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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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TensorFlow &—M™MEHEIERE (Dataflow Graph) FEIABUETHE IR ZE. ©F
MF RFTR MR R EAT R, HFEH OP FIATHRERZE; MR 17 R M EEE R,
FEEH] Tensor FEEHRIFR. Pl HURREE —FEEIIRE (DAG), HETH OP #%
HERR S O 4 FMEE AR R A T s , Tensor 7EE M3 A WER, TensorFlow K54 .

FERATGBATRY, BRI RN 24718, FHRoA S 2R+ 1 2 L
o IR AT A ADHUERN, TEMFAY 7B o 2O N T, BT R AR AR i
B’&E LIFRIAT. TensorFlow SCHRr 2 Fm il & 1=t A, 5 CPU, GPU, ASIC.
TensorFlow Efa—‘ﬂ?éﬁ@ﬁi@%fm, @%EﬁE@%ﬁ?ﬁﬂ%ﬁ%E%%@ifﬁqzﬁi, (EEARS W IN
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TensorFlow H:#) H Google Brain FIHFFE A TREHAIFF & K, HTIF BRI T/
REMZM LTS, GBS R, BARAEFHEM. Plas A FEaRZE. #
#&, TensorFlow FRGuAEAG I FEFN G R, A2 T H AR 2 S0 ) 2l T 5
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{E, XS TYRES I GU A =B P, DistBelief IR, KHET PS B RS54
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1. RACH & FhmdTegRAC F ik, LGB PS 695 3L, get(), put() #94h %7 ik,
x 2R AR H RO R & A

2. WNHH % HFEMEHMMERETIE E RGP, i, @I RNN,
RAANGG I, BRI KB H 5 B 9RE TR RS JHA,

3. #migiX & DistBelief Z XML X & % #% CPU, F R L#F % F8 GPU, &8
RGBT LA T RS2 RIFOG T L,
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TensorFlow

DistBelief i 4 FIZEAMIL T, AN FH R IRE Y > 5 AR KRB, Google BRI
3+ T A DistBelief SEHL, FF e AF HALRE BB n) KRG 20M1%1T, TensorFlow Miz
A, TR TR E I H T4 T -

miztEE

TensorFlow {8 AT E R IA T B B AL S0RAS, @ S Fon gt &, f#Hh
ForEdRR . A2 (F7?R) AR, BN T MNIST F5 AN H R ERRE . 75zt
w BT FEEH T 2 AR, 53BN ReLU J2F1 Softmax 2o FfifG, H/H SGD HJ
PACE:, M T SHTR B R R a7, AT EINGSHEE. &5, RIESE
TEHEN, MEIIGSERER 7, ERIGSEBRERER .

SGD 'I'ulncr

LK.

[unmw] mt] uumw..] umm,,]

i earrng rate = (0 01)

Thass
O— (Ganeis

canses = [10)

& 1-2 TensorFlow: ##iiA

R R

TensorFlow HJ RGN 7L BA MBI, HTHES TensorFlow HJ R LK
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2. BF OP: OP RFZ NGt en, ZHMELLGMERER,
3. WH&EL: ¥ CPU, GPU, ASIC %4y Mt Ak & £EA;
4, FRAES T ATHEL6 PS, ST RAC I kA 1 A AE R LA RAF 6T IR,

mE
HUAH T LA HLE2E SIHESE, TensorFlow ELAT T /7 HINIAES.

1. & M4k TensorFlow 7F4&Z 1.0 RAMAERITEE, £4ZF 8 F GPU) Fik
¥, Inception v3 #9944 EIT 7.3 409 miktk; A5H XS ML F (64 F GPU) 33t
¥, Inception v3 #9 I A S2I T 58 4549 hmig rb;

2. 5F & AHF4 CPU/GPU/ASIC SHFMRAENEH, LFE AN, RFE,
BHEXEF LT HE TS, L Windows, Linux, MacOS % % #7345 2 4

S R XFARNFe A XA )| A 52
%4&% . X#F Python, C++, Java, Go ¥ AR 5% 53 ;
WA XIS AR WSRO Fe I, QAEIRE AT AAY ZE R4
TR IH OP ¥ &, Kernel ¥ &, Device ¥ &, @fzH 895 &;
. T £ TensorBoard T AL BEAD 2hid 42, M RKIHEALT TensorFlow #9
XL A

8. A3 4% : TensorFlow Ash#E R G EFHE, TRINGEEHGHETE,

9. T4 #%: TensorFlow 5 TensorFlow Serving L2&%& i, X HEA I %, F A,
FH, A X THR, SFAHEABEE R EHFRAEE,

N o kW
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TensorFlow /& H 77 5 T 0] AR 27 STHEZL . B HIELAK, TensorFlow £ DXAH 2 1%
ko 7E Github LR TR B2 BY3E Google 51 T A Ig$Esz, IF HARMAILE
> Issue #425C £ Stack Overflow FIHA _EJT 15T TensorFlow H[AIEUHHE [ A [H] % o
T AR KL I, TensorFlow 22— E , 1F2IRESH K& T bR,

TR

2015.11, Google Research A /i (F : TensorFlow: Google's latest machine learning
system, open sourced for everyone, IFZCEATHT A48~ R4 TensorFlow Hik. Fif
)7, TensorFlow 7E Github _EARAS G &G I (0] A ZRTS T KLY Star FI1 Fork. WA ?? (%22 7)
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HEZE



https://research.googleblog.com/2015/11/tensorflow-googles-latest-machine_9.html
https://research.googleblog.com/2015/11/tensorflow-googles-latest-machine_9.html

1.2 HIX K 7

50000 Framework GitHub Star Count

B TensorFlow ........ 44508
TensorFlow —— il

37800 B scikit-learn ......... 16191
B caffe ................. 15690
B CNTK .. 9383
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= Torch . 6285
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TensorFlow 1 [X | FH—#e 52 MM TensorFlow, HES)HASWT b A 5T IER1 % &

B

TensorFlow H 2015.11 JFERLOK, ~FEA—2 H KA — k. WE?? ($227)
N, R T TensorFlow JU/AN B EURE: I & AT [H] o

2017.01
2015.11 ® 2016.04 XLA
Initial Distributed Keras
O ) O
TensorFlow @ @ vo.s8 V1.0
[©)
2016.02 2016.11
Serving TensorBoard

Windows
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TensorFlow B FFHAEWAELLK, TEA P2 EREE gl oK b A E@ﬁﬁﬁ, B
B AR TN B e A AR SRS s AR AR U, BN AR R SR fER s, £
B S5 H TensorFlow Y ZkBIALas 2 S H8L 0 T8¢ LAF. TensorFlow 7t Google
A N A BG4 EE R A S A, R : Google Search, Google




Gmail, Google Translate, Google Maps %, WE?? (£2?2R) Fn.

Internal TensorFlow launch Production use in many areas:
4000
Search
Gmail
; 3000 Translate
E Maps
Android
g o Photos
g Speech
YouTube
-i e Play
= .. many others ...
0
$IFISIEISIFISIEISIFS Research use for:
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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

AT 5L TensorFlow HITRIEA ], AZFEA2E TensorFlow HIImFRIAEE , G HAD4E
¥y, THREAEE, DMEXS TensorFlow B RGEAMA 7 FEA I BPE NN

2.1 R4

T PE IR AD
H%, M Github ETEFE TensorFlow MIRAAT

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

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

$ cd tensorflow
$ git checkout ri1.4

IR L5

BT N4, FTEH TensorFlow JRASIIZHZIZEH

$ tree -d -L 1 ./tensorflow

}iq”, ZK:94%§§£?§QXE core, python ﬁﬁ?#, %ﬁffﬁflﬁ c, cc, stream_executor HiE,

RfHEAS 2-1 TensorFlow JRAL%EH

./tensorflow
ooo c

O0oo cc

000 compiler
000 contrib
000 core

000 docs_src
000 examples
000 g3doc
ooo go
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5% 2 & Gl

oog java
000 python

000 stream_executor

000 tools
000 user_ops

B S ai i A AR 1.4 A, TensorFlow fCHEZEHNA K2y 100 JTAAHG. HAp, fFE

53 Ji1T C/C++ %, 37 J11T Python A, 1 HACH ISR IZAKZ o Hdr | Python
fRBLRy APT R 5RGEHAT; ML, HAMMREIHES N APL MARMA, HB2OTELH B

RBIKES 2-2 TensorFlow K443t

Ct++

Python

C/C++ Header
Markdown
(CMake

Go

Java

Bourne Shell
Protocol Buffers
Objective C++
C

make

XML

Groovy

Maven

DOS Batch
Dockerfile
Perl

Bourne Again Shell
JSON
Objective C
YAML

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

68275 443099
151807 369399
46215 86691

2 30925
986 16398
13290 15003
3111 7779
3105 6074
3339 3452
181 1201
130 941
136 612
265 315
74 246
4 245

0 143
69 133
38 130
63 111
0 23

13 21
24 15

Core

WRZRIRIS S I T R, EEAEF G,
WisArhs, AT TR, BB, OP X, LLK Kernel SEBUSFALIMN, X2 A 45 5 i il

SEHTPRELE, FEREHESE ) Protobuf & 3, A%

M2 2 —, 5 EE A PR AHAE 2 v BSR A TT 2 , SB B IE AT I BR A A= i A 30

./tensorflow/core
000 common_runtime
000 debug

000 distributed_runtime

000 example
000 framework
000 graph

FHEHEAER AR, 7R L OP #Y Kernel SEBJFFRALSATALA] o

RHRAD 2-3 Core BALLEH
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000 grappler
000 kernels
ooo 1ib
000 ops
000 platform
000 profiler
000 protobuf
000 public
000 user_ops
000 util
Hrf ) core FEH e+ LI, KAWA 26 H1TRIE,
REIKES 2-4 Core A%t
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 0 0 18
SUM 2091 60894 65813 312904
Python
Python & X FISZEL T TensorFlow HI4mfEsl  Fxf oML APT 2 i, HK

MEESHI TR, XA AR AT 17853

RBIKES 2-5 Python B ZH)

./tensorflow/python
000 client

000 debug

000 estimator

000 feature_column
000 framework

000 grappler

000 kernel_tests
000 layers

oo 1ib

000 ops

000 platform

000 profiler

000 saved_model
000 summary

000 tools

000 training

000 user_ops

0oo util

Hrp, Z4fEH python SEL, KA 18 T,




12 %2 B fftn
RIS 2-6 Python 4K %kt

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

Contrib

contrib A& %8 = J7 sk IR TR, B2 TensorFlow FniEfL 2 B 1Y SEIG 1 dm e 32 1,
BN Boost #E X5 CH++ FREZMHIX Re 24 contrib B AENE , E4#H TensorFlow

FRIEAL , FEM contrib TS core, python H, FFIEA XS ANE A o

./tensorflow/contrib
000 android

000 batching

000 bayesflow

000 benchmark_tools
000 boosted_trees
000 cloud

000 cluster_resolver
000 cmake

000 compiler

000 copy_graph

ooo crf

000 cudnn_rnn

000 data

000 decision_trees
000 deprecated

000 distributions
000 eager

000 factorization
000 ffmpeg

0oo0 framework

000 fused_conv

ooo gdr

000 graph_editor
000 grid_rnn

000 hooks

0oo hvx

000 image

000 imperative

000 input_pipeline
000 integrate

000 keras

000 kernel_methods
000 labeled_tensor
000 layers

000 learn

000 legacy_seqgZseq
000 linalg

000 linear_optimizer
000 lookup

RRES 2-7 Contrib R %L
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000 losses

000 makefile

000 memory_stats

000 meta_graph_transform
000 metrics

0o0 mpi

000 nccl

000 ndlstm

000 nearest_neighbor
O0ob nn

000 opt

000 pi_examples

000 predictor

000 quantization

000 reduce_slice_ops
000 remote_fused_graph
000 resampler

0od rnn

000 saved_model

000 seqglseq

000 session_bundle
000 signal

o0oo0 slim

000 solvers

000 sparsemax

000 specs

000 staging

000 stat_summarizer
000 stateless

000 tensor_forest
000 tensorboard

000 testing

000 text

ooo tfprof

000 timeseries

000 tpu

000 training

000 util

000 verbs

000 xla_tf_graph

T TensorFlow L X HHY4THER, contrib AR FEA M IME  #ik 1.4 AR, K&F 23
JArAns . FEH Python WITFISEM I 4nfetE O, #8981l C++ L.

KRS 2-8 Contrib XA %t

Language files blank  comment code
Python 1007 41436 75096 170355
C++ 201 5500 5313 32944
CMake 48 2172 955 16358
C/C++ Header 929 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 ] 9
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StreamExecutor

StreamExecutor /& Google 73 — N HIRAMEE, B4 T LML (host-side) F AR
BIFSITINEREE, ST CUDA 1 OpenCL W4 —£3¢ . R EHLumaIARG T, mT LUK
Kernel BRAUTCEEREEAE CUDA B OpencL HITTHEIZE EHAT.

HHT, StreamExecutor #% K5 HT Google W GPGPU W FHFEF s T Hrfr,
TensorFlow iZf T4 T — StreamExecutor IR, FTE%E CUDA Fil openCL
AT A4S/ 4 CUDA HIZMAERALFIZRERAL, FFTEH 4 StreamExecutor
RGNS TAEEE, 87K Kernel PRELIY SEIRICRN I A5

RBIKES 2-9 StreamExecutor A %ZAH

./tensorflow/stream_executor
000 cuda

000 host

ooo lib

000 platform

Hr ) StreamExecutor fHH C++ 3L, KZH 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
Compiler

IR, RIGVEE TensorFlow fe B ZE 1T HARFIRZ OMES:, FIL TensorFlow HY
ARG EA R @Y. TensorFlow A T & AT R EI 454, FH@ R E
BEAMIIT. B, RESEMATHNG, JEK OP A& NitE RN, S
GPU BARBUTI, BT H 3 2 /) Kernel HIIEH .

Ft, TensorFlow 7M#EFIZHE OP W71, (EB TR IEANREARIE LA A R0 77 B 7.
BEIE, XLA $ORZEFEMA, SMEM JIT GiFsARS s EE, /21 OP /i
B, ARSI GRS, SRTHT R ERHITREER.

RBIRED 2-11 Compiler BALEH

./tensorflow/compiler
000 aot
0oo jit
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000 plugin
OO0 tests
0oo tf2xla
000 xla

XLA HA BT T RIRIIWE L[ B, /& TensorFlow f: XA ATEERATGT A, #E BT
AR LA 12,5 TifT, EEMHH C4++ L.

RHIRED 2-12 Compiler K %t

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

TEHIGEZ R, 22 TensorFlow ST HE ) T ## TensorFlow M3EAME T, T
B, MHABBAERE. 8 =07 THA, XTHM TensorFlow TAFFEEARAHIF B
i, PRIEZR, AFLLL Mac OS RGEAY], ik TensorFlow HIPADA . 24e. K
HIGUE 2. HAERAE RS, 1HE B TensorFlow &AW E J7 kY

MEHEE

TensorFlow HRTU&— L2 IETHIMmMERE . FIL, %iF TensorFlow JiAHE 2
HT, "SR M i de MEREds . S TR ERSE . BN, {6 Python 1F 4%
REHEH, FrEefiSe4cde Python fifREds. HIK, EMERGE LN, WHZEFLLHE GOC 5
Clang %5 C++ Jmikey, HTHIFRmHAG L. KA TensorFlow i H C+4+11 1H¥ELH,
I ABALRUE 4 O+ FRIFRTE S dF C++11. AP, TensorFlow {#i [ Bazel H#EE T H.
LR EAUN E R AR A Make T.H o ASEMYRZ, Bazel fliH Javag 5L, HAKHIT JDK.
RIAE LR Bazel ZHT, MGRFE R/ LA 1.8 LA LA JDK.

H.

%% JDK

#

HEFE M Oracle B M L4 1.8 AR JDK, SRJE0IEM 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

2 3= Bazel

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

I $ brew install bazel

WR ARG AL brew, T LTI R 25640 %E brewo 498, L4 brew T B ie %
4 Ruby fRFeey, FEIATITR.

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

H-

Z ¥ Swig

i

TensorFlow (] Swig M 216 F MMEINGE, H 3B R g REE = RS .
I, FERIHEZ I E LR Swig 11 T AAL

$ brew install swig

%% Python ke

{4 pip %% TensorFlow & il Python 3.

$ sudo pip install six numpy wheel autograd

WK ARG AR LS pip, WATLAMEH brew W54 %E pipo

$ brew install pip

%% CUDA THE®

BRG LR T CUDA IWHEMAERTHET 3.0 1 GPU ki, WIFFZEZ%E CUDA T
HA, FH cuDNN, SZH TensorFlow iz THTH) GPU hiiE. M NVIDIA B M L%
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CUDA Toolkit 8 M VA ERAS, FH2des R, BB EME AR f o

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

NG, FF T3 cuDNN 5.1 UL EROR, R4 HAFEZS cUDA_HOME HHK R4 H ko

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

(=1

B, WIFARE DI, AT . /configure Ml & TensorFlow M4RIEHIE T . MRS
YHF GPU, NFFERLEFKH) CUDA/cuDNN JiiEEfi.

$ ./configure
¥
MEERINE, #H Bazel J53) TensorFlow H4iiF. EAIFRsIZHT, Sl T

A PR O AR ZE A IEACRS , £l gRPC, Protobuf, Eigen 55, I H3h5e i i.

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

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

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

IIFER G, R LAF4#E TensorFlow B Wheel .

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

W}
i

113

24 Wheel BEE G, H pip 3% TensorFlow | 24t H .
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$ sudo pip install /tmp/tensorflow_pkg/tensorflow-1.4.0-py2-none-any.whl

B35 1IE

Ji3l Python fi#feds, %riE TensorFlow Z23% /& 15 i

$ python

>>> import tensorflow as tf

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

>>> print(sess.runChello))

Hello, TensorFlow!

IDE

TEP AL 2 AT, B — D IEE R IDE 7] DASC S AR (58 15 1 o s e HE T
A Eclipse CDT [R5 C++ 1015, 223 pybev Wi 1712 Python fCi5. [FIRY, i
JetBrains ) Clion [#52 C++, PyCharm [#E Python. {HA2&, H[REE C++ ML,
i B E TensorFlow, CUDA, Eigen3 Sk 3CHF I8 2 H 5, FFWMIIAH R TIUE L 2=, DAM#E
IDE IEBAMANTIRIS A5 . ARFELL Eclipse CDT A HEAMH AL E J75

£# Eclipse Ti%

GlEE—> Eclipse C++ T, WA?? (F7?R) Fin. WEM—mmiHE #Fk, Fahiits
& TensorFlow PSR H%, JFIESE Makefile F925 TR 85, %M Properties > C/C
++ General > Paths and Symbols > Includes FCE kK SCHF R R H 5%

B & B &
TensorFlow /usr/local/lib/python2.7/site-packages/tensorflow/include
CUDA /usr/local/cuda/include
F21 AXHEEAE
L E Figen

ANER AL, Eigen X AMNAFFHLSCABR A h RIS 2E44, CDT Jo ¥k fAT A % HIAF 5o
152 [ihttp://eigen. tuxfamily.org/index.php?title=IDEstH KB, %8 Preferences >
C/C++ > Coding Style > Organize Includes > Header Substitution # A eigen-header-
substitution.xml (-, WEA?? (F7?R) iR



http://eigen.tuxfamily.org/index.php?title=IDEs
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| NON 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: Toolchains:
P = GNU Autotools -- Other Toolchain --
V = Executable Cross GCC
@ Empty Project 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

@ < Back Next > Cancel

2-1 4l# Eclipse C++ L2

@ @ Edit Header Substitution Map
Map Name: Eigen Header Substitution
Applies To: Cand C++ E
Unconditional Substitution: Header Replacement

<Eigen/src/Cholesky/LDLT.h> |<Eigen/Cholesky>

<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>

Optional Substitution: Header Replacement

@ Cancel

Import...

Export...

New...
Edit...

Remove

& 2-2 #i# Eigen #9k X1
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2.3 RAEDAERL

TEMJEE TensorFlow R4tH, Bazel 5 CMake < B 8l A= BB AT . AR CAD A Al AR
AT E5 R, AT LUIMREE G R i T R,

2.4 FiARx

mE?”? (FENR) Fin, WBRAKEHEREWE/RT TensorFlow MIE AL, T
TensorFlow A&7 ARG MZ Do

E Ihie A
NEEZ EIEki TensorBoard
THERE BiRE A, &0E, mE Keras
S o pE—
HETEE iEB’i;:;ig:i Ly Eigen/cuBLAS/cuDNN
MEE s gRPC/RDMA
= Bt CPU/GPU/ASIC

B 2-3 TensorFlow # K4k




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

FEIFIRTRST TensorFlow WIZZ R, 7% H BTSSR ATIIZE, PRI 2RI EATT
AR, X TR RERE TN R R B WA SCE S RISEE, W 7RI T
HEFFUIZR RS IR A T 5 5 PRI M [ 451 o

AT Py T2 2 i) 68 P B R SR g 2 IR IR Y | g iU S R
ZMZ%. IR RS, N T REEEH LR R, SRR R R, Y
A TR BOAR, S20 Dropout AR 2, KRG HERFRET 2 99% LA E.

Ir

FEIT 0 — PRI A5 AT 2 1, o fa] 28 AR B SR R RR,, % B K 5 B i 2
FRREFRI AR (B, RPARNEGRF T EER LA B, i 7 EZ AR EN
7%, TER DA S SCRRATE 3o

3.1 oEiRH

AT MNIST £H 5 56 ik T 5 87 M5 BRI 25, 8T 60000 1 IZRIEA
i, Hr, A5G 10000 MEEARSEE . WE?? (F72R) Fon, MTEE— AL
z, {28 x 28 R MIACFHERERIR . N T 1AL, K 28 x 28 MR ISt e AL AL FE, 153
K 784 Hy—4EIA] o

1

ccsocsccccEHHEHB- -
ccEENEEEEEEE- -

s ° DEE == == =
EEEE

© ©oh o © o o0 ©o o o o o

©c o o oo 5 @ 80 0o oo o
© o o oo 0o o0 © o oo o
© o o oo 0o o0 © o oo o
o o oo 5 o o0 0o oo o
© o o oo 0o o0 © o oo o
o o oo 5 o o0 0o oo o
© o o oo 0o o0 © o oo o
o o oo 5 o o0 0o oo o
o o oo 5 o o0 0o oo o
5 o o oo 0o © o0 © © © o o

3-1 MNIST # A#¥E AT

UATEN 2 H Martin Gorner £ Codelabs % %) X% : Tensorflow and deep learning, without a
PhD, % Martin Goérner R, ZBUZLEARFTEE.



https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist
https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist
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HARYIEE

F, £ MNIST JIGHIREF, mnist.train.images /&1 [60000, 7847 [ - #E4H
Meo Her, %MEhE—1R, RERhRE MR EE, HENT oM 1 ZH. W
/2?2 (F7?27) PN

mnist.train.xs

784 L/ - T 5
e

60000

3-2 MNIST l%&4E&: MARIE &

FEXT I H, MNIST 204 MIFRZE T 0 2 9 MELF, mnist.train.labels &1
(60000, 10] HY i, HpE—1T72&—1 “one-hot” M. WE?? (F7?R) Fin.

mnist.train.ys

——

10—d - m =

60000

B 3-3 MNIST W4 &% % 754835 %

E7Ri% A

N7 BRI AT B U iR, i matplotlib THAZG T 5 FhRA AR . 40
|{?? (F7?7) Fon, Fa—" mini-batch FIYIZAEAREHEE. Hd | batch_size = 100,
B RRDCAHIERIR,; MR RERLEHRTE, FERFILMRR T IE
THAIARASAE, A AR IR T 4858 A FRIAE o

MNIST #A 50000 NINZREEA, WIE batch_size A 100, NIFFEIEAL 500 KA FESE
B P — N FEABAREE, HHN—1 epoch J&IHo
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R E A B

2

B

e

n

L

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

3.1 [RJAIEE

2 .. K
B om
K X
=
=2 H ik
#® B =
bE
i ] OB OJE e
| S Z ST A~ T Y NG W N NN - F o
[BE~9Nr~2o~0mM T M fm =, GO L EA ARGt NS oA MM S ROOm——
= _ N = g T L N R L DO N PP
AR TN~NWw e~ to QL — 7 E & g ShhaterS gt N Se cnlaviny c0x by
: < 2L g NE a7 WS S QI E BN A N m o~
Mwhre—=30K% N 3 & 9 g S S S S o AN N T T o~
n B > 5 s I & RSN A el A RN B 4 T~ O —
2 - S . S W NN WS N A G Ry ©
SOV h~F e~ SR T A £ B B R b 0 1 )
D , = % O RN GNG S P N w0y —
oTeYy oMo g RE X LTG0 F i S Sd o N T AT e
: . = 2 E g T L I TN L N LD S
S =P Qg X i B o= R R N N A NPT
TN O © - By Pedaododrnnseas e dano o
! LD O ~9 ~ & ;o W0l ef Al g e ol o s e o LA R B0 T oo w0
= oﬂé e = W = % D R e
. . N N R R N SR ER g
Al S SR S TN b = D TR R e
; ; 2 = Ir € AAGE A AT GO K P RN S o
FHoQe—n~0 N P z 8w FEASOEMmBENNC S CEROh NN GO0 -~ —
: g = 2 o AN ST N Y 0 o 3 e ) N N o 5o
ThIPONIT=w M~ By Seelg Fnn ARgnnsn s ey
- | K m 7 MARNATFC AU b Sloimoq L ronn
- Bk | T v N T o1 e o ) NG~ 09 N
3 SRR URNMEEA O SN A O RN G T -~ N
B = = W
NN
T 1K
S
Mo, Ok,
E B fr &
g =
ZH B

AT XA R S

L AT AR R

B 3-5
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wE?? (F?0) Fon, SRR B E SRS ARV IR ZE . Hdr, x
FONEAHIREL, y MR IR 75, BT IIGEARRREE, TSR EN B 3R
METMAAEALIELE, BRAER AR EEN.

Cross entropy loss
100

— training loss
— test loss

0 200 400 600 800 1000

3-6 I ZRAa il X 49 2 SR Ak

WE?? (F?R) P, W LASER RS B AE 2 B R8s R AN SE AR .
Hrp, x BiFORs RIS, y WFSR I E. R, HETIIZeABRaE, KR hZdtsh
BR; MEET AR SR, R M 2Bk shi .

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

3-7 W Al K 4 B
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wE?? (B2 Fos, STERE S MIGSH (ORFERE), ATEAGSHT SRS
MEE AT SRR REISE , ZRNEUE i ERERS 25 AT RS B TR /R 15 B

Weights
0.8
0.6
0.4

0.2

0 200 400 600 800 1000

3-8 RESHE

3.2 BHERENEE

B, ZE 10 DEICHI R ERAS. WE?? (F2?2R) Fon, M THENT5E
FUUNHI Z 402K, FEE B softmax FTHEE BEAL.

2808 — 784 P/Xéls —_

pixels

—_—

3-9 ¥ERE
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BieE

He F, softmax [HIHA& logistic FIHM ¥ . H | logistic [BIHAEN T iR 5
K, By e {0,1}; 1M softmax [N T fEk k42K, By e {1,2,...,k}.

FFEEX
N T IEAMHIE softmax [EIJFIRR, BARE LT 28 HIRFS .

o MHEHAE: S={(z@,yD);i=1,2,..,m}
o i AINGAR (2D y®)

o HARMN: 2 = (x1,29,...,7,)T €R?

o H#AR4FE (one-hot): y = (y1,v2,...,y)T € RF

o RE: W e R"¥Fk

o RE: b RF

e softmax #4: softmaz(z) = =—— i=1,2,..,k
S %
j=1

softmax K%

WE?? (F7270) FoR, BASSRIENE MR 2, SRERI e, e Frsehil— 1L
o

3-10 softmax F4k
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NESRE

BEE W A1 nox k B " ZER %
w11 . W1k

W = (W1, Wa,..., W) = Do, c R™*k

Wnp1 - Wpk

Hr, Wy RN n (Y

Wj = (w1j7w2j, ...,U}nj)T S Rn7j =1,2,...,k

TRE b A& MER kY “one-hot” Mo

b= (by,bo,....,b;)T € RF

REEX

293 25 AN Y BRI Y ] softmax R ERAL, FTLANIESE 3o

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

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

T
_ (ewszerl oo w+bs eWszerk)
, eens

Hep, WFEBAENHER (2,y) € S, 2z Fn Wl + b, BIERMEMBURT, T yi(i =

1,2,.., k) FRHIAAZE ¢ R

W o+bi
Py =ilz;W,b) =

k
T )
Z er m—i—bj
j:]

i=1,2,...k
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T HEAEIRE S = (o@D, yW);i = 1,2,...,m}, 3 UK REAT LA E o

softmax 27} RAEL, WAERBURMAE (W, b%), fif5

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

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

Vwd (W, biz,y) =H—y)z
Vi (W b;w(“,y(”> e )

S

MFYIGHEALE S, Wil W, b BEARK, SEMATGERIZEE .

m
S Vwd (W,b;2®,y@)
W «W — =2

m
m

Z Vi d (W, b; 2, y®)

m

E X HRE

Tk, H] TensorFlow 5¢ MOZAAL A A 25 FFEEENE, Hig EARY
TensorFlow EARSEIMAFAERIP I 72 7o BB |, AP 2 W3R8 —DHEAR, {H TensorFlow
WY x IR mini-batch FIFEAEIREE . A, (01 TensorFlow T ML AL, 75
BRI RTE A TR RN AR 2 A6 T
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WNFIEREE

HoG, i tf.placeholder 735! SLINZRAEARTH AMIFRES o

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

tf.placeholder XL T — 1 HALH) OP. None "BAn ARSI EEARZH, WabFE R
batch_size [ K/NN; 24 Session.run I, J4ilid feed_dict HYFHEEAt—" mini-batch [
FEARZHREE ) M H 30 S H tf.placeholder HIK/IN,

7oh, BIRE R 28 x 28 x 1 B =HERARHIR (KR 1)o o T RILIHGE, ALY
N FIREARER AL, o HAR O 784 19—l i . Hrh, -1 37K mini-batch [
FEAKH , drsfTi R AN

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

]

EXZE

SR, (] tf . variable E UM S ESONGSHIS, MR ESBAIVIAILIE;
WSS ECRIRIEHIRE, B BRI, LHA/N.

w
b

BEAh, AR EAEE 20T, UASERAIIA. AL, init_op AL ATA 2 RMI42

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

I init_op = tf.global_variables_initializer()

REIEX
BETR, AT MR 5 M55 2 20 2 RIS B2 R A

y = tf.nn.softmax(tf.matmul(x, w) + b)
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wE? (F1R) Fron, HEE x5 w KR, AR b ) (broadcast) I

FEr) AT, BRZATFRIN GRS A AR o

Wo,o Wor Wo,2 Wo,3 = Wo,o
% w1,2 w1,3 ' w1,9
W W, . w . W
B 2sT N2z 23 2,9
/w!,{(( w3,2 w3,3 . wa,g 4
W wa,z wa,s ' w4,9 2
W W . W LW, =
5,8 sl Lo 5,3 5,9 ¥
W . W W LW
6,0 3 6,2 6,3 6,9
X: 100 imoges, )7/5/: W, W W,
one per line 8,0 Wa7 Ws,2 Wg,3 o Wa o
L e
Alottened @Wﬂsm Wrgs,z - Wygs o
\ B /é k““\A
% u o EE - Loo Le,1 Lo2 Loys -+ Lojo
9 =.- -.==,.4- Lio Lig byo biys oo Ly
4 H B Bl .. Liolys Ly Ly o Ly
. EEE HEEE - Lo baox b bag e b
4 H BB B B B©B L4,e L4,1 L4,z Lys - L4,g
3 HEN EER |
LT Y P/xds//_

B 3-11 Zidiminde

mE?? (F27?2R) iR, softmax BIRTLMIEE, &, y FIK/NA [100, 10].

