;
cancellation_manager = cancellation_manager;
stats_collector = collector;

step_container = step_container;
sync_on_finish = sync_on_finish_;

using std::placeholders::_1;

args.

runner = std::bind(

&thread: :ThreadPool: :Schedule,
worker_env_->compute_pool, _1);

2. Broadcast all partitions to run
for (const auto& unit : item->units) {
unit.root->RunAsync(args, barrier->Get());

3
¥

Status GraphMgr: :RecvOutputsFromRendezvous(
Rendezvous* rendezvous, NamedTensors* out) {

Rendezvous: :ParsedKey parsed;
for (auto& p : *out) {

auto& key
auto& val

p.first;
p.second;

bool is_dead = false;
Status s = Rendezvous::ParseKey(key, &parsed);

if (s.ok()) {

S

}

= rendezvous->Recv(parsed, Rendezvous::Args(), &val, &is_dead);

if (is_dead) {

S

3

= errors::InvalidArgument("The tensor returned for
" was not valid.");

if (Is.ok()) {

return s;

}

}
return Status::0KQ);

}

Status GraphMgr::RecvOutputs(int64 step_id, NamedTensors* out) {
Rendezvous* rendezvous = worker_env_->rendezvous_mgr->Find(step_id);

Status s = RecvOutputsFromRendezvous(rendezvous, out);
rendezvous->Unref();
return s;
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13.7.6 Rendzvous

| Rendezvous
IntraProcessRendezvous | LocalRendezvous RemoteRendezvous
| RpcRemoteRendezvous |
B 13-46 Rendezvous 2k %#
£561E
GetOfCreate(step_id)
RendezvousManager RemoteRendezvous
*
GetOfCreate(step_id)
RpcRendezvousManager RpcRemoteRendezvous

13-47 RemoteRendezvous % &4

4 N 4
Local Distributed
| IntraProcessRendezvous | | RpcRemoteRendezvous |
Send Send
| LocalRendezvous | | LocalRendezvous |
L > .

13-48 Rendezvous X i%
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#i

~
Local

r
Case |

~
Distributed

IntraProcessRendezvous

| RpcRemoteRendezvous
Recv Recv
LocalRendezvous | LocalRendezvous
. A \ v,

13-49 Rendezvous 40K : %A XK 3% 53 M % £ F— A Worker X

Case Il

~
Worker0

RpcRemoteRendezvous

remote.RecvAsync

GrpcRemoteWorker

A J

Ll

' RecvTensorRsp(
tensor)

\.

RecvTensorReq(

step_id, key)
-

! '
GrpcWorkerService

RecvLocalAsync

RpcRemoteRendezvous

RecvAsync

LocalRendezvous

Worker1
\

13-50 Rendezvous M £ XK % 4 5306w R4 B — A Worker A
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13.7.7 F5EE

13.8 XH&IE

GrpcSession

Status GrpcSession::Close() {
CloseSessionRequest req;
{
mutex_lock 1(mu_);
if Chandle_.empty()) {
return errors::InvalidArgument("A session is not created yet....");
}
req.set_session_handleChandle_);
handle_.clear();
}
CloseSessionResponse resp;
CallOptions call_options;
call_options.SetTimeout(options_.config.operation_timeout_in_ms());
return master_->CloseSession(&call_options, &req, &resp);

GrpcRemoteMaster

struct GrpcRemoteMaster : MasterInterface {
Status CloseSession(CallOptions* call_options,
const CloseSessionRequest* request,
CloseSessionResponse* response) override {
::grpc::ClientContext ctx;
ctx.set_fail_fast(false);
SetDeadline(&ctx, call_options->GetTimeout());
return FromGrpcStatus(stub_->CloseSession(&ctx, *request, response));
3
3

GrpcMasterService

struct GrpcMasterService : AsyncServicelnterface {
void CloseSessionHandler(
MasterCall<CloseSessionRequest, CloseSessionResponse>* call) {
master_impl_->CloseSession(&call->request, &call->response,
[call](const Status& status) {
call->SendResponse(ToGrpcStatus(status));

b;
ENQUEUE_REQUEST(CloseSession, false);

1
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Master

void Master::CloseSession(const CloseSessionRequest* req,

CloseSessionResponse* resp, MyClosure done) {
MasterSession* session = nullptr;
{

mu_.lock();

auto iter = sessions_.find(reg->session_handle());
if (iter == sessions_.end()) {

mu_.unlock(Q);
done(errors: :Aborted(
"Session "

, reg->session_handle(),
is not found. Possibly, this master has restarted."));
return;
}
session = iter->second;

sessions_.erase(iter);
mu_.unlock();

SchedClosure([session, done]() {
Status s = session->Close();
session->Unref();
done(s);

b;

}

MasterSession

Status MasterSession::Close() {
{

mutex_lock 1(mu_);
closed_ = true;

}

cancellation_manager_.StartCancel();
std: :vector<ReffedClientGraph*> to_unref;
{
mutex_lock 1(mu_);
while (num_running_ != @) {
num_running_is_zero_.wait(l);
}

ClearRunsTable(&to_unref, &run_graphs_);
ClearRunsTable(&to_unref, &partial_run_graphs_);
1

for (ReffedClientGraph* rcg
return Status::0KQ);
3

to_unref) rcg->Unref();

ReffedClientGraph

ReffedClientGraph: :~ReffedClientGraph() {
DeregisterPartitions();
}
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void Reffed(ClientGraph: :DeregisterPartitions() {
struct Call {
DeregisterGraphRequest req;
DeregisterGraphResponse resp;

1
for (Part& part : partitions_) {
if (!part.graph_handle.empty()) {
Call* ¢ = new Call;
c->req.set_session_handle(session_handle_);
c->req.set_graph_handle(part.graph_handle);

WorkerCacheInterface* worker_cache = worker_cache_;
const string name = part.name;

WorkerInterface* w = part.worker;

auto cb = [worker_cache, c, name, w](const Status& s) {

if (!s.ok) {

LOGCINFO) << "DeregisterGraph error: " << s;

}
delete c;
worker_cache->ReleaseWorker(name, w);

1

w->DeregisterGraphAsync(&c->req, &c->resp, cb);

1
3
3
GrpcWorkerService

struct GrpcWorkerService : AsyncServicelnterface {
void CreateWorkerSessionHandler(
WorkerCall<CreateWorkerSessionRequest, CreateWorkerSessionResponse>*
call) {
Schedule([this, call](Q) {
Status s = worker_->CreateWorkerSession(&call->request, \
&call->response);
call->SendResponse(ToGrpcStatus(s));
s
ENQUEUE_REQUEST(CreateWorkerSession, false);
3
}s

Worker

void Worker: :DeregisterGraphAsync(const DeregisterGraphRequest* request,
DeregisterGraphResponse* response,
StatusCallback done) {
WorkerSession* session =
env_->session_mgr->WorkerSessionForSession(request->session_handle());
Status s = session->graph_mgr->Deregister(request->graph_handle());

done(s);
1
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GraphMgr

Status GraphMgr::Deregister(const string& handle) {
Item* item = nullptr;

mutex_lock 1(mu_);
auto iter = table_.findChandle);
if (iter == table_.end()) {

return errors::Aborted("Graph handle is not found: ", handle,

". Possibly, this worker just restarted.");

}
item = iter->second;
table_.erase(iter);

item->Unref();
return Status::0KQ);
}

GraphMgr: :Item: :~Item() {
for (const auto& unit : this->units) {
delete unit.root;
unit.device->op_segment()->RemoveHold(this->session);

3
}
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Any fool can write code that a
computer can understand. Good
programmers write code that hu-

mans can understand.

