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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

T

TensorFlow &—™MEHEIERE (Dataflow Graph) FIABUETHE IR ZE. EF
MF RFTR MR R EAT R, HFEH OP FIATHERZH; MR T A& M AR,
I Tensor FiEHHRMFE R Mo BRI L —FERMERE (DAG), HEHTH OP #
W B WA FMEE AR IR A T, Tensor 7 FPIR s B ERIR, TensorFlow KIS 4%

AT RAB TR, BRI RN 24718, RS a2 R+ 1 2 L
o EFERIAT AP, TEMFAY 7B e 2O BN T, BT R A A i
B’&E LIFRIAT. TensorFlow SCHRr 2 Fm il & 10 =it 5, % CPU, GPU, ASIC.
TensorFlow & E@ﬁf@%fm, W%Eﬁé%ﬁ%ﬂﬁ%ﬁ%ﬁ%ﬁﬁ%¥éi, (EEARS W IN
o5 a5 sh %

TensorFlow A Google Brain HIAF5E U TR IF & oK, HTIFREYLE S I
REMAE MR, AES IR IHEIE. BRIES G, Plas . FERER. H
#&, TensorFlow FRGAEAG A FPEFN R IE R, A2 T H AR 2 S0 ) 2B T 5

1.1 artt$&E
Google Brain W H 15T 2011 4, HTHFRE R IIIR M2 fE00H 5 B,

Google Brain & T 25— A0 A 2UE 22 S HE SR DistBelief, JF4E Google P ERI = i Hh 75
2T REM N

HT DistBelief HIZ55, Google Brain XA SJYIZFHERE R TR, M HIRE S SJHE
W RGATARENE, AT EAAWERZIMIEM, JFT 2015.11 R H S AR
22 HEZE TensorFlow. TensorFlow {E4 DistBelief W4k, HEartt iz B A R4 38/
T AP SEIL, TensorFlow —& 4 A, (EAERE 2 )40 — N, TEALIXHRIERL T
ERIIRME o

1.1.1 DistBelief

DistBelief /& T I Z R M 25 1 19 0 A RS, 42 Google 25— A0
Mgz IHESE . H 2011 FLICK, #F Google WHB K HLA# ] DistBelief 1125 KRR 1) 1 25 %
#&, IR TV STMIVR B S U IR A R T, AR IR IR ) SRR B
%ordes BARKI. PSS B E IR AT AT ARG, SRk TSR




mIzRE

DistBelief f)ZifeiE A2 5T B DAG K. JZATLVEMUE il & 2 M s S B ERFY
SEIBENF, ERMRRENTTELST. i, SEEETH fWTe +b) WESGHE, Wi
WA SRERFERR, BRH S MER, St BUE R Eal bR A RES R %L, S8
JliARL AL e

R4y

DistBelief {f 1S # k%88 (Parameter Server, F# A PS) W RGLEH, Bl 4%
PN BT . TORASHY Worker #58%, M THRIUATIIZ:, AWRGSH) PS #E8E, T 4P
BRI ZH A 1-1 (F470) Fow, EamIgaditn, s MEREIAR LM PS £
PGS w, Bl PIEEE R, HEESEWHE Aw 3] PS £, FHFERSHH
b

1-1 DistBelief: Parameter Server £#

R B

fE, XS TR ISR =M P, DistBelief RIZRRIRL, N HET PS #RF4E
), R A RSP

1. A H & Rdragmib ik, LG PS 953, get(), put() 493 %7 ik,
st 3k B R R R S A

2. N % LFENTHOPZMELRE E R, Flie, @57E24 RNN,
RGO ML, BEM K ZH G 5 BEOREZRGIGRF TR,

3. Mmigi% & DistBelief X3t XM X #F %4 CPU, # A X#FH % F8 GPU, ¥ H
G LRI R RIFO T A,
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1.1.2 TensorFlow

DistBelief 15t B4 I 22AAR15 1, ANFFE IR 2] 5 HEIE T R4, Google BHIATK
F T EEA W DistBelief SLHL, Ffo @ LA DA i) RS9 11, TensorFlow NIz
A, JHEI TR > U HT28 TT

miztEE

TensorFlow {8 AR E R IA T B B AL S0RAs, @ S Fon it &, #Hn
FRBIER. WA1-2 ($51) Fivn, B/R T MNIST F5 10BN H i8R . fEizZisim
o BT FEEH T 2 BT S, 535I10 ReLU J2F1 Softmax 2o FfifG, 1/ SGD HJ
Pefe s, W T Sarn R A R T, T EINAGS B E. &E, RIESE
TEHEN, MEIISGSERER 7, ERIGSE8RERER .