Biases

xLi00, 7841  W[78440]  bl10]

NI
Y = softmax(X.W +b)

/

motvix Mu/ﬁ/?/)/

Fredictions
YCi00, 10]

Imo4es Wejghts

broadcast

oapplied line
7P : on adl lines

b)/ line
tensor shopes in & 3

3-12 #EHHK: softmax

ISR £

XFF 20 JEIREE, AT LA A8 SUIR Bk B £

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

mE|?? (EN?R) Fon, « My KRN [0, 10]; FFiki, t B&—(7EGE D
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« » =
one-hot” [A]#E

Xy SE tf . log #AF, ISR 2] — DA/ [100, 101 FIAEFE. 2405, t 5 tf.log(y)
BT GFARMEMEMTR), B SERIA/NA (100, 10] MM . 2, tf.reduce_sum FH
FErR AP TR AN, 152 — MR (scalar) {Ho

0 /I 2 ¥ B W w9
o Lo ][e 2 ][e]le]]
aetuod probabilities, one—hot' encoded

//
/

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

LNW/M%&/ probobilities

e e
Y é

B 3-13 = Uh 47 k4

BE

tf.argmax(y,1) K445 1 MEEIF R RKMEN RG]« MM yigoxi0 BIE—1T, 115HE
ST ERRENNERIME. A, tf.argmax(y,1) G2 R/NA [100, 1] E/J%E%,
K/NA 100 WA G [EAEME, tf.argmax(t,1) HA2E—K/NA 100 B A&

RIG, fEH tf.equal B ENTZEICE (clement-wise) HATHIZEME LI, 15%1K/NA 100
HIA /R A T ARSI Jeld A /R S i A BUE A e, e ZSRBUZEUE A A HI(E.

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

mMILEE

E??ﬂ% {56 PR BE T e Rk SRS S R PR e/ ME o T, Tearning_rate 71
SETHER ASHC R PSS, N RS

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

WE?? (F2?2R) Fon, W LCR IR REEEAE— el e SRR T BT &
BN BRI AT, SOEHT LA SO [ R E—/ N, BEIAE
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JRIER AR o

LS L T R BT RN, WG RO, ARG HY SR/ IMEANE, R BT BRI
AR/ ME. Ao, B MER, TRERERE. FREOSEOUMUARFER, o
RN, NIHE] o Bt/ MERTHE B AR, A RACK, AT RE B AR B A

cross-entropy

3~

B 3-14 HAETHL®

g2

FEMZ 1T, TensorFlow {1, %ﬁﬁ?%ﬁﬁﬁ%%ﬁo%Tﬁ,EP%@
AR, B SAMBIE T A EREE, FitE R TIE R

B, ERNGSEEIMRI. Eidsf S Heiet I8, AT E 1%
SRRIIAIAR , R R E B 2R A B BT 2R 20N

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

UEA,

>%

SRIE, TFIRIEARHIAT train_step, FEAURTIAT—aEAINZR. Hr,
TTEY AR A I SRR 5 S a5 £ A T RN 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})

Pageit, 23 1000 WGEMR, FITREIRLY 92% KR .
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Accuracy Cross entropy loss Tr.aimng digits
= — tainingoss 4470449522,
— test lOsS 55164%0;63
“” ©q353+¢ 677/
ROELEb4#6ETTG
v 08aLE511€>
/V7558611
h 7805034086
4100243550l
o e Aty 0730657/ 50
— testaccuracy 7 74/ / 22 79 | 2
9 ul) 200 400 600 800 1000 0 200 400 600 800 1000
ol Weights - Biases Test digits =
06 10

WRVLAR LA SHLAS
(YREOUF CERKTALTS
e
17
AL

-1.0
08, 200 400 600 800 1000 15, 200 400 600 800 1000 b -
3-15 TAA: £ ERHE, B4 1000 K step
= a
3.3 ZEEEE
ATH—LRERE, B TORERERE 5 BN BRI,
784 1
m_ HE B N fr I
= o 1+es
200 a3
/00 O O 0‘0 -5 0 5 10
: i T spmoid Ffunction

w O 7
20

10 softmox

3-16 5 ER4n 3

N T IR 2 2 AR, AL E LT — 288 RS

o spt B0 BT REL 0=0,1,...,n

o wiD B (0—1) B G BV ZIME, (=1,..,n
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bO: 55 0 B G R, €= 1,.n

az(-e): BOET B, (=1, np2=a®,y=al)

200 0 BN BRGERL, =1, ..,

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

o §={(a®,yM)t =1,2,...,m}: FEARZH

Al 6 {5 1%
20 FIR 0 BIEIENR, Bl (-1 BiH oY 55 ¢ BRBEER w© M
e, FHN_ES ¢ RAYIWEFEATS .

M2, 5 ¢ 2R, mEeEmE f(z0) ig. =, o =2,y = a0,

2O — O gt=1) 4 p®

al® = f(z9)

a® =g

y = a(me)

B E &

R, RIHESRNRE. B, 8 0RIRE, |0+ 1 ZRRETENTG. Rk
H, fERHZ, BOUE o) 5y Z[RIARE, W LAE AR E).

(YT (1) o fr(5(0),
50 — (D) 5ED o £1(20). ¢ £ g,
(@9 —y)o f'(z1); £=mny
R EREL J (w, b) AR T8 2 BOAS R A o 8 ) e s B T DA A 38
T
Vo J(w, b;z,y) = 50 (a(671))

Vo J(w, b;x,y) = 5O

S 1, 2, ey Ny

R, B RGESEMA, MR RGERELS LR, EREEERH AT
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SHEH

XTFLEREARBAREE S = {(2®,yD);t = 1,2, ..., m}, WIRHEREAR, TTLAHHG
B S HE

Aw® — Aw® + V@ d (w, b; z(t),y(t)>

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

a, PUTEREE TRER:, SN2 s E .

Aw®
w® —w® — o < ad >
m

Ab©O
m

l Zl, 2, ey Ny

b b — o

M HRE

FSTF B il 1 B2 I, AL SE U — P REUZ IBCERS, FFBOA (T
RE AR A RIAATE, 1 I R S o A R 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 A EEUZIT, SR sigmoid MORGEEEL. ARSI 12, KM softmax
HOSRHE PR AL
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tf.nn.sigmoid(tf.matmul(x, wl) + bl)
tf.nn.sigmoid(tf.matmul(Cyl, w2) + b2)
.nn.sigmoid(tf.matmul(y2, w3) + b3)
tf.nn.sigmoid(tf.matmulCy3, w4) + b4)

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

I [ T I |
“+
-4

L5 R, W LIS RRZ) 97% ZEA HORE L. B2, 2R EE B i,
PRI ASFF A IS 3Rk, 2l 28w LAY IRILEOR, Bk 2R RO PERE -

N

AL B AR
HiERE - ReLU

FERERR A ANEE T sigmoid HIHPRAL. ERHBATARERGIE T 0 2 1 Z[8];
B W2 R RSN, 5 A BRI G B ]t

s}
2}

PEE ST SN | ” AT (S S ho

=10 -5 5 10

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

3-17 ReLU #t7& &4

A LM ReLU(Rectified Linear Unit) 54X sigmoid, AUk | sigmoid 2] —LE
)R, T ELREGS I PRAD 46 A SGH

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 BRAL, 2 A0 3 W AR O /N IR (R, S s TTlE—
THAR 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)

mE?? (F221) fw, B 300 WA, i ReLU #HXS T sigmoid, HMIIRIEL
TR T R

Accuracy Cross entropy loss
100

— training loss
- test loss

80

60

40

20

— 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 & &4 4B sk R ;AT H

TEE

N TGRS E MEETH A ZE IR, e PR 50 0 MOS0 & A o B ISEEAAS, W]
RESIA log(@) THHFE] NaN ASEH Y AE. FTLAHEH softmax_cross_entropy_with_logits
RS UL, TGN E D = A (PR logits).

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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Rl O % S 3N, O AR B, BTG BE REAB REAF 2 98% Ao,
EARMERS 2] — MUERIKE . WA?? (F?R) Fn, WP 4 .

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\/\/

yuaﬁ’ / @

B 3-19 F3#3h: $J&kFd R

TR E:, B8 AdamOptimizer. BEAIEAUSREAYREL, #HFK e
B, AR5 I aT A2 — A B AR E AR BEA A h e

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

TERFIERNN G B, R 4TT step MIME, SEHTHE YATIERII2E I HE 1r, 4
Jail feed_dict £iB%S Session.run AT HA ) SR AT B IR, BEE
IEARIRELHIIG N, 22 SRR B Il

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)})

wE?? B2 FoRn, MHZSIERZRITER, ATEMGE— S EAE RIS AT
£k




3.3 Z 2B 39

Accuracy Cross entropy loss

1.00 20

— training loss
- test loss

0.99
15
0.98

0.97 10

AT |

0.96

0.95 =
— training accuracy
— test accuracy
0.94 . 0
0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000

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

3-20 B Adam HALH K/E, HEAR KA THEE

Iz Dropout

R, BURHMAAEN GRS L&, BB IEEIG . RIBTRAEIZREL
e BRI R, (AN BB, SRS A HZALRE ST

Cross-entropy loss

20
— training loss
- test loss
15
10
A
5 0V£f%;'f"f'/'ﬂj 7

0
0 2000 4000 6000 8000 10000

3-21 WEis

wrE? (FN?R) Fon, EYIGRE B % H S5 dropout #:4E, LA 1 - pkeep
RERBEHLE A ETCR R, AR SRS 36 10 B I N BT A S AA . AR HEEE I R
Fram&TTiyim i, RIEESGE T M4 17z 40 e
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\7

™

TRAINING EVALY ATTON
pA’eep:O?ﬁ pkﬁéﬁ:/

3-22 Dropout 7 &

i ffl TensorFlow SEH dropout #RAERT, JEE L —MHEBEL pkeep, FTonFRUEZ 1M
ZITCLUMER pkeep FEHLEREH , DIMER 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) + bd)
y4d = tf.nn.dropout(y4, pkeep)

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

TEZEIT, B2 pkeep HIME/NT 1; TIAEHERLRT, EHZ pkeep HIEN 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, INZRGESMRXSENHIR ISR IS . (HE, H5
JEMUR SR -2 FE S BB R EESh, 1 ELIZR8E 5 AR B P25 I A B A fO R AN 2
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AR, A TR ARSI

Mo, JHUG IR HAR SR ZI R B IR o B0, KE 28 x 28 RYIEL A SEita i ~F-fE 2
T, BN — BN 784 fI—4EFt, XK aRK THRENZEEHIEE

FETR, WSS RURZRZ, WG RIRHE, MR 78R A2 ik
SRR, BEMEETHM 4 HITERE

-
|

| ““" |
[

- test accuracy

Accuracy Cross entropy loss

L |

sustoined

1.00

— training loss

o: - test loss

O
o

0.98

o

0.

O
[}

0.

o
w

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 %4k Dropout &, WNAKLAXENPRABEFRES

3.4 HFRMLE

BT S 8

B 90 265 Jm AN, 2 22 O 2% 08 B 31 R Y DB e S, A S0l A Ao Bof
18 MXTTREEM L, BRMEEA 3 MEZRHE, B TSR, =TT M%
HITZALRET T

FXT T, GRS T Rk, e Mot ny b RRMEITH
FAEESE . A?? (F2230) MR, BAFE—TK 1000 x 1000 BERAEG, K&H 10
MESRUR A TT. AEEERMZE ) FA 10° x 103 x 10° = 1012 IS

HEL L, HIMETCEAEVLES E—BEWMETTEGAERE. mA?? (F7?277) AW AT
N, BRI E R TTS E— 2 10 x 10 A S5 G AAAEZERE, 108 A B E i
ZICNFFE 106 x 10% = 10% P ZERE, M T 4 MRS,
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FULLY CONNECTED NEURAL NET LOCALLY CONNECTED NEURAL NET

Example: 1000x1000 image
1M hidden units

Example: 1000x1000 image
1M hidden units
Filter size: 10x10
100M parameters

- Spatial correlation is local
- Betfter to put resources elsewhere! P

Ranzato

59
Ranzato

3-24 k&

WELE

N M ERE, BIRMAE S TS S A A AL
H, AR MERGAEARNNE. Wa?? ($227) AMFTR, GNREZRHEITI
510 x 10 WJRIEGAAIEIER, HIE 10 x 10 AN, SEEUZMETiEE T
Ko MXFTUINE?? (F2270) MR EBEREME, #25H 10° M2, BRURNE 102 12
e

mE?? (F2?20) AWFR, N TERBOSERAE, G RE D20 BAGASAE, AT LA
LA BERR . BIUN, fFAE 100 i pEsy, T 10* 2450,

LOCALLY CONNECTED NEURAL NET CONVOLUTIONAL NET

STATIONARITY? Statistics is

T different locations 1/ arn multiple filters.

Example: 1000x1000 image

1M hidden units
Filter size: 10x10 E.g.: 1000x1000 image
100M parameters 100 Filters
Filter size: 10x10
10K parameters

6

Ranzato Ranzato

B 3-25 RIULEF, FATES

E

mE?? (F?R) Pn, A SRR, B0 DM B 2AL, RS ) S
Mo
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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
- _ p)
NE/ #:5) hi“'x'y_ Z(iv )GN(x,y)h"-f"‘

- Local Contrast Normalization

layer i layer i+1

:\ h _hi,x,y_mi,N(x,y)
1 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

EHRIZE
EHEEE - MITREEEMY OP. MAN? (F7?270) Fin, FETHEM
w3,3,3,2], HAMAEELCY 3, MEELCY 2, BRI 3 x 3.

WIS W, WMAEGREIELS, SN TERENERE, SREZNEHE, %ET Feature
Map % HUEEE . FBob, T REEGIAGFAE, EIRESGIMEANT (padding) — 2
{Ho FRERITE, BalnIEK (stride) 4 2. FI, HZ%H 1 Feature Map K/NA 3 x 3.

Input Volume (+pad 1) (7x7x3) Filter W0 (3x3x3) Filter W1 (3x3x3) Output Volume (3x3x2)
x[:z,:,0] wO0[:,:,0 wil[:,:,0] ol[z,:,0]
0 0 |0OJJOfjOofO O -1|11 (o 1 1 -1 6 5
0 0|11 |02 0 1 (0 -1 -1 01 3 -1 -1
0 2 (2221 © 0 ff1 |1 0 -1 1 2 -1 4
01 0 0 2 0 O wO[:,:,1 wil[:,:,1] o[:,:,1]
0011000 2| Sl E 2P
01 2 0 0 2 oo |fo 10 -1 1 4 4
0 0 0 0 0 0 0 f-11][0 -11 0 0 5 -5
x[z,:,1 wO[: 72 will[:,:,2]

o ofofoqe]o 0 o

o 1[0 2 0 0 (f10 -1 01

o o ol lo A1 -1 -1 0 0
A Bias b0A1x1x1) Bias bl (1x1x1)

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

01 2 1 1 0 0

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

021 0 0 1 0

0 0 0 0 0 0 O

=

3-27 KRB
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¥

BGFAE—D 32 x 32 x 3 WE R, BREA/NHK 5 x5 x 3. H, BREMIRESET
B B GBI E?? (B?R) Fin, GRESE R R/INHA 5 x5 x 3 BB A
Buzs, 158 —"MH.

32x32x3 image

_ 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 AAIBEIH: ARAZLE Nk EREL

mE?? (BN fion, BRZETTEANE 20, RERE— N RNN 28 x 28 x 1
fY] Feature Mapo

activation map
32x32x3 image

 5x5x3 filter

convolve (slide) over all
spatial locations

w|

3-20 AREH: ARZwHAN, FKA 1

wmr?? (FNR) Fn, WRAAEZ NERE, 153121 Feature Mapo
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32x32x3 image activation maps

/ i 5x5x3 filter %
32
= “

convolve (slide) over all
spatial locations

32 28

w |
-

B 3-30 AREH: ZAERE

AHES
Al [B1 515

Z®) FIR CBRVRIEIRA, Bl - 1 2 H A 55 ¢ BRBEREME w©
G, FIN_ES ¢ 2R RME TS

WM, % 2R, MEERE F(Z20) FriF. Hi, A© =g,y =AM,

70 — A1) L 4 pO
A«):f(zm)

R E k&

WE, RIHAESZNRE. Hf, 8 02/0RE, |0+ 1 ZRRETEITG. XY
Taimgs, WtEMEEHsRE, HAHEMRLEHE.

6“):6“+”*LV“+”of’<%@)
FAJBREL J (w, b) AR T4 2 AR -5 5 1) Fo o R (5 T AT A 3

Vi J(W,b) =AE1 4 50
Vo J(W,b) =6
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SLEL SR 4%

SCIUETRRZEI | B Se i B SRR I IR aR OB RS, I THREUEG A RFAE . AR
PEAE B BB A B — D MR IR B G AE M 3R UR E (R BRI 98 & — DAUCESE PRI REH]
KIEMEGALZAE S, — MREERE A B2 AR M RoEs @, 73— M RERERE A RE
XN R M BT o

UL N ERRR, WIRBEEERBURZ 1) BURFL; BEE MRS, BUE
FE PGSR U R ORI % | S EL BB P T HIR A1 A LR TR

B, SRR R 4 JERSK RN, BT ERTR I IR YR, B8 = MEROR
HNROIEERL, VUGN A ER. mE?? (F727) FiR.

W4, ¢ 3 2]
/

Filter Mpu% ou%p/m‘

s/ 2¢ channels channels

3-31 HREMTES

wmE?? (FN?R) P, BWET 3 MEHEM 2 M@z, Hr, diakamlE -
ReLU MB& R%L, Bt ZR A softmax HIROE KA

+ biases on
all layers

ronrtn G A2
> convolutionad loyer, 4 channels

e e WIL5, 5, 1, 4] stride I
28 x28 x4 t2ii e
Py convolutionad loyer, 8 chonnels
14 x14x8 - Wel4, 4, 4, 8] stride 2
=< convolutional layer, Iz chonnels
Tx7x/2

W24, 4, 2, 2] stride 2

200
10

/Mll/v connected (aye/ WA 7x7x12, 200]
softmox readout layer W5(200, 10]

3-32 FAERIVZAML

i Fl TensorFlow SEIVEFAMZE a0 RS 7R o

N - oo p

Z=Z=r X
[ TR (R}
SN

[S)
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wl = tf.
bl = tf.
w2 = tf.
b2 = tf.
w3 = tf.
b3 = tf.
w4 = tf.
b4 = tf.
w5 = tf.
b5 = tf.
yl = tf.
X
y2 = tf.
y
y3 = tf.
y
yy =
y4 =
logits =
y = tf.n

Variable(tf.truncated
Variable(tf.ones([K])

Variable(tf.truncated
Variable(tf.ones([L])

Variable(tf.truncated
Variable(tf.ones([M])

Variable(tf.truncated
Variable(tf.ones([N])

Variable(tf.truncated
Variable(tf.ones([10@]

nn.relu(tf.nn.conv2d(
, W1, strides=[1, 1,
nn.relu(tf.nn.conv2d(
1, w2, strides=[1, 2,
nn.relu(tf.nn.conv2d(
2, w3, strides=[1, 2,

tf.matmulCy4, w5) +
n.softmax(logits)

mAE?? (FNR) i, & 10

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

Accuracy

Il

— training accuracy
— test accuracy

Weights

-0.5

-1.0

3

-0.
[ 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000

_normal([5, 5, 1, K], stddev=0.1))
/10)

_normal([5, 5, K, L], stddev=0.1))
/10)

_normal([4, 4, L, M], stddev=0.1))
/10)

_normal([7 * 7 * M, N], stddev=0.1))
/10)

_normal([N, 10], stddev=0.1))
)/10)
1, 1], padding="'SAME') + bl)
2, 1], padding="SAME') + b2)

2, 1], padding="SAME') + b3)

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

b5

I, ATEMREIRZ) 98.9% KRR

Cross entropy loss

=
)
2
2
Q
Q
a
&

) |
— {training logs
= test loss

W2 E@ND ™D ——
NAdANoyasNa e
R R~ s wN

;\Qp#qoqgkpw\

\

N N~ WN) LT —~N
swwwLWsN\Droow
~Uw™—~ocswN P
eI+t
NI 0N
SO RALA G N0

N
+
(Y

ha
X\
N

Biases Test digits

& 3-33 ZMERML: T35 98.9% &) %

IR B TR 4

mE?? (FN?R) fin, REZETF MW ZRER, WiE T 3 MERER 2 MaiER
Fo Hrr, rhRIEHEZ M ReLU BIMIR KA, e HE R softmax HYBRIE K 4L

B2, MXTZRTRIGIRMZS, (17 2 R EERIE 2 ARME. [, fEamin
BeBlZ= 1 52 dropout #R4F, HESRMZEHIZALRETT -
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28x28x] i

28x28x6
14x1% x12 i
=
TxTx24 3
200
10

+ biases on
all layers

convolutional loyer, 6 CAOrnels

= Wile, 6, 1, ¢] stride |
& convolutional layer, 12 Chonnels
Wz[5, 5, ¢ 12] stride 2
convolutional loyer, 24 chornels
W24, 4, 12, 24] stride 2
+LOROPOUT
=075 /o(((/v connected loyer WY 7x7x24, 200]

softmox readout layer W5(200, 10]

B 3-34 HEBRVZAL

] TensorFlow SEELHE KRGS, W FAUEHR .

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') + b1l)
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.relu(tf.matmulCyy, w4) + b4)

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

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

wmE?? (FN?0) Fron

, &k 10* JAlllgk, AL EIRZY 99.3% HIMERH .
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Accuracy

1.000 6
— training loss 9 & / ?2 l l' 9 4‘9
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bor . /244285670 )
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3-35 MBERML: TS 99.3% W%

RS, R 2 B sk
FiR o

BEERIMZ,

Accuracy
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Cross entropy loss
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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

et

AEAG IR TensorFlow HY RGN, F— A EHEP T, JHEESHRLHuE R,
Ja, WEAZ RS T PR TAENLE], ARER# TensorFlow 1afTH Y TAFEHLEL

4.1 RGFELH

mAE?? ($7?7) Ai7~, TensorFlow W RSZZEMILL C API AL, I RS 5 HET iR

RPN T AR5 .
1. B3 A % RBHEER, faMhditin;

2. B AY% REBTNERE, RAFTHATHEAR,

TensorFlow M RGERTHENG R A0 2584, J5 i 2R 48 I SE BN AT LA — 4590
N4 R

CIEBATHD SRR AR S A XX, FEFRERS R LR,
+ T W& OP #9 Kernel LA 4% £EATH, Kernel £LIMAT OP 49 £

3. i@z & AT gRPC FILLAF M 69 B45 2, JFAES £ X IB M%) 50 5%
# RDMA 813 ;

4, #&ZE T HEEER OP #4769 22 H 4K, TensorFlow ¥ #F % #F M 693+ H % &

ES

H‘i‘

o

MEHRAER 1 BE R RGAT N, TensorFlow 1847wl & S it R HIHGIE . daflE &

HiE (T

1. ZAR: #itil, 2ERIUTHE,
2. HHEE T W B AT EA R M PAT I E AR P S & L AT

VRS, RN ARG HIAFAE Client (95, Bl RSUE TensorFlow MAMOAREN . /RTINS, #iF
ML A IR
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3. BATH: BBHAMEFHATR T L, FBFHFEAN OP 49 Kernel £,

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

[ CAPI

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

( GrpcSession ) ((MasterSession ) ((WorkerSession )
(C__DirectSession _) C Clent ) C Master ) (C_ Worker )

C

C

GrpcRemoteRendezvous )
(IntraProcessRendezvous )
GrpcServer )
. / . J
(" Kernels Implements h
(Varigble ) ( Queve ) ( RelU ) (Softmax ) (MatMul ) (CConv2d )
CPU 3 4 GPU
( Eigen::Tensor ) Eigen ( StreamExecutor )
( cuBLAS ) ((cwuDNN ) ((cuNCCL )
C Eigen ) C CUDA Runfime D)
J/ \
. S
( Network Layer N ( Device Layer
(Cgrec ) (CroMA) Ccru) (o) (o) (FGA)
. J J
. J

4-1 TensorFlow #%%AH

Client

Client A& 0¥ KRG W) EEA NI, BT XRFLIES NmENRE, Client T
TensorFlow HI4mtet% 1, #i&itH K. HAT, TensorFlow SZ4F Python 1 C++ gt
AECR5EE, JLHX Python 1Y API S2HricAa. JEH, XHMIFEIEFH API 2+ H

N2

fi S o

RS, TensorFlow HAPATEMINE TR, EHESE G IFE 5% 87 Session, F LA
Session A, H37 Client 55 Master Z [A]HYHE, 5 Protobuf #53CH GraphDef /7%
G 1EiB% Master, Joshit & BRI TR




4.1 RS 55

Master

Eﬁ\%ﬁﬁﬁ/ﬂ@ﬁﬁ%%tﬂ Client $41T Session.run i, e b BEA T B 81 245 )5 s 1Y
Master. BCHT, TR EESERER, #HCN Full Graph. PS5, Master H2#i Session.run f&
PRGN fetches, feeds Z8(¥F, Il Full Graph, FFigRARHEIC A, X H L HEET
W, w2t B E s/ MR I, HFRY Client Grapho

B4, Master 715744 Client Graph % fRE55 124 F7 5324 (SplitByTask) HZ 1> Graph
Partition; H, £ Worker X} . Graph Partition. Ffif5, Master ¥ Graph Partition
REMEIAE Y Worker b, DMBELEAIA ) Worker &4 7iX4E Graph Partition. %
J&, Master $EHAIATAH Work JA3IHHNY. Graph Partition 4472

Hrp, Work Z [ BEAFERURICHIRE R, Master JAZ HME Z MREHRESCH, B
PP Z A ELARA R, ST s Se O i, BB e T i

Worker

X F4H—A %, TensorFlow &R /58—~ Worker 356l. Worker EEFATTUIT 3 4
75 T HYHR TR -

1. &# kA Master 8995 K;

2. *TEM 49 Graph Partition #: B Kt H X & & £ =k 5 % (SplitByDevice),
It i fo S AT X &I A AT EA Graph Partition;

3. BRI F A AT AR & L PAT AT B, SHEE OP 4 Kernel £3;

4. Y RES-Z 08 69 H R4S,

4G, Worker %] Master &5 RATEATS, HH A THE BT Worker /&
SEHER, RN Full Graph, EXIW T Master B—1 Graph Partition. Fi/5, Worker 1
YT BRI, A4S (GPU/CPU) Bl %I OP I HIZRME, ARG R
(SplitByDevice) A% Graph Partition; HH, AN ITFEIEEX W —1 Graph Partition.
B, Worker JH BT A R Graph Partition FJAT. &g, X TH—TIFHE IS, Worker
R4 T B Y R I EOOC R PAT RN B35, FHRKA A OP B9 Kernel 5231,
e OP HIIsH (— M B9 2 25 SEIEOR) o

HAr ) Worker IMELATEE OP iz B INEE R L IE B HANN Worker 2%, siEH#52kA
HoAh Worker KiBACHIZELER, LMESLZEL Worker 22 [A] AT 3E H.o TensorFlow J5/b5L
W7 IR A HAR & ] Send/Recve

1. A3 CPU 5 GPU 14, 4£/A cudaMemcpyAsync =35 # N ;
2. KM GPU 20, 4845 3#%69 DMA #4F, &% EHm CPU 493 1L,
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XFAESRIFE(E, TensorFlow 52 R ML

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

AN, TensorFlow E4M2E A HF cuNCCL &, HTHMEZ GPU A B35 -

Kernel

Kernel /& OP f& 5 il £ 5 28 B9 R 8 S8 30, B s AT OP W Ef{Riz&. H,
TensorFlow R4S 200 £ M4 1ERT OP, AFEHUEITIE, S4EHEME, IR, K
SEHE,

— R OP IR RIS — MU T Kernel LMo fEIBFTH, BT
4 OP ARG LIRAE, MHAMBARIZRA, S OP iEFRER Kernel SEM, SERGX
OP A5,

Hr, KL% Kernel 3T Eigen::Tensor L. Eigen: :Tensor &—M#iH C++ itk
HoR, NE¥ CPU/GPU ARSIt KRS, 1H/2Z, TensorFlow thA] AR 1 H B 2 (f H
cuDNN, cuNCCL, cuBLAS SEZEUE =21 Kernelo

AR, TensorFlow SEEL TR BALEIA , FEmAM I DB MDA N AR R T, &
HE g, S SRR R TE A OP Mt E IR R, s fTaes
{&F, TensorFlow £ & S &3 Kernel {41, H¥ BRI I,

42 EEH

WL MR R RA G, 2R, BEZ IR TensorFlow HAIERE K] 53z
AL

HERE
ME?? (F27T) Fim. [IAAFE— RIS 1 PS + 1 Worker, 3453

K9 APAAES

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

2. workerQ: /job:worker/task:0 #7128, # wALA 6994,
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Worker
/job:worker/task:0
4

A

Worker
/job:ps/task:0

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

E9iE

wmE?? (F7?2R) FivRe Client #0387 —MRAIEE, 56, ¥ w5 o SEATHFEH
Fe, PGB b HAAHM, RFERE s .