- Martin Flower

14.1 TensorFlow I}

TensorFlow /&ML T H 30 2 S. B8, EMEEmEE, SLlit
eI E . 4 H optimizer.minimize J7i%kET, A compute_gradients J7ik, ZE
Wit EE R FH apply_gradients 7, SCIMSHHE N 7B/

class Optimizer(object):
def minimize(self, loss, var_list=None, global_step=None):

grads_and_vars = self.compute_gradients(
loss, var_list=var_list)

return self.apply_gradients(
grads_and_vars,
global_step=global_step)

14.1.1 TEHE

compute_gradients PG loss HIMH, KM# var_list=[vl, v2, ..., vn] PERE &
IREIZESE N [(grad_vl, v1), (grad_v2, v2), ..., (grad_vn, vn)]. ' compute_gradients
I gradients J5ik, Hais K AERERT T

PA—MEERSLB], YRS 7 i id . Eo, Mg Rt A .

tf.placeholder("float", name="X")

tf.placeholder("float", name="Y")

tf.Variable(@.0, name="w")

tf.Variable(0.0, name="b")

loss = tf.square(Y - X*w - b)

global_step = tf.Variable(@, trainable=False, collections=[])

T = <X

i compute_gradients M1 Sz M AE &Y T4
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sgd = tf.train.GradientDescentOptimizer(0.01)
grads_and_vars = sgd.compute_gradients(loss)

WIEHEE
B[] PR A 3035 ) LA A A -

def gradients(loss, grad=I):
vrg = build_virtual_reversed_graph(loss)
for op in vrg.topological_sort():
grad_fn = ops.get_gradient_function(op)
grad = grad_fn(op, grad)

B, MAEIER T EBRNA, & — R SR 7 B Z Bt RN RERLRY, R
FEW R 7R B R G 2 BHERAE, MEAULA IR 7 B i — T, R TSR
A 1) 51 FR B — R 1

R, IR B e — TR, B A0 1 B9 — Tensor, 1EN 1A+
FIRIRIRRIRR A, WHICHN To

B 14-1 MERGHEETE

BT, AR REALL Y S 1 g B SL B B I o B G, MRAEIZ ST B REALL T AT
AN R, BERZEMR SR B — T A5, EZRNEE, WEIE
[ E P OP SHH TRERERREL ) fRfE, WHNZMRE AL, 280 A IEZ OP XY
57 A B 1] B S 1
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Zi bk, IERA—A OP XA E— M RES I, FEHi% OP HYREE AU STAE .
YRARIMEPEIE SR, IER T E AP REE OP R 1 B AR REEEI X I 49 B 1
M.

B, £ LI, ERETRE D OP: KECFTRIREOI], Prdbh s TR
JREE

— M, B R R AN R

@ops .RegisterGradient("op_name")
def op_grad_func(op, grad):

Horr, #BEEEEH ops.RegisterGradient 58 IEME, FFHUAE R A1 L R LAY G
LUR, (ERTEMRIEIER OP #9475, FGIX R AR EL T .

XML, B op FORIEIHER OP, MRS R LUREUE [ 5
OP WM AR 5 24 grad, e B Bl e kB, a1
ELT IR EAE (AR EA N 1),

BANRIFN P, UEHBATT L. y=square(x), HTRE x B°FJ7. B,

IR T
O—C=D—O

14-2 Square &H#: EREETHE

SRJE, SCIAAARE FEAL A BT - P HRAEIZREIUL A B 7 B R MR, M HAE Y S
AR E . B, SETT RN Square, MRAEH OP ZFK, M A A HE X LAY 6 15 BR £

SquareGrads
O ED (=)

B 14-3 Square F##k: R@atEEFHE

KA, y=Square(x) B FECH y'=2*x. HIt, HEEEKEL SquareGrad HISEILA :
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@ops .RegisterGradient("Square™)
def SquareGrad(op, grad):
X = op.inputs[Q]
with ops.control_dependencies([grad.op]):
x = math_ops.conj(x)
return grad * (2.0 * x)

WHIZBERE)E, BEREM Square 1 OP, XTWAYK AT SquareGrad. T s 5
{HHH Square HIFIA, SERHH R BAR 1T

SquareGrad

@@@@

14-4 Square &#: R&HETH

RSt IR OP, XA EFR A RE T . RO, 1B OP Y
FERERRECEI, AIRERRE L2 OP A RESE U AU EE TS . BN, Square /Y OP, XLy 1%
JEREE TS A 2 1R OP.

SR - IEEEEE

PR BT, AL EEREE . yoexp(), THALEAG HEHH v mexp(),
B yreye G, SCBRSERASI N

@ops .RegisterGradient("Exp™)
def _ExpGrad(op, grad):

y = op.outputs[0]

with ops.control_dependencies([grad.op]):
y = math_ops.conj(y)
return grad * y

WNE AR, EETEFZ OP B, X RLAY B I Y SR E T B A BR EEE B 1T
H, %5 BB — 5
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B 14-5 Exp &#&: R&aiE#ETH

14.1.2 MBHE

F— R PR Rgs, 2 optimizer.minimize J7¥ENT, (] compute_gradients
Ji, SEMUSRTHEE A A apply_gradients JrE, SEILSECE BN TR o

WIEEE

B4, compute_gradients fEIZ/THIEHRYE 1oss MIME, KM# var_list=[v1, v2, ...,
vn] E@@%E%, LR IS5 R vars_and_grads = [(grad_vl, v1), (grad_v2, v2), ...,

(grad_vn, vn)].

ﬁ@ﬁ%, apply_gradients EAR grads_and_vars, P = (grad_vi, vi), My — A5
Brovi BT Hrr, BEAT LU A -

def apply_gradients(grads_and_vars, learning_rate):
for (grad, var) in grads_and_vars:
apply_gradient_descent(learning_rate, grad, var)

Hrr | apply_gradient_descent FAaiE— Ml B TR E ISR - 4
(grad, var) B —JC4, KMH learning_rate [ Const OP YEN ApplyGradientDescent HJ%i
Ao

ApplyGradientDescent ¥ var <- var - learning*grad H@ﬁiﬁiiﬁmu, S var 1)
LD EE T o
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learning_rate

update_w

ApplyGradientDescent

14-6 S &% EHTH

WARAFAEZ NIZREY Variable, 24K E 28R E. efliEd—1%
N update [ NoOp, (i IFEHIEHIAILEAE—#. OB variable Z R E ML, ATLL

S o FNAAEID
~ ~
update_w
(Iear'ni ng_rate
C grad_w )—> ApplyGradientDescent
ref
- --
§

~ -/ update
r ~

( learning_rate

( grad_b )—)
ref

update b

ApplyGradientDescent

B 14-7 2B EHILE
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#R# train_op

L34 Step 185, IR, STCHSEIER, H&ASCH global_step fil 1o [M5E
I global_step Ml 1 [] OP A AssignAdd, JFHRICA train_op; BFFA global_step it
5IH, AR HE R, EHAE 1.

update_w

ApplyGradientDescent .

\
~ 4 update train_op
NoOp }-------- AssignAdd

s N\ J
update b

f /
ref |

/
I
/
global_step

> ApplyGradientDescent '

& 14-8 train_op

TR

WE14-9 (5280M) Fon, BEMNINZGIIFRE, —IK Step BRI AT AT, S mts
FEE 28R, MEH global_step TEUVY/ AT FELH %

Hr, &4 Step MITHE Session.run SATI G WL HT A T EIRTIHE, 15280461 OP
s, N OP A

AT B SGT RS, BUAGEEE R R T ORI, R E SIS S E
FREE, mZASEIDINGSHBIRREYIF, JFLL grads_and_vars = [(grad_vl, v1), ...,
(grad_vn, vn)] M JTdFIRER.

b o, SEGEH 1KLL grads_and_vars A, PATERE FREEIA Y, &5, @
3T train_op 52 global_step (BN 1, ZEI—% Step PIT5E
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Forward

I: initial_grad

Backward
inputs,
outputs

[(grad, var), ..]

Update

for (grad_w, w) in grads_and_vars:
W <- w - learning_rate * grad_w

v

train_op

E::jj global_step+=1

14-9 BRI R 6) TAE R




Any fool can write code that a
computer can understand. Good
programmers write code that hu-

mans can understand.