B 1-2 TensorFlow: %A

R R

TensorFlow [ R G0 2 EAE T — e R BT 7N, T 18S TensorFlow ) R 485K
o

1. ZRAF: AOMELEPITHH, FHRRF TR GIATERE;




2. BF OP: OP A& /DM ZIT 2T, X HMER RGMEBHER,
3. WH&EL: ¥ CPU, GPU, ASIC %4y Mt Ak & EA,;
4, FRAES ATFHE4L6 PS, AT RAC I kA W A HE R LA RAF AT IR,

mE
HURH T LA LE2E STHES, TensorFlow ELAT T 7ML

1. &4 TensorFlow 7t &£ 1.0 R AMRERARE, £MEF B F GPU) F 3%
¥, Inception v3 #9 I AEIT 7.3 489 miktk; A5H XS ML F (64 F GPU) 33t
¥, Inception v3 9 ZAS2I T 58 4549 hmig rb;

2. 54 AHF4 CPU/GPU/ASIC 2HFMRAENEH, LFE AN, RHE,
BHAEEF LT ETFS; 4 Windows, Linux, MacOS & % ##:4F 2 4 ;

RIE N & P NN L U B R
%i&% . X#F Python, C++, Java, Go ¥ A& 5% 53 ;
WA XIS A MR GOt Fe I, QAER AT AAY ZE R4
TR H OP ¥ &, Kernel ¥ &, Device ¥ &, @zH 895 &;
. T £ TensorBoard T AL BEAD 4hid 42, M RKIEALT TensorFlow #9
XA

8. B35 TensorFlow Ash#E RGO ETFHE, TRINGEEHGHETE,

9. T4k TensorFlow 5 TensorFlow Serving T4t & &, X FEA M) 4K, FA
Fd. A - X TR, A ZABRA R EH R REHE,

N o kW

12 #HXRER

TensorFlow A& H # % F 0] AR L2 SIHEZE . HIFIREASK, TensorFlow 1 X AH 24 1
ko 7E Github R TR B AR Z BI3E Google 51 TR i ig$Esz, I HARMAILH
/> Tssue 423 1E Stack Overflow A EJ7 KT TensorFlow HY (AU [AIFI ] o
TEAFHEARK S E, TensorFlow /& —MiNZ IR, 1SEIRZITKE I H K.

1.2.1 FFiE

2015.11, Google Research A /i L : TensorFlow: Google's latest machine learning
system, open sourced for everyone, IFEZCEATHT A48~ R4 TensorFlow Hik. Fif
J& , TensorFlow fE Github FACKE (S EET I [A] N 5R15 T KiEf) Star 1 Fork. WA 1-3 (F77)
JT7~, TensorFlow AL DX R e e e o A 5 e X , %A H AT TR 2
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 MK %R 7

B 1-3 TensorFlow: #tX&3KE

ZICEEN], TensorFlow X272 AR FUFT Tolk F =48 T B KR I, SRR HiFEAIR
TR TSN T S BIMERE . R B2 TR, Ml ARGt A2 T
TensorFlow X, FH—#5g MU TensorFlow, HEB)HASWT b A BT IER1 % &

1.2.2 B

TensorFlow H 2015.11 FFELLE, “FH—N2 H kA—PhioAR. WA1-4 (F7R) AR,
JB/RT TensorFlow JUA™EE B4R A & A0 B ]

B 1-4 TensorFlow &% 2424

1.2.3 TR A

TensorFlow H & WL, FE4 IR g A 6 o FEBEST 71, B
[ AR YOOI B JoRRE A A O MRS, AR AR 4k, FEBI AN o, s, £
B 1153 TensorFlow Y ZkBIALaR 2 S M8 I T-8l1% TAF. TensorFlow 7E Google
WS A IS RAL il , 2 PFE R MEA RN A, f45: Google Search, Google
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Any fool can write code that a
computer can understand. Good
programmers write code that hu-
mans can understand.

- Martin Flower

mIZINR

A7 SEIE TensorFlow HUTREHATT, AZHA 4] TensorFlow HI4afedfii, iEACALE,
1, TREAEE, DMEXS TensorFlow Y RGEAMA 7 FEA Y BAPE NN

2.1 R4

2.1.1 =EPEIRERL
B, M Github ETEFE TensorFlow MIRAAT

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

e, VRS R IREE D 3 Eo B0, ri.4 9300

$ cd tensorflow
$ git checkout ri1.4

2.1.2 IRAY 54

BT N4, FTEH TensorFlow JRASIIZHZIZEH

$ tree -d -L 1 ./tensorflow

Hrp ) ARG E KT core, python A, #93W  ¢, cc, stream_executor -

RfHERS 2-1 TensorFlow /R4 %H

./tensorflow
— c
— cc

— compiler
— contrib
— core

— docs_src
F— examples
— g3doc
— go




10

5% 2 B Gl

— java

F— python

— stream_executor
— tools

L— user_ops

B SR KA 1.4 A, TensorFlow fCHEZEHNA K2y 100 A HG. HAp, fFE
53 1T C/CH+ 1A, 37 J31T Python A, T HACAEUSAEA B ZAK < H o HH | Python
AL APT B&E5EEN,; Mk, HMGmEIES I APT MARRNZN, ER24TREN B

RIKES 2-2 TensorFlow &A% 43t

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

2.1.3 Core

WRZRIRIS S I T R, EEAEF G,
Wistris, AT TR, BB, OP X, PLK Kernel SEBLSFALIMN, X2 A 955 i il

SEHPRELE, FEREHESE ) Protobuf & 3, A%

Mr 2R 2 —, B R R HAE 2 v BSR ) T 2 , B BB IE AT I BR Y A= i ) 40

./tensorflow/core
common_runtime
debug

example
framework

|_
|_
|_
|_
|_
— graph

distributed_runtime

FHEHEAERIE AR, 7R L OP #Y Kernel SEBERASA AL o

RRAD 2-3 Core BALLEH




2.1 At 11
— grappler
— kernels
— 1lib
— ops
F— platform
— profiler