©

®

Worker J

. /job:worker/task:0
t A

Worker
/job:ps/task:0

B 4-3 AH#HE

BT

mE?? (F1?R) Fron. EHIG, Client G —1 Session L], 375 Master Z [A]11)
BiE; %5, Client I Session.run B iTHIEE#H % Mastero

i), Master 46 53—k Step HIETTHAEIHE . fEIRATZHT, Master £ 5L0— &
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SRR, BlinARIAKERR, FEBINES. BJ5, Master NTHEF ZBATHAE, $h
R B

"‘x:
d b Worker
b, /job:worker/task:0

RunStep
Client Master

Worker
/job:ps/task:0

B 4-4 B#4T

ElaH

WE?? (%2270 PR, FAEFE B ERID . Master ¥R ZHHKH OP X
A, FEALE ps0 (155 £ HAth OP I N7 5h—4H, BEAE worker0 fE55 LT

Worker
/job:worker/task:0

Client
Worker
/job:ps/task:0
4-5 AR BESRS
FEiEM
meE?? (F?270) Fine EESSERE S, QIR E KB e, Master 44
WIS, AP T A Z A Send AT Reev AL, SEIMBRAI{LE

Hrr, send 1 Recv F7mithE OP, MR ENTRMHFIRET OP, N #afTi & H
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sl PRI, R, ENUHTERIERE, oA EdETT 2.

)i, Master I RegisterGraph #21, 47 BT HHNH) Worker I, FfHAH
M) Worker T TIEH

@@

\
(send) recv ) ( recv ]
Worker

""""""""""""""""""""""""""""""""""""""" o
v | PS

Worker
/job:worker/task:0

/job:ps/task:0

B 4-6 FHEEM: AN Send f» Recv T .5

;

z8

mAE?? (F?R) Fi7n. Master I RunGraph B, BHITH Worker 171 &
iz, H Worker Z 7] LB IHH RecvTensor %11, SE AR TS # o

Worker
/job:worker/task:0

Worker
/job:ps/task:0

B 4-7 FHEMST

43 SiEEIE

BTk, EEBHA IR R R, MHSEERIZ BRRPOCR, #2518
sty B AL .




60 8B 4F ZAGHEWN

tIE=E

4G, Client BIXINAT tf.Session.run I, S HEANKE YL, @it gRPC Ki%k
CreateSessionRequest 14 5. , F L5 25 Mastero

BfiJ5, Master G —> MasterSession SLfi|, Ff/H2FmME—Y handle triH, FZlERt
CreateSessionResponse IR M5 Clientoe WE?? (F2?R) FiN.

[t‘F.Sessinn .run(fetches, Feed_dict)}

|
|
l
| CreateSessionReq(graph) ’l
| |
:
|

CreateSessionRsp(handle,version),

B 4-8 4l 4E

ERET

BEJ5, Client < 5 shiEARAT IR, FFERREERE AN —IK Step. ULHT, Client
K% RunStepRequest 4 E.Z5 Master, 1HE MM handle FriH, FT Master 5] fH M 1Y
MasterSession L. WE?? (F2?2R) Fin.

|
[tf Session. mn(fetches feed_ d1ct)w :
o |

IRunSt(-:pR(-:t:{(hund'le feeds, fetchs, targets)!

1. Full Graph
2. Client Graph
3. Partition Graph(Split By Task)

vy

RegisterGraphReq(graph_def)

|

|

|

I

|

|

|

: || 1. Full Graph

| {Foreach Partition} | 2. Client Graph ) )
| |<_____Ee_gLsge_rG_rJJﬁlisg(_ngh_rlaﬂd_le_) ______ _1| 3. Partition Graph(Split By Device)
| | |

| | |

| | I

| | I

| | |

| | |

: :RunGr‘atheq(graph,hand'le, step_id, sends, recv,keyl:

| L [ P7T| rendezvous . send(feeds)

| {Foreach Partition} | I| for p : partitions: executor.run(p)
: :< _________ RunGraphRsp(recvs) _ _: rendezvous . recv(fetches)

| | |

| | |

[P RunStepRsp(outputs) ___ __ 4 !

4-9 HRIAT

T E

Master Y€F] RunStepRequest JHEJG, KHATEBIR, 2%, UILERE. LT
% (Task), #EK5> N2 D7 E B (Graph Partition). Bfif5, Master [A]551> Worker &
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i% RegisterGraphRequest ?%E\, F 71 B BHREMEI 2T Worker T 5 Lo
24 Worker Y %] RegisterGraphRequest TH B &, FFRSLHE 2 EE, AL BILE

(Device), &5 A2 T E B (Graph Partition). !

24 Worker 5% 7 M, BiiR M RegisterGraphReponse H.E , H-#E17 graph_handle
Fride XA N Worker F] LAFF A FM Iz 724 7, B4 7 EMEH graph_handle ME—

PR

BT FE

Master 5% 7 EEM G, T #EETA Worker H AT A 7B XA FE 2 @it
Master &i% RunGraphRequest 14525 Worker SE 7. Hir JHEF#1 (session_handle,
graph_handle, step_id) —JCAHMIIRIR(EE, HT Worker & 51HN AT El.

Worker ¥ Z/{ 5. RunGraphRequest 1B )G, Worker tR#E graph_handle 251 H M T
Ko %, Worker JAZIAMBT AT IS LPIITIA 718 Hrp, &0 B E AL
[ Executor AT, Executor ¥HZMBARFMIEFE L E 1 BT E . B ED T LUE
HACHEFEAR A A AR

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)

R
IR e 2 ) B, USRS BA Send /Recv 1 A58 kM, IR
P Worker 2 [T ZESCHAR , T S04 I HERR M 815 o

PR, FRELmE I £ 8 & 1% RecvTensorRequest JH SR AL TT, BN AL G
B XS MW Y Tensor, 81t RecvTensorResponse iR, WE?? (£2?2R) Fin.

KASWE
M RESERUE , Client 1] Master &A% CloseSessionReq 5B Master WENHEE, F
BRI MasterSession FTFFARITA R WEA?? (F7?2R) iR

e 2UB T, B RE RS2 15 Master LIRIUES502, TAE Worker %% 52, K
1, MEIGREHN TR B, ENUEETER, RHEIUNMIZES.
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%4 85 AR50

[ Worker® J [ Workerl J

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

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

CloseSessionRsp |

B 4-11 #A 4%




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

mans can understand.

- Martin Flower

C API : 4Kils

AREEIHIL R P 0 Session AE A JE IR SCENG], #8878 HT4 Python 554 C++ REH)
SCHETE, #3718 TensorFlow Z1E 5 g2 i Bk

5.1 Swig : BEia=if

A6 220 5 A PR 5 50 C++ LI ARGHEEHI T Swig El"]@f'dE fito TensorFlow
ffiH Bazel BHAE TH | 7ERAHIFZ 01 JH 30 Swig B AE SR, 1#iT tensorflow. i
Hah Ak T ANERDS (Wrapper) X

1. pywrap_tensorflow_internal.py: # 5T AF4 £ /& Python &M ;

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

mAE??? (FE?W) Fisn, pywrap_tensorflow_internal.py HHL B RS AR, B 3 ing;
_pywrap_tensorflow_internal.so WIS ; HH | _pywrap_tensorflow_internal.so fJ
& T A TensorFlow 12/ THS T A5« 75 pywrap_tensorflow_internal.cc HJSEELH |
UM T — P REAF53R, LHT Python MEAE] C ML —ICR R TEIBITI, #%
8 Python MYERELAFR, DCECHRZEIXT I B C PRECSEIL, AL Python #) c_api.c BAK
SEIRATIR O & o
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% 5% C APL: 4k

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",

LA P Session Az FIHAISZEL B, 78 ATS Python 54 C++ RETHYL
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5.2 SiRIEH

FEMERE N B, C API H3FE 2 Client 5 Master 140 A4k, WAE?? (F7?7) i,
Client fF1EHFRS C++ LI, HI tensorflow::Session. F:H', tf.Session LU B A
tensorflow: :Session SEBIATAI M. (ESLFRIZITHIERIE A, tensorflow: :Session AJ AEfFAE
2 L. Tﬁﬂﬂﬂ, DirectSession 1T A MR HY & iF s dl. 1M GrpcSession TR T
gRPC MR FmAEK A Sibdadl. — kb, FP R tf.Session SLfidmts, 1Mk

tensorflow: :Sessiono

r' - -~
, Client
python ! Cc | C++
! :
! ‘
1
! C API i SessionFactory Session(C++)
! ;|—: ‘ ;|—:
1
] L |
. 1
sess = S:esswn(tar'get? : ! : :
I | I : I I
I [ I i I I
| TF_NewsSession(graph) | 1 | |
1
:TF_NewDepre&atedSessicﬂ: | : :
i | I L : :
| ! | NewSession h| |
| | | ! [ |
| | | i | new |
| ' o g
' l l ! e __ccsess |
| | i I 1
| | l-___ccsess | |
| : A . |
PER e R— : . !
_ . | )

B 5-2 % F 3% tensorflow::Session 4| 4)#it42

5.3 SiREGER

SR A AESTEeE, AR, vRIEERE, PUTIHHRE, K&,
HBATEEAN R . £ Python MJF¥ C++ RELNMEMMFA R D L.

Python Biif
wmr?? (F7?2R%) Fin, fE Python Hi¥i, Session M=y i HH 3= HAINAE «

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

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




66 % 5% C APL: 4k

3. XM Session;

4. 4% Session;

tf.Session(target) |
g

!

i

E——————————————= .|
| |
| |
| |
! sess.run(feeds, fetches) .{
I tput |
=== - ~
| |
| |
| |
: sess.close() vl
| |

None

I 3
| |
I l
| sess.__del__ hl
l None 1
:< _______________ I

5-3 Python: Session 4% 53

B, MALEIE T AR Session SEFI, IFIHEN mnist R

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()

C++ Fim

MV HL, ££ C++ Ja¥s, Session FAA= i & = BAARIAE :

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 % %,
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SessionFactory Session(C++)

NewSession(options) ’:
!
i

|
i
I
sess

| E— =
| sess | |
e —— ~ [
| | |
| | |
| | |
: ses5—>Cr'eate:/Extend(Gr'aph) ’I
| | ¢ |
:<_________________5’5F'_”£ ________________ _:
| | |
| | |
| sess->Run(inputs, output_names, target_names) .l
| | |
= outputs _ __ _ _ _ _ _ i
I‘< |

|

|

|
delete sess

|

|

|

|

. l
sess-»Close() hl
|

|

l

|

B 5-4 C++: Session £&

B, seAbG)E T AHAEECH DirectSession SEH, I A i E B BA TR

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 GBS

T IE A2 Session GEIIELNEFE, M Python Bt A#E A, it Swig Hh4 A
Python-C++ HIELEEAT, JFLUCHIES Y, SCL T Python | TensorFlow ) C API fYi .
Hrf | C API 2R RS G R A 53 7KIE .

Python C API | C++

TF_NewSession(graph)
TF_NewDeprecatedSession

sess = Session(target)

SessionFactory* factory = nulptr;
SessionFactory: :GetFactory(options, &factory);
factory->NewSession(options); // DirectSession

Y

SessionFactor‘y.NewSessionh
|
|
|
|
|

B 5-5 44t

mIZHEO

4 Client 25 it B B P TIE RN, SB0I8 T —1 Session L], HETTIHAH AL
BaseSession M EREL o

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

TE BaseSession HY#4 ik o AL+, ¥ 8 H pywrap_tensorflow 5B o (1) o8 4. H A,
TF_NewDeprecatedSession f&itt 4 PRI, O#EFRIREO L. 1E8H APT H, EHEA4E
SRR G e 4+, R TR i ] SE ) 3 AL B H 4

~BIXES 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)

mAE?? (F7?2R) Fion, ScopedTFGraph /&%) TF_Graph HI2E#s  SEACRMELIT C++ 1)
RAII H9 TAENLA o T TF_Graph #54 ternsorflow: :Graph 361, HH1 self._graph._c_graph
R[> TF_Graph SE01, R T C APL 61 541

RBIKES 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

RBIKAS 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 EptEiE

Python €388

£ pywrap_tensorflow fELH | JBIL _pywrap_tensorflow_internal FN%E 4, SEELT M
Python Z|ZIAEREE _pywrap_tensorflow_internal.so HYRRZCR .

ABIXES 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 E@ﬁiﬁkEZE%EP, §$Z§ifﬂﬂj7@§§ﬁﬁﬁfﬁE@?@g%ﬁg, &
I Python HIERELAFRE] CH+ BRELSCILAT ARG o

~f{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

W, _wrap_TF_NewSession/_wrap_TF_NewDeprecatedSession 1% 43 31 H c_api.h Xt
HIFHCAT API 8 H: TF_NewSession/TF_NewDeprecatedSession. A&, H 3h4E AT
pywrap_tensorflow_internal.cc ({157 Python BKE(E| C/C++ KRBT HAEL KL, w4
RMIRE C KGR LAY APT #0.

C API

c_api.h s TensorFlow HJE¥iiA AT R GEMH A A A A~ 08 APL $0. Jr, Jrgss
HESRA T 3T, SCBESEBIEZ N Session S k=,

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});
1 else {
DCHECK_EQ(nullptr, session);
return nullptr;
3
1

RimZ 4

NewSession 14 HR & B i % 1% 1Y target, f#i] SessionFactory 25 £ 61 EAN [F] 25 AL 11

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

TEJE G C++ SEILHT ) tensorflow: :Session HIGIEME A THME L) J7ik. WIH Ses-
sionOptions H17 target A A (gkkkﬁq) MG % DirectSession a&ﬁﬂ Ja B AR B
178 AR SessionOptions HHY target LA grpc://FF3k, NIAIZEE GrpcSession SEH, JH
T RPC A AIB TR MA?? (F2?27) Fin.

| Session |
| DirectSession | | GrpcSession |
create create
|Direct5essionFactory| | GrpcSessionFactory |
A\ J} A\
( target="" ) @r‘get:"gr‘pc://master':por‘t')
| SessionFactory |

& 5-7 tensorflow::Session €3 % L) 7k

5.5 €lE/T RE

FEREA M O SLBlrp, TGS G I oL, FEmes aum C++ Rt
MAER A D SCB A, Jor SEBRE A B ald . RUOMAEGIEE OP R, 7 rl S IR 22 /5 g
CH+ REME LI HE, BEARASI, XTHMERETABONEE, R ME i
3 o

Python Fi¥it4iECIHH Session.run 310, A&, LA GraphDef [IE
KIRL C++ Jadm. HA, BRI Session.run B2, #RE s EAGHG 17 AT &
Bl Rk faim A, PMERHIE T SR E I Extend 2RI EE F . Feikdt, fEE X
T Session.run I, A IEEEA T4 50 R




5.5 GE/4 A 73

SR ARG E IR Session.Extend B, %% (kM SE)Session.Create. LAG, JE
R Session.Extend B E IEIAT Extend FYFE S, BB i 11 &0 B B 15 38
ZJFESRIH 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 4R

miziEO

HERA I 0 sl 81T _extend_graph SEERESEHITIT 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()

Eéﬁﬁﬁsdﬂjﬂm¢wwhﬁ,ﬁ%ﬁ%m%ﬁm%m@ﬁﬁ@¢ﬁ,ﬁﬁﬁ@
GraphDef SLHitfF AL IRAE, ik tf_session.TF_ExtendGraph i H o

~BIKAS 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

~fl4XFG 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

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

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

C API

TF_ExtendGraph +& C AP Xf4% FEmREIRENHE . B9k, Bt A Graphbef 1Y
BZEF§U4K, A tensorflow: :Session M Extend $%1 .

RIKES 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);

}

RimZR %

tensorflow: :Session fEIETTHIHYE Session HIBIASZEAY ) N4 23S HuIf FAE Y 1281 5K
I)rl_],o

~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/NFEHATH tensorflow: :Session Szﬁﬂj:ifﬂ&tfﬁiﬁﬂ, R
HITHEIE, TAEK A% tensorflow: :Session M4. Extend /N1 tensorflow::Session 5X
B b CVEM A SR LB S Extend B IRIRATIN, ST Create HYIE L, IAE
K Extend B, CIEMAITEEIZE. H5i b, KRG &R LIy LBy, it
GrpcSession SEHL A

B XY BE: GrpcSession

WRFIWS| A Master B handle ASHZS, MIFHAT Extend; SN, AT Create AJIE X,
H7 5 Master WiERE, HFFA MasterSession Y handle.

~fI{KES 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 EKIETT

mE?? (%2?7) Fr7n, Python Hidf Session.run SZELK fetches, feed_dict fGi#%5
i RS, Ak ARSI Session.Run . JEli RAH] X Session.Run $ATH H ALK
K Stepo HH', Step FIHATIIFEZE TensorFlow i1 THT HI IR 2.

() 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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mIzHEO
24 Client 1 Session.run B, AL A pywrap_tensorflow_internal FH I bR

~BI{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 €383

~f4XFS 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++ B3

~BIKAS 5-18 tensorflow/bazel-bin/tensorflow /python/pywrap_ tensorflow_internal.cc
static PyMethodDef SwigMethods[] = {

{ (char *)"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 #4335 C API X TF_Run/

TF_SessionRun 1% FREL,
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C API

EREA RO H, TF_Run & C APT A BESmBRPRIERI . B5E, © 52 AL
M C & C++ BIER S, FHI530E ST tensorflow: :Session HIPATITHRE. SIAT5E K
e, R outputs AU HIEGREM C++ B C AR . TF_SessionRun 55 TF_Run TAFHL
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) {

RimZR L

tensorflow: :Session FEIEf TN & IR BN AL | 44 L2 Aol AR R B 728 S8 o

RBIKES 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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HNALHE

1. options: Session #9iE4TELE 54K

2. inputs: ¥\ Tensor #9.% F 3|k ;

3. output_names: #r# Tensor #9.% F 5| % ;

4. targets: L4, FHATH OP 898 FI] 4,

o AR -

1. outputs: ## 9 Tensor 74

2. run_metadata: BEAT BT LEIE A9 IE B,

Hrp ) HiH Y outputs IR SHIAN output_names ——XJ N, QNSRBI T RIH A BT,
FE outputs ﬁL%T}‘Lﬁ, T 249 [B] B A G HE A N Y output_names @?W%’%, *F outputs
BEATHEY o

5.7 XHSIE

Y EESAT S, TR tf . Session, LMEREMUS I RF TR, WG], 10
Fo pUmRMITRECNE R, WAE?? (BT Pir..

[ Python j [ C API J ( C++ )

sess.close .
TF_CloseSession

TF_CloseDeprecatedSession

Session.Close

.Y

5-10 XMaiE

iz

24 Client 8 ] Session.close B, mZ41f H pywrap_tensorflow 5 B A [1) iF 44

TF_CloseDeprecatedSessiono

~BI{KAS 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

~l4XFS 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++ B13E22

_wrap_TF_CloseSession/_wrap_TF_CloseDeprecatedSession 43 Al 5 C API XJ [ 11
TF_CloseSession/TF_CloseDeprecatedSession 1% [ R4,

~I4XES 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

C API

TF_CloseSession/TF_CloseDeprecatedSession HE5E tensorflow: :Session H5R A1
Fo

RBIKES 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

Fin&R%

Session(C++) FEIBATHI HBIAZER 4 LA FAE R 1725528 o

RBIES 5-25 tensorflow/core/common_ runtime/session.h

class Session {
public:

virtual Status Close() = 0;
}s

5.8 $HEESIR

4 tf.Session AEHEH, B Python B GC BEil. Session.__del__ #iHM G, ¥ /H
BIJ5 5 tensorflow::Session X Z T HE. WE?? (F?27) FiR.

(oo ) (Com ) |

sess.__del_

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

y 1%
+

|
: Session.Destructor
|

5-11 4% 4E

mIzHEO

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

~I{KES 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

~I4XFS 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
£ TF_DeleteSession/TF_DeleteDeprecatedSession B KL

~fl4XES 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

C API

TF_DeleteDeprecatedSession E15E /K tensorflow: :Session X4 FIBR. THHT AT L
TF_DeleteSession SEILHT ) HTHREMIBE tensorflow: :Session SEEIRT HH N 1 & S 114K
ik 1o MUY 0 B, UIINBRIZ B S A, AN BRI S




82 %53 CAPL: 4p/KiL

RBIKES 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;

tensorflow: :Session TEIG{THT HBIZSLE ”, LSRR R, T2 SRR AT M R A

~I4XES 5-30 tensorflow/core/common_ runtime/session.h

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

1

5.9 [$EAM

FHEC I RS e OSB3 Af e O SRR TR R ARSI Rt fE. Bk, #ubA
FHRE I, FAE LRSS RN INE AT, AR AT SIS MR A CEF RO, Bl
TR O S,

3t = E L
mAE?? (F7?7) Fion, —1 Session REEiafT— M ESLH] . TR —1 Session BinfT

E@%@%ﬁm&Mﬁ&%ﬁS%gm,%ﬁﬁ@%ﬁ%@i%ﬁﬁ@%h%xmn¢,%EE@J
S A ATIE R

EEER, — M EEA LUBITHEZL 1 Session L4 o WIRAE Graph SE4_F4EFF
Session 5| T4, £ Session GIEERS, FEiZ S| BN 1; 1F Session fHEHE (4
FEK M Session), FEIZESH] L) 1; MitEGEs oy 0 IF, W E SIHER I Se bl AR
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I, S TS | TR BT

handle

Session Graph

ref_count*

5-12 A B Session 7l AiHHBEHK

HERFFIL

wE?? (FNW) Fow, EBEENZOSIE, JiG Python (ERTAEN], 5 EMIEE
E, FEBEFIIME, HJGiEid Session::Create Bf Session::Extend f&iB%5 5 C4++ &R
Gio XAPE—AE LGS DR, HATRKHI I ET 4

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

B 5-13 EEH: ARSI

mAE?? (FN?R) Forn, DI, ATLLARR Session HY Create/Extend HiH
o FEEIRIFIERS, BN Python TEAGIEAED OP I, EEaET C API BHIEMZE 54 C
++ HOPE S DA e 6T ] SEABAE iT J i B P S0 0 S 504 ) T4 o

( Python h ( C++ h

- 1 register
| Operation I

* create_op

| tf.Graph tensorflow: :Graph

B 5-14 B5%H: %EiEM 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 FITHEE Y, (i OP R 17 &, W OP Z RIS FIE A Hi ¢ K|
fi& OP Z Al SIHBEIHMKE R R, BT ARBERR. i, ARIEGEEWPE
B —PoREEAE, R Tensor 3R ; H—MAKEEME, (ERTHEMKHOC K.

ARERG A TensorFlow Hi EEMIMET 5 TTEE. N 1 2 Eid i S A A s
WEAR, W5 BTG JE o R G A SE I, R TE R 5 I R e () T B3 R e e ) AR i
JREE

6.1 Python Hjif

1 Python BRI R AT, JF% A Node, Edge HIMES:, {UAFAE Operation, Tensor HY
W&o 5L b, 7EHTYG Python RAtH, Operation K78 EHY Node SE4, T Tensor I~
KM Edge SLfl.

Operation

0P MITFRIBFEA MG AECATE, Exn AT EIT . Operation &R Python
R i EEN— DG4, W2 TensorFlow 1517 M /MY HE AL

DimARE

|22 (F?7) FiR, Operation Fon KM IR, LT fl b IR 2 1
Tensor oA HA A, it HIGH T NE LA Tensor 2 FlEHTT A, ML TR
Operation Z [B]/A: T AR K R FEpkH, Operation FIREFFA IR #E Ml il Y £
&, FRBAERT R R

et B EE R, @id OP #i&E%s (OP Constructor), 4i& Operation L], Ff4%
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AN BN E L h . HHERS, operation S KIEI graph BHEAFA %I L4

Operation HITCEU FH OpDef 5 NodeDef ##47, EAILA ProtoBuf HIMEX{FAE, EHiA
T Operation HANTHYZR T HAT, opbef ffiik 7 OP MIHASRIEE S, Pl OP AYAFK,
AN/ SENFR, BIEEE LFEER. T NodeDef A T OP MaIZSBIEAER L, #lan
JRIMEAEE R

Graph
Tensor 7
w graph
X output*
Operation Tensor
ﬁ*
co“tv
OpDef/NodeDef

6-1 43 %: Operation

H9iE =%

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 enumerateCoutput_types)]

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

self._id_value = self._graph._next_id()

EiEE

Operation & X T M T @M, HTIREGZ OP MocdE. H, name IR
B4R, BT name_scope [NEIR TR, TEEISLEIIITE RN A ME—R, #40 1ayer_2/
MatMul; type NIZIR1Z op ZRAUME—R)ZFR, 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

FTELIZ OP S oA SR B, 33/ MEHIT 71, FFAEBRIAY 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 i FHERIAH Session i&171% OP-

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

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

Tensor

FEFEIRE], Tensor FEEHIFAKEESE, EMNFN Operation firth #Y—MF5 A1,
FEE, FHEN Session.run TR RERFE] Tensor FriA M1 HE A -

EFESHESE

mE?? (F7?2R) Firn, Tensor &M Operation HHEACHIIMFR:, AT [MALiE T H
M EFEESHEBE MK R Ll operation VN4, St Mgt &, AT
—A Tensor, FFLAIAEAZ LI operation B2 —, FEEH output_index YEAFRIH.
1% Tensor #if&iheG il Operation, FFAEA il Operation HU%i A, Nilf Operation 754
% Tensor HIIHZEE

. output* consumer* .

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

PuE R

mE?? (F7?R) 7R, Tensor Mt op FrAMHAH MAMH] Operation, FfHHH
index /NI% Tensor {Ei% Operation #iIHAIRAHIZ S| W2 YL, AL op:index f)
IR BAEE R E BRI Tensor 24
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UGS, Tensor £ Operation HITHZRAEVIZE, FI THEERIZ Tensor i H E|HFLE Operation
LB T . B, Tensor 784 Tl A E M, WMEET Operation Z[AIINEHEM I &Ko

TensorShape

shape

X op:output_index consumer* X
Operation Tensor Operation

producer

B 6-3 4Rt % Tensor

EERYAE Y3

i, 2% Operation 5 Tensor MBI SLIL, R G PIE 2 A4 =& -TH T & 1 ¢
R AR 2 Tensor YFERIENH AR Operation B, WHIES T Fiif Operation S AR
Tensor Y362 [A][IH 2R K 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 TEANIE#R A _LIFHIAI 47" Operation, MHiZ Tensor SLBITEZ
Operation 1) outputs FIERF RG] ﬁt?f, 2495 _add_consumer, iz Tl Operation
BINEERETIRZ .

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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EiEE

BT Tensor B LLIB I LU Operation, M TTZREUAE SR B JCEHE. AT LAHEN, ¥
vt SR R R A, SR N e Bk A 1 U7 M N AR e HH ) name IR [B] T
(node:output_index) I —JCAFE, TEITEEATEE N MHE—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 2N Session A% Tensor L. JH7E,
tf.Session.run [1] fetches #IFET LAVRAH2UL Operation, Tensor SKflo
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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)

TensorShape

Tensor [l TensorShape HiiAHERE B . EFFFZ Tensor HIEPEZEA KH Dimen-
sion #1132, B> Dimension i TiZ4EE K/ N HH1, TensorShape 55 Dimension #f/&{H
X5, G T SRR R TR, BT, A9, AT AL,

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

dims: [Dimension]

B 6-4 TensorShape

WA, ATLMEH TensorShape HEE H Tensor Frtl &I oT 5 M8,

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&

FAEJLNSEHBI L) 5k, scalar, vector, matrix JTrHI#0iE 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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#BHEX

B E EE R, XS H TensorShape B B ASREHfE, WA LAfEH None F/no f21E
WAE 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, A TensorShape /I\?Ef}fﬁ/‘]j(d\%‘fﬁaﬁﬁfﬁ, MFTEEX -

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/, {#H dims BYEIE[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 7. Fiikih, 45— Dimension
ARH, N TR, T2 None H4Hii -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())

WATLAE A as_tist % HF N Dimension #J3. W TensorShape I rank K/NAFI,
MM valueError 4 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]

T, fEH as_shape#%-Deimension §U%§, 8k TensorShapeProto 3N T Tensor-
Shape L6

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

Rk, 4493 TensorShape B, 4 TensorShapeProto I —4EF K/NA-1 i, KdH
M 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]

Graph

Graph #& TensorFlow #x B 454 , TensorFlow HiafTHI L SER Graph IS
B BRIl 4324 PdT. L, 2% Graph MG X THfERE TensorFlow
BT KA #ias .

i

mE?? (F2720) P, — 1 Graph X546 85— R Operation X%, £ HHIT
HES . RN, BIEERA— R Tensor X%, LREHREICHIES -

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

B 6-5 4A#st%: Graph

AT ESE R SEE, YR ERIER BN N Ooperation 7 ELME—RY id,
FHAEE LM _nodes_by_id HIEIRF M, FIRT, 257 0l DIARIEST S & FHmE R 5 SE
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 MIEAv G, RPN AE LA Graph LBl HIEHIA
e, EAREERIFIEMT AT, 15 Graph SLHIFEL A & i3t =,

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] =
self._version = max(self._version, op._id)

poE:!

N T AR Graph FYTT A, FEEES Operation LT EARFERIFRES, SLHL T 55
H19r28. MHEZRBLE T SR RIAER —1 Collection H7, F{FEHME—R GraphKey triHiZ
K6 BfE, (E0]LMEYE GraphKey ‘&L%%H‘H?&E’W,\me Hp, REHUE L T
GraphKey, [FIFfHLZ4F HE LH) 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 HRIHERSEMES Y, ET/FHREE Graphkey
HER5.

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]— -2 5y ME—RY FRCATs BOARE LB o B9k, TensorFlow
W] DL AR 52 g, FFMM g.as_default) N Y HTZAE H ME—BRIA Y
B, FRAfEz B SCE B ATEERT OP A B shiEt EhZ E sLpi .