- Martin Flower

AR L

— il TensorFlow i AEAREIREN N L5 /A 7 h A TIZH, 71 =P BUREAREL
PRI T

1. #3FEN: BT F I feed_dict FFIEE#EL Session.run, AEA Placeholder
& 4 Tensor A944;

2. RAEEE . BIAMBIMATH, I AHN A P B KR
3. BAEF AR T EIEE, £ Const 3 Variable AEFHFFH #IE,

BT R EAR R A SRt BT 55, FEASE AR A (B R B E R, w R
AR SR IR/ ER AT RO o O AR BA ) SE B 181 5 N e/ P 1 ]
Z IR B S B S A o

PN A SR s 4 &) I S Pipeline B TAERLE], FHEN T fi# TensorFlow & HATH)
R, BB LA T A A

15.1 #HIFEEN

BTN AR TR LB N 773, Bl F . feed_dict WA AREUIR (LB LG
Session.run, ZK# Tensor.eval J7ik; H, FHLACHET N Tensor AT, (EAFEAREL
P

TensorFlow ¥4 7 8L Tensor Hﬁéﬁﬁz, FEREARBHE 1% Tensor [UME.

x = tf.placeholder(tf.float32, [None, 784])
y_ = tf.placeholder(tf.float32, [None, 10])

with tf.Session():
batch_xs, batch_ys = mnist.train.next_batch(100)
sess.run(train_step, feed_dict={x: batch_xs, y_: batch_ys})
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— i, feed_dict A LABARAEAT Tensor M{H. 1H/ZE, H M H Placeholder #7nH:
il Tensor HIMEHAME, FRHH feed_dict Bt

15.2 #HIFEFNE

LA Const B¢ Variable BLEFFAEE, KAMEIUMB N, FETHRITRCR.
OTEIGE N T/ NI, AR L BORRS, A TRH AR A 3X L mnist
BRGNP, PHREEAUME R T

from tensorflow.examples.tutorials.mnist import input_data

data_sets = input_data.read_data_sets('/tmp/mnist/data')

15.2.1 {#H Const

HT Const OP it Tensor F(ER HEABAEITHEE T, WHRIZ Const oP £ Hakfd
M2k, AIREIEMESNITREE, HEIRSE T ABER N,

with tf.name_scope('input'):
input_images = tf.constant(data_sets.train.images)
input_labels = tf.constant(data_sets.train.labels)

15.2.2 {#H Variable

AL AN AT S AEYIZRIY variable X Consto — HANIAL TIZZEAL variable,
ﬁgﬂiﬁgﬂi§§§iﬂ§, MIMEE const BN

FATFTEAETNZY) variable 5HTIIZRET variable 21&ﬂ??%£2§§%, B EN train-
able=False, RZENLKHIAZET GraphKeys. TRAINABLE_VARIABLES HE& . fEYIZRd e,
RGEANE X H St R A

FAN, FEMJIEZZETY) Variable BT, B IRE collections=[1, RHENSHEHIAZT
GraphKeys.GLOBAL_VARIABLES SE &t fEYIZRd R, REALKTH L Checkpoint #1F.

NTOIEAT A JEINZREY variable, MWASE T — RN L J7ik,

def immutable_variable(initial_value):
initializer = tf.placeholder(
dtype=initial_value.dtype,
shape=initial_value.shape)
return tf.Variable(initializer, trainable=False, collections=[])
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immutable_variable i &3 ) initial_value #i& Placeholder HYZEAI SR
{51, FHLAAER variable BIRIUAE. AT LAEH immutable_variable GIEEANRIAZE), FT
BARTONEN) Variableo

with tf.name_scope('input'):
input_images = immutable_variable(data_sets.train.images)
input_labels = immutable_variable(data_sets.train.labels)

15.2.3 #LFmEk

Al L4 Pipeline, &5 & ZCHs WOhn AL dl, SCELRE A M AL M. &5k, A
tf.train.slice_input_producer f£%F 1 epoch JF I B ¥ 3 N FE A 23 [RIFEMLAL , B IR M
FEARSES HRIHLRAERE — I AEA

def one(input_xs, input_ys, num_epochs)
return tf.train.slice_input_producer(
[input_xs, input_ys], num_epochs=num_epochs)

S8, (M) tf.train.batch FFOAFE] LR HIFEA R .

def batch(x, y, batch_size)
return tf.train.batch(
[x, y], batch_size=batch_size)

XM variable BUAMBEAE, AT LA J5 2R UK REAZS R

with tf.name_scope('input'):
input_images = immutable_variable(data_sets.train.images)
input_labels = immutable_variable(data_sets.train.labels)

image, label = one(input_images, input_labels, epoch=1)
batch_images, batch_labels = batch(image, label, batch_size=100)

HL E, tf.train.slice_input_producer Y& FEABAF, 1T QueueRunner F 4 i
HITHAT Enqueue HAE, MIIGHERZ —IMABIFEARSI L o FERRUGERINZRE SN, 18
punlil DequeueMany —KMHAREL batch_size IHEEEARZ R RN 7 - F 2o

15.3 HEEE
—/ AR N Pipeline(Input Pipeline), ALFEIN N LA BB PR AL B S

1. AR GRS . H SAF B ARG 5 K AN 2] Z RS F
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2. BB R LRG| PSS (B IN); FFARIE R IEAE X L3540 2 69 A4
LIRE, BT IRE;

3. ML ML AT R, JFEE R A BIEAE K

4, AR E: R RBTRLE, QIFEENK, GF;

5. HARRT: WL 5 69 M R AR e N EHE RIS P,

ElInlnst%ﬁﬁ%ﬁ%j@@m,ﬁﬁﬂﬂ%ﬁy%ﬁgitj@ TFRecord. 5 4G, i tf.train.string_input_producer
Mg T — a2 P E R FIFOQueue PAF GEIL AT EnqueueMany OP), Ff HAEED
epoch J&HA PN SEEL SR 44 51 Z2 B B ATLAL o

15.3.1 #EXIEAT

def input_producer(num_epochs):
return tf.train.string_input_producer(
["/tmp/mnist/train.tfrecords'], num_epochs=num_epochs)

*@iﬁﬁ‘?iﬁ:%MWZE, {#i FH tf.TFRecordReader M 44 IQ\WEP?QEXIH:Z
(HBA, a# 3L E HPAAT Dequeue OP), FF M SCAF H B HURE AN IE 5% (Record)s 24 JE, fHH
tf.parse_single_example AT B A A

15.3.2 1%EL8E

def parse_record(filename_queue):
reader = tf.TFRecordReader()
_, serialized_example = reader.read(filename_queue)
features = tf.parse_single_example(
serialized_example,
features={
'image_raw': tf.FixedLenFeature([], tf.string),
'label': tf.FixedlLenFeature([], tf.int64),
b

return features

15.3.3 RS

BERPEALAR A TR, RO NER AR EE RS, R EIIGREAR .

def decode_image(features):
image = tf.decode_raw(features['image_raw'], tf.uint8)
image.set_shape([28*28])

image = tf.cast(image, tf.float32) * (1. / 255) - 0.5
return image
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def decode_label(features):
label = tf.cast(features['label'], tf.int32)
return label

def one_example(features):
return decode_image(features), decode_label(features)

15.3.4 HEHEARRTY

" LM tf.train.shuffle_batch #Z—" RandomShuffleQueue PAFY, HAaAT 5 11
RSB IMAEIZ AT (BILHIT Enqueue OP); HiEACEATIHBIET, WEHLRIRE batch_size
MEEAREE (B PIT DequeueMany OP)o

def shuffle_batch(image, label, batch_size):

images, labels = tf.train.shuffle_batch(
[image, label], batch_size=batch_size, num_threads=2,
capacity=1000 + 3 * batch_size,

min_after_dequeue=1000)
return images, labels

15.3.5 WANFE

wa, KRR A T — A T

def inputs(num_epochs, batch_size):
with tf.name_scope('input'):
filename_queue = input_producer(num_epochs)
features = parse_record(filename_queue)
image, label = one_example(features)
return shuffle_batch(image, label, batch_size)

15.4 #HEWHE

F b, HEMER Pipeline HAFURME — M TE, SEFFE 10 #4E, H1
G A NERAE 1O MIFHZE, MIMsEEl GPU BRI R AT

XA T, SRR AR O T B (Stage), BB BSE R E R B AL B
IRE; AW BEZ 1A LABSA B, 5 B B W RN =2 B

WTRERTR, HH8 T — MR R 2 H IR BRI T BASI N B,
eI 3h 3 A HrBLe
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Stage | : Stage Il ; Stage lll

'© 0 ® o8

Update Aoply
Params Grads

Input Pipeline
record

I
i
|
Reader ]——))[ Decoder !
<key,value: H
Sugple |
|

ple Queue

record
Reader )—)l Decoder

<key,value>

FileNarhe Quode

shuffle

15-1 BRI % TR

15.4.1 MYE& 1

string_input_producer FaiE 7 —~ FIFOQueue HYRAZ, *Aﬁ/{jﬁum OP. ¥
shuffle JETT, 7EAFT epoch JFUAIT, FEALA BCHA15, 3?{% BIMEGIZ o

w.fmad
Identlty
epochs,

Varlable

-
epochs

zeros W/Assign
Const — Assign

l ref

CountUpTo

v

filenames
‘ RandomShuffle }

Identity

filenames

~
input_producer
run
a»( EnqueueMany ) ( Dequeue )
ref ref
{input_producer)
FIFOQueue
\ J

15-2 Mg 10 AN %R

BEHLIL

B, AT filenames 1Y Const OP, FIZHT RandomShuffle H4 301 FR 51 2L FEHL
o
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Epoch 1=l

MY SEH epoch WTTEL, SEEIXG PRI T — &M epochs AMIAS o HF A
RO AR 256 Step 2 [RIFL =8, - HAS W25 1 B SL 5 B o

N

1E Session.run ZHl, RESPATARMA TSR HIIALL, 2N epochs HY Variable

SRR -

epoch HJTHEUEHAEEH CountUpTo SEhk, B TAEFEHELLT C++ W i++0 BFA
Variable 5| H, MIH EFRZEL 1imit. &I —# epoch, il variable HIE 1, HE
iZ2F| num_epochs #(H -

HAr, 24 epoch FiE num_epochs f, CountUpTo 4 H Zh#ilH OutOfRangeError 57
FEMSEINA] A2 CountUpToOp HY Kernel SEI.

template <class T>
struct CountUpToOp : OpKernel {
explicit CountUpToOp(OpKernelConstruction* ctxt)
. OpKernel(ctxt) {
OP_REQUIRES_OK(ctxt, ctxt->GetAttr("limit", &Llimit_));
3

void Compute(OpKernelContext* ctxt) override {
T before_increment;

{
mutex_lock 1(*ctxt->input_ref_mutex(@));

Tensor tensor = ctxt->mutable_input(@, true);
T* ptr = &tensor.scalar<T>()Q);
before_increment = *ptr;

if (*ptr >= limit ) {
ctxt->SetStatus(errors: :0utOfRange(
"Reached 1limit of ", limit_));
return;

}

++*ptr;

}

Tensor* out_tensor;

OP_REQUIRES_OK(ctxt, ctxt->allocate_output(
"output", TensorShape({}), &out_tensor));

out_tensor->scalar<T>()() = before_increment;

}

private:
T limit_;
}s
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ABARTE

L L, KSR FRIB MBI, TR AZ EnqueueMany, ZE{LLT Assign &K
Variable EV‘]TE, EnqueueMany & — RS OP, E%ﬁly\ﬂﬁ/‘]@ﬁ, IERE SN

TEIAL , EnqueueMany 44 Session.run $UAT, RGImi i, FHLENMKHEI Identity,
KILFZEFEIG T CountUpTo, LTS JE8—IK epoch TH4L, B EEIE num_epoch ZLH b
OutOfRangeError 579 . FIH), Identity K#iT RandomShuffle, PAMEISEIBENIL T BISCHE
VIS

QueueRunner

AHN, AEFH tf.train.string_input_producer B, (3118 B Ry M— MR AT OP:
QueueRunner, FFEAEEIIMNE] GraphKeys.QUEUE_RUNNERS 6. FH, — QueueRunner
A —1£ 1 Enqueue, EnqueueMany ZEHL[1 OP-

15.4.2 MER 2

Reader M ICHF A4 BAF 3% FIFO HYMIF AR 44, FFH IS0 24 3 O RS %,
JEIEXZAC A TR IR B, R BN BR A, e m s HaB I EAEA A S

G

AL b, SEMAE T — ReaderRead 1) OP, THiA XL AFIRTAIHE, MBAF]HF%
M FIFO BN AR 44 0

KA SRS TFRecord, ReaderRead Y4ZEfEIH ] TFRecordReader [ OP, #4773
PRI, 2, 43S ReaderRead HIISHL, G132 — T HIML T HIFEA

fERg2E

R FFHAL T RS, 6 S IE N AR e SEbARnD . MIMAS 21— 1B B AR 4L
Pao mIakHy, T DONHEARSLETIANEE  FIU reshape S HAE .




15.4 ZE1IHE 289

ABARTE

BEIFEAREIE T, ¥ /530 QueueEnqueue MIZE, FBHEEAGEINEFEARBAS R Zee oA
QueueEnqueue A=A OP, BRPAREABNFIIN AN, B H5E R PASIIN B Hrilf.

%ﬁ‘fﬁl:, AR & RandomShuffleQueue, {5 H BB AR SEIRBE LR A

FEMIT

NS 10 A% ATLUS 82 A B Reader 5 Decoder W TAENE, FE& HA
[E S CYIEEF NN E R /H:EF‘, RandomShuffleQueue %?)%ﬁfféﬁ/‘], SCREE R P BAE H
PAFERAE

15.4.3 BYEX 3

VAR R R batch_size I, INZ/HERL T B BUEIZALX BRSO, 5
B YA (FFRN IR Step)o

H BAER E

b, IIZEFEEH DequeueMany ARIL— ML I B FE A% o

ERMIT
—fH, OGRS, SRR EEAGT RS AT S RIS AL . Worker (155
] PS AT B AMA S RIE, PUTHTIIHRRRIATGE ANk,

)G, RIEARVGEARIIE, R E 4D Variable (R, HEHEFE] PS ME5H; PS
55 ¥ variable B, FFHSRIMES 215 Worker 1157 L%

Checkpoint

PS (TS5 R RGNS, I SL i Checkpointo K4 BT AT A Variable BIEHE, M
HEWTTHE, OEHSHESEER, FPALEIINS A ts L, DMEELIKETTER,
FHFA variable HI%HE.
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15.4.4 Pipeline T5#A

BN, 4 FIFOQueue FIBAFI IR IS FRFIZE, AT EnqueueMany 2 I 1115
A HAPaEAT TR CountUpToo 4 CountUpTo 1A% 1limit _LFRAEY, ¥ B3 H

OutOfRangeError 4 o

HEERTH QueueRunner, PN coord.join EHT 0 Y OutOfRangeError E”‘%, bt
Jasr RIS ARG, I HARHOZ AR IRA T BABIRE GG, ANBARVER AR RS
T H AR E R SR B, BRARRASITT R N 2s

FEIRERTGERE, T OP MR G TR, —HiZBAFI TR A%, WHE
B outOfRangeError S o Z B W BT QueueRunner P EHNZ T & A=, SRIG AR
SEHIER A TS (FEARRF), IBHZERBRIHIT.

£ Pipeline HIJE B, train_op MFEABAS A AL AN ZRAEARRS, BRSNS, IF
HEAFIREEA T, WHLH outofRangeError S, HeZfs IEEEMILMESS .




Any fool can write code that a
computer can understand. Good
programmers write code that hu-

mans can understand.

- Martin Flower

Saver

16.1 Saver

TERIIMIGAT St BEeh O T SO 55 M9 7T M, TensorFlow £ A MIHEHLHA T
AU A (Checkpoint)o

Saver A& SLELWT R BN REMIEAINIE, “E 2K BT IS B AMAE S R GEF
Wil ESLINZES , W EARM SR RGP R T RLE, M HIIG2HE. 2, Saver
AR B T A -

1. save: ¥l % A2 09 & AT4EH XA 2] By & 4P
2. restore: MBT & S A F IR B 4 A 0948,

16.1.1 ERFAE

wan, FAE—DERRTEE, GEWNIIGSE. H5%, PITIIRLE, HHEERET
AMEIICAE RS

# construct graph

vl = tf.Variable([@], name='v1l')
v2 = tf.Variable([@], name='v2')
# run graph

with tf.Session() as sess:
sess.run(tf.global_variables_initializer())
saver = tf.train.Saver()
saver.save(sess, 'ckp')

Bl , AT AR SR W SO 0 o B P AR
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with tf.Session() as sess:
saver = tf.import_meta_graph('ckp.meta')
saver.restore(sess, 'ckp')

16.1.2 XHINEE

AT Saver.save FAEZ G, FEICIF RGEH AL AT SCHF:

F— checkpoint

— ckp.data-00000-of-00001
F— ckp.index

F— ckp.meta

ELIRAts

Z 5| (index) XHFPRAFE T — I AH A (tensorflow: :table: :Table) HIELHE; H, %
BN Tensor AFR, HAEFIAZ Tensor HITCEIHEE , EH51% Tensor {74f 1 W44
(data) SCHEHT, MELEZEGRE PR, RERERSEE.