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

F52 I, g.as_default M ETZAE R AR AR ] 7 — A B R SCEHES ) (015 1
KIS g 3 55 JFOR BOARY B SE ], MRt T B FSCE SIS, WK R BRI 1 58
Bile B, FEAEAT— A2, (5T 4AE oA HAUH — B S b o BOIART, T LA A
tf.get_default_graphQ), iR[MZERINIE S

_default_graph_stack = _DefaultGraphStack()
def get_default_graph(Q):

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 SLH]; 4B BN CUE R
aela, WM BRIz se ], O Z AT S22 get_default I, AR 2SI
HiL _GetGlobalDefaultGraph U2 [AI42 R ME—[ BRaCATIE LM, fEKHE5) TensorFlow
e, REH R CEZ AL, MATA OP #FERAME 2132 B 56 o

class _DefaultStack(threading.local):

def __init__(self):
super(_DefaultStack, self).__init__()
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__()
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=E

T BT 09 2, ) name_scope R 1Y S SR UL A 4o BN,
I A T E R O T, LSRR 4 5 o /MO R/ KT/
B/ /AU /S . X TensorBoard SEEUH B Al WAL AR AR, i B KK
K, AT LT A SRR, LT DO IR B

Nk ) name_scope & 4k K SMEI Y name_scope; MR AIHERY name_scope LAI/EERE, ¥
HE NG M name_scope; W1 N i HY name_scope N %5 715 HR EL None, 14 EE B 1

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 UEHEE  fEHRERT name_scope H', SLHL T name_scope
HUEH . 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

EEEED, OP MG B IR T H tf.name_scope, & MHii A K Operation B
Tensor St BRI, I RAREIRICE], WIS, A5, FEsH
SEAG| 3B 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

EIRYSGEEeNaR/ i) control_dependencies I HNE Y control_dependencies, B
None HE B % il S & =

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

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

with g.control_dependencies([e, f1):

3L I, control_dependencies iR [H T —/ b N CUEHER, HTHEE OP EHMKIHIR
Fo HH | control_ops its% | Y ETEFTKHIT) Operation #5&, 1 current itk T M4 HIE,
S HLANFE PR 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 SEILT — A ¥ AR A 2 i e o control_inputs A
None, /5 FI—INBTAUVE IR, MIMSEIL 7 Hrse B RUHE 23R H Y HT B R SChfE R,
PR Z R IHAR, AR 1 Fr A 2 B B PR 22 A0, &80 A—J2 control_inputs,
5B 2 0 24 B 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, HEYFTEM
KHH Y Operation F13.
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class Graph(object):
def _current_control_dependencies(self):
ret = setQ)
for controller in self._control_dependencies_stack:
for op in controller.control_inputs:
ret.add(op)
return ret

with g.container('experiment@'):

vl = 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

ElfaiE

FETF ARSI, AT EM OP MY . s, ErMiE st &R oP
FIE#R5E K Operation SLIHIHAIE o AL Operation SLBIRIMIE 2 /Y, 77 23LHL5E K OpDef
5 NodeDef HyMyiiidfe.
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OpDef T

OpDef M RG E KGRI, SEHLT opDef HIALIRINEANEM . i Eid, XTI
A OpDef B4, _InitOpDefLibrary L E X FANT, 3 op_list_ascii F£RWIArE
OP, ¥4 Protobuf #3011 opList SE4, fHZGHIEME] opbefLibrary SLA| 2
o

BN, HEH gen_array_ops EAEERUART B34, B EESEMTA array_ops 2
TIH) opDef HIESL, FFHBITEME] opDefLibrary UG ESLEIH | FHHEAHE A opDef 11
MR 45 # 0

_op_def_lib = _InitOpDefLibrary()

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

_InitOpDeflLibrary.op_list_ascii =

I R/i&
mE?? (FN?R) Mine 4 Client 4] OP #iE#s 61— Operation SLFINS, ¥ iz
Y Graph.create_op /7, 4% Operation SEAITF M1 & 5L H o

ﬂl%t%%iﬁ, ‘*Tfﬁﬁ, Graph 754 Operation E@]:TA, Vi Operation E@ﬁ”iﬁﬁﬂ%%; 52
Jilfl, Graph &4 Operation HI{3J%, 157 Operation M, foZ, HARSFREIE.

R REEMA TR B E. ETREIAELR, AT OP 25,
ENOUEIATH R RIZ R R, HE 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 #Ji& =%

WME?22(F2?27) Fin o FEERE , Client ] tf.zeros_like Hi&—14°4 ZerosLike
B OP, % OP i A— 1A, Hith—"14 0 B Tensor; HH tf.zeros_like WA OP
MG A o

NG , OP Mk a8 H— BB dh A sl y SERIE OpDeflLibrary.apply_op Titke

( 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
~
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

SR, WE?? (F7?R) Jii/n. OpDefLibrary fR#lE OP &4 F M OpDefLibrary 1, 4
FIXFR. opDef LM ; FxZ, it Graph.create_op ML) Ji#:, A& NodeDef 3L, #ETIE
H Operation SZf, 443 B Sy 2 & S5 o
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e D
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’: b
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)
J
Graph
™\
class Graph(object):
& def create op(self, op_type, inputs, dtypes, input_types=None,
-~ - name=None, attrs=None, op_def=None):
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 4|3 Operation %#): 413 OpDef, NodeDef %4

6.2 Eim C++

1E C++ Jaui, tHEEE TensorFlow SMUsA M HIA% 05

5

Edge FFARTINTT m SR A, IMTSEEL TSR A S — DA S LA A T 458k
ZEMNL, SUATESRZ AN B, TR AN

1. $:di: A TFARKHIE AL Tensor £F), TP LA “EFE0H%E" HIE

RHME R, WHEERT,
2. THRHM . TAKKIE, ATRTHERAGPATRBX R, FRHEEET,

A 1RIA
Edge FrAA T EER KT

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

2. dst_input: R FiZiaA [EIRF &) 9% dst_input TNk,
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src dst
_— . -

src_output dst_input

K4

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

B 6-9 4Rt %: Edge

BN, AAEPAETICTT R s1, s2, EAFAEPIAA L AR R R d1, d2, #
LIS 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

122 1l i 45t

Xﬁﬂ:fiﬁﬂﬁiiﬁiﬂ, H src_output, dst_input %Bﬂ?—l(Graph::kControlSlot), I i 2 761
RIS BATAT R -

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

}
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Tensor #RiH

—, PR TEE ) KE Tensor, FHH TensorId #riN. Tensor FRiH H T
BT, RHIAERN src_output ME—HXE

TensorId ::= node_name:src_output

gt src_output BRIAH 0; A2, node_name 5 node_name:@ Wi 5. 4ok
i, 4 src_output -1 I, FIRIZILA T HIKHHL ), TensorId 7 LIARIHA Aode_name,
PRIZIBAHH T node_name FITAERT A,

T

Node (717 %) AT LAIA & ek 2 &t A\ /i i, I in_edges, out_edges 43758
TN AR R EE A . 39N, Node £5H NodeDef, OpDefo H:H', NodeDef L&k s rAiL
f5E, MH OP MEMIESIZE; opbef F#4 OP MycEdE, GHF OP i Afi i 28 A5E(E B

e ) ( )
inputs l NodeDef I outputs
def
in_edges out_edges
Node
m op_def m

l OpDef I

B 6-11 43t %: Node

WAL

EMANBREG T, ATLHZIRES] (dst_input) ZelEdk. Y37 s A BB L2 I,
RES ONTERERIIA. (RUCRHE, FEIZRT] (src_output) BEHA L, S5 .

I

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);
1
}

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

B idx RIIEEE AL, A5 AL EE IR A AR, IR
BEHSEITT 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);

Graph(iH & &) w21 S S mES . iITEEE—1 DAG H, IHEE R TR G2 8
DAG BI#HiFMET , R A3 OP BIis% . H ) WRAFAEZ N ANJEH 0I5 15, TensorFlow
BATE AT LASEIIE &, FINPITZ 1 OP iz, #EEifTas

[ Edge ](—[ Graph ]——)[ Node ]

6-12 AABME: B

B}
R

HRERIRE, AR — =B SCIEINT MR A Source 5 Sink T4
M, 0 RIEES DAG ERRIG T RS & . Hd ) Source BY id M 0, Sink A9 id A 1;
IRUIEHT, il OP 17 A id KT 1.

Source 55 Sink ZI[H], JHIIER: [ W, FRIETHEEBHITIAT Source Y
R 2T sink . BATZAETREGIEEIL, H o src_output, dst_input {HHTA-1.
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B 6-13 =H

Source 5 Sink AW ERSLELAR BE By 1T A, HAT S AR AN RIZR TSk, 43 A
~SOURCE Al _STNK fir 4 JFH., ‘EAAE Noop, FR RIS

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(node->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);
}

R L, LS Source 5 Sink AR E W E HFRASE

TERTS, HAEH OP Miss, MiaEEEE TR EE . X TEfTh, Sl
Fay it T I R30S Source/Sink %gfiﬁﬁﬁi, PRIETTEEATIE T Source 17
AU, AT sink T




6.2 J5uh C++ 111

4 S
/ \
4 \
/
control , ', control

6-14 F=H

)byl

T AR S AR AR T A PR ESGET Graph: :AddNode FE | FRCE T 5, SN E BT
Graph: :AddEdge FERFPBCE D, SN 22 R A4S .

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

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

}

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

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 IE S A

%ﬁﬂﬂ%ﬁﬁﬁﬁ?%ﬁiﬂ, W] LAR 22 Graph: :AddEdge 523%; IS src_output, dst_input
HH-10
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g6 E itHAHA

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

}

OpDef €

[ FEH, OpDef GJELE C++ RS main HEUHSIZ BI5EA OpDef HYMMZFIF M. &4

F REGISTER_OP %:5€k OpDef BJEM o

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 #: #/f REGISTER_OP

Python

tf.matmul

(o

OP Constructor J

registe\

[ OpDefLibraray

/p,def,lib.apply,op

l/ default_graph.create_op

I Graph }

graph_def

C++
OpDefBuilder

build

register

OpRegistry

lookup(op_def)

6-16 [ #5714 5 B 74




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

mans can understand.

- Martin Flower

IRE

7.1 IXEBNE

WERIE (Device Specification) M THHA OP fE# T Ak & 19 BARAL E

i
R TE AT AR A AN -
DEVICE_SPEC ::= COLOCATED_NODE | PARTIAL_SPEC

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

CONSTRAINT ::= z"job:" JOB_NAME)
| ("replica:" [1-9][0-9]1*)
| ("task:" [1-9][0-971%)
| ((ugpuu | ncpuu) u:u ([1_9][0_9]* | n*n) )
STEIEE

WRPIFTR, SEEMEERA OP B EAE PS 1R, 0 S4&fy, 0 51L5, GPUO 5
B

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

BRI IR, HEAE. filn, TEUEIA T GPue Tk
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/device:GPU:0Q

ok, MIRERTENZN, MZIRX OP RS ELH, o7 H s &iE
OP.

B4

5] COLOCATED_NODE ¥57~1% OP S¥8E 197 i [F] I BB AEAH A i ik &5 Lo Bilan, 1%
ﬁgﬁifi other/node EQEE%E$EEﬂE@t%%§_tO

@other/node

DeviceSpec

—MREMYE R LME 5, 50 DeviceSpec F/nvo HH, DeviceSpec A&=—MEXT
%, AT 5 MR E AT,

¥ b 2 A
&k 3
fE4%% 3
EEER
BE& %5

Ul ok W N

Filhn, i DeviceSpec FAiE YA HLIE -

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

ETXEER

WA B UE PSS device(device_spec) TEE OP IXAIIVE, 1E1% BN SCIIAE G
WHFIEH o TEABT TR M EAE TR B LIl To

with g.device('/gpu:0'):
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Hr device & Graph By 7k, CRI T — MGG LT U LAY, SR

FRERIA R BIF BREERE

Eis

R LA PN A B A I T B T 5 5

with device("/job:ps"):

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

FEAFEPHH VS B I Bos LTI, R 1A T B A S 2L,

TR G

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

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

EE

LR A

Rk, YNERRIL ARV E LA None I, 14 2 SNER FITAT I A FILTE B 2 S

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

with device(None):

REHE R

BIERAHERS, WHR M TAFA, 50 DeviceSpec BEFTTHIIAE . R LA A BE AN 7
MR EMSERE, it 7B R 0 ey s E s . s MR E0E —1

BIJEEE, A2 Operation, A2 — 45 BAS I AR o
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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, B0 LA A7 kg =i
FHIE, BEIRRASERS. FEL L, MY device MEUL I FATH | 1 DeviceSpec i,
E S AZ AT, 8 DeviceSpec fli—PAIFRAIENS, F—HEH 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 42 Jmy M — R BRI 2401
HHELE UL, tf.device(spec) HKEIF L LX) get_default_graph().device(spec) HJ—-f&i
Ak,

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

Rz

£ Graph.device SLHLH | pydev.merge_device A= — &I KA. %X £ BRELLA
A spec ﬁUi%%ﬁE@EUjK, WL copy_spec.merge_from(current_device), &IHEEA
M node_def.device ﬁi%%i%ﬂi, It H. node_def.device B 5 m IS Mo 3@3%??ﬂ3&§m§,
HMAF 4 node_def.device A B ML HWE? XILRT _apply_device_functions SEELAE
i B EERFRR
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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
Xt _device_function_stack ﬁkKREZﬁ@tﬂiﬁiifﬁ, ??U%fﬁ*ﬁﬁiﬁ@ﬁi%ﬁﬁ%?ﬁﬂﬁéﬁ, AR
%E%&ﬁﬁNwwﬁm&%ﬂﬁom%,Wﬁ%%mdwkeﬁﬁﬁ%ﬁ%ﬁ,iﬂTé
IE HE 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

FHRLL Session AW, HIFGIHESIEEER, HEIHREENMTIER. H
I Session. run 4 filiA TensorFlow HY—XitH (Step)o

L L, Session HESL T HATIHHEEIHIACIAE, BELET OP iHH, MIH Tensor 3K
(ENRap ZB7 8T

8.1 REEIE

£ Session MYAT R, KRB M ET R, WHIMASEIR, HEE R,
BB, RIS

KAESWE

Y ESERMUR, TR Session B AMICH], LAEL 2R BLAT R H I

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

EFTXEESR

— e, EEE LN SCE BRSSO Session, 1S Session AETTHESERE, REMEH BN
K, BRI e A A R i

with tf.Session() as sess:
sess.run(targets)
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A 5p)

— Session L], HABIEAT—ANEISLH]; (HA, — DL, nTLUBITEZ T Session
S MR ZAAER — Session iBfT5 AN EISLH], WASER ] Session(AEHE),
A s - E R

HIR— Session g@%, Hagisir— K241 {H2, TTLL Session P a2 o o

1938, WL R AT B S EROAR . flan, — S ERL g RLE s I gl ]
LIMEHIFE > Session S0, FAMa AT, IZTE, MH Checkpoint &

SI AR

ATEREPCE, Ea it E RIS O 8 S8, A —FhSE BRI . 7R - L)
FRYER— Session MG HTTEES, 4 HALY Session FIELH NS, 7 L IE Hb Ay 5 & 5k
Bilo

handle

Session Graph

T

ref_count*

B 8-1 AP A: 2iE 5 695 A4 E

WL

BEAL, FHIL TF_Graph #5702k T Session 5 HITAAR BOR M 47 BL; M, TF_Graph
SERIATE LT C APT L3

struct TF_Graph {
TF_GraphQ);

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

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

1
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FIH TF_Session A —1 " JC4: <tensorflow::Sesssion, TF_Graph>, T {12 [0
—XF R K. HH, tensorflow::Sesssion r& C++ £ uifll (<15 L4

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);
1 else {
DCHECK_EQ(nullptr, session);
return nullptr;
}
1

HERSIE

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 BEXI\&1E

I H Session.as_default(), ¥41% Session B NERIN Session, [FIFFEIR[EIT —4>
B SCEHEER . TEERIN Session HY_ESCH, ATLAEAESLNE OP W5, 5k Tensor BRI
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hello = tf.constant('hello, world')

sess = tf.Session()

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

sess.close()

fH/&, Session.as_default() A~ H 3K A Session, 774 H 7 WX A Ses-
sion.close /5%

K EK{E

ﬁﬂJi@ﬂfﬁE%, hello.eval() M T tf.get_default_session().runChello). iiEP, 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)

OP iz&

FFE S ARERIRME Session, Operation.run B B 3IZREBUERIAAY Session L,
FEH ISR OP MR R, DI e R MR B T 5 18

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)

ZZIEHX
BRINS TN M AT AR, LMEAE YT ZMRIB IR Session A AR, A1 RAEHTHY
%ﬁﬁ%tpﬁffﬁ%kiké§ﬁﬁ, TEAE AR BB BT as_default ¥ Session B NERIASIE

5L |, 4F TensorFlow 1B/ THI4E4 T —A Session ARMIZFERL, SCELERIA Session
1 E s L.

_default_session_stack = _DefaultStack()

def get_default_session(session):
return _default_session_stack.get_default(session)
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}iqﬂ, _DefaultStack FNRAEHREEA

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 SIEEB
— R, FAEWFRIEAR) 215255 . Session 55 InteractiveSession. Jag i & AT
HAIRE, EEMEIHEEEE SE BN, A BAS SIS PR

Ebﬁf,ﬁﬁ%?%fﬁgffﬁﬁE@Eﬂ%ﬁﬂl??%ﬁiig%o@mﬁﬂ,InteractiveSession*% GPUOptions.allow_growth
BN True, BERAESIGEREE M LB GPU KA TR

SessionInterface
A

BaseSession
A

Session InteractiveSession

& 8-2 Session: XEKEH

Session

Session 47k BaseSession, j?igﬁﬂj7%ﬁi&Eﬂfg%ﬁiké§f£EquWijt%§£¥%§H@§ﬁﬁE, PRAE
RV LR

e, B with BEASTEN BN SCE G, I A SISO S BOA SR I LT
1B with BRI, K A SR BOANE SNSRI B3, 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()

InteractiveSession

5 Session AN[Al, InteractiveSession FEAFIEIHEPEH H S & MEIA, FELIMEIAAE S
FRINSIER H Eh DI SIS, Session MEBIT with 1A A RESERZTIAE. 0 H
I, InteractiveSession fAjfL T A F & HLERIA AT BN S TE 0 F2E

ﬁﬁ,mmdeé%ﬂmEﬁﬁ%WE%%Eﬁﬂ%W,U@ﬁéﬂﬁﬁﬁﬁﬁﬁm

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)

BaseSession

BaseSession & WA HYFEE B ELIMATERGIEE, KM, tfT, FHBSEE AR
HRHEAE; ESEGTHESEMEER:, ST Ewm T BRI B
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tIERE

HWITH C APL B3, self._session ELIEFAA R G HSIEASIGAW, JEHHIT
HEE, RS TEFRIER AL A iR

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 E R —XIHE . EEEEE tf_session. TF_ExtendGraph
WML 618512, SR FHE A 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)







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

mans can understand.

- Martin Flower

as
>Z

il

Variable A& — 451 OP, B AR (Stateful)s MELBLELARIRSE, Variable HY
Kernel SCHLE#4FAH —1 Tensor L4, HA M M5 f—3 TR Tensor X
i, H A RIHOOS AR TGE R (Step) A%, T Variable X 2 MEREA R, £ 27 LA
B RSE, ST RGEH KD -

9.1 SKER . ZkiHEER

PA—A™ ] B B e P B RO i) O 7 g AL 1) A, U AL 0 Tl 45 7 ). L, (A
tf.placeholder & SRR | SRS T 2R, RN ENHSNGSK, &a
TE ST A B A 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 IR . #2BSIHE, fH] tf.global_variables
_initializerQ) ¥ ArA 2 mARMPIEHELE, T HI TR

init = tf.global_variables_initializer()

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

ALK, HtEEREmE?? (2?27 Fir.

Fo b, IEME?? B2 Fon, SERETHREZEERME S, tEERATA KR .
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Add

b

‘IIMHHHHII’
w x
Placeholder

9-1 #HHE: Kt

r \ -
! =) b
- rN g

ariable

B 9-2 #HHE: KMife

9.2 #iaRE

Variable & —MEFEH) OP, EHFARE (Stateful)o WIERMSEILEARIRSE, Variable HY
Kernel SEI H A —1 Tensor L4, HA @ S Variable —2. X% [ Tensor
S, HoA A OO A UGEA (Step) ARL; 1 Variable X2 1A (Step) #AR, HE
AL AR S RS, SN RGP .

BRIETE

FEAE LA #4E Variable HI%F7& OP I THE AL S HIMH, B0 Assign, AssignAdd 55
Variable Jr#EA 1] Tensor PAG| R JT 2 A2 Assign 7, Assign HRAEHILAE (Initial Value)
BOHTE, Wi E I Tensor WP, i LAG IR0 )5 = % Tensor.

MIITHER, Variable 7] LUE L Tensor M35 #S . Tensor Fir 2 45 19 Fr A B AE &1L
Variable EH L. AU, Variable W] LAHEIAE Tensor WA My . #FlU0,

=
]

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

tf.matmul(x, W)

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

w.assign(w + 1.0)
w.assign_add(1.0)

MiR1E

—fieHh, AR, AU R TR F555 E, TensorFlow it T —4
IR S IR B o Variable MRAEHILGE (Initial Value) #EJH Variable HIEHRA ) If
i€ Tensor HJJZIR (Shape)o

B, tf.zeros FRM Variable FURIIAME, EWfiE T Variable FIZEAIN int32, H Shape
b [784, 10].

W = tf.Variable(tf.zeros([784,10]), name='W")
W RN, MEARRAIRER T L OP 4!

R3S

HEh, AR PR (Initializer) FERIIAIATE], FRIEEAEIR T Variable P BT
A Tensor, FEAL Variable HYRLHIAE .

(RS R 1T, WA g I ia s ORI IR L. S8 b, Bmwiiafed e, fis
T8 IR A o

UER B w i E SC, AT DA SE Rk W AT . IHAL, W.initializer SEFR 2N Assign
B OP, iX# Variable BRIAIRI IR EF

with tf.Session() as sess:
sess.run(W.initializer)

— H5ERL Variable BRI, HAER SES DHE. FETTLMEH Assign KT OP(f)
1 Assign, AssignAdd %¥) {24 Variable F{H.

TR 2, fE TensorBoard H1 /R Assign BYHIA , Hil (i FHEER ref #riHo 4L
Y52 WA s, BN A R IIER, B T DAG(A RITCERE) MFEARTT R o
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R AR

I R A T A, WAE L Identity THEF AR ML, ELFEH H A 1 AT R A 1Y Tensoro
Identity 2% " Variable 5[ AR, [FIHdE 6 7N G458 DL,

Identity ##4F Variable HHFEA— AR (Snapshot), 7~ Variable 4 HTHI{H

L b, J#id Identity ¥ Variable %48 A58 1) Tensor, {H15 T REWSIHZSHTA Tensor
AR

TEFE

B, A2 W RE LT

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

tf.zeros([784,10]) HWFAWIIAE, CHEHIGILAT Assign, & w AFFFA T Tensor
LS AT 2t 8 SOZ I GG ME; IR, Tdentity Z<B% T Variable FI5| FFRIN, SEILT
Variable BJ32HL,

zeros W/ Assign W/read
Const —> Assign
“‘\“ref /
(w)
Variable

9-3 RETH

M2

FEONE L2, B tf.global_variables_initializer() A4 & BRI IR 4%
HATICE, 2REIE 3D Session 13471% OP-
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init = tf.global_variables_initializer()

H b, BETA 2 RE R ER OP 21 NoOp, HIAFAERIA, HWAIE
Htho FrAAR RERIAIIR A AR FEH IR A0 5% NoOp MHIZE, PRIEFTA 1Y 42 R s
o

zeros
Const

f--‘

9-4 #¥EA OP

B{iLXF

[ 7 0% R A — P RF R I I R OC Re WM S5 WL, Assign, Identity iX W OP 5
Variable % 2N H % 2 H S0 T A A S 3B (R, BAT%A1S Variable 7 [
— R EPIT; XM R, ﬁﬁﬁkyﬂﬁﬂﬁiééﬁé(Ckﬂocaﬁon)o

AT LATE Assign/Identity 15 _E¥8E _class JEMEMA: [s: "loc:ew"], BFRRNEXMH T OP
5 wHER—1 ks EiBT.

Fln, LA Wread 7 A, ZT EEINT _class B, fEnE w BRI R,

node {

name: "W/read"
op: "Identity"
input: "W"
attr {

key: "T"

value {

type: DT_FLOAT

1
attr {
key: "_class"
value {
list {
s: "loc:@W"
1
}
1
}
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sk s

R — AL A T BT 73 A — DA BRI IR ME, R B kb P . i, A
i vV RIIGEA T w RIaME, AT LAEE W.initialized_value() F85E.

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

=
o

P, P Identity e, HEAMAIN TARBESL, FIE wAE v ZHTEIA
fEo HLAL, FFAEMA Identity #Y OP, (HEASTA—HE, E 19055 AN AR AL H 32

—~| <
—

V]
Variable
A
/l ref \
/
V/Assign V/read
Assign Identity

1 /'

\W

Identity

~
~
~
~
‘&I
o

zeros W,/ Assign W/read
Const > Assign Identity
\ ref /

(w,
Variable

‘f"’.

B 9-5 #1dsik

FIREHL, ATLLE A tf.global_variables_initializer() W25 &1 A ®I G ga itk
fHLE, SRIG)E2h Session SIS AR LALL o
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init = tf.global_variables_initializer()

FRHRAOR 2R, FUONIEINT W/Assign 55 Identity < [H) A& MR, AT XS W0 M S
BT WAE vV ZBEISEAIA, I w M ETRIRIIG I, BT v BIRIIA L .

g B

A
v)
Variable
A
7
Ve ’ ref \
V/Assign V/read

Y

zeros W/Assign W/read
Const > Assign Identity
<
\ re

{(w
Varia{)le

9-6 #¥E OP

ML ERTIR

TTLMEA variables_initializer FEEAS w72 AR IR LA 51 o ;iEP, group s
— MR T _initialier_listO i 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, afRA AR OIS 13 T LA T A4 .
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def global_variables_initializer():
return variables_initializer(global_variables())
93 TENAH

BRINHE, Variable HEXI 7084 R A YIRS ARG o IEA0 BB, w, v BEhXID 2
G R RIS R R A

LRER

A LA tf.global_variables() J7{HHIIG R4 R R IES . EAMMRIKET, 2/
S REAE AN IR] A HERR (A SE Bl 2t

K

def global_variables():
return ops.get_collection(ops.GraphKeys.GLOBAL_VARIABLES)

AT E

Al LLEN tf.local_variables() J7{HHIAG ZE A AR F (14 &

def local_variables():
return ops.get_collection(ops.GraphKeys.LOCAL_VARIABLES)

A LMEH local_variable MIEZME, fE— P AHiAr &,

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 I FORHERE N B A Bl E AN B K (Checkpoint), (T T IS
RO B g B, A AT BRE R, A AR e S % R 38U B9 Epoch %X
Ho
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NETE

T LAETE tf.trainable_variablesQ) MR INEZ RES. EgEFEIP, JIgGE R
TR S

def trainable_variables():
return ops.get_collection(ops.GraphKeys.TRAINABLE_VARIABLES)

global_step

global_step /& —MRFFAIY Variable, BEAEYIGL T, (HEE PR R, £
IR, global_step M TIBEECISAT step HIIREL, FHAEA [FIIERE ] 5L EL iy%EGFTLVo

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 REGSHT I ETE

N T AR SEEL, ALY Variable 1 fA] LA EAY 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)

Fi& Variable SEB1, FEAELIHUIT LA PER:
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i

1

K

i

HENIR{E

def _cons_initial_value(self, initial_value, dtype):
self._initial_value = ops.convert_to_tensor(
initial_value, name="initial_value", dtype=dtype)

gL E OP

Variable HRHEHI A BRI ZERINIA/NTE L H BhHEE .

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)

HEM IR LR

Variable IR IR A B A& — Assign, EH#FA Variable B35 H, F08H FHR) MR E T

WA A G

def _cons_initializer(self):
self._initializer_op = state_ops.assign(
self._variable,
self._initial_value).op

s R

Variable FJHRIEA T - &— Identity, #¢7~ Variable HY4H1{H

def _cons_snapshot(self):
with ops.colocate_with(self._variable.op):
self._snapshot = array_ops.identity(
self._variable, name="read")

i3 UV

BRiAML, Variable giRIO 4B EEST; R trainable AE, NWIFERNIZ

WHSEL, FERHERI D BN E AT

/

=9
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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)







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

mans can understand.

- Martin Flower

A%

TensorFlow Y Session 244 M. &, 2 MEfEnT LUH AR — Session
SEf], A MR T E — A SE BRI AR OP; TensorFlow $H47 51 48 2 iR B AL 6T ]
SEHEETRL, 1533/ M 14

WL, it 2 2RI Session LI, FAMMATRE — T ELPIFIAF OP,
AR T Z R AT

XFT MR AR L, ATLATE S K% Session ZLRERIIFARETST, TRTHIIZRATERE. 1]
wn, WA T ERE TR ZRE R, TR AR il gRr EWs TS o4
BB AAET, FFEM batch_size HYA/N—PHUKBOGENIZAEAR, HE3E AT R

AT PR LRI R b B A e, GRS, 2R g, SO
Enqueue OP $Hf7H QueueRunner.

10.1  BA%

TE TensorFlow HIHITEIEEH | Queue & —Fh¥E il AT H K T B Bk, Queue
E—FRRY) OP, 5 Variable 221, BRE—EREN OP.

52 L, Variable #iA KXHHT Assign FEBIHRER OP, Queue A5 2 KHHY
OP, i Enqueue, Dequeue, EnqueueMany, DequeueMany 55 OP, EJEFREEZIEN Queue
HIRAS .

FIFOQueue

A A . B, MEE T FIFOQueue PAFI; SKJE, EIFEETEHM T —
1 EnqueueMany, % OP ATFERFISLIEIN 1 ME 2N I0xR; Hk, FHRm—"HEE
Dequeue; Hcle, KHBATTEMMEIG N 1, FREHERAB fE/HZHREH T8, HEE
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AT B o

q = tf.FIFOQueue(3, "float")
init = g.enqueue _many(([0.,0.,0.],))

X
y
q

q.dequeue()
x+1
inc = g.enqueue([y])

init.run()
gq_inc.run()
g _inc.run()
gq_inc.run()
g_inc.run()

B 10-1 B4yl

AT EnqueueMany FRIVENG, THEEAPIRAST NE R

.......

q = tf.FIFOQueue(3, "float")

init = q.enqueue many(([0.,0.,0.],))
X = g.dequeue()

y = x+1

gq_inc = g.enqueue([y])

init.run()
gq_inc.run()
q_inc.run()
q_inc.run()
g _inc.run()

[OOO.Q

B 10-2 HE#ATM: 47—k EnqueueMany
WATHE—2 Enqueue &, TEEIPRAI I EFR.

.....
.

q = tf.FIFOQueue(3, "float")
. init = g.enqueue _many(([0.,0.,0.],))

A x

q.dequeue()

Enqueue y = x+1
g _inc = qg.enqueue([y])
9
init.run()
] Add g_inc.run()
0 gq_inc.run()
0 q_inc.run()
q_inc.run()
Dequeue 1

10-3 BE#ATH: 47—k Enqueue
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A&

BAF R R P B A 0, RSO IHR R N Pipeline, JIZRASAL F H
RandomShuffleQueue MHIMERIEAL. b 712 10 MfrntaR, nLAMEH 22, F A
Rre ARG B MBI R AR o SR, ISR R ARt AT train_op B, — kK
I batch_size R/NYHEIAEARL S -

50, BAFUAE Pipeline 123 1 5 20 MR AN AU S HLHU DI BE, 1X 45 Pipeline
HOBSE TR LB AR A A 25 ) o

TEHEEAE, N TSI SRR KA KRR, R B R T A T

L. doAT R BHF L TR 69 582, R4 FFIRE?
2. o AT B 3B AT o 36 Ao bE R HIE?

A, TensorFlow %1t | tf.train.Coordinator fl tf.train.QueueRunner P2, 43
Dall} 1 o R T

XA S AL, Coordinator HMM 2 N4RAR FIATEE (iadT, FFH 1M RRE 1EE A
B EREF IR A 95 1 QueueRunner BIEE T —H4 22, FEEMEZ D ABL OP(BIAI Enqueue,
EnqueueMany) HIEATo

10.2 1S
Coordinator Mt T —Fh[EIH5 (F —4HZ AT IR BEALE . BIE 3 MTEE T E:

1. should_stop: FI B % 77 & A2 2% F & i% B H
2. request_stop: i K PTA LAZIF LIAT
3. join: FHHTA KARAF LHAT

ER7TE

—t, EREFEE A S Coordinator.

coord = tf.train.Coordinator()

threads = [threading.Thread(target=MyLoop, args=(coord,))
for i in xrange(10)]




142 810 & B\A

for t in threads:
t.start()

coord. join(threads)

T 7R T LUEIE M coord. request_stop, 18RI HALLRAT (AT, B, &
MEFEIERII T, BB coord. should_stop()o —H. coord.request_stop #1f
H, HALLFER coord. request_stop() ¥ 7 BIR[M Trueo

R, AR A E AP T T s T SE

def MyLoop(coord):
try
while not coord.should_stop():

except Exception as e:
coord.request_stop(e)

FELE

MENLRERETRYE, WA LLUENT coord. request_stop(e) i Fii A 4.

try:
while not coord.should_stop():

except Exception as e:
coord.request_stop(e)

AT BRSSP A EE AT, WM coord. stop_on_exception() HI_L X
PIIEN

with coord.stop_on_exception():
while not coord.should_stop():

Hrp, ZRFHRRE coord. join FREEFIH . R, ETRFRTES AL IR

try:

coord = tf.train.Coordinator()

threads = [threading.Thread(target=MyLoop, args=(coord,))
for i in xrange(10)]




10.3 QueueRunner 143

for t in threads:
t.start()

coord. join(threads)
except Exception as e:

524 : LoopThread

10.3 QueueRunner
—~ QueueRunner LHIFFE —12k L2 Enqueue FIAFN OP, B N%EF1 Enqueue OP J&

Bkt

Collection EnQueue OP

GraphKeys . QUEUE_RUNNERS

* Enqueue
1..%
Graph — > QueueRunner
EnqueueMany

*

B 10-4 TensorFlow #%%E#

i£# QueueRunner

" LLEH tf.train.add_queue_runner T E EHFIEM QueueRunner SEH, I EUKGHFR
1% GraphKeys.QUEUE_RUNNERS £E& 7.

def add_queue_runner(qr, collection=ops.GraphKeys.QUEUE_RUNNERS):
ops.add_to_collection(collection, gr)

#11T QueueRunner

A LA A tf.train.start_queue_runners B}, &4 MiTEE T 2 A QueueRunner
S, FFEA QueueRunner SEGFIHEUHFTA Enqueue OP, AEFT OP JH8—-2fE.

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 ff%%qﬂ, ﬁﬂ;if@f?ﬁ@i§4\ Enqueue KA OP Jgshig
THHIZAE 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 Enqueune

A~ Enqueue T-RFENGEACIAT Enqueue OP. 244 4 OutOfRangeError SIS, ¥4 H
BRG], R 2R, (Ha, RREHMERA R, ST Coordinator 15
IEFTA LR 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]

AN, WIRZTE Coordinator SEH | QueueRunner ISEX AT /NG 8— 4 46HE ;24 Coordinator
LB A T request_stop FTiEE, ZEREES BB R

class QueueRunner(object):
def _close_on_stop(self, sess, cancel_op, coord):

coord.wait_for_stop()

try:
sess.run(cancel_op)

except Exception:
pass

Hrp ) Queue HYJ Cancel OP 55 Close OP #F<x K MHIBAAI, {H/ZE Cancel OP &x1ildH T4+
f] Enqueue OP %1J3, {H Close OP NILREH EZE(FH] Enqueue OP 513,

KA BAGY

MBI R AN, T Enqueue ¥ A8 R . (HAZ, X TEMZ2{ Dequeue
ﬁkﬁkﬁ%ﬁiiﬁE@, fj%%&kﬁﬂ#ﬂtféﬁ;ﬁ%%; %?NU, Dequeue#%iiﬂﬂgimi, I OutOfRangeError
, A HIEERFEZ T RMAL
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OP Z[Frit

11.1 OP B9iE

TE C++ B AL, ZENHLE, REEKTA OP WiEM. OP ByFM & iEid
REGISTER_OP %52 /i o

REGISTER_OP

Sciti b, REGISTER_OP /& S T —ENEEMINES DSL, R H shoe il 77 # om WU BlFR
&, FERIHEARN opbef FINTRETR, M RIFAE OpDef HIGIEH .

Register OP OpDef
( A s ~
REGISTER_OP("ZerosLike") op {
nput(x: T name: "ZerosLike"
Output('y: T input_ar% i:
Attr("T: type™) name: "X
.SetShapeFn(shape_inference: :UnchangedShape) type_attr: "T"

.Doc(R"doc(

Returns a tensor of zeros with the same shape and type as x. output_arg {

name: "y"

type_attr: "T"
X: a tensor of type T. P

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%

EigEN

struct OpRegistryInterface {
virtual ~OpRegistryInterface() {}

virtual Status LookUp(
const string& op_name,
const OpRegistrationData** op_reg_data) const = 0;
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Status LookUpOpDef(const string& op_name, const OpDef** op_def) const;
3

}itﬁ, OpRegistrationData fRT OP WP 5 A B ST & H - OpDef = OpShapelnfer-
encefn; Hi& M Tk OP BN /FHZEUE R, BIE&YIER, MAEARK R, FEHT
iR OP 11 Shape MR .

struct OpRegistrationData {
OpDef op_def;
OpShapelInferenceFn shape_inference_fn;

’

using OpRegistrationDataFactory =
std: : function<Status(OpRegistrationData*)>;

OpDef B E

SEIEH ) SRAIEIR WIAG LRI AR o S T AL IR IA , UALE T A AR AD E A, EA
{EHE B R Z PR OpRegistry MY TAEJHF,

struct OpRegistry : OpRegistryInterface {
OpRegistry(Q);
~OpRegistry() 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.okQ)) {
op_reg_data.release();

} else {
op_reg_data.reset();

return watcher_status;
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AT

TensorFlow BJ A7 MBS/ TAE— N ERE N, SElt BRI Tt 2. AZEESA9H
AHEATHS FOFEAR B STl B AHE T R EETRL 8 il PUTaF SEElBoR 2
T HHIFRFAEAMBAT, BigE R OP Z MW B TAENLE, MH OP fEiX
%45 FZRHE (placement) 5Lk

12.1 ARz

mE?? (FNH) s, AR, Client, Master, Worker #8E (LR — S HLE [
—PREP, JFH DirectSession [A/HS#37HIX — M0, DirectSession iafT1EHMATIEREA
MRS5S TR RO O R o

Intra Process
. Session.run
[ Client ]—)[ Master ]

Execute
Subgraph
Worker

G ) G (&)

12-1 AKX

Client Pt E E MG, BT Session.run, EaiEE AT, WE??
(F7?R) PR, 16 run_step PUTIIREZ o) WROHEEFMEIR . 733, AT = DEHEEH B
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d ™
IntraProcess
FullGraph
Partial
prune Execute
ClientGraph

PartitionGraph

GPUL

( IntraProcessRendezvous ]

B 12-2 AMABEX: E#EE

BB HAT

Master W EITH BT L SE, Bt EERISIRERE. SRR 5 A A% H
sy, SR IMEI T8, HEFRN ClientGrapho

W, FFRPUT run_step Bf, FEASHITETEIE (FullGraph), TMHEITHS
HIFI& o BIRARIL T TensorFlow B4 AT I L&

H LT
Wa, BT EBRYIIREETRENSH, ERTIRZ 7H, T E RN
PartitionGraph; ZAJ5 il & %51~ Worker 1 & Hi #0174 1> PartitionGraph; X+ & —1

PartitionGraph, 1B1TI¥4 55— Executor, #%MHEARFMETF5E PartitionGraph HIFH
1o

WD, R FIATIRILT TensorFlow F & AT T L&

12.2 SiEEH

HEARMBRT, HizfTH DirectSession #Mile —Hb, DirectSession $HATITEE
B, S22 BEZREORA R R (B2, DirectSession tLAFAEIHM A i B HHA BRALH
mAE?? (F71?27) Fim.
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T T
| new |
I

sess >

Sttt —————— m

| |

I |

I I
Create(graph_def)

l >

|
| |
| |
| |
| Close |
| , g

o

Sttt ——— T
| |
! !
| delete
: g

B 12-3 DirectSession 4% )5

i

WE?? (%2?7) A7, DirectSession #54 SimpleGraphExecutionState SEf], J5# 11
TTERPIBIR, A% ClientGraph L6

DirectSession [AIFFFA —AZFEi, [H2BIX DirectSession.run B, HRIFIMBNLE
Mz 5], MR A B H— A HIE MR 55 K24 DirectSession AR L 2l £Hf%
MIHKEPATHY DirectSession.run, BITTLAFRIRZET T2 N2 it 5L o

SimpleClientGraph |

(&

prune(feeds, fetches)

| SimpleGraphExecutionState |

state

* .1 1..
Devife |<———| DirectSession | ThreadPool

] 1

split_by(devices)

| Executor

@

run

PartitionGraph

12-4 DirectSession 4734 R
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e R

WmAE?? (%2?7) Fi7n, DirectSession H DirectSessionFactory 243 . HH, De-
viceFactory: :AddDevices FAEEA 1 £ 2

Hrr | DirectSession H 5T il AL AU G £

create

| Session |<—| SessionFactory |

| |

X N create X X
| DirectSession |<+——————1D1rectSess1onFactory|

12-5 % &4]3£ DirectSession

struct DirectSessionFactory : SessionFactory {
bool AcceptsOptions(const SessionOptions& options) override {
return options.target.empty();
}

Session* NewSession(const SessionOptions& options) override {
std: :vector<Device*> devices;
DeviceFactory: :AddDevices(
options, "/job:localhost/replica:0/task:0", &devices);
return new DirectSession(options, new DeviceMgr(devices));
}
}s

HH1 | DirectSessionFactory: :NewSession H C API .

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.");

}
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;
}

}
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fE DirectSession E@*@ﬁiﬁﬁ%ﬁq”, ﬁiggfﬁﬁfiiQLﬁiiiﬂﬁH@%ﬂﬂﬁﬁt, fﬂ?ﬁ%ﬁiﬁﬁﬂHQﬁUfg,
FJ# CancellationManager L.

DirectSession: :DirectSession(
const SessionOptions& options,
const DeviceMgr* device_mgr)
: options_(options),
device_mgr_(device_mgr),
cancellation_manager_(new CancellationManager()) {

HHEE
H SessionFactory FIT new 2K DirectSession, Hi C API 177 delete f#i.

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

}

Bfif5, DirectSession HIMTHRZLHEIN A, ENTHHHHMTTE N AR TR FEA
H4 Executor FZE, ThreadPool %%, CancellationManager S5

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);

tIZ/# RE

BRI, ST eI IR R TR E AR L, BRI
S8, BN T BT AT L, ERUE TSI FROR AT AE
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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

LA H K BT, DirectSession F ST SimpleGraphExecutionState SE il HY €l 2,
mAE?? (F?7W) 7N, SimpleGraphExecutionState SEFIFFA FullGraph PHFRPREZCAT L)
Graph 5 GraphDef, JfHIE MTTE BIFIZES FullGraph Y4 i .

Full Graph

Graph GraphDef

N\ /
gr'aph\ /gr'aph_def

SimpleGraphExecutionState

12-6 4/# SimpleGraphExecutionState %4

iiq”, SimpleGraphExecutionState ) = R DAL dE

1. #13& FullGraph: %‘ETE DirectSession.Create;
2. HATR 49 OP %#EH % KA1E DirectSession.Create;
3. HATE 69 B ARAE: KAAE DirectSession.Rune

MAT DirectSession::Create Hf, H4G|EE SimpleGraphExecutionState SEH, F£52 Ak
FullGraph LA EERI R LAIL o

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();

*out_state = std::move(ret);
return Status::0KQ);
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}iqﬂ,SimpleGraphExecutionState::InitBaseGraphﬁ%ﬁﬁ FullGraphék GraphDef ] Graph
Hks L HIE30 SimplePlacer 1Y) OP ZmHER .

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);

El#3i& : GraphDef -> Graph

NIFF4f, SimpleGraphExecutionState 13| & GraphDef, X &/ IGHIEILEHE. B H
Client /7 FNM G LRG0 C++, S8 HIEw T 552 B E 4544

wmE?? (F?2%) Fron, 1 ConvertGraphDefToGraph i GraphDef SEA|AL #i A 45
W) Graph SE61]; FIEE, ATLAE A Graph.ToGraphDef % Graph SEHESHAZEM 1] GraphDef
SEA

HH | GraphDef A&f# ] protobuf M=AFFEMEILEH, Ba& T EFrEICEWE; M Graph
MRAsAT I R S8  H TR B ZH I U 5, EAMUURRA GraphDef HITTEURE, HFELE
HERLEHHHERFER.

graph = ConvertGraphDefToGraph(graph_def)

GraphDef Graph

graph_def = graph.ToGraphDef()

B 12-7 GraphDef 5 Graph i X4

OP %4 : SimplePlacer

OP HY%fiE (placement) F5HYE, Fit B P EEH OP Dhinm Ry )y L B A &)
HESs Lias, DR S SRI AR, aTEOE S eHlic h B2 (R 227m)
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Input: G ={n,,ny,...n,}, D={d, d,,....d }
Output : d= arg Ig]i;lC(n,d) forVneG
Cost Model: Cn, )RR RaDEEREd ERTHAHE:

1. MRFR/nEIREFJEAFESH, EFHELHFK
2. T RAn NS A VE T

3. TRnTEig&d LHRATHREG T

4. BN RNRAERET RniERE{ET,

B 12-8 #ABEA

KB R HETT %8, FAEXZ— NP [A8e ZFERTiH S ERORHIE, 4530
MR, HAMESZ N E RN RER, XA X P a iR Az

ERIT

DirectSession.Run 7= TensorFlow @ﬁﬁﬁﬁ/‘ji"%ﬁﬂgﬁ, BRRTE R AT L 54,
DirectSession MM A /Hi AT FullGraph SEMEETAY | 42Jif ClientGraph; 85, HaHRATHAA
AL, ¥ ClientGraph 53224021 PartitionGraph; IE1 TR M HAET PartitionGraph
JAB—1 Executor LB, JEHETAT PartitionGraph HIFRFMIERESEY:, SEmit EE AT,

ARSI, 22T (22), 229 (27), 27?79 (77).

BRIE

wE? (BN Fon, AAMESCE, HEESH = PSR, REMniEs
AR, DS STHE s IR T T .

Graph

1..1 *
FullGraph P—————————%>| ClientGraph r——————————é4 PartitionGraph

prune(feeds, fetches) split(devices)

B 12-9 BE#

o FullGraph: Client 715t #)iE&E A SE BT EIE, WH A FullGraph; 1HAZ, —IX Ses-
sion.run FASHATREAIHEIA;
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e ClientGraph: Master H3#fi Session.run f5i# feeds, fetches $i AfHI %5, X Full-
Graph SLHiBIRCERAE, THEASRNAMEACAT R S/ MK, FHCN ClientGraph;

e PartitionGraph: Master MRIF 4TI, KIH OP HIEALARMIL, ¥ Client-
Graph 73242 PartitionGraph; H A, HMIFHE &R N —1 PartitionGraph,
TR 4 15T PartitionGraph HYHAT .

{H/, FullGraph, ClientGraph, PartitionGraph NEHAESEAIMHE, BAITEZE Graph =
FOREZFRIIZA, AR/ NS AR R o

ik

FERESLI ARG, AHBAETRE M C++ . HA, TensorFlow i5fT
AR IS N run_stepe [N RGESLIH W ML 2 BT, A0 AL TR
Bhge 4T RLIERYTGNE , RE AL run_step RYSEHLIE R

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 fFEMTERE L, H3—1 Executor AT L B PartitionGraph. 244
— MBI EPITSET A BC Y PartitionGraph )5, ExecutorBarrier HIITEESIN 1, HE
FIrE 155 PartitionGraph FIZRATHAT, barrier.wait() FHIEERAEIRH o

S ES I PartitionGraph 2 [A] A REAFAEEIRAK IR R, BN [AlEIL I A Send/Recv
AT SERAE H. %%EZAt, ZEZKﬁﬁ@%EﬁEP, Send/Recv ifiid Rendezvous F&/ AR HLHT - Send
WHARBAE Rendezvous F, 1M Recv NIARFEARIHM Rendezvous HUE. HH1, Send APHIE,
1M Recv ZPFHIERT

RASE
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Status DirectSession::Close() {
cancellation_manager_->StartCancel();
{
mutex_lock 1(closed_lock_);
if (closed_) return Status::0KQ);
closed_ = true;
}
return Status::0KQ);

}

wr?? (F7?2R) Frin, 4 Step FMZS DirectSession Y CancellationManager 2 Ho
24 DirectSession #{IEMIHT, DirectSession MY CancellationManager, FGEUIHIXIX step
PATIERE

e \
Step
register(token®, callback)
- - FIFOQueue
Session
context
- run -
CancellationManager | CancellationManager
\ context
register R R
PriorityQueue

register(tokenl, callback)

\ 7

B 12-10 CancellationManager TAE/R 2

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

W Step 1Y CancellationManager fxZ4x{&iH45 OpKernelContexto Kernel SLHLIHH
I, GSRARAE T R EPRES, o LA H MR b 0 [R5 7 HoR ) A~ B 4 1A A TE—1Y

token FRiH.
24 Step HHGHAT, I8 A | 1% Kernel °] LABUHZ OP BYTHE5L. 40, FIFOQueue

SCEE TryEnqueue Y, {H{FAYK Step BY CancellationManager M T 141, HTHUHZ
Kernel " [A]APRAF S
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void FIFOQueue: :TryEnqueue(const Tuple& tuple, OpKernelContext* ctx,
DoneCallback callback) {
ctx->cancellation_manager();

CancellationManager* cm
cm->get_cancellation_token();

CancellationToken token
bool already_cancelled;
{
mutex_lock 1(mu_);
dlready_cancelled = !cm->RegisterCallback(
token, [this, cm, token]() { Cancel(kEnqueue, cm, token); });

12.3 BT

DirectSession: :Run fﬂ??ﬁﬁ, B E5EAK ClientGraph A3 o %égzgt, ClientGraph £
Faigt e, FESEK FullGraph MIBIRLE L, 42K ClientGraphe

¥J# ClientGraph

WmAE?? (F2?R) 7N, SimpleGraphExecutionState SEAHFE FullGraph SE6, FEHRTE
ﬁﬁ)\/ﬁﬁﬂj§U§§, AR ClientGrapho

Full Graph

Graph GraphDef

AN /
graph\\\\ ////graphdef

SimpleGraphExecutionState

prune(feeds, fetches)

\
SimpleClientGraph

B/ 12-11 £& ClientGraph

Hrp BuildGraphOptions B8 T Hir A /fir %36 I SimpleGraphExecutionState: :BuildGraph
AR ClientGraph SEA o
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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;
options.use_function_convention = !run_state_args->is_partial_run;
return options;
}
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 FIHGK HJFIAERY FullGraph, I RewriteGraphForExecution FR%L, H4HR
Pri A /HitH, X ClientGraph SEJ NS 4, ELHEEIG T &, BOMER T &, &4
SimpleClientGraph SE4,

const DeviceAttributes&
SimpleGraphExecutionState: :local_device_attr() const {
return device_set_->client_device()->attributes();

}

Status SimpleGraphExecutionState: :BuildGraph(
const BuildGraphOptions& options,
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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(),
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);

F, 8 ClientGraph IFE, HREHIEHN RewriteGraphForExecution, RIBIRIH L.
SR AR IR A /S A3 AT FullGraph, #E&H/NMAUEH T8 ClientGrapho

e, XT ClientGraph HIATT AL, 00 7RG AL MR AL, $09H T AORETY
wo B, KTHARERL, AP BT 1y et

1. #A: % ClientGraph #4567, Sh3R89EAT AT (T4 £ Tensor L4 AT &
2. Wl % ClientGraph 3+ ARG, SM3RAGEAT B Ldm AT i b 7 £ 3K I Tensoro
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2, it Source/Sink 1A, G BIR SIS RIS E R T BB L, B
SEREM DAG H.
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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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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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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]);

EBnEHT =

const TensorId& tensor_id, const DeviceAttributes& device_info) {

Xﬂ“?&%ﬁ SR SR, AEARHI Y Retval BC Send 75, FFHHL Sink

R I R T o

nE?? ( 77)\) Iz, R R SE BT R B RS RV SRR, Eﬁ

iﬁ%ﬁv,“ﬂi i Input CAFEE. B, EREERHRN T H 1 A (RetVal/Send) AL

IEE&M%%JF?E?EE’J , HELSWM AR N 2 5
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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(), "_", 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("index", 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);
}

3
}

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
¥
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©, NNEFERIZT A, AR AT

Z B, B AT DAG 1B AN 0 1T, 5 Source 17 sl iR HIK
WOAHZERE; R 0 A, 5 sink 1B IR EUOIER:, BT 5E M
DAG H.

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
}

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);

3
}

void PruneForReverseReachability(
Graph* g, std::unordered_set<const Node*>& visited) {
ReverseBFS(g, visited);
RemoveUnvisitedNodes(g, visited);

}

void FixupSourceEdges(Graph* g, Node* n) {
if (!n->IsSource() & n->in_edges().empty()) {
g->AddControlEdge(g->source_node(), n);
}
3

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);
}
3

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
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 == @) {
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));
1
}

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(), @, cast_dtype)
.Finalize(id);
return id;
} else {
return recv;
1
}

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);

¥
}

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);

“® PartitionOptions i R A7 75 W A 25 549 [9] 9 2K 40, NodeToLocFunc H T 1€ 43 53;
NewNameFunc H T-45 ¥ AT 19 x5 44, U0 Send/Recvo

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, e A B 7027

string SplitByDevice(const Node* node) {
return node->assigned_device_name();
}
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string SplitByWorker(const Node* node) {
string task, device;
DeviceNameUtils: :SplitDeviceName(
node->assigned_device_name(), &task, &device);
return task;

}

Ezl—‘f@fﬁfi—l:, NodeToLocFunc #% It & 4 SplitByDeviceo mHE intraprocess-splity-
by-device AR

£ N
IntraProcess
[ /device:GPU:0@ J
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R Recv T AREEGE . Hd, KIETTABHZE; SO REE AT, Nk AHIEEEE
o AN, Send/Recv 19 55 2[RI A & iE Tt Rendezvous FE KA H 1.

IntraProcess

result = sess.run(f, feed_dict={a: xxx, b: yyy}) |
def run_step(executors_and_partitions, inputs, outputs): 5

frame = FunctionCallFrame()
frame.set_args(inputs)
for (executor, partition) in executors_and_partitions:

executor.run(partition) ( get_ret_vals

FunctionCallFrame

frame.get_ret_vals(outputs) a: xxx set_args b: yyy
® O (1
IntraProcess Rendezvous )
g El 5]
N s ! \
CPUO ‘ set_ret_val  getla ~ getlarg
v

rg |
[ Recv J [RetVal] [ Arg J I Send I Arg | Send I

@ ©

( Ready Queue ) ( Ready Queue )

Executor Executor
. 7 - 7

(:.‘) H D DD D DD DD DD )

o
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2. BA N BRI

3. #4T PartitionGraph




178 812 B AHiAT

PN

IE§£4\t%€§*t, PartitionGraph HE R T AN Arg ﬁgﬁi, ZERT SN Retval T . &
NIRRT VG R ECH R, Arg FITHEE AL, Retval F TR Ml R &M

FHPIHIE, Arg SEK PartitionGraph %A, Retval 58/ PartitionGraph F%iHi .
YT Arg T, HIFHBTFE A set_arg -> get_arg. HH', B H DirectSession fE/G3)
Executor #ZRZ A, HEBiLIFH FunctionCallFrame.SetArgs(feeds), f&idH NS EH L1
fH; J5#&H Arg B Kernel S H 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);

IM frame.get_arg WA Arg SKIREL, JFH. Arg ¥4 HHiH 2] PartitionGraph H1HIEE—1>
TR A
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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();

Tensor val;
frame->GetArg(index_, &val);

ctx->set_output(0, val);
}

private:
int index_;
DataType dtype_;

)

AY ,—
FH LT
Zit B35, BT AR Partition JHB—1 Executore N T WEWTFTH Executor

ATk, 618 T —1 ExecutorBarrier. I HTEJH BT A Executor 2 J5, A H
executors_done.Wait() FHZE, F1FIA Executor SEINAT.

BIERL— Executor H5E L, ExecutorBarrier HITTHE 2808 LRI ISIE N num_executors),
BHZENO, BRAAREZRHA T, LA executors_done.Notify()o

Status DirectSession: :Run(
const RunOptions& run_options,
const NamedTensorlList& 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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FIH ) XF Retval T p, HIFMHIFN: set_ret_val -> get_ret_val. HI# H Retval

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(Crun_state.mu_);
run_state.status.Update(ret);
}

run_state.executors_done.Notify();

b;

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));

1

for (const auto& item : executors_and_keys->items) {
item.executor->RunAsync(args, barrier->Get());

}

WaitForNotification(&run_state,
&step_cancellation_manager,
GetTimeoutInMs(run_options));

gﬁﬁi, JE#4 M DirectSession 5¢/.

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);
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}

private:

int index_;
DataType dtype_;
}s

LA Executor IB1T4 W5, DirectSession {8 A LA FunctionCallFrame FPERH
A, HEHBCESE outputs, FFIRE Client.

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();

s
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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));

b

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 i = 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, A DirectSession.Run fFEESEEE. (HAZ, Partition H 7 xS AN A H A THY,
Partition Z[A]f¥ Send/Recv ZUNA TAERIWE ?

WL, fefmfa—Ah, EEHTE =1,

1. SendOp 5 RecvOp #9 TAE /R 32
2. IntraProcessRendezvous &7 TAE /R 32

3. Executor #938 B F %

12.6 &&FEBE

SendOp/RecvOp 13 Rendezvous 55%@%&9%5@; I TIHEAIE /%232 XS EIESS
AR B, RN, SendOp/RecvOp T IntraProcessRendezvous & E( R 1T ;
et ifiTﬁ%q“ SendOp/RecvOp NITT LAFET GrpcRendezvous L3R BAE o

H5L, MW OP W LVEREL; A, TR AR T, IntraProcessRendezvous
) AR
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SendOp 3£

mAE?? (F7?7) o, HENAT Send/Recy iBITME—IFRIE ParsedKey SEEIELHE I AE

o
|Par-sedKey ::= (send_device, recv_device, incarnation, tensor_id) |
| SendOp | | RecvOp I
|r-endezvous.send(l*ey, tensor) | |tensor- = rendezvous.recv_async(Ckey) |
¥

( IntraProcess Rendezvous )

B/ 12-24 #4274 SendOp 5 RecvOp %45

2% SendOp M Kernel LI, A KIEWE 2, HEE L Bati 7 —1HFF. 5%,
ERE RS A G 4 T ParsedKey, SAJGVH 1] Rendezvous.Send #51E, ¥4 LiiF OP fA
F| SendOp Y Tensor &Xi%%| Rendezvous ZEfEZ W, ZERAERARFHZEN .

HHr ) parsedkey fL¥%: AikNE, s, WaeRRiR, NHAFKIE Tensor [
PRiH (src:output_index) ZH %o

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
}

void Compute(OpKernelContext* ctx) override {
Rendezvous: :Args args;
args.device_context = ctx->op_device_context();
args.alloc_attrs = ctx->input_alloc_attr(@);




184 812 B AHiAT

ctx->rendezvous()->Send(
CreateParsedkey(ctx), args, ctx->input(0),
ctx->is_input_dead());
1

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;

}

}

private:

string key_prefix_;

Rendezvous: :ParsedKey parsed_key_;
bool hostmem_sendrecv_;

1

RecvOp I

[F] 2 1l | AT LIS Recy 1Y Kernel MYSEILT o BEHSEHIE Rendezvous M ParsedKey,
IR Rendezvous.RecvAsync #1F, M Rendezvous HUHIHH I Tensoro

XD EAE, 2 Rendezvous HFEUHE IZRIL, (EFF MR T B K%L done_cb, &
B =52 Tensor HiiHiE) 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;

1

}

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));
3

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

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);

1ctx—>is_output_dead() = is_dead;
zone();
s%d::move(done), 21, 2, 3, _4, _5);
}
private:

string key_prefix_;
Rendezvous: :ParsedKey parsed_key_;
bool hostmem_sendrecv_;

1







Any fool can write code that a
computer can understand. Good
programmers write code that hu-
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KARIEADN run_stepo RINHESZRGSLINH S ML 2 AT, NG A BAE LI T RZ .
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Master::RunStep

TE Master b, FE5ERL FullGraph FIBSRARAE, 425K ClientGraph; S8)5 , %1 Worker
¥ ClientGraph 232N %21 PartitionGraph; #/&, ¥4 PartitionGraph % MH4E &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

HEIREAE:E AT Worker 1755 1, 24ULF RegisterGraphRequest HE &, W iTH E %R
Zl—ii’@,iﬁ%?éﬁ\%yﬂg/]\ Par’titionGr'apho ?L,'jEE, I‘E/I\)L‘[‘jg;iﬁ%ﬁijj“/l\ Executor', Lj\@
PATHBLZEER PartitionGraphe

MR P T ST PartitionGraph Z 5, ExecutorBarrier HIITZLER N
1, HEEFAIREEH PartitionGraph FIZERTIIT, barrier.wait() PHIEEAEIRH .