B4

B (data) SCHFICsE T TA AL Gt (Variable) BI{H. 4 restore HARmtY, FHIGME
G0 A B AR R AR A R B SO, AR RAR R T | BRI e i ME, T SE IR AR
BRI .

T

TCICAF (meta) HERAT T MetaGraphDef HIFF AMLEHE, B 4G GraphDef, SaverDef %%
TCEE -

A TR A T REE S5 A AL T E R BRSO AR A B, SEB T RS Y S5 S 3SR
BRFR 8. Bk, fEKE (Restore) I, SGIHH tf.import_meta_graph 5% GraphDef
WE K, SRGHEKE SaverDef, MIMIKE T HIIAFSEEEME Graph X5, MHHTK
HAFEAEN Saver X%, G Saver.restore WE THZ HAE.

XL EHIF, R Saver.restore Z R, 15551HH tf.import_meta_graph E
B A ST R RS, ek S B B SE R T .
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RS

Checkpoint U2 0 il — X BT 230 (Checkpoint File) HRTZE, HRAEHTZET LA
X N B R B FNECHR SCE . 24 tf.train. latest_checkpoint, W LARRIEER FHIT—Ik
AT BT A S A

LA, Checkpoint SCHEHLIESE T AT A RYBT mOSCHEAIEE, FF HICHE S 34 8 i 1H 22087 Y
IS R CHERY o M INGREIT IR RAE RIS, W AR R ae gt AT, G S S0 28 25 (A R
o D4 TGN RIBL, A7 A IR 7 -

1. max_to_keep: BLE RULA A 409 R KEK B, L6987 & £ e, HIHH
A A2t max_to_keep, W MR IE 69BT & XA, P, max_to_keep BKIAMEA 5;

2. keep_checkpoint_every_n_hours: Z I 4T & n P — kB 5% E, RIE
RA =N S o, SRR XM,

H1F Checkpoint SCHFHIESE T W s SCHFFIEE, I HLICHES 2% I8 H 22087 A9 I T4
HEFP o AR i SRS MM SR AR F DT s SO A AR L 1 A 28

16.1.3 =&Y
FALEER
T SIS AL TIEE, Saver ERIMEIEH B THA savevz, MHFIEA OP. H

W, file_name AH—> Const I] OP, ¥&EW S AFHIAFK; tensor_names 2 —> Const
1) OP, HTHaENZZE Tensor 247513

., Const Const
file_name= tensor_names=
'model’ ['vl','v2']

\\
AN
\
\\

16-1 Saver: HAALAEA
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WS

[FIREHD, ST SEIKAE TRE, saver TR, N INZGSEL, AT —1 Restorev2,
FHKHER OPo Hrr ) A5G AW SR E S ECBME I P i L 48 (Initializer), HAR
Z—> Assign 1] OP.

F4h, file_name H— Const H] OP, #REW S SCHFIIAFR; tensor_names M &—1
Const [] OP, HTHREINESENY Tensor £FFF, HEKEN 1.
tenSO?‘T?‘I‘ameS:

.. Const Const ., Const
file_name= tensor_names= file_name=
"model’ ['vl'] "model’
Restorev2 RestoreV2

14 \4

Assign Assign
initializer N . initializer
N .

N .
ref A | ref

v N ya v

Variable NoOp Variable
vl restore_all v2

B 16-2 Saver: kAR




Any fool can write code that a
computer can understand. Good

programmers write code that hu-

mans can understand.
- Martin Flower I ' ?

MonitoredSession

WEE—DRFRIAL, 7T LUEIHZET train_op UK E ERILEL, REIGIIIGSECL
Jiti Checkpoint, FFAMINZBT o X T/ NI 27 SRR 3 Al A 28 22 7 BEAE R AU/ N
AR T] o

B, XT KM H 22 IR 5 ZEAE SR BORRT [a]; 1 H Al gERR 2 2 fn 2R
(replica), WIS EEHANMEAL RGBSR AT ISR TR, R B o = AR (A -

1. BVGEARFF A, RAEHFMA B, G FT,;
2. BFRFENA, RESBRZE, BRI %I,

3. A4 i@ 1T TensorBoard M 4= #EAD| %42,

MY S R A B T I 2 05, AT BB A YISk B, b 0 B SE it
Checkpointo M4YIZEdFE G5, A LAE F-45IE—k ) Checkpoint XA, VK& Il 2t

o

N T REAS (¥ FH TensorBoard Witz kit #2 , v LA i FEIE, 7—28 Summary B OP,
T 25 FIB B FA S o TensorBoard REAS WEIEFUARMT FA- SO BIEGE , ATALALEEA Y
R, EiERN A B R

17.1 5| \ MonitoredSession

tf.train.MonitoredSession, A LUERIL Hook, T IEWTHEA Session E@%ﬁ%%ﬁ;
W& Coordinator X%, M THMHITAIBITH AR FRE L, JFRYT, BRI,
2% AbortedError BX UnavailableError S Hf, FLLEEJH Sessiono
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17.1.1 ERAE

— B, B A ChiefSessionCreator )7 Session £, Ff HiEM = EcIEA M

tf.train.SessionRunHook:

1. CheckpointSaverHook: JB#i 3 Checkpoint;
2. SummarySaverHook: Jl#AM3iE4T Summary;

3. StepCounterHook: J&#AM M43t H47 354749 Step % B,

73]7§5@§§2é§ﬁt£§5%ﬁ?, F H BN 1) MonitoredSession, WM with BN
Ao

session_creator = tf.train.ChiefSessionCreator(
checkpoint_dir=checkpoint_dir,
master=master,
config=config)

hooks = [

tf.train.CheckpointSaverHook(
checkpoint_dir=checkpoint_dir,
save_secs=save_checkpoint_secs),

tf.train.SummarySaverHook(
save_secs=save_summaries_secs,
output_dir=checkpoint_dir),

tf.train.StepCounterHook(
output_dir=checkpoint_dir,
every_n_steps=log_step_count_steps)

]

with tf.train.MonitoredSession(
session_creator=session_creator,
hooks=hooks) as sess:
if not sess.should_stop():
sess.run(train_op)

1712 ERI™

ffi[f] MonitoredTrainingSession HJ L) J5%, Al LAt MonitoredSession HIGIEIHE .

MonitoredTrainingSession

create

45_..-

MonitoredSession

17-1 MonitoredTrainingSession: LJ 7 ik




17.2 A A [E A 297

with MonitoredTrainingSession(
master=master,
is_chief=is_chief,
checkpoint_dir=checkpoint_dir
config=config) as sess:
if not sess.should_stop():
sess.run(train_op)

17.1.3 2Eimgs

N TIR2E A RER) MonitoredSession, Al LUK SE R T IDRERY WrappedSession PATEH

EEijE

1. RecoverableSession: % 4% % AbortedError 2 UnavailableError %% B, T A%
A Ae & # Session;

2. CoordinatedSession: M & Coordinator & %, B T WA F A BAT P 69 L A2 F 043
Gk, FMr, ERAARFF

3. HookedSession: T XA #4L Hook, JA T M F A Session #94£ 4 F M,

Session

A

! like

1

I
WrappedSession 5€ss

JaN

RecoverableSession CoordinatedSession HookedSession

17-2 MonitoredSession: #4f &

&

w2, W LA =H M, W15 %] MonitoredSession(PAfCHE LI, F1E 1E A [
MonitoredSession [T EARSZHL),

MonitoredSession(
RecoverableSession(
CoordinatedSession(
HookedSession(
tf.Session(target, config)))))

17.2 H4rEH

MonitoredSession A Session 4 i HAKFAE ((HIFHE IS-A KR, 1M/ Like-A X
AR, XA TR )42 RS R 1 XU o
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Eéﬁ“\}%,ﬁﬁﬁﬁqﬂ, AT SessionRunHook E‘J@ﬁ[%@’?, FHTU5WT MonitoredSession
F) A= i e I R