5 PartitionGraph Z [A] Al REAFAEEIRAK I OC 2R, BN [AlES i A Send/Recv
N GENRAS B, L b, FE IS T, Send/Recv iHid RpcRemoteRendezvous 5t H 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)

PR R

mE?? (£2?0) PR, £ TensorFlow M= Uaf T, fAAE— 5T I GUEHRE .
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[ Cluster ]———%>[ Job ]———+>{ Task ]

spec identity
job_name
ClusterSpec task_id

B 13-5 oA X AUERAEE

Cluster

Cluster fi[f] ClusterSpec #ETHiA, EH LRI H—1 L2 Job, —4> Job H&4—
P Z A Taske AL, TensorFlow FffE AT AL LR (Task Set) 4LAH) .

£ Task 7] IS B AR L, el IE— S P8t Lisfr 241 Task(Bl a0,
HiflZ CPU, #HHLZ GPU).
Job

4 H AR FEIG Task RIELER—4 Job H1e 4 Job i/ job_id ME—FRriH.

— B, AR A IR TR R R b, AR FPEE A Job 2L

1. ps: B FTAE R ARG 54k o AT
2. worker: fi it HEER MR GledpRE,

ICRCRCRS

Update Apply
Params Grads
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Task

— g, R A K Is i, Task s M RS, AR Eisir—1
tf.train.Server SEf. HH, Task [#H job_id:task_index B JCZHME—FRIH,

Server

Server 7~ Task MRS HERE, EXTIMEAE MasterService F1 WorkerService Ai55.
AL, Server AJ LARIAS #7378 Master A1 Worker PAFI {60

HERH

1E 53 A1 2L TensorFlow iz 47 H, & Task 530 7 — 4 Server, Jf X #hHE it
MasterService [R55Fll WorkerService f45. H i, 41 TensorFlow SEREEHL A~ F AL

.

1. 41& tf.train.ClusterSpec, & E# F Task 8938 F12 &, A Job 697 X4
0 .

N,y

2. X FH—A Task, B&h—A tf.train.Server ¥,

SEELE

ClusterSpec ffiiR TEEREF Task HUFPEE L., JELL Job WAL . — B, AE A
AT B Task JHsh— 2. G, ClusterSpec [FIATHHFHIAT TensorFlow
A RGBT R A T D

Blan, fF4E— TensorFlow ZERE, ©H ps 1 worker AT Job Al HH, ps HE
TE ps0:2222, ps1:2222 b worker FBEFE worker@:2222, workerl:2222, worker2:2222 Lo

tf.train.ClusterSpec({

"worker": [
"worker@:2222",
"workerl:2222",
"worker2:2222"

1,

"ps": [
"ps@:2222",
"psl:2222"

1
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M KBS E Task 25 BRI ML, — Job B Task ZEE ', Task &3]
M0 H IR T B

Protobuf #iiA

message JobDef {
string name = 1;
map<int32, string> tasks = 2;

}

message ClusterDef {
repeated JobDef job = 1;
}

Hrr ) tasks BT IR task_index, {HFE/N host:porte

13.2 Master %

MasterService 72— RPC 5. 24 Client #4E target # A Server SLH#J5, Server
39 T Master FYFA€, XAMEMSE MasterService IR55»

HrF ) Client 5 Master < [8] 3¢ Hi%/f MasterService xE B O #TE. HWELEIR,
MasterService *E X T Client A Master [A LI MTgthBFIEHIZ 1 WorkerService
HIPATIE R o

EOEX

veg master_service.proto A 4], E X T MasterService M) Fr & # H; 1] £E mas-
ter.proto JCHFHT, LT A H AYTH BV

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);

18] R 55

—% i, Client {# H#% 1 MasterInterface ZKHULY; MasterService MRS . ki,
MasterInterface HIFTA R OAREFILEH O, #15 Client U5[AILk; MasterService IRGFHLUN
W A 1 R B — % o

%%E%E@%, A H RunStepRequest/RunStepResponse HEH T REE S K Tensor
SLfie T RIS DL, SCEURMESEEL TIH e .

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;

};

mAE?? (F7?7) 7N, MasterInterface (FAEPIFPFEASIIN
1. 24 X: AT gRPC % GrpcRemoteMaster 553, Client 55 Master % %<8 & /£ %
N LR

2. AKX AT HHA M LocalMaster LI, Client &5 Master /& F] — At 42
I*]O

MasterInterface

LocalMaster GrpcRemoteMaster

& 13-7 MasterInterface

TE AL, GrpcRemoteMaster i AT N ZRUAY D ACAS, FFil L gRPC ARIUZE S

MasterService AR5 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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RPC id72

wr?? (F?7) s, Client i MasterInterface FREUZLYG MasterService HIARSS

[ GrpcSession ]

master

[ MasterInterface ]

[ LocalMaster ] [ GrpcRemoteMaster ]

l Stub )

l RPC Channel

:i j Client
Master

& 13-8 Client 3k MasterService #J/R 3

H 1 GrpcRemoteMaster & gRPC %% J7' i ) — FPSL B, &2l it Stub 2K BT bt
Master 1) GrpcMasterService EE%, 15 HAT R R IAF P A Hb ek E0M FH — Mo /E\‘:F',
GrpcMasterService SLIL [ MasterService & MRS #:11, T /& MasterService HIE
(IR 55 SR

MSE ¥ L LB, GrpcSession, ClientMaster, GrpcRemoteMaster #f-Z Client 55 JL47—3R 4,
7 AR R B AR A9 ARAE, Python A73% R AR T4 Client £, G C++ BEmAALROHRE
Client #94E4T 523,

HEEX

BTk, BEMERS T EONHEEE L. H, SEZEA S H &S IR
o i, Master 7] LML Client #2A, JF N Client 4200 M H MasterSession 5%
file I GrpcSession #5H MasterSession AJ#, SEHL Client 2KHX Master fR% o
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CreateSession

mAE?? (%7?7) PN, CreateSessionRequest HEFHETRIIGHIITEE, 5 target
fRAER Master HAZ . 4 Master WETERKIHEE, B — DM MasterSession
SEH, - session_handle ME—HbRIHIZ MasterSession SE4].

f# Master Z AN SE A, HIiTIREIHE CreateSessionResponse 5 Cliento HHT,
CreateSessionResponse M E F#EH session_ handle, ML ¥ Client it GrpcSession 5
Master ¥t MasterSession 1_523§Ef3§%§o ﬁ_ﬁﬁ Client 55 Master A3 EHr, 1EIEK
THE S session_handle, Master i B 552X ) MasterSession 54

LN, CreateSessionResponse #7171 #IUAI) graph_version, A T/E4:KE Extend-
Session VE, UG AT T B AT 1Y Ao

I
CreateSessionReq(graph, config) |
L

!
'CreateSessionRsp(handle,versionﬂ

i )

B 13-9 CreateSession

message CreateSessionRequest {
GraphDef graph_def = 1;
ConfigProto config = 2;
string target = 3;

3

message CreateSessionResponse {
string session_handle = 1;
int64 graph_version = 2;

}

ExtendSession

34 CreateSession I 5, JG%E Client 7] LB ExtendSession, i B T K%
Master, IGMEATHE R CLREEIF &, AREE LR ).

WMAEA2(E? RN, AT RIEE P FREIETT current_graph_version, Master ¥k { Tht
ARUCELSGIE; fF ExtendSession ML RS, TEMN {HE %MW new_graph_version,
HTF F—It, ExtendSession 1. }iq“, FIpELn] graph_version F CreateSessionResponse
HEAF4Y Client HY.
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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

—fehth, (R kAT RunStep. WTE?? (227D Jiivn, {ERF—IK RunStep A
IR, Client £E35RIBE PN feed, fetch, target, 733 i AR NamedTensor
MF, FFHIH Tensor HYAFRYIZE, AT OP BYBFRYIZE; TR IH BT tensor, 3£
TRATNT fetch M FHIEE, HirHi B Tensor 515

( Client J [_ Master )
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

Pt ESEE, TRESCHSTE, B ASIE R, WE?? (£2?2R) Fin, Client #
&% CloseSession 25 Master, 5zt B ZIRITBROLRE

|

(CloseSessionReqCha ndle)’:
CloseSessionRsp |

|
|
B 13-12 CloseSession

message CloseSessionRequest {
string session_handle = 1;

}

message CloseSessionResponse {

}

13.3 Worker R%

WorkerService t/&—1 gRPC %5, Mot A SEERITAR K. B8 TH#
A Worker BJ#2HMIE, Bl master_service.proto HE X HHEH .

Master R#% ClusterSpec 8., HEVERFF M Server SLH, HEHXLE Server SLH
47378 Worker FIF . Master ¥4 T K0 K455 Worker 915, F/H 8041 Worker 717 5
H 7 Bl SRS T R

W Worker 2 [AIAFAEECHRARR , WIIE I FERE (A]18 (5 52 i 32 Ho o HH, Master 5 Worker
2 8], Worker 5 Worker < [A]f)32 HI81E WorkerService & SLATHEE LRIV
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BEOEX

£ worker_service.proto X, E LT WorkerService A ; TIAE worker.proto
SRR 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);

17715 AR 55

— i, Master/Worker f# F#% 1 WorkerInterface ZKHUL Y WorkerService [R5
HH1 | workerInterface i X T 57251717 WorkerService HJ# 1 ; 5 MasterInterface ZE1LL,
XI5 RunGraphRequest/RunGraphResponse AT RE S A BRI Tensor, A [ RGN MBS
SPEUL Rl 7 SRE T R R A

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;

s

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;

};

WorkerInterface [F]I € LT R A4 0. [F2E8 0T CallAndWait FYIERCSY,
sl T RO b Brikky, FE NS hlas&w/VVbrkerﬂﬁfﬁﬁiﬁ# WorkerService
AL E FH A H R 5 — K

struct WorkerInterface {

Status GetStatus(
const GetStatusRequest* request,
GetStatusResponse* response) {
return CallAndWait(&ME: :GetStatusAsync, request, response);
}

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();

b
n.WaitForNotification();
return ret;

}
3

%?%Kﬁﬁ, WorkerInterface 423" 5EH i WorkerCacheInterface: :ReleaseWorker 1T
Mo BRI, AR A T #ER AN AR MBS WorkerInterface SE4, PR WorkerInterface HIMT
FIPRECH protected, FFH ] WorkerCacheInterface A AT

struct WorkerInterface {

protected:
virtual ~WorkerInterface() {}
friend class WorkerCacheInterface;

};

wrE?? (%2?2W) iR, WorkerService fFAEMIFNSLEL . Horp | FEAMEH ) HHEMEH
GrpcWorker ; 7 AT AR H | Worker #3EAE 75— AR YRR, (4 GrpcRemoteWorker

[ WorkerInterface J

T

[ GrpcWorker ] [ GrpcRemoteWorker ]

& 13-13 WorkerInterface #o

RPC J72

wrE? (FN?R) i, MU GrpcRemoteWorker /& gRPC %5 )7 i [ —Ff sk
W, EmZIET Stub ZREUGLE Worker L) GrpcWorkerService R%, 15 HA7T 8K IMG
AN R B F— . H ) GrpcWorkerService SEEL T WorkerService & X R IR 55
g mis

R) MAEHEL LD, GrpcRemoteWorker & Master 4 *F 3% Worker 5 IL4)—3R 4

MAEAE A, 18 GrpcWorker HYEREA A, EHARIE] T WorkerService RS,
bl TN S TP e e
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Master/Worker

lworker*

WorkerInterface

|

GrpcRemoteWorker

"RPC v )
Q

: j j Master/Worker
Worker

[ GrpcWorker ]

13-14 3 MasterService # RPC it#

A2 2 \)
HEENX

BEROR, BHIEANE R WorkerService 2512 L HIIHEE Lo Hir | FEE YL INHH
BANIREBIFRIR. 24002 WorkerSession i, MasterSession HFRINE1EZS Worker, SEILT
MasterSession Zt—& L~ SRJEI WorkerSession L.

24 Worker B IX5C/L RegisterGraph /7, [f] Master JR[HIME—F graph_handle, PAILAR
WZ s I, EERENATLAEIH (session_handle, graph_handle) —JCZLME—FRIN
Z I S

2 Master | #EEAIE Worker H &M RunGrapho N T X5 AIF step, Master 42,
2 JRME—H step_id, FFi#EIT RunGraph f5i# %5 51~ Workero

1. session_handle: €] # MasterSession 54| Bf B 30 £ &, i CreateSessionRe-
sponse 1% A %5 Client; i#if CreateWorkerSessionRequest # i % Worker;

2. graph_id: & XK RegisterGraph B ¥ Worker £ &, i#if RegisterGraphResponse
45 4 Master;

3. step_id: &k RunStep i, # Master £ R E—89471R, @il RunGraphRequest #5
A 75 Worker.
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CreateWorkerSession

WmAE?? (F7?7) 7N, CreateWorkerSessionRequest JH.E #5717 MasterSession 43T
[] session_handle. 4 Worker Y 2 ERKIEE G, 42— WorkerSession SEf|, FAii H
session_handle 7£1% Worker W ME—HIFRINIZ LA

Eﬁ*ﬁ%ﬁiﬁj, XF T — 1 MasterSession i%, H A Worker W2 AH [F] 1Y ses-
sion_handle. M, 1% MasterSession SEHIERES — & LR JE T E WA WorkerSession

Ao

:CreateWorkerSessionReq(sess_hundle, 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

wr?? (F7?W) 7N, RegisterGraphRequest JHEH 5T MasterSession 7MACHY ses-
sion_handle, MHFESH] graph defo 24 Worker 5S¢ T ETEM M HWIIAES, 1] Master
IR E1Z ) graph_handle.

TR, Master R TEAT—IK RegisterGraph, BEIFETHEIEM)T S 4 E Brdm
HE, Bl Master FFFRALEE .

lIIIIIIHIiEIHiIIIIII |IIIIIIHHIHIHHIIIIIIIl

: 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];

GraphOptions graph_options
DebugOptions debug_options
3

message RegisterGraphResponse {
string graph_handle = 1;

4;
5;

DeregisterGraph

WmE?? (F?R) iR, 24 Worker 95 BRI TEIATTRER (flln, +H8 EIREIE,
AT S E T gRHE), GET Master 1) Worker A& 3% DeregisterGraph 14, LAME worker
TEEH I T L4

'IIIIIIIHHHIIIII' lIIIIIVIH)IIIHHIIIIIII
|

| DeregisterGraphRsp

S i A ]

B 13-17 DeregisterGraph

message DeregisterGraphRequest {
string session_handle = 2;
string graph_handle = 1;

message DeregisterGraphResponse {

}

RunGraph

HUT Worker 114 ETERHG TR, T IXA 7R step, Master A:filfi— step_id If
fEIRZE 51 Worker, 1 Worker 81T step_id SEELELHE P o

AN, RunGraphRequest ¥4 T send, recv_key, 73F/~ T EHI AN Tensor FriHFI
HAE, NETEHHT Tensor HI#RiH. RunGraphResponse 1&[W recv_key fHXI N ] Tensor
VI
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! RunGraphRsp(recv*)

|
e |
< i

B 13-18 RunGraph

message RunGraphRequest {
string session_handle = 8;
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

1]
=

StepStats step_stats = 2;

CostGraphDef cost_graph = 3;

repeated GraphDef partition_graph = 4;
3

RecvTensor

BIATHE —IK step H, WR B Worker 77 B3¢ AU, W% & M 477 & & %

RecvTensorRequest 4.8, BTN (step_id, rendezvous_key) —JCZH, 1&>KXJu Worker
R Tensor ##f, Jfifid RecvTensorResponse 12 [0,

lIIIIHHIHHIIIIII 'IIIIHHIIHIIIIIII

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 ;=—NEET gRPC WIIRSS 7%, MOTE B AMIZESE . EXIMEM MasterService
f55F1 WorkerService ii55, B A [HIf137#H Master 1 Worker HYJFH (0.

AR E

mE?? (W) 7N, GrpcServer ¥3i# Master HIFHS, XFIMEML MasterService

k55, Hir, A —TEAR Client 53— MasterSession SEf, FH-H fH 4 J/iE—/Y

session_handle #RiRE. HHELEN, Master ﬁfui%)\g/l\ Client, M—> Client M R e+
AN—REER] Mastero

GrpcServer 37 Worker HIF (AT, XFAMEME workerService JR55; HH, 1> Worker
A LA Z A Master Tf@@@ﬁ%ﬁlﬁ% Eﬁv"ﬁ%%ﬁﬁf%ﬁ&%ﬁ@ MasterSession 4 —1
FHI. AT WorkerSession SEf, ZEFFHH I MasterSession F & THEERGEMAHITH S

A GrpcServer SEHIEE T grpe::Server R B B WU R Eim O AIIHE, 474
BEAR B3R A 2] MasterService 3K WorkerService HRE M 1 B AL B [R1 17 BR 4L
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tensorflow:GrpcServer )

Master N [ Worker )

MasterService

. *
MasterSession Master

MasterEnv

WorkerService

WorkerSession

I E I ‘
*

WorkerEnv

P A N

( grpc::Server )

13-20 Server AR AL A!

Protobuf #iA

24 protocol A grpc B, RGIE{TRPEJH HEET gRPC SZILEY GrpcServer SEH. I
Ah, FTLAEGE ConfigProto SEHIEITINZ AL E . /21, TensorFlow HYZEH4 XS Ak
TR . BN, 1EEY R protocol SLHREHTHEAS ML, SEIMEET HPMLUE Server L.

message ServerDef {
ClusterDef cluster = 1;

string job_name = 2;
int32 task_index = 3;

ConfigProto default_session_config = 4;
string protocol = 5;

AR 55 BBk

mE?? (FE?R) U, —A Server SLFHIE tf.train. ClusterSpec 5 AEHEHT Y HAD
Server SIS E MK o

Cluster

Server Server

Server Server

13-21 R4ZFE
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wE?? (F?2R) i, 24 Client A — Server, HWINEH T Master HIF £,
HAh Server NHHE T Worker [0 FEikdth, Client #2 A1 Server 7 T Worker 1]
.

( Cluster

Server

13-22 # Client 4 NE#

MAE?? (F27?R) FR, WREFAEL A Client 253 AMF Server 24 AT, Client
BN Server SLHIHME T Master Fifh. 102, 1% Server SLf], X TR 5 /MY Server
SEA), 8T Worker fA5o

8 Cluster h

lien

13-23 % Client #N%#

FEpEHE, Client 5 Master A AEBEAER— P EFEN o BEHY, Client 15 Master Z [A]3C
HEANfA R, W A R B A, B T gRPC SZ HRYAINT A MRIRSEHE, FEF—
> Server N, Master 5 Worker H] LAHSELER—FFEN o I, Master 5 Worker 2 [A]
T R EOR I
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WASHL

wrE?? (FN?R) PR, GrpcServer &2 —1EET grpe::Server MRS %S, ©EHFI4E
P AR ERAPRSL

GrpcServer £ New MRZ_LJE3IT grpe::Server 5, HXAMNERE RIS TAE
Started KA LJFEIRSE, XAMEAL MasterService Fl WorkerService B RPC 1HEMRS; &%

2% TE Stopped IRZS T15 1E MasterService Fl WorkerService R 55

join join

Stopped ]

Started

stop/join

13-24 GrpcServer K&

BIZE 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);
}
}s
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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);

}

mAE?? (F?R) 7N, GrpcServer::Init P4 58 GrpcServer SN R BIMI AL,
BAFEIT 3 MEAN R

1. #1454% MasterEnv 4] ;
2. AL WorkerEnv 24 ;

3. ®l&#I B grpc::Server

(a) #1451 MasterService

o 43 Master 4 ;
o 4J# MasterService 524 ;

(b) #1444% WorkerService

o A3 Worker 4 ;
o A3 WorkerService %4,

T SRR GrpeServer SEBIMIRIIAMILRE, ALK SCBUM T RTIER .
S5, EHIAM MasterEnv, WorkerEnv 3L SANE, GIEEIEIS 3 grpe: :Server IR 2%

void GrpcServer::Init() {
InitMasterenvQ);
InitWorkerEnv();
StartGrpcServer();

ks

#1151 MasterEnv

MasterEnv 54 Master IE{THT I _EFSCENE, B GrpcServer HAHH R 1 A4 i &1
K FEA Master WIETTHSHRA R LAY,

WmE?? (%2?7) Ji7R, LocalDevices FH TAREUANLIZ 4L ; WorkerCacheFactory HIT
A% WorkerCacheInterface SEH; WorkerCacheInterface HT-(% MasterInterface L4,
Ja# H T I MasterService ﬁﬁ??; MasterSessionFactory FTG1## MasterSession 5L
#; OpRegisteryInterface I TEIHKEE OP MITCEIE,; Env FITIREUE P51 API £ 0.
Hrp | N3O E SIS WorkerCacheInterface HIGIEEHE
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MasterEnv

LocalDevices

WorkerCacheInterface

WorkerCacheFactory

MasterSessionFactory

OpRegisteryInterface

Env

B 13-26 MasterEnv ##

#1151 WorkerEnv

WorkerEnv 58 Worker i/ THII_E N 3CIAEE, B©5 GrpcServer EA MR R4y R,
FAEA Worker BYIEFTHTHESAZTR] ILEY o

WE??(%2?27) Fi7R, LocalDevices FH TARHUA 1% £54E ; DeviceManager M T & HEA MY
iﬁ%%%ﬂ@ﬁﬁ”ﬁiﬁ%%; SessionManager FTEH WorkerSession E@%é\; RendezvousManager
F T3 Rendezvous SEHIEE; ThreadPool H4x H B MIHE MR 40 BL— P 2EFE ) J53h OP 1Y
Kernel H7#YAT; Env JITIRIEF G H AP 0.
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r— =~
WorkerEnv

LocalDevices

DeviceManager

SessionManager

RendezvousManager

ThreadPool

Env

B 13-27 WorkerEnv ##

Bzh grpc::Server

ARG SLIR M g 01 grpc: :Server SEAR ﬁ%, BlE grpc: :Server Eﬁﬂﬁ%ﬁ‘_ﬁlﬁ, P2
S5, BRI MasterService SEBIFT WorkerService 2455, I builder.BuildAndStart
JTEJEED grpe: :Server RS %o

T BT, grpe::Server JHBII, GrpcServer {KIAAET New IRAS, grpc::Server
B B3 AR X AMEAE MasterService 55 WorkerService 55 B ZE GrpcServer T H 2
Started RSN, grpc::Server A HIEXAMEME MasterService [R55F1 WorkerService it
%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();
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WA KN, grpc: :Server X IMEAL MasterService IR SEMZ GrpcMasterService
el SIEEFAR, B BEIEIE GrpcMasterService SEFHAE R E EAC LR E. Hip
FEHEALEE R Zh ) Hol 452 5 AL SE AR FE T Master HYSTIEON 4 o

std: :unique_ptr<Master> GrpcServer::CreateMaster(
MasterEnv* 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?%ﬁ%@?ﬁ grpc::Server STAMERL WorkerService ARSI SEA4 R GrpcWorkerService 51
Bl 4IEEFAET, K B3IEIE GrpcWorkerService SEFFRAHMN FTE BAL PR %, HAp, 7F
THEALHE R E ) Holk 558 5 AL FLSE 2 ARFE T GrpcWorker HY4THEON 42 o

std: :unique_ptr<GrpcWorker> NewGrpcWorker(WorkerEnv* env) {
return std::unique_ptr<GrpcWorker>(new GrpcWorker(env));
3

AsyncServiceInterface* 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 KT, grpc::Server C&JH5), HEN AN IMEM: MasterService M55 Fl
WorkerService %5 WL GrpcServer::Start JTHiJG, GrpcServer HPIRZSM New iTH
Started IR, ﬁ?ﬁ§3h77ﬁﬁ4\ﬁﬁiiﬂq%%$%, A RJE B MasterService Fll WorkerService f7H
SR 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);

1

case STARTED:
LOG(INFO) << "Server already started(" << target() << ")";
return Status::0KQ);

case STOPPED:

default:
CHECK(false);

[Se]

EFFLIERSS

R TR AT SN R MasterService AR 551 WorkerService R 55, 7% B4 Bl X £k
TF_master_service fll TF_worker_service SZfifi join BRfE, 15 EREHER, EEX M4
2 S I

I GrpcServer::Join J7¥%, 24 GrpcServer 4bT Started BX Stoped IRFSHT, €
¥ HBHH 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);

BN, FET Co+ AREFESLILAY StdThread HY, HATHIRECS A std: :thread 1 join

struct StdThread : Thread {
StdThread(const ThreadOptions&, const string&,
std: : function<void()> fn)
. thread_(fn) {
1

~StdThread() override {
thread_. joinQ);
}

private:
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std: :thread thread_;
};

KIFRRSS

WHERE 2, HET GrpcServer JEARREMHEMLIEH o Kl , 7E THRESLERERG T, TensorFlow
HI AT RIS THE TS BT Kubernetes, SEEN GrpcServer IRSSAY H s/ HL,

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);

S}

tZ& WorkerCachelnterface

2858 GrpcServer RASHUBR 2 f5 | BRI 2] 2 73 8 10— 7). MasterEnv 54
WorkerCacheInterface EZ@W, © AT ARk e R A g WorkerInterface; iiEP, WorkerInter-
face TR WorkerService MRS o

T Ai% . GrpcServer:WorkerCacheFactory

X IE MasterEnv B, 1B 1) J7 5 GrpcServer: :WorkerCacheFactory i #
WorkerCacheInterface S£fil. .+, WorkerCacheFactoryOptions EMmT ServerDef )
4 ClusterDef, M H job_name:task_index 15 B.. H I, L1 ParseChannelSpec 15 £ 1
GrpcChannelSpec £, 25T ClusterSpec, & T AR 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);

T A% : NewGrpcChannelCache

NewGrpcChannelCache H T 61 # GrpcChannelCache 3£, GrpcChannelCache I LAAR
Worker 44 FK, ZRECEZEIR G AH Y Y grpc: :Channel SEf. HH —4 Job g —1
SparseGrpcChannelCache §Eﬁﬂ, MultiGrpcChannelCache a2 SparseGrpcChannelCache,
iiﬁ%‘*ﬁ¢§ﬂﬂﬁ5@ﬂﬁé?ﬁ§ftE@EZFH, N AR GrpcChannelCache i

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));
}

return new MultiGrpcChannelCache(caches);

}

I 7AiE : NewGrpcWorkerCacheWithLocalWorker

M 1. J7# NewGrpcWorkerCacheWithLocalWorker, TG A A 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 M H T C++ REEURENEM, ERE T —1H
TOUEE grpc: :Channel SEFIRTBRECN %o (HASSERT I, EAFFER) NewHostPortGrpcChannel B
#(5 ChannelCreationFunction #Z A ANICHC. KL, BELALE T £4°4 ConvertToChannelCre-

ationFunction HIIEHCLES, 4 NewHostPortGrpcChannel Z5#t°A 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;
}
s
}

ChannelCreationFunction GrpcServer: :GetChannelCreationFunction() const {
return ConvertToChannelCreationFunction(NewHostPortGrpcChannel);

}

I, FATENT GrpcChannelCache 5 WorkerCacheInterface HIAIELTHE, (HAZAEA]
Rk A 4We? 5L, WorkerCacheInterface I T-4REL WorkerInterface S|, Je# M
T T WorkerSerivice MRS, H T AE R R & .,

1. FIREBF A Worker ¥9.4 53]k ;
2. HIE Worker #9.% F4|#% RPC @i ;

3. #&¥% Worker # RPC ifid, 4|4 GrpcRemoteWorker 41,

HAr | GrpcRemoteWorker & WorkerInterface HJEAKSZIL: GrpcChannelCache FITTEREL
Worker HY&HK, FMEAIEE worker MM grpc::Channelo

£l Worker i) RPC j#i&

GrpcChannelCache I TARHUEL G EEAEREHH L Worker [ RPC 1liH. HH | ListWork-
ers F TR EEREH Worker [ 2 FKFI 5. TranslateTask F T4 Worker [ 44 Bk #h
host:port LS B FindWorkerChannel MZBTEH &K grpc: :Channel EE@N; R AL
2 AR PR HHE(E EBh A1 —1 grpc: :Channel 5561, FHRINZE 247 H .
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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\

mE?? (%2?7) Fi7R, GrpcChannelCache ZRJZ IR EEFAEERR T “BHL” 544, SparseG-
rpcChannelCache 5%5@%§£5, HAFA SN B — Job SL4. T MultiGrpcChannelCache NI
RG22 SparseGrpcChannelCache S, HAF P SEEI Y 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 44413 GRPC i#id

ZHFIH

T ERARR LR grpe: :Channel SEAIH4S, 51T CachingGrpcChannelCache,
BAEEE grpc::Channel HIIEREMET T2 GFER M T ELLMES, WL Find-
ChannelOnce FERHENAAIE grpc: :Channel SE0, FFERIIZRZZAEH

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 &5 SEAF) AT B2 — 4> Job SE4], & A Job A HEAH M HY
grpc: :Channel EEW%, £~ Task XY —4> grpc: :Channel.

Hr FindChannelOnce BT TranslateTask, M\ Worker ZFRFHFRIUH NV task_id,
SRIG M host_ports_ HZ 5| H host:port HyHIHL(EE, LA HBHEIEH L) 75 ¥ chan-
nel_func_ BN grpc::Channel SEfl. R, BFEEMTUTF =15

1. i@ 1L ListWorkers & ™% Job * & &9 Task & # %) & ; #lde, /job:ps A& [/
job:ps/replica:@0/task:0, /job:ps/replica:0/task:1];

2. i@id TranslateTask, FFH&4E4FE Task &R, &3l host:port #93bhtiE & Hldhe,
/job:ps/replica:0/task:0 & 5| #93ik A ps0:2222;

3. i#iL FindChannelOnce, F#IE4F & Task LAk, Al K 4 grpc::Channel 41,
B4, /job:ps/replica:0/task:0, E1H VA ps@:2222 AHuik#) grpc::Channel 41,

static string MakeAddress(const string& job, int task) {
return strings::StrCat("/job:", job, "/replica:@/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));
}
}
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string TranslateTask(const string& target) override {
DeviceNameUtils: :ParsedName parsed;
if (!DeviceNameUtils: :ParseFullName(target, &parsed)) {

return "";
}
auto iter = host_ports_.find(parsed.task);
return iter == host_ports_.end() ? "" : iter->second;
1
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
MEFEITE Worker 17 51 grpc: :Channel GG, AT —H1EE SparseGrpcChan-
nelCache SEH| AT ILFE | MultiGrpcChannelCache 2847 T BUi A1 SparseGrpcChannel -
Cache 24, R UEF AT SparseGrpcChannelCache SEHIRIMUE , A 244K caches_ 1l
FZH RGN SparseGrpcChannelCache 3241, FFHBIRINEZEZGF T .

class MultiGrpcChannelCache : public CachingGrpcChannelCache {
public:
explicit MultiGrpcChannelCache(
const std::vector<GrpcChannelCache*>& caches)
: caches_(caches) {}

~MultiGrpcChannelCache() override {
for (auto cache : caches_) {
delete cache;
1
1

void ListWorkers(std::vector<string>* workers) const override {
for (auto cache : caches_) {
cache->ListWorkers(workers);
1
}

string TranslateTask(const string& target) override {
mutex_lock 1(mu_);
auto cache = gtl::FindPtrOrNull(target_caches_, target);
if (cache == nullptr) {
for (auto c : caches.) {
string r = c->TranslateTask(target);
if (Ir.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

£l WorkerInterface

mE?? (%2?21) 7N, GrpcWorkerCache £/ GrpcChannelCache X4, Flid &0
grpc: :Channel 241, MIMSEIL T GrpcRemoteWorker SEARI M B SO A

<server_def> GetOrCreateWorker(task_name)

WorkerCacheInterface WorkerInterface

1

GrpcWorkerCache GrpcRemoteWorker GrpcWorker

GetOrCreateWorker(task_name) ‘

13-29 % A41#% 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

SIRIEHZE TensorFlow A U T YAZ L, M2 HEA TensorFlow B4 7512 B 1€
BERIR. N T ERM TR RIS, T R SO B SRR R SR S A TR R

SiEME

mE?? (F?270) P, EomEF, S1EE#EE GrpcSession, MasterSession,
WorkerSession Z [B] I HRFEISCELAY, BT 5I3EBFE Client, Master, Worker L, {#f[H—
1~ session_handle SEILHRFE LVERT .

HAr tf.Session {# ] Python SZHE, /& TensorFlow X #MEALH API. ©5 GrpcSession
FEE— RN, HEHEEA GrpcSession HIAIHE (Ei¥gET) SCHLAT.
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4 . N
Client
tf.Session
cC_sess
GrpcSession
\ v
session_handle
' 3
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

mE?? (FE1?R) Fon, eomR, FTEEEAEL D Client [ A—1 Master,
Master AHAF AR Client 62— MasterSession S4fl. Worker A fE[F H 4 £ 1>
Master #etiHE RS, Worker N HAEMERKITE Master G —"1 WorkerSession L.
KT R AFEH] Client HIHFEIRSS, AR session_handle X753

Client A B Master A Worker0 )

MasterSession A WorkerSession A
WorkerSession B

WorkerSession A
WorkerSession B

Worker1

handle®

handle®

Client B

GrpcSession B

MasterSession B

handlel handlel

13-31 A4 AR

£ n E

GrpcSession 71| Client HY£ 1417 B, MasterSession #il Master i A4 iy
1, WorkerSession &1 Worker H)<xi%2Efr &, BT I session_handle SLEL A
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GrpcSession 445 & £

AT AT, Client BIBTTHTH GrpcSession 51, GrpcSession YA i & HH i #2
mE?? (FN?R) fin.

SESSionFQCtory

|

i

I

sess
| [ et -+
| Sess | |
S ettt L e - |
| | |
| | |
| | |
: sess->Cr'eate:/Extend(Gr'aph) ﬂl
| | " |
|1<________________E’EIE'_“§ ________________ _:
| I |
| I |
| . | |
| sess->Run(inputs, output_names, target_names) .l
| | |
D outputs_ _ _ _ _ __ _________ _l
I< | |
i I i
| | |
| | |
| sess-»Close() |
| | h
| | |
i I i
| | |
| | |
| { |
delete sess

1.

| g
i i

B 13-32 GrpcSession A48

MasterSession 2y JE &f

AT AT, Master BYIZ1THS H MasterSession #51], MasterSession A=y i1t
FUE?? (F7?R) .
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GrpcSession MasterSession
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| 1
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13-33 MasterSession 4438

WorkerSession 445 B 8

RN, Worker FIIZTTHS I WorkerSession #51ill, WorkerSession 4y & #H 1
BmE?? (F7?27) in.

MasterSession WorkerSession

_________________________________ _‘
|

1

|

]

RegisterGraphReq(session_handle, graph_def) ’:

— ———___RegisterGraphRsp(graph. handle) ________ 4

B 13-34 WorkerSession 44
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STEUTE

R RIEIRIEF ) Client M tf.Session(target) M4, HiT Session.run J&shi%
APAT, AT EFERETI Session.close RIS 1E. H2, ENMmIITE 2209528
o HiREE 52 .

o Bl LIE

1. 21# GrpcSession;
2. RBZ XA E;

3. 4)# MasterSession;
4

. £1# WorkerSession;

o HRIAT

1. BHHAT
2. BHH
3. A%,

4. EAMFA;
5. B47FHA;

o A&t

1. X# GrpcSession;
2. #* WM MasterSession;
3. %M WorkerSession;

13.6 GIESIE

EF'@JI*%:Z% FEAE Client ¥ flEE GrpcSession i{ﬁﬂ E Master ¥l ZE Mas-
terSession LAl ; TE41 Worker L IEE WorkerSession SE#|, =it MasterSession )
session_handle SEILWRE], FHTARS51Z A Client SEH41.

£]# GrpcSession

24 Client i tf.Session(target) B, i TF_NewDeprecatedSession 1) C API
BO, filkG# GrpcSession L. HAT, C API /& TensorFlow J&km RGN MR ZIES
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PR HIbRERE D o 2K, tf.Session M EEFFA GrpcSession HIAINE, WNEA?? (F22R) Fr
TRNo

Client

new
tf.Session GrpcSession

CC_sess

B 13-35 41z GrpcSession: tf.Session ## GrpcSession 444

Status NewSession(const SessionOptions& options, Session** out_session) {
SessionFactory* factory;
Status s = SessionFactory::GetFactory(options, &factory);
if (Is.ok()) {
*out_session = nullptr;
return s;
3
*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});
1 else {
return nullptr;
1
b

wmE?? (F7?7) PN, GrpcSession B GrpcSessionFactory 2 7561% . 4 target LA
grpc://FF 3k, M SessionFactory::GetFactory % [Al GrpcSessionFactory L], 1 Grpc-
SessionFactory: :NewSession B L) 724 GrpcSession: :Create HIERAS L) Jy Q) 2
GrpcSession SE.

create

| Session F&———————l SessionFactory |

) create N
| GrpcSession |<%——————1 GrpcSessionFactory |

7\

(:Eérget=”grpc://master:porgz:)

B 13-36 % &4/# GrpcSession
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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.ok()) {
return ret.release();
} else {
return nullptr;
}
1
3

GrpcSession: :Create i Ax L) J7 i FEMTTAIE GrpcSession SEH, F-5¢ B I BRI 4G
W TAE FTERIIR LI R S EE B2 M MasterInterface 356 ; HH' | MasterInterface
FF Client 5[] Master Y MasterService imR55, TFAEMFFZESLE, 20 BN
FAS IR 13 5% -

1. LocalMaster: Client 55 Master /£ F—##21W, # A LocalMaster: :Lookup A 43K
B LocalMaster S ;

2. GrpcRemoteMaster: Client &5 Master A& B —# 42N, #H L) 7 %k NewGrpc-
Master £ A% GrpcRemoteMaster 24,

GrpcRemoteMaster SEH2— RPC & imsLEl, (1ZE GrpcRemoteMaster SEIHT, 75
ARG target FHERT Master HtEFIR S0, QS 2 HER 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));

1

session->SetRemoteMaster(std: :move(master));

*out_session = std::move(session);

return Status::0KQ);
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£lZ MasterSession

w2 (F7?2W) Ao, 24 GrpcSession L4 G &k I J, Bl S5 % fil % GprcSes-
sion::Create MIH M, W IH YT E K H T CreateSessionRequst {1 B & 1% %5 Master;
24 Master W F| CreateSessionRequst JH.E 5, A BAHX M [ MasterSession SEf, Ff{#
4 JRME—I1) session_handle FRINIZ LB, HZELT CreateSessionResponse M 5 [ 25
GrpcSessiono

— "\
Client

tf.Session

@ Create(graph_def)

GrpcSession

@ CreateSession(graph_def)

GrpcRemoteMaster

. v

[3] CreateSessionReq( N CreateSessionRsp(
= graph_def ,target) ¢ *FC session_handle)

r~ B
Master

GrpcMasterService

|_|Z| 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 SLfil. E4E, GrpcSession::Create J7 55T /M M4iE CreateSessionRequst 145, SAJHIH
it GrpcRemoteMaster W HAIRZE Mastero

M GrpcSession YN F| CreateSessionResponse JHEJG, PR{F MasterSession Y handle,
NEAIETEE RS graph_version. H A, handle AT HrIH Master Ml MasterSes-
sion SLf, graph_version M T JEZy BT E E M.
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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.ok()) {
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 &1~ gRPC HI& Pt il BHSLHARHE#, 8T gRPC #Y—
A stub P NG Master HHN ARG #2101

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 X5, BLIM T MasterService B RPC IR55H: M.
UL E] CreateSession IHEJE, ¥ GrpcMasterService: :CreateSessionHandler [F]7 4L #H
17‘{%;\_,\ K){%‘%T% Master &fiig‘?%:uﬁo

M Master ACFESEAE, B EIESE T Y lambda 32343, 7] Client iR B CreateSes-
sionResponse M IH B 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§ﬁﬁﬂgﬁ§ih‘*ﬁ\éﬁii FHELEN LR cluster_spec
HE , SEIAER Worker, W SR e 14 2 SR S E o, AT — MasterSessions

R) EREMBEFGIE, FTWE@ILA, AV TR Pk R4 L.

M MasterSession BTN )E, Master FR{F (handle, master_session) W _JTdMF
B, LMEE4E Master REMGETT handle ZZX5[HHMN [ MasterSession SE4.

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(
req->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 = req->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);

}
DK
}

MasterSession::Create(graph_def)

MasterSession: :Create(graph_def) FESE R

1. st H W, 4R SimpleGraphExecutionState 524 ;
2. W R ABE LR, W & A Worker £ 48 2 49 WorkerSession SE4,

Hr | SimpleGraphExecutionState: :MakeForBaseGraph SEEN S5 A MM AH A | £E AT
E:ij_io

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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mAE?? (F71?7R) s, £E01E MasterSession Z B, MasterSession <% i) flr A 1
Worker SEf, FREUIEUHG AT A Worker 4515 B o (HHIT DeviceFinder MR & AT,
] DeviceFinder: : GetRemoteDevices ZREILER I £ 4E

TR LEFEBEAEF A, TR GrpcWorkerCache: :ListWorkers %k BUAE Rt il A 1Y)
Worker H@%?Wi@; %E, AR worker_name E/‘]%%, W H GrpcWorkerCache: :CreateWorker
T 7805 WorkerInterface S5, Ja& H T U5 ALY WorkerService ii%s. feha, 1
WorkerInterface [Fi¥s Worker #13) #8 &% GetStatusRequest i%':ﬁ@ﬁ%, T SE BT Ui
AN

r ~
Master

Master

GetStatus

GrpcRemoteWorker

. R N )

@ GetStatusReq w GetStatusRsp(r‘emove,devices)

- ™ - ™
Worker / Worker
GrpcWorkerService GrpcWorkerService

GetStatus GetStatus

Worker Worker

/job:ps/task:@ /job:worker/task:@

B 13-38 HRiZHik &%

HEEXREE
DeviceFinder SEHL T — P ERECH S, HSUH T it & &gk &, Had a9 h =14

IR

1. Start: St &) #% GetStatusRequest 4B P BT H Worker 324
2. Wait: ¥ FFTH Worker IR E 49 GetStatusResponse 7 & ;

3. GetRemoteDevices: KT ML R, FHLBRTLE P,
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struct DeviceFinder {
static Status DeviceFinder: :GetRemoteDevices(
MasterkEnv* 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 EHIFE 21 Worker ) GetStatusResponse JHE, WANMEH T num_pending_ Y
114045, B DeviceFinder::Start IXEMIGIEN Worker HIEH o

BULFR I Worker 1Y GetStatusResponse JHEL, MIEJE WhenDone, #1406 1.
gﬁiféﬁg§%ﬁ§§79()ﬁﬁ, BT pending_zero_.notify_all, "FE pending_zero_.wait_for
1B5A], BEEME R LAEE finder.GetRemoteDevices IR I ZE R T o

}iqﬂ, 1 DeviceFinder::Start q“, 13T NewRemoteDevices [ I Worker | #%& Get-
StatusRequest {HEAIHAHN HIIRAA(FE, T T& 3 iR LBl e

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;

}
void Start() {
{

mutex_lock 1(mu_);
num_pending_ = targets_.size();

}

using std::placeholders::_1;
using std::placeholders::_2;
for (size_t 1 = 0; 1 < 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());
}

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_.clearQ);

}

Status Wait() {
mutex_lock 1(mu_);
while (num_pending_ != @) {
pending_zero_.wait_for(l, std::chrono::milliseconds(10 * 1000));
if (nhum_pending_ !'= @) {
for (size_t i = 0; i < targets_.size(); ++i) {
if (!seen_targets_[i]) {
LOGCINFO)
<< "CreateSession still waiting for response from worker:
<< targets_[1i];

}
}
}
}
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

IR, 4 num_pending_ THEER AN ZRIS, T 2R A TERERR 10 B4, POk
IR IRAFAE. Worker JEATR FTIE RS, WIFTEVARLE Worker HI#FR. & BIIEEAHIFT B
WNEER, T iZ B H/job :worker/task:2 XV Server £ &R HIEH T, 3k Master
L Z AR Worker Z[H]MZS AR KA T 555, MBI AT FIAL T .
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CreateSession still waiting for response from worker: /job:worker/task:2

NewRemoteDevices

NewRemoteDevices AR #E worker_name £ WorkerInterface SEf, J 4 1% GetStatus-
Request THEZIXS VI Worker ZREUHIZAA(E B MIHEIRES, W4 b FRERTR. H
M, MG Worker ZRENAYIZ A (S BIFAEEE, HAEE worker_name KI5 E., HIILFEET
BN 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);
}

GrpcRemoteWorker::GetStatusAsync

N

GrpcRemoteWorker /& WorkerInterface HJEARSLIL, © 2 gRPC W& M imsLil, ©il
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I stub WAL WorkerService FHMN IR S 0 o

struct GrpcRemoteWorker : WorkerInterface {
void GetStatusAsync(const GetStatusRequest* request,
GetStatusResponse* response,
StatusCallback done) override {
IssueRequest(request, response, getstatus_, std::move(done));
3
}

GrpcRemoteWorker::GetStatusAsync

GrpcWorkerService /& WorkerService FJEARSZHL. 4ULF| GetStatusRequest JHE., 14
H GetStatusHandler [B]JHALFE,

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);
}
3

Worker::GetStatusAsync

Worker: :GetStatusAsync ¥4 Ze L DeviceMgr SEIUAS M 1% &5 EIL A, R ZaE it

GetStatusResponse TH IR [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);

}
done(Status: :0KQ));

DeviceMgr %?%ijiﬂﬁﬁigﬁég, SEERAN A 1T 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());
}
}

£l WorkerSession

i MasterSession @ # i J5, AR A sh AR B AR (BN K 754 L0 B PR 05),
ML i Worker S 702 WorkerSessiono ZF3L I, £ Worker #RFAE— 1
SessionMgr L], BEFFA— 1444 legacy_session_ MY WorkerSession L. [AIi,
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)) {}

mE?? (FN?R) Uron, MARGAEDNSERICE, W Master | # 5 1> Worker £
H @ — WorkerSession 3L, Ff H{#H sessin_handle F5iiZ% WorkerSessiono iX4E
WorkerSession SRJE T I MasterSession SE6, FEAEANIHEHS MasterSession SEAAHE 1Y

session_handle FRiH .

/\q” MasterSession 24 T Y55 i 5 Worker i 7] 1] CreateWorkerSessionResponse H
B, 5IAT BlockingCounter i14{#%. BlockingCounter TSI IARE A Worker HIELH , 24
B EE> Worker HYMERZIESE, WX HTEERR 1, BEEITEERN 0, done.Wait() #EIFE.

A, WorkerInterface SEAAAEIT WorkerCacheInterface Arifjal A2, J&3CH
TEAN PR T AR
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Master |

Master |

CreateWNorkerSession

| GrpcRemoteWorker

w CreateWorkerSessionRsp

CreateWorkerSessionReq

sess_hundle . w

server_def)

- ™ - 3
Worker Worker
I GrpcWorkerService | | GrpcWorkerService |
@ CreateWorkerSessionAsync @ CreateWorkerSesgsionAsync
| Worker | | Worker
L /job:ps/task:@ ) 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);
}

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;
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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);

1

void ReleaseWorkers() {
for (auto& worker : workers) {
worker.Release();
}

}

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;

}

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();

1

return worker_group.CreateWorkerSessions(options);

GrpcRemoteWorker

GrpcRemoteWorker +&1/i [1]iE%i Worker [ gRPC % Mo AN A stub I 2
k55

struct GrpcRemoteWorker : WorkerInterface {
void CreateWorkerSessionAsync(
const CreateWorkerSessionRequest* request,
CreateWorkerSessionResponse* response,
StatusCallback done) override {
IssueRequest(request, response, createworkersession_, std::move(done));
3
}s

GrpcWorkerService::CreateWorkerSessionHandler

TE Worker ¥, CreateWorkerSession JHJE.H CreateWorkerSessionHandler [FJHALEE, &
TELLRRM P B — D ATE T RE ) il Worker BIZSAIEE WorkerSession SE 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




246 % 13 Z 4>/ TensorFlow

£ WorkerSession 3£

Worker f4G WorkerSession SLA|[NHRTIZ IS T SessionMgr, HH4G—/& BRAILES
PP WorkerSession SEHIATA i HH#H. WE?? (F?2?W) Fi/N, SessionMgr P REFFA £ 1>
WorkerSession L6, £ WorkerSession 3L 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

mAE?? (F7?]R) 7N, WorkerSession 58— GraphMgr 341, FTFEFEMFLEI 7214
B sLfile Hr ) BAESLBER graph_handle #7iRe [FF, 1 WorkerSession fiA—1
DeviceMgr SLff], H T HAMITHIR&HIES

( ~
WorkerSession <session_handle>

GraphManager DeviceManager
* *
A
Graph <session_handle, LocalDevice
graph_handle>

splj -byNe

CPUD yZd N GPUO
Partition Partition
Executor Executor
. 7

13-41 WorkerSession 4R : TizMf=isit % 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

BT

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)
- N\
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) {




13.7 iEAHAT 249

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(Cname, 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;
1
}

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());
}

}

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 : AsyncServicelInterface {
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));

ENQUEUE_REQUEST(RunStep, true);
}

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);
s
ks

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(Q);

;

return s;
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MasterSession::Build AndRegisterPartitions

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));

mu_.lock();

init_result_ = s;

init_done_.Notify(Q);
} else {

mu_.unlock();
init_done_.WaitForNotification();
mu_.lock(Q);

Status result = init_result_;
mu_.unlock();
return result;
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E 4% : SplitByWorker
ReffedClientGraph::DoBuildPartitions

Status MasterSession: :ReffedClientGraph: :DoBuildPartitions(
PartitionOptions popts,
std: :unordered_map<string, GraphDef>* out_partitions) {

return Partition(popts, &client_graph_->graph, out_partitions);

}

A E

' A
Master

@ Prune Graph
Split Graph By Worker

MasterSession

RegisterGraph

GrpcRemoteWorker

\ e ANEAN J

RegisterGraphReq( RegisterGraphRsp(
w graph_handle)

sess_handle,
graph_def)

r 2 - \
Worker . Worker
GrpcWorkerService GrpcWorkerService

@ RegisterGraph l@ VRegisterGr‘aph
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; ++i) {

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));

}

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 AsyncServicelnterface {
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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b;
ENQUEUE_REQUEST(RegisterGraph, false);
}
};

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);

El4# : 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);
params.delete_kernel = [1ib](OpKernel* kernel) {
if (kernel && !lib->IsStateful(kernel->type_string())) {
delete kernel;
}
1
unit->graph = subgraph.get(Q);
TF_RETURN_IF_ERROR(
NewLocalExecutor(params, subgraph.release(), &unit->root));
}
return Status::0KQ);
1
iBITHE
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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->req->set_is_partial(is_partial_);
c->reg->set_is_last_partial_run(is_last_partial_run);

}

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 int64 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 1 = 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(Q);
}

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(Q); ++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;
1

3
b

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();

s

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);
}
};

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();

GraphMgr: :NamedTensors in;
GraphMgr: :NamedTensors* out = new GraphMgr::NamedTensors;
Status s = PrepareRunGraph(request, &in, out);
if (Is.ok()) {
delete out;
done(s);
return;

}

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.ok()) {

for (const auto& p : *out) {
const string& key = p.first;
const Tensor& val = p.second;

response->AddRecv(key, val);

delete out;
done(s);
B

GraphMgr

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_device, fincarnation, tensor_id) L
[E tensor = remote_rende. recv(ke
@ 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 % Xt

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();
}
}

RemoteRendezvous* rendezvous = worker_env_->rendezvous_mgr->Find(step_id);
Status s = rendezvous->Initialize(session);

if (s.okQ)) {

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();

b;

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.ok()) {

s = rendezvous->Send(parsed, Rendezvous::Args(), val, false);

3
if (!s.ok) {

return s;
}

}
return Status::0KQ);
}

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.

.stats_collector

rendezvous = rendezvous;
cancellation_manager = cancellation_manager
collector;
step_container;
sync_on_finish_;

step_container
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 :

uni
}
}

item->units) {
t.root->RunAsync(args, barrier->Get());

Status GraphMgr: :RecvOutputsFromRendezvous(
Rendezvous* rendezvous, NamedTensors* out) {

Rendezvous: :ParsedKey parsed;

for (auto& p : *out) {
auto& key = p.first;
auto& val = p.second;

bool is_dead = false;
Status s = Rendezvous: :ParseKey(key, &parsed);

if (s.okQ)) {

S

}

if (is_dead) {

S

}

if (Is.ok()) {

return s;

}

}
return Status::0KQ);

}

errors::InvalidArgument("The tensor returned for
was not valid.");

’

rendezvous->Recv(parsed, Rendezvous::Args(), &val, &is_dead);

, key,

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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GrpcSession

Status GrpcSession::Close() {
CloseSessionRequest req;
{
mutex_lock 1(mu_);
if Chandle_.empty()) {
return errors::InvalidArgument("A session is not created yet....");
1
req.set_session_handleChandle_);
handle_.clear();
b
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));
}
b

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,
MasterSession* session = nullptr;
{

mu_.lock();

if (iter == sessions_.end()) {
mu_.unlock(Q);

done(errors: :Aborted(
"Session "

is not found. Possibly, this master has restarted."));
return;

auto iter = sessions_.find(reqg->session_handle());

, reg->session_handle(),

}

session = iter->second;

sessions_.erase(iter);
mu_.unlock();
3

SchedClosure([session, done]() {
Status s = session->Close();
session->Unref();

done(s);

s

1

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);
1

ClearRunsTable(&to_unref, &run_graphs_);
ClearRunsTable(&to_unref, &partial_run_graphs_);

for (ReffedClientGraph* rcg
return Status::0KQ);
3

to_unref) rcg->Unref();

ReffedClientGraph

ReffedClientGraph: :~ReffedClientGraph() {
DeregisterPartitions();
}

CloseSessionResponse* resp, MyClosure done) {
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void Reffed(ClientGraph: :DeregisterPartitions() {
struct Call {
DeregisterGraphRequest req;
DeregisterGraphResponse resp;

3
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) {

LOG(INFO) << "DeregisterGraph error: " << s;

delete c;
worker_cache->ReleaseWorker(name, w);

5

w->DeregisterGraphAsync(&c->req, &c->resp, cb);

}
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);

}
}
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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 /& — L T B3 P R . B9, BMEERBTEE, Lt
eI E. 4AH optimizer.minimize J7i%ET, A compute_gradients J7ik, ZE
Wit S E 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)

HEHE
compute_gradients PG loss HIMH, KM# var_list=[vl, v2, ..., vn] IERE wZ&

IREIZESE N [(grad_vl, v1), (grad_v2, v2), ..., (grad_vn, vn)].H:H' compute_gradients
YW gradients 715, A& R IAEREHI T4

PA—METERSL], PHig S 7 a g id . Eot, Mg Rt A .

tf.placeholder("float", name="X")

tf.placeholder("float", name="Y")

tf.Variable(0.0, name="w")

tf.Variable(0.0, name="b")

loss = tf.square(Y - X*w - b)

global_step = tf.Variable(@, trainable=False, collections=[])

T = <X

il compute_gradients 1% Sz M AEHERT T4
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sgd = tf.train.GradientDescentOptimizer(0.01)
grads_and_vars = sgd.compute_gradients(loss)

WIEEE
16T B B R S T LI S 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_fnCop, grad)

B, MAEIER T EERINA, & — R R 7 B Z Bt ARKON RERLRYT, Ry
HEW R 7R B R G2 BERIE, BRI 7B i — T, SR TR
A 18] 518 F B — A R

R, IR B A e — TR, B S0 1 B9 — Tensor, 1EN 1A+
FIRIRIIRRIRR R, WHICHN To

8
> A

o ©0

14-1 MERSHEETHE

BT, AR REAL Y S I MG L SL A B I o B G, MRAEIZ ST Y REALL T AT
AN R, BERZEMR SR 7 BB R A5, RN, WEIE
A7 EHE) OP F4H TR WA ; BJa, WHIZMERE, %8 ERECEEIEZ OP Xt
57 A B 1] B SR 1
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Zi bk, IERA—A4 OP XA B — A RES 1, FFhiZ OP AYKBEE AL ATTME .
YRARIMEPEIE S SUR, BT E AP REET OP ARSI 1 B AR REEEI X I 1 B 1
M.

wltn, A EpIh, ERETRE D OP: SKECTFIT BN, PHd iR ek 5 TR
JRHE

— M, R R R N R

@ops .RegisterGradient("op_name")
def op_grad_func(op, grad):

Horr, #BEEEEH ops.RegisterGradient 58K IEME, FFHUAE R A1 L R LAY G
LU, (ERTEMRIEIER OP B9, ISR AR R EL T .

XF—MHEEREL, B2 op RN IEMIEN OP, MRAEE A LIREUE [T 5
OP HYRI AR 58 24 grad, e al7 EH Bl e kB, a1
ELT IR A (WIGEREEAN 1),

BARIFN P, UEHBMATTEHE . y=square(x), HTREL x I°FJ7. B,

IR T
O—C=D O

14-2 Square &H#: EREETHE

SRR, BRI HE ALY B2 o MR % ME ALY B 17 B YR MR, M0 FLIE Y
AR B, SETT RN Square, MRAEH: OP ZFK, M A A HE X LA 6 15 R £

SquareGrads
O ED (=)

B 14-3 Square F##k: R@tEiEFHE

[R5, y=Square(x) HI'FECH y'=2*%x. K, HEREREL SquareGrad FISEILA
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@ops .RegisterGradient("Square™)
def SquareGrad(op, grad):
X = op.inputs[@]
with ops.control_dependencies([grad.op]):
x = math_ops.conj(x)
return grad * (2.0 * x)

WHIZEERE)E, B8R EM Square 1 OP, XTWAYR AT SquareGrad. T e 5
fEH Square BYHIA , FERCHH N ARSI THE

SquareGrad

@@@@

14-4 Square & : A@mt#ETH

Rt IR OP, XMRIE - EHR A RE . RO, IR OP Y
BRELPRBCRIL, AIRERRE 21 OP A RESC MU BRI . #IN, Square 17 OP, XIMHH
JE RIS T AL A 2 1 FTE OP.

SOEE C FEEEE

PR BIT, AL EERE . yoexp(, THALEAG HEHH v mexp(,
B yreye G, SCHREERASIN

@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

BTN, EETEFZ OP B, T RLAY B I Y SR BT B A BR EEE B 1T
H, %5 BB & — 45 o




14.1 TensorFlow ZZ3L 277

B 14-5 Exp &% R&aiE#ETH

Rz FA#6 L

F— R R 2y, 2 optimizer.minimize J7¥ENT, {HiH] compute_gradients
JrEE, LRI EE A apply_gradients S, SCINESHEHH 7 EME

WEEE

B4, compute_gradients fEIZfTHIEHEHE 1oss MIME, K# var_list=[v1, v2, ...,
vn] E@@%E?, LGRS RN vars_and_grads = [(grad_vl, v1), (grad_v2, v2), ...,

(grad_vn, vn)].