17.2.1 {1kk

HERIEI B, MonitoredSession T 58 AN Nt :

1. EATPTA @RS F 49 begin 7 ik,
2. @it F scaffold.finalize() A4&#H H B ;
A #4145 128 SessionCreator % &4]#& Session

4. BATPIA ERAA T 89 after_create_session 7 ik
Hrp i SessionCreator 2750 Session I HE, FAEMMZEHL,

1. ChiefSessionCreator:# /A SessionManager.prepare_session,ifid M & ¥ 9 Check-
poing W EAEA | HRIEFT init_op, TAMEA &G4ndsit; KRB, BHFA QueueRunner
%Hl;

2. WorkerSessionCreator: 4 Jil SessionManager.wait_for_session, % #F Chief %

PRAETD 89 A 44,

MonitoredSession

|
MonitoredSession(session_creator, hooks)hl

# hook.begin
for hook in hooks:
hook.begin()

# finalizes the graph
graph.finalize()

# creates session
## ChiefSessionCreator.create_session()
def SessionManager.prepare_session():
if not saver.restore(sess, ckp_path):
sess.run(init_op)
start_queue_runners(sess, coord)
## WorkerSessionCreator.create_session()
def SessionManager.wait_for_session():
if not sess.run(ready_op):
sleep(recovery_wait_secs)
# hook.after_create_session

for hook in hooks:

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
: hook.after_create_session()
|

Sess
D S a

& 17-3 MonitoredSession: #1441t
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17.2.2 #1T

ETM?ME&, FiB1T Session.run BiJE5 BRI HE T before_run F1 after_run J7 i,
WMRAEBITIIFEL AT AbortedError B¢ UnavailableError 79, WIHEG41HRS o

MonitoredSession

sess.run(fetchs, feed_dict)

# hook.before_run
for hook in hooks:
hook.before_run()

# tf.Session.run
tf.Session.run(fetches, feed_dict)

# hook.after_run
for hook in hooks:
hook.after_run()

# recreate_session on (AbortedError, UnavailableError)

. A

e

17-4 MonitoredSession: 44T

17.2.3 X<

LGN G, WM close J7ik, K] MonitoredSession, BRI ARZHYITHE
el

RS RN 70 end 736, FFESETIAA Coordinator.request_stop /715, 15
- QueueRunner SEf]. B2, Wil tf.Session.close /7, B AL TR

FAN, MR KA outofRangeError 57, MonitoredSession WAV FR IEHZ& IR, FF

2

MonitoredSession

|
sess.close hl
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

2

# hook.end
for hook in hooks:
hook.end()

# close all queue runners
coord.request_stop()
coord.join()

# tf.Session.close
tf.Session.close()

# suppresses OutOfRangeError

17-5 MonitoredSession: X4
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17.3  REHIRK
MonitoredSession fERIGILHT, i SessionCreator &4 TH AR FIRI UG o
— e, RN N, AR 2RI Worker:

1. Chief: #i AR 69414510 ;
2. Non-Chief: %4 Chief 7 ARBER 69 47451%,

Wi 2 18], a1 e B P b R S8 SR B BT AR AL o

17.3.1 HRAHY

X Chief, B4 M Checkpoint SCHH K E AL, G053 A Ry, W& midhgT
init_op @FTHIAI ALY Hia A T LUE A A

def prepare_session(master, init_op, saver, ckp_dir):
if is_chief():
sess = tf.Session(master)
sess.run(init_op) if not saver.restore(sess, ckp_dir)

XFT Non-Chief, ‘&4 M HiEITIZTT ready_op, #& Chief &1 B4 5C ALY
WGt

def wait_for_session(master, ready_op, recovery_wait_secs):
while True:

sess = tf.Session(master)

if sess.run(ready_op):
return sess

else:
sess.close()
time.sleep(recovery_wait_secs)

17.3.2 SessionManager

HL b, ERELFEE SessionManager SEHL, B EEMTTM Checkpoint XA H15ER,
MR, B E B IEAT init_op SEBIL ARG, SO E ] TA/ER Session 5K
Bl

1. *+F Chief, BifAH prepare_session 7 ik, TR 6947454%;
2. 4 F Non-Chief, i#it8H wait_for_session 7 %, 4 Chief T RAEA 694744
1,

FEAE I A2 SessionManager ERSZHL,
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17.3.3 5IAL"

AT i, 9REH chiefSessionCreator Fll WorkerSessionCreator 735/ 5¢ Ji I

SessionCreator create_session tf.Session
]
mT======= R it )
I I
I I
WorkerSessionCreator ChiefSessionCreator

wait_For‘_session()ﬁ prepare_session() 5

& 17-6 SessionManager

17.3.4 Scaffold

Y2 T2 init_op MRS L T2 Saver JEIME 5L Checkpoint ;
T4 ready_op H —PEIALER CEMANTE; T summary_op 41 Summary,
AT NIRRT AL .

M, A ETIER Graphkey FRIR TIXLERRERAT OP BOXAR, LAERT LATHEIE
HHR 2R X LERE R OP B Gt

AEN GRS R A, AL T — IR T B % Scaffold, FTHIZEXEL OP HiXt
FSHERIME, HRETEEES T, HH Scaffold FRAL T 2F 4 1 AT LLJT (H HbFRELE
%4 OP BN .

ALLEGT A Scaffold. finalize /i, WIRXTI ) OP AR M None, NIERIAG]EE
RIS o RAVRESTHAE, 2R 2R I B 8y

class Scaffold(object):
def finalize(self):

if self._init_op is None:
def default_init_op():
return control_flow_ops.group(
variables.global_variables_initializer(),
resources.initialize_resources(
resources.shared_resources()))
self._init_op = Scaffold.get_or_default(
'init_op',
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ops.GraphKeys.INIT_OP,
default_init_op)

if self._ready_op is None:
def default_ready_op():
return array_ops.concat([
variables.report_uninitialized_variables(),
resources.report_uninitialized_resources()

1, ©
self._ready_op = Scaffold.get_or_default(
'ready_op"',

ops.GraphKeys.READY_OP,
default_ready_op)

if self._ready_for_local_init_op is None:
def default_ready_for_local_init_op():
return variables.report_uninitialized_variables(
variables.global_variables())
self._ready_for_local_init -op = Scaffold.get_or_default(
'ready_for_local_init_op'
ops.GraphKeys .READY_FOR_ LOCAL INIT_OP,
default_ready_for_local_init_op)

if self._local_init_op is None:
def _default_local_init_op():
return control_flow_ops.group(
variables.local_variables_initializer(),
lookup_ops.tables_initializer())
self._local_init —op = Scaffold.get_or_default(
'local_init_op'
ops.GraphKeys. LOCAL INIT_OP,
_default_local_init_op)

if self._summary_op is None:
self._summary_op = Scaffold.get_or_default(
'summary_op",
ops.GraphKeys . SUMMARY_OP,
summary .merge_all)

if self._saver is None:
self._saver = training_saver._get_saver_or_default()
self._saver.build()

ops.get_default_graph().finalize()
return self

M finalize BYSEMATLLEH, LA OP SERNINEES

1. init_op: ZRITA LA EEMLE TR,
2. local_init_op: ZTAFTA AL & Fok #5094m4540 ;

3. ready_op: EEI AN ALREERERTRATCEMBLT,; T UIRE R
(AN ISR Yk SN E

4. ready_for_local_init_op: EA AN AR EEFABRZ T CEMBLT; TN
TR R R E FFo R A0 5 K

5. summary_op: L& B Summary %% ;

Hrp, AR RERF AL E] Checkpoint SCPFHT; 48K, Mg ANREM Checkpoint SCHF
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PR E A R A {E

17.3.5 ¥R EE

BRI EE R OP BYAE L, Bifi# prepare_session BT AIIAL Y 5E 3818 LAF AR
LFMET o

class SessionManager(object):
def prepare_session(self,

master,
saver=None
checkpoint_filename=None
init_op=None,
init_feed_dict=None,
init_fn=None):

def _restore_checkpoint():
sess = session.Session(master)
if not saver or not checkpoint_filename):
return sess, False
else:
saver.restore(sess, checkpoint_filename)
return sess, True

def _try_run_init_op(sess):
if init_op is not None:
sess.run(init_op, feed_dict=init_feed_dict)
if init_fn:
init_fn(sess)

sess, is_succ = self._restore_checkpoint()
if not is_succ:

_try_run_init_op(sess)
self._try_run_local_init_op(sess)
self._model_ready(sess)
return sess

HAA A EEAE R S 8. B, 22N Checkpoint SUHFHIRE (HALN T RIfLIFEL, &
W 7R SEE); AR, MM init_op A init_fn 4 R RFIGIRAILGIL; 24
Ja, ARETRAMARMFAEAIIGN; Ba, I 2RERMERES L nit
IE

17.3.6 T EX IR

XTTFAEZS W) local_init_op, WMEEFTAE 4R R B AW IAL 525 A REdFT#I 151k,
(GEL A _ready_for_local_init_op); &, HEARM G2 R HTIZRE] msg F-BH o

Wt 2w, A mH R ESRL a2 G, A BARASF AT
Checkpoint 3CHFH .
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restore_checkpoint

\
[ sess.run(init_op) ]

\J

[ init_fn(sess) ]
sess.run(ready_for_local_init_op)

[ RuntimeError ] [sess.run(local_init_op)]

sess.run(ready_op)

17-7 BERAEAHEE
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class SessionManager(object):
def _ready_for_local_init(self, sess):

return _ready(self._ready_for_local_init_op, sess,
"Model not ready for local init")

def _try_run_local_init_op(self, sess):

if not self._local_init_op:
return True, None:

is_ready, msg = self._ready_for_local_init(sess)
if is_ready:

sess.run(self._local_init_op)

return True, None
else:

return False, msg

17.3.7 BEUEREEAY

e, BT _ready_op, EA P 2RALRAN RS SR ELMIANL 15 AN,
AR R AL FIFRE] msg FBH

class SessionManager(object):
def _model_ready(self, sess):

return _ready(self._ready_op, sess, "Model not ready")

H, _ready fEFHEEL, ATIE/THNE ready_op, BAMHMN AR ol B2 & 5T,
R o

def _ready(op, sess, msg):

if op is None:
return True, None

ready_value = sess.run(op)

if (ready_value.size == 0):
return True, None

else:
uninitialized_vars = ", ".join(

[i.decode("utf-8") for i in ready_valuel)
return False, "initialized vars: " + uninitialized_vars
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174 RERE

— R, HEHEAEA with B LN SCE A, SCHL MonitoredSession MY LA FIHRIR
LR

17.41 E TXEEEE

MiBH with IBAE, BFIEIBT7TE QueueRunner LA, FESCHL £f.Session M4

class _MonitoredSession(object):
def __exit__(self, exception_type, exception_value, traceback):
if exception_type in [errors.QutOfRangeError, StopIteration]:
exception_type = None
self._close_internal(exception_type)
return exception_type is None

def _close_internal(self, exception_type=None):
try:
if not exception_type:
for h in self._hooks:
h.end(self.tf_sess)
finally:
try:
self._sess.close()
finally:
self._sess = None
self.tf_sess = None
self.coord = None

Wik, 24 %4 OutOfRangeError B StopIteration, WA HIEF &L, ZMiZ R
WA T HERME R, WA end BRI 7.

ﬂﬂ}

<]

17.4.2 121t QueueRunner

FHHN, UPAT self._sess.close(), K IHH _CoordinatedSession M close /5o
BT coord. request_stop 1B AT QueueRunner SLHIE 1FizfT, FEHIBET A co-
ord.join JTEEEFF A QueueRunner SLAiEfT5EEE

class _CoordinatedSession(_WrappedSession):
def close(self):
self._coord.request_stop()
try:
self._coord.join()
finally:
try:
_WrappedSession.close(self)
except Exception:
pass
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17.5 EIE#EF
A LLE T E ] SessionRunHook, SEELXT MonitorSession A= B AR 1 W T FIAE BE

class SessionRunHook(object):
def begin(self):
pass

def after_create_session(self, session, coord):
pass

def before_run(self, run_context):
return None

def after_run(self, run_context, run_values):
pass

def end(self, session):
pass

/\KF', B LAY Hook L5

1. CheckpointSaverHook: J&#1#3 Checkpoint;
2. SummarySaverHook: J#iM£ #5247 Summary;
3. StepCounterHook: J& /P33t 4V iE4T 49 Step 44 B .

SessionRunHook
L
L ‘|I— __________________ A
| | I
| i |
| . i
StepCounterHook SummarysaverHook Che ckpointSaverHook

17-8 SessionRunHook
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FERESY R H W TAE 2, 4R 2R AR AE R RS, mASES . B2, B
A AEE R IR NS, U B R T AR BT, RPTH OB N
SEAN. Lk, AR RIBL BESAUTE, AR SR MR AR

B B AR R, SR I8, BE RIS S5 T4 i1 Diomidis Spinellis #YZ282

{E: Code Reading, The Open Source Perspective. AXMN AN MAHE, RIKFKG L
AASAT— LS5, SRR B T 2 0 2 LR

Al IHEHS, SUMESR

B, P2 BRI — O IR TEAS, @5 IDE, UML, WE%TH.
FFHAEH B9 TE S B 4G C++, Scala, Java, Ruby, Python; KR H JetBrains 2
A, HARZ ST HIE ARy SL AR IO o

Hk, SRt RS, O RAFAY ARG B2 15T, MR w7 AR 12 A
MM I, BEEFRZRKR, BRI, 7L AEF.

® I RAF, BT RAF 094 H. S5 RIEA RAFm-F R IAE R ERAT T 20, 2XFRTE 0
i, BERFHEBRE, THEXFLREGFERLEHRE,

A2 HiITMBEHZE

Bl A — e DL S Rl I Debug W7 2Ok B G  VEE R HEF X RS
BRI, Ho, ROMBATIS R R DR 2 SEUT MBI K=, TR
XS TR RGAT A WATARL, POV HAE AR 2 SEEATT, A5 KB A i

BB T, AILERE R H—, FEE—k TR, FHsfrilil
B, K=, ZRASIFEILA Demo B3z
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Jofs TREBIER, HEVAZNT Debug f8, MiRAET 1 TREMAEATA, LHIL
ARGNEEAL, o KGR HTT .

IRV, WA ATDD f1J730, RBAZIE RERIAT N . il iX a7,
KACA—F, BERGENTN, K2R RS REEAEN.

A3 ZIuE i

PR, AN T TN, SR 4, RN TIZEEARR, BEAHEN
HIRIR. SFSE b, RIS LR A e AR R — I HAR, RN USRI RGEH R0
frfee AR Bz, B RGADATRIR, HEd B ARG TR, A BB IEIITE
RGEHIKGS, AN —PIEE 2 R

N, 7E3 2 TensorFlow [ Python SEHLIY 7 ARSI | PR 5T 1] A9 4TUde i A |
YT HAE TensorFlow WmFEHTR | N H RS T F T i H B2,

Variable Queue
Context Manager
Collection NameScope
GraphKey*
Device
Graph >
l Container
node*
Operation ControlDependency
output*
Tensor

B A-1 4t %: Graph

A4 EZRARGRM

B AR ANAE R AT, RGP AR A o PR A REBOA BRI R ¢
W, AN, RSO T WA RG B4, FHUHER, AARTRE
JT I
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HEMLS, ARSI RAZNAS, FFREW LR I BAEEE INT R MAT WEHIE. H
), RGN R BRCHE, KRBOCR, MHIST, N THAFRE DS RGN E
o

Flin, X+ TensorFlow, C API &Rl Gu RGN, HfE C API Byistit, A
RERSAE BT 5 i R T R

—

Client
[ CmD  Com)
( C API )

( TensorFlow Core J

( ccu ) ( Gpu ) ( Linux ) ( Android ) ( Others )

B A-2 TensorFlow # %%#)

A5 HTRER

BT, 4%E%§i¢tﬁ%Eﬂk&¢tﬁ%ﬂﬁxﬁ??$ IBTRARAr e fltn, HAESTE, ket
Bug (AN T SEBL, RS SCIAA T 5, LA ST R A T AU S 55 o

[ 15 AR Y — I DL BBt 2R AR et 1o IR — IR IRk, BATZHI T
PARR LB — M, BORIURERI R SE, R BREZRIARS, HEZERtETH
Totbo

AT — ARG B 32 BT, ARSI 5 L — I AT code-reading 7337, — il
b, — MR LETE S ARG o

$ git checkout -b code-reading

BRI LR, R KIRGEMABAGZ P LE 2. MIH, REMEIRNE,
@?ﬂ‘i%‘[ﬁ%ﬁﬁkﬁi&ﬂ’ﬁxfrﬂ%%?yﬁE"J%Ml\ﬁzaﬁio BEEXT RGERRNEAE, RZ M
HARHBEE KA, FrA SR A DA BB T T AR KT
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A.6 TERTLE

DR RARRS B — A DL B2 [ —IRAERIR, AR o B2 G
A—WUFERD, BEXTNHENFE RO Flan, HELE KB AR5 T
JRERAT 22 Bl E A MEIN 2 RIRXFF S A, (HAEA s a0 AT
B

WA TN W SO DEERR ORI o X2 MRS, R
FHEHENEL; FOMRIGEISEEERE T, S2Bf B K.

A NI EACRD R, RO R AL 3, ARG R By B4E ) B e
JERR A RUNECABE, B IRV, BAMERIHHATEIC ), Bezd s E o m
FEbR. LFBUBERI MR G, 2T RS B e A iE kI T .

i, BEET ()R ), MAAIET TR ) MR . XA, 3K
AREHE RGN (28, HERGERZ G5

A7  EINthEYysE

ST, BHBIS . AR PRGN, LA BOT, EaESEG, SIBHk
55, TOOAESE, AW BB, XA BSOS R B B T AN E T

LEEI—AFABOTRT, REZMEARE, WS, PRSI FOREEREI; W
RAIBAERIAE, K H RIS TR, KTk,

P, M2 Hamerest B, ZEEZEE, FARSENTZRRER, Bz MR
KR, EZEWZN.

A8 =iEHN

PRI R — A B 52 I R, AN 2 (RO B G R A AR XUBR Y (R e A2 — 28R 20002
W, A AR SR AL T DR ARG B, B

XMTF—ABERE, A SR —MhRRR)E K, DME AL E B ENARIZ .
B, XE— A Scala LAY ArrayBuffer, X475 BAERMBRBIM—1ICRKE, A R®K
THRIXEETY .

def +=(Celem: A): this.type = {
if (size + 1 > array.length) {
var newSize: Long = array.length
while (n > newSize)
newSize *= 2
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And/Qr 1.%
o
tolower| IgnoreCase Not not
r===° - - =
I I
I I
1 I
| J7 J7 o
! |
1 v 'II |
L__> Mat cher ~_ ]
+matches(actual : const T&) : bool

Starts/Ends Equals IsDigit

Placeholder

A-3 44Kt

newSize = math.min(newSize, Int.MaxValue).toInt

val newArray = new Array[AnyRef](newSize)
System.arraycopy(array, @, newArray, @, size)
array = newArray

}

array(size) = elem.asInstanceOf[AnyRef]

size += 1

this

X BR[O BB, PRy Sl s Y s AR L, A IE AT

def +=(Celem: A): this.type = {
if (atCapacity)
grow()
addElement(elem)

3

2T atCapacity, grow, addElement f&/E2SLILHY, HEARAHIKL, K AHKCEIEE]
Bel AR HI R T o

A9 TR

Y B EAERS, AE NIRER PR REEE . A, TILFARA2E TR ),
TR S 7K 22 B SR IRANTY , A RETRZ S 325 9 A o

FEMA T PR T FOREBE R EIAEAISRE, i RaIr,
N MG A EZE XA PR AR L OB
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58 A E AU

B, AT FizzBuzzWhizz B[R, AHXHTFICR I SCERGA, slaife i, Waliemyor
A A, FFEAERE T UL 3,5, 7 A, B ERA TS, PTIE S A H R

WA BT fE

ri: times(3) =>
times(5) =>
times(7) =>

r2: times(3) &&
times(3) &&
times(3) &&
times(5) &&

r3: contains(3)

A.10 SEflfk

Fizz ||
Buzz ||
Whizz

times(5)
times(5)
times(7)
times(7)

= Fizz

&& times(7) => FizzBuzzWhizz ||
=> FizzBuzz ||

=> FizzWhizz ||

=> BuzzWhizz

rd: others => string of others

spec: r3 |1l r2 Il rl1 Il rd

TP VOR PR — P E 273, JEEARFE RN, — RS AEEEH O
ST AERARAYEOUT, SEOE AT LA E S I 1, I DA R RGERIAT o

UARAF AR S RN SR A 2 S 2R, o mT DL SR e 580k B9 TAR I, 5X
Xt T B (AU B KAT 2 Ak o

LA Spark H4il93 DAG B35 M6l LL G AT &, AEHERTHZI RDD B-iR R,
R A Stage B .

e Stage 3 MK

1. G 5 B XERZFHRH, MHHF— Stage(3);
2. B5 A X RATRM, A A4 RDD, #)28M idsE;
3. G 5 F X ARERY, F AHe944 RDD, #H)3#EM T2,

e Stage 1 HYXI|%

1. A %A K% RDD, Stage(1) X745 H . Rkl Stage(1) (L7 RDD Ao

o Stage 2 HIXI4>

1. B RDD X a9 %k R A A F4RHM, LA F—A Stage(2);
2. A% RDD C, E, H#%A L% RDD, Stage(2) %4 % &,

w2, LT Stage WKHIC R, MIRFESC TaskSet 2 TaskScheduler #E47IH EHT
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T o — — — — —

e —

B A-4 Spark: Stage ¥4k

A1l ERER, FUMAREKRE

AR, WVFa RS 2 05 % JCHA T RARZ U i, ok
A& Owner BUEEYF T, HERSEIBIMYEIOR.

W LGB S A RE, SR ARZLR, FaG BB, MR 5 CREMg, it
A RER R A R

BEEACHD, AR ARG RZEE, 2S5l Xsh, TSR R
HIBEFETT I, FORENAS, POk, X TRl 5 AR HATH B o
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C) EHH =8, B, R, o3, - kE DIFFL

AR, SNBSS, & 8" 2, By 27 HA E¥Z R, NS
Vo A RIESCEIMUSRFE: B, HE|, WP, O8], LB B HE TR ARR R
i, PO T TSR, BB E SR T SO SRR

Yk, BIZ)E, WEHEEBAENTIRE T,

B.1.1 &

HE|, gHEATNZ, BEAEHENNZ . AT ERLY, K8, [m5h T,
FHAE: #REA TR (hai) % (zi); MHE R ZBARREN BN, BT, BHE
ERTR

il ARV R0 ISR T, (A B BATH DI E B, AR —BRAGWTIG ANZ AT
Bk, RITAREI0E. KRBT AIES, BT JUHAX MBI R, 58
Ho LRI E 2 ORI

B.1.2 %

IRE, HERIMD, BEIAKM. —IRMEEEZINHERER, EAR, EAENEEAZ
APte ANABPHEAN N, MHES, MBEmEMS, FERAPULIRE H K

.,

hE, BEORAFAEE AL (RRXFEA A RS R A LT3, MRAREARLINELS,
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R BRI R T IR, — MBS

WA Tz RS, R AR RMER . FTIEE R, RSN, AT
/NIRRT TIASRFAEAL, fal R ARLE T SMDUKIE IS A B Y R

WMAN, HHG, SRSEMALENE L. PRSI, ik i
HRER, RIS A R, B H S

B.1.3 9=

O, 8, 2l, k. 2=/ —-MAENES, WA THZENFER, BRHAT
AN o ERSFEHCIAR, HSHE Yk —Fh22 2150, BME B OB MHmE R
AT o

R ARENS 7> 5, FTLARIR AR T H C IR, HE Code Review, W W8 IHA
PABC R B ==, — A TR TC 22 S 9 ATRA . 0B 40 =38 B A ) J A A T

FHEMMMEIRVRAOLS, SRR ZE NG R BL f . >R FIR, BEASHT BBk
HOMFRIARES), KRR RNZESRS].

B.1.4 &

DF], R BIE Y RENRE . FE B E O B g S s T
AREEETHECM.
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