KI5, apply_gradients 3%/X grads_and_vars, X1 (grad_vi, vi), HE—H
Bovi 7B Hrp, Sk LUR A Ry -

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 FAai&— Ml B T E ISR 7. &
(grad, var) )" Jc4, KH learning_rate [ Const OP YE4 ApplyGradientDescent HJ#i
No

ApplyGradientDescent WA var <- var - learning*grad H@ﬁiﬁiiﬁmu, S var 1)
b T o
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learning_rate

update_w

ApplyGradientDescent

14-6 S HEHTH

WARAHFAEZ NIZREY Variable, 24K E N EHZHAEET T E. efliEd—1%
N update [ NoOp, (i IFEHIEHIAILEAE—#. FOAHA variable Z R E ML, AL

SEUko FNAANEID
s N
update_w
(Iear'ni ng_rate
C grad_w )—> ApplyGradientDescent
ref
- ~-
§

~ 4 update
s N 7

( learning_rate

( grad_b )—)
ref

C

update b

ApplyGradientDescent

B 14-7 2B EHILE
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#R# train_op

L34 Step 185, IR, STCHRSEI R, HASCHK global_step fil 1o 5L
I global_step Ml 1 [] OP A AssignAdd, FFHRICA train_op; BFFA global_step A&k
I5IH, ARG HE R, EHAEM 1.

update_w

ApplyGradientDescent .

3
~ ‘ update train_op
NoOp |------->{ Assignadd

update_b f
ref gf

!
i
global_step

> ApplyGradientDescent '

14-8 train_ op

TR

mAE?? (ENR) Fn, BNNGSRE, —K Step IR AT &, SIasE
T, 25055, MH global_step TEUYF AT FELH

Hrpr &% Step MITR Session.run PUATH IR JELE AT FEIBITFEL, 152451 OP
M, JEEA R OP IHIA .

LR T R, FUAREE R T O, R RS YIS S R
BRI, mE/FHBDINGSHIBHELESZ, FFLL grads_and_vars = [(grad_v1, v1), ...,
(grad_vn, vn)] I —JCAFIFKFR

bJo, SEGEH K LA grads_and_vars A, PATERE PR IA Y, &5, @
3T train_op 52 global_step (ENN 1, ZEIL—% 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::Ej global_step+=1

14-9 BRI 69 TAE R




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

mans can understand.

- Martin Flower

AR,

—BtHh, TensorFlow i AMEAREIREN N L5 /A 7 h A TIZ5H, 171 =P BUREAREL
PRI

1. #3FEN: BT F I feed_dict FEIEEHEL Session.run, AEA Placeholder
&4  Tensor A944;

2. RAEEE . BIMBIMATE, FFAHN A PRI RKEIE;
3. FAEF AR T EIEE, £ Const 3 Variable AIEFHFH #IE,

ET R A I SR G BT 55, FEA SR AR A (B R B E R, e
AR SR IR ER AT RO . O AR BA ) SE B 181 5 N 5/ P 1 ]
Z IR B S B S A o

PN A SR s 4 &) S Pipeline B TAERLE], FHEN T fi# TensorFlow & HATH]
R, ARSI LA T I E R A o

15.1 #IREN

B IE N AR T A LB N 773, Bl feed_dict MAEAREUR (LI LG
Session.run, ZK# Tensor.eval Jik; Hrr, FHLATCEET N Tensor AT, (EAFEAEL
P

TensorFlow ¥4 78 Tensor El"]%?, FREARBHE R 1Z Tensor MH.

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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—tHh, feed_dict A LABARAEAT Tensor FUMH. 1H/Z, H M H Placeholder #7nH:
i Tensor WMEAMIZ, M feed_dict AL,

15.2 HIEFNE

FTLAER] Const 5 Variable ELEFFAEE, KASRIUMB N, FTHRITRCR.
OTIEIGE N T/ NI, AR LR, AR TRHFEIE S A SX L mnist
BRGNP, PHREEHUME R T

from tensorflow.examples.tutorials.mnist import input_data

data_sets = input_data.read_data_sets('/tmp/mnist/data')

{£MA Const

T Const OP fiitt Tensor HI{E/& NI A E . WRIZ Const OP 7EE H i
HZk, FReEREENITREGE, BRI T ALER N AR,

with tf.name_scope('input'):
input_images = tf.constant(data_sets.train.images)
input_labels = tf.constant(data_sets.train.labels)

{£H Variable

A LME AR AE . JEYIZRET variable 4K Conste —HAIAM T1Z2EAUH variable,
EARMCERE, NME% Const HIJEME.

FATFTEAETNEN) variable 5T IIZRAT variable 21&ﬂ??%£2§§%, BB train-
able=False, RHENLKHIAZET GraphKeys. TRAINABLE_VARIABLES HE& 1. fEYIZRd e,
RGN G X H St B A o

FAN, FEMIEZZETY) variable BT, FIRE collections=[1, RHENSHEHIAZRT
GraphKeys .GLOBAL_VARIABLES £ H . FEYIZRidREH, REASKHELE Checkpoint #/F

NT AT JEIIZRT variable, WS T —MERN 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 fi & 33 ) initial_value #Ji& Placeholder HYZEAI STZAR
G, IFLAEAEN variable IIFTIA{E. FTLAMER immutable_variable GIECANAIARR, T
BARTOMZEN) Variableo

with tf.name_scope('input'):
input_images = immutable_variable(data_sets.train.images)
input_labels = immutable_variable(data_sets.train.labels)

R TN EK

Al LA Pipeline, 45 & ZCHs WO AL dl, SCELRE AR ML Om . &k, A
tf.train.slice_input_producer f£%F 1 epoch FF I B ¥ 3 N FE A 23 [RIBEMLAL , B R M
FEARSES IR R — I EAS

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 BT E] LR EIFEA R .

def batch(x, y, batch_size)
return tf.train.batch(
[x, y], batch_size=batch_size)

XM variable BUMBEE, AT LA 5 2R UK REAZ 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 ¥ FEARAF, 1 QueueRunner F 4 i
HITHAT Enqueue HAE, IIGHERZ —IMABIFEARIIH L o FERRUGERINLE BN, 18
A DequeueMany — X HEFRIL batch_size MHLKEEAREHE 2L T K H 2o

15.3 HIEEE
—/ A AR N Pipeline(Input Pipeline), ALFEIN N LA BB AL B S

1. AR BARIAS] . H SAF B ARG 5 K N B Z RS F
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2. B R LMRAG] PSS (B IN); FFARIE R IEAE X L 540 2 69 A4
LI, BT AILE,

3. ML MR, JFEER A BIEAE R

4, AR E: R RBTRALE, QIFENK, GF;

5. HARRT: WAL 55 69 M R BB N FHE RIS P,

ElInlnst%ﬁﬁ%ﬁ%j@@m,ﬁﬁﬂﬂ%ﬁy%ﬁgitj@ TFRecord. & 4%, i tf.train.string_input_producer
T3 T — DA SO #4451 32 1 FIFOQueue BAF (B 44T EnqueueMany oP), Jf H A&
epoch J&HA PN SLEL SR 44 51 Z2 A B ATLAL o

1 34 & BT

def input_producer(num_epochs):
return tf.train.string_input_producer(
["/tmp/mnist/train.tfrecords'], num_epochs=num_epochs)

*@iﬁﬁ‘?iﬁ:%MWZE, i f tf.TFRecordReader U\I#ZMWEPZ%EXIHZZ
(H B, a8 AT Dequeue OP), FF M SCAF HP B BURE AN IE 5% (Record)s 24 JE, fHH
tf.parse_single_example AT B A AR

ER: 8

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

AT

PEEEA AR AT AR, MR A AL B AR, m 252N

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)

R HEARAT

TTLME tf.train.shuffle_batch fa#E—4 RandomShuffleQueue @Kﬁu, P s Im Bl
LREAIBINAEIZBA A GBI T Enqueue OP); XEARBIT BN, FHILARIN batch_size
MEEAREE (B TRIT 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

BWNFE

wa, KRR R 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

FELE, BN Pipeline HARFURME — M A T, SEHIFA 10 #1E, S5
GRS RIRAE 10 miFHZE, MM GPU MR AR .

XA T, SRR AR O T B (Stage), BB B iR E RO B AL B
YIRE; Y BEZ M ARSI M, 58 e i W RS2 B

WTRERTR, HH8 T — MR R 2 B IR NIRRT BABI N B,
e =AW h 3 A HrBLe
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Stage | : Stage Il ; Stage lll

Input Pipeline
record

Reader }——))[ Decoder
<key, value

checkpotng @
Rty

FileNarhe Quode

shuffle

Apply
Grads

record
Reader )—)l Decoder

<key,value:

15-1 BRI % TR

MrEZ 1

string_input_producer #Ji& T — FIFOQueue IJBAS1, *Aﬁ/{j(,uﬁ/] OP. M
shuffle JETL, FEAFT epoch JFIRET, FEALA BCHA15, 94"{%‘ BIMEGIZ o
-
epochs

zeros W/Assign
Const —> Assign

w.fmad
Identlty
epochs,

Varlable

l ref

CountUpTo

v

filenames
‘ RandomShuffle }

Identity

filenames

~
input_producer
run
QueueRunner = EnqueueMany Dequeue
ref ref
{input_producer)
FIFOQueue
\ J

15-2 Frg 10 AR %R

BEHLIL

B, AT filenames 1Y Const OP, FIZ{T RandomShuffle H4 30 F 41 2L BEHL
o




15.4 #3E1rIE 287

Epoch 1=l

MY S epoch WTTEL, SEERTSWPHBIRTT T — &M epochs IAMIAS . HFF, A
AR (O AR 256 Step < [RIFL =5, F HAS W25 1 B SL 5 5 o

N

1E Session.run ZHl, RESPATARMAFFIZW WAL, 2N epochs HY Variable

SRR o

epoch HJTHEUEHAEEH CountUpTo SEhk, B TAEFEHELLT C++ W i++0 BFFA
Variable 5| H, M EFRZEL 1imit. FFEIS—# epoch, il variable HIE 1, HZE
X% num_epochs #(H -

Hr, 24 epoch FiE num_epochs f, CountUpTo 4 H Zh#lH OutOfRangeError 57
TENSEENR] L2 CountUpToOp HY Kernel SEHI,

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;

3

++*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, KSR FRIB MBS, BATHI S EnqueueMany, ZE{LLT Assign &K
Variable EV‘]TE, EnqueueMany & — RS OP, Eﬁ%ﬁw\ﬂﬁ@@ﬁ, ELHE5E AT Y

TEIAL , EnqueueMany 44 Session.run P17, RGSimi i, FLEMKHEI Identity,
KILEFEIG T CountUpTo, BLET S JE8—IK epoch iH4L, B ZEZEIE num_epoch ZLH b
OutOfRangeError 577 FIH), Identity {K#iT RandomShuffle, DAMEISFIBENIL T HISCHE
VA IESE

QueueRunner

AHN, AEFH tf.train.string_input_producer B, (3118 B Ry M— MR AT OP:
QueueRunner, FEAEEIAINE] GraphKeys.QUEUE_RUNNERS &7, FH, — QueueRunner
A —1£ 1 Enqueue, EnqueueMany Z5HL[H OP-

B 2

Reader MICHF A4 BAF %R FIFO HYMIF AR 44, FFH IR SCHF 24 3 O FE% ,
SRR XSZAC AT IR I TUALBE , R BN BAR A, et Haa i EAe A A S

G

HL b, LIS T —1 ReaderRead [ OP, BFFA LS, MEAF]Hi%
M FIFO YT AR 44 0

KA SRS N TFRecord, ReaderRead H4ZEfEIH ] TFRecordReader [ OP, #4773
PRI, 2, 43S ReaderRead HIIBHL, M2 — T HIML T HIFEA

fERg2S

R FFHAL T RS, A IE AR a LB irns . MIMAS 21— 1B B AR 4L
Pao Ak, IO ARSLETIANEE U reshape SFHAE
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ABARTE

BEIFEAREIE T, ¥ /530 QueueEnqueue MIZE, B HEEAGEINEFEARBAS R Ze. oA
QueueEnqueue &= —MEMRAER OP, BRPAFEABNFIIAIN, B H5E R PASII B f .

%ﬁ@l:, FEABA T & RandomShuffleQueue, 5 AR E SEEBE R LR A

FEMIT

NTHE 10 WM ATLUS 82 A B Reader 5 Decoder W TAEN, FF& HA
[E S CYIEEF NIV E /E\:EP, RandomShuffleQueue %?)%ﬁffﬁﬁ/‘], SCFFE R BB
PAFEAE

Bk 3

VAR R E 1 batch_size If, INZ/HERL T B BUEIZALX IREALE, B
B POEH . (FFRN IR Step)o

i AR 1

b, YIZEFEEH DequeueMany FRIL— ML I B FE A% o

ERMIT
—fH, UGk, SRR EEAGT RS FTATE S RS AL. Worker (155
] PS AT B A S RIE, PUTHTIIHRRRIATGEAN K.

R, RIEARVGEARIIE, R4 Variable (R, FFEFTE] PS ME5H; PS
55 ¥ variable MM, FFHGRIMES 215 Worker 11557 L2

Checkpoint

PS (55 R IR NG, A SL i Checkpointo K4 BT AT Variable HIEHE, M
HEWTHE, OEHSHESEER, FPALEINB A ts L, DMEESIKETTER,
NHFA variable HIEHE .
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Pipeline ¥5#f

BN, 4 FIFOQueue FYBAFI IR IS A4 FRFIZE , AT EnqueueMany 2 I 1115
A HAP AT AT CountUpToo 4 CountUpTo 1A% 1limit LFRAEY, ¥ EH 3 H

OutOfRangeError 4 o

HEERTH QueueRunner, CEIN coord. join T Y OutOfRangeError E”‘%, kit
JeSERISCPHRHRLAIBA A, I HAR HIZ AT BAFIRORIAZ 5, ANBANERAERG 2 RS
17 H AR AR SR G, BRAEBAFITT R M=

FEIREREEE, FiiF OP BRI i) i BAT 2, —HIZAFITE =S, WA
b outOfRangeError 574 o 1ZMI BEX MY QueueRunner M EENIZ S H & 42, SAJETHZR
SR U AT (FEARAF), BRI T

1 Pipeline BI5GB, train_op MFEABAZHH AL RN AT, BB A2, IF
EMWW%H‘JT, g uas! OutOfRangeError j':?"ﬁu’é, AT E AT S5 o




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 SRR, O T SO 55 M@ 7T FAE, TensorFlow £ ML HRAT I
S A (Checkpoint)o

Saver A& LW R BN REMY IR, “E 2K BT IS BEs AMAE S R GEF
Wil B INZES, T EARM SR RGP IR T RS, M HIIGZHIE. i, Saver
AR AT T AT -

1. save: ¥ %A 209 5 AT{EH XA 5] b7 & AP
2. restore: MBT & A F IR B ) & A 0948,

ER7TE

wlan, fFE—DERRTER, GEWNIISSE. H5%, PITIIRLE, HBHEERE
MBI R G

# 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')

Bt , AT AR SR W SO A7 A 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')

N8I EE

LUIIT Saver.save FAEZIE, FESCIF RGEH AL AT SCHE

000 checkpoint

000 ckp.data-00000-0f-00001
000 ckp.index

000 ckp.meta

#5IXH

%3] (index) CHFORAT T — AT AR (tensorflow: :table: :Table) [%LHE; H X
BTN Tensor AFR, HAEFIAZ Tensor HITCEIHEE , BH51% Tensor {71447
(data) SCHEHY, MHAEZEARSE P WS, M ARSI NS5 B

R

B (data) SCHFICsE TPA ARG (Variable) BI{H. 4 restore B ARmt} ) HIEME
5 SO H B N AR AR N BRSO, NS ARIE R 5| BB R RE, AT SEIAR
HHEIKE o

T

TCICAE (meta) HERATF T MetaGraphDef HIFF AMEHE, B HE GraphDef, SaverDef &5
TCE A

PR T B 1 TT RO S A AR A BRSO 2 2, SEB TS 454 S 3 Y
BIRFR 8. Bk, fEKE (Restore) I, SGIHH tf.import_meta_graph %% GraphDef
WE K, SRIGHEKE SaverDef, MIMIKE T HIIAFASEEEME Graph X5, MHHTK
AR Saver X%, &afHf] Saver.restore VK& FrA AL it B {H.

XL EHIF, R Saver.restore Z R, 15551HH tf.import_meta_graph 1 E
B A BT R RS, ek R SR B B SE R T .
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RS

Checkpoint U210 il — IR BT 230 (Checkpoint File) HIRTZE, ARAEHTZEAT LA
X N B R B FIEHE SO 24 tf.train. latest_checkpoint, W LAPREEIR FHiF—ik
AT BT A S A

LA, Checkpoint SCHHLIESE T A A RYBT ROSCHEAIEE, FF HICHE SIS 3% I8 i 1H 22087 Y
I R CHERY o M INGREIT IR RIIAE RIS, W AR B R ae gt AT, G S S0 A8 25 (A R
Ko DTG RIBL, A7AE IR 75 -

1. max_to_keep: BLE RILA I T KEB, BH 690 &£ i, HXHH
B A2 it max_to_keep, W MIFh® B 690 & X4 HF, max_to_keep BKIAEA 5;

2. keep_checkpoint_every_n_hours: £ ZiEF2 ¥ & n DI — kBT B E, RIE
RA— AN S P, R KR XM A,

H1F Checkpoint SCHFHLIESE T W s SCHFFIEE, I HLICHES 2% I8 H 22087 A9 T4
HEFP o AR i SRS MM SR AR A DT s SO A A AR L 1 B A 28

=&
FPALIRE
N T I AMEIIIRE, Saver EMIERZET LA Savevz, MHIEH OP. I

W1, file_name H—" Const B OP, F&EW S CHHI#4FK; tensor_names 12—~ Const
) OP, HTHaENZZE Tensor 247513

., Const Const
file_name= tensor_names=
'model’ ['vl','v2']

\\
AN
\
\\

B 16-1 Saver: #HAALiER
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WS

[FIREH, 4T LB IR, Saver fEAGIE, AR M IIIGZSEL, #IANT 1> Restorevz,
NHRIKH) OPo Hr, GG MW SOCHEh E ZECOMERI R Ia A (Initializer), HART
&1 Assign ) OP-

F4h, file_name H—1> Const I OP, fREW S AFR; tensor_names L 2&—1
Const F] OP, HFHREINEZSEN Tensor #4HFFK, HEKERN 1.
tenso?‘T?‘fames:

.. 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: &KAAER




Any fool can write code that a
computer can understand. Good

programmers write code that hu-

mans can understand.
- Martin Flower I ' ?

MonitoredSession

WEE—DRERIAL, 7T LUEIE ST train_op RUXE RIS, REIGIGSECL
Jiti Checkpoint, FFAMINZBT o X T/ NIRRT 7 SRR 3X A it A 28 22 7 BEAE R AU/ N
AR T] o

B, X T RHBEH 22 IR 3 ZAE SR BORRT [a]; i Hol gE R 2 2 fr &K
(replica), WIS EEHANMEAL A G R SRR AT IS TR, R B = AR (A

1. BVGEARFF EA, RAEHFM B, G EFT,;
2. BFHEA, REFMHIZIE, BRI LT,

3. A4 i@ 1T TensorBoard M 4= #EA| 442,

MY ZEA S R B T It 2 05, AT BB A I G B, b 0 B S it
Checkpointo YNt RE G5, A LAE F-45IE—R I Checkpoint XA, VK& Il %t

o

N T HEAS (4 FH TensorBoard Witz it #2 , vl LA i FEIE, T—28 Summary B OP,
TR 25 FIB BN FAE S o TensorBoard REMS WEFE FHARST FAF- SO BIEME , ATALACEE I
AR, BRI E B RS

17.1 5|\ MonitoredSession

tf.train.MonitoredSession, B LUERIL Hook, T IEWTHEA Session E@%ﬁ@%ﬁ;
W& Coordinator X%, M THMHITAIBITHIARFRE L, JFRYT, BRI,
%4 AbortedError B UnavailableError S Hf, RILAEEJS Sessiono
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ER7TE

— B, EH e A ChiefSessionCreator )7 Session £, FF HIiEM = EcIEA 1

tf.train.SessionRunHook:

1. CheckpointSaverHook: J#i 3 Checkpoint;
2. SummarySaverHook: Jl#AM3i24T Summary;

3. StepCounterHook: J&#M4 3% it 4V 154749 Step 448 .

73]7§5@§§2é§ﬁb£§5%ﬁ?, FH H.BEME ] MonitoredSession, WM with ) E
LI

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)

ERII

ffi[f] MonitoredTrainingSession HJ L) J5i%, A LAt MonitoredSession HIGIEIHE .

MonitoredTrainingSession

v

MonitoredSession

create

17-1 MonitoredTrainingSession: LJ 7 ik
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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)

N T 1522 S IEER) MonitoredSession, HI LALSE A IHHERY WrappedSession {740

1. RecoverableSession: % 4% % AbortedError 2 UnavailableError %% B, T A%
A Ae & # Session;

2. CoordinatedSession: M & Coordinator & %, B T W Ff A BAT P 69 &A% F 043
ik, FNr, ERAAEFF

3. HookedSession: T XA #4L Hook, JA T M FEA Session #94£ 4 F M,

Session

A

! like

1

1
WrappedSession 5€ss

A

RecoverableSession CoordinatedSession HookedSession

B 17-2 MonitoredSession: 47 %

a0

W2, W LAMHE = H M, 75 %] MonitoredSession(PAACHESEER, 14K 15 2 [
MonitoredSession I EARSZHL),

MonitoredSession(
RecoverableSession(
CoordinatedSession(
HookedSession(
tf.Session(target, config)))))

17.2 H4rEH

MonitoredSession E A5 Session 44y B HA4FAE ((HIFHE IS-A KR, T2 Like-A X
AR, XA R TR )42 RS R A B XU o
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Eiﬁ“\}%/ﬁﬁﬁﬁ*, AT SessionRunHook E‘J@ﬁ%%@?, HT W MonitoredSession
FA) A= i e P

ia1L

HERIELI B, MonitoredSession T 58 AN N it :

1. EATPTA R4 F 49 begin 7 ik,
2. @A F scaffold.finalize() A%+ H B ;
A #4145 128 SessionCreator % &4]#& Session

4. BATPTA ERAA T 89 after_create_session 7 ik
Hrf ] SessionCreator Z7501## Session Wit , FFAEMFIZAL

1. ChiefSessionCreator:# A SessionManager.prepare_session,ifid M & ¥ 9 Check-
poing AR HRIZFT init_op, TAMEAE &Gindsit; KRB, BHFA QueueRunner
%Hl;

2. WorkerSessionCreator: il SessionManager.wait_for_session, % #F Chief %

PRAETD 8 A4 A,

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()
|

sSess
D S a

B 17-3 MonitoredSession: #41
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AT

Efﬂﬁl@?ﬁ&, F£IiBfT Session.run BiJE5 BRI HE 7] before_run F1 after_run J7 %o
WMRAEBITIIFE L AT AbortedError BX UnavailableError 79, WIEE G4 1ERS 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: #4T

X A
LGt RN G, WA close J7ik, KM MonitoredSession, T ARG HITTHE
T

RS RN 70 end 735, FFESETIEA Coordinator.request_stop /75, 15
- QueueRunner SEf]. B2, Wil tf.Session.close /75, B AL TR

FAN, WK A outofRangeError 5773, MonitoredSession W AYIZRIIHRE E R &L, I

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: XM
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17.3 #E¥IRL

MonitoredSession fERIGILHS, i SessionCreator & M&TH AR FIRI UG o
—fcHh, FESATRINE R, AR PR Worker:

1. Chief: #i AR 9414510 ;
2. Non-Chief: %4 Chief 7 ARBER 69 47451K,

Wi 2 18], a1 R P b s ) S8 SR B BT 1L o

iR 1%

YT Chief, B2 Checkpoint SCHFHIRE AL, WIS B A KD, WSt igT
init_op @ FTHBIIA AT, HANIA A, AT LB 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)

YT Non-Chief, ‘&4 M HiEITIZTT ready_op, & Chief /&1 B 48 5C ALY
WGt o

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)

SessionManager

HoL b, FRFEEFEE SessionManager SEEL, B FE M TT M Checkpoint SCHH e
RIS, s EBOEITIEAT init_op ST RI GG, S8 7] TAER Session 3K
%

1. *rF Chief, BifAH prepare_session 7 ik, TR 6947451%;
2. 3 F Non-Chief, i#iTEH wait_for_session 7 ik, %4F Chief T RWER 694745

1,

FEAE I A2 SessionManager - ERSZHL,
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S5IANTI

AT 3, R H ChiefSessionCreator Fll WorkerSessionCreator 435 5¢ i I

SessionCreator create_session tf.Session
]
mT======= R it )
I I
I I
WorkerSessionCreator ChiefSessionCreator

wait_For‘_session()lﬁ prepare_session() Iﬁ

& 17-6 SessionManager

Scaffold

LR — I S5 T init_op MIIAMLAS i TR Saver M S0 Checkpoint ;
TR B ready_op B A —MRALE R EAWIRLTEEE; TR summary_op F#EEFTA Summary,
HATF IR TR AT A o

— M, A ETIER Graphkey FRIR TIXLERRERAT OP BOXAR, LAERT LA EIE
AR R X LERE R OP BA Gt

AENGR AR (R A, AL T — IR T B Scaffold, FTHIZEEXEL OP HiXt
FHERIME, R ETEERES T, HH Scaffold FRAL T AF 4 1 AT LLJT (8 HbFRELE
%L OP BN .

AILAEE I Scaffold. finalize J7i5, WA OP 5454 None, JIERIAGE
BRI LA o BARES AR, A IR R I A

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 BYSEIATLUE ], LU OP SER N INEES

1. init_op: ZRITA LA EEMLE TR,
2. local_init_op: TAFTA AL & Fo k45 09404510 ;

3. ready_op: EFA LR EEfLRTRATTEMMBILT; TNIME R4S
by 2By R FFa o By IR AT

4. ready_for_local_init_op: EHA AN AR EEFABR T CEMBLT; TN
RAE RIS AT S Fe kAR ) K

5. summary_op: L& B Summary %% ;

Hrp, AHIAS AN RERF AL E] Checkpoint SCPFHT; 48K, Mg ANREM Checkpoint SCFF
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RS A A R A (E

ML EE

BRI ET R OP BYAE S, Bfi# prepare_session BT RIIA B 5E 3818 LAF AR
LIFMET 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 EEAER 8. B, 22\ Checkpoint SUAFHIRE (HALN T RIfLHEL, &
W7 R SEE); AnERARI, MM init_op A init_fn SEK4 R RFIGHIRAILGIL; 24
Ja, ARELRAMAMFAGHIGN; S5, I 2RERMERES Ly nt
IE

KT ENIRK

XFFAEZ ) local_init_op, WSR2 RAL i A WIA L 5 B 5 A REBEA TR 454K
(GELIAM _ready_for_local_init_op); fMll, HEARMIAMAI 2 HALIRIIFKE] msg TEH

Wt &, AME RV EHESRERYBLZE, BHARMA A SR AL
Checkpoint CHFH .




304 £ 17 & MonitoredSession

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 BERAEHEE
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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

B ERE

w5, BT _ready_op, #A AR RN 2 RPHEE SR ELHIAN 15 AN,
AR R AT FIFRE] msg FBH o

class SessionManager(object):
def _model_ready(self, sess):

return _ready(self._ready_op, sess, "Model not ready")

Hr, _ready %L, HITIafTHHMAY ready_op, FAEFH M AYAL sl Bt LR AT 58
IR -

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

— i, EOE A with BB SCEEESR, SCIE MonitoredSession MY SR LA FITEL I
LR

ETXEER

MiBH with IBA G, BFIEIBET7TE QueueRunner LA, FESCHL tf.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

Rk, 4% 4 OutOfRangeError T StopIteration, WA NIEH AL, ZAMiZFH .
R H 7T HERAR R, WAL end BB T

{Z1E QueueRunner

FHHN, BUPAT self._sess.close(), AT _CoordinatedSession M close /5o
BT coord. request_stop AT E QueueRunner SEHIE 1FizfT, FEHIBET A co-
ord.join JTEEEFF A QueueRunner SLAIiEfT5EEE

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 EEHEF
A LA E ] SessionRunHook, SEELXT MonitorSession A= & AR 1 W T FIAE 21

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

/\EF', B LAY Hook L

1. CheckpointSaverHook: J#1#3 Checkpoint;
2. SummarySaverHook: J#iM£ #5247 Summary;
3. StepCounterHook: J& /P33t 4V 54749 Step 4 B .

SessionRunHook
Y
L ‘|I— __________________ A
| | I
| i I
| . i
StepCounterHook SummarysaverHook Che ckpointSaverHook

17-8 SessionRunHook
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ARG

FERRSF R HW TAE 2, 4R 2R AR AE SRS, mASES . H2, B
P EER P RARAV RN, CHABE 7 AT ST, ROTAY O EEEE
SEAN. HSCE, ARSI RESAUTE, AR SR MR R A R

e B AR AR, SR I8, BB S T4 i1 Diomidis Spinellis #YZ282

{E: Code Reading, The Open Source Perspective. AN AN =DM MAH L, RIKFKGE L
AASHT— LS5, ARFH BT 2 F0 2 L

Al IHEHS, SUMESR

B, B BRI — AR I e T AR, 55 IDE, UML, ME% TH.
I HAEH B9 TE S B4 C++, Scala, Java, Ruby, Python; KR H JetBrains 2
IR, HARZ S0 AR AR O o

Hk, SRt RS, O RAFAY ARG B I 15T, MR R 7 AR 12 A
MM I, BEEFRZRKRR, RO, TL5IH A%,

® I RAF, BT RAF 094t S RIEA RAFm-F R IAERERAT T 20, 2XFRTEL G0
b, BERFHEFRE, THEAXFLREGFERLEORS,

A2 HiTmEHZE

Rl A QR —Fh i WA SR 2B 1 Debug 197 SR BIEAAS o VEE A HEIEX FIACHD
B e, B RN LR A IR 2 5 S 80T Rk B TSR A
T HE RS T NI AEAS AR, FNEAES KL, A5 K I A5

BB, AR RN . H— T — R TR, Hsfriil
B, K=, ZRAZIFEILA Demo 32— T




312 B AE RIEREE

Sl TR, HINRRN T Debug AR, MRLET TN, R
IRRGMIALEN, IR REMI I

IRV, WA ATDD f173, RBUAZIE RERI TN . il iX M id i,
AU, BERENITN, XGRS REENEA.

A3 EZDTEEE

PR, AN T TN, BRI 4, RN TIZEEARR, BALEN
HIRIR. S8 b, R BB B2 R B AR BRI H AR, RN USRI RGEH) R 1
frfee AR Bz, FREIRGADAIRIR, HFEd H ARG TR, A BB IEITE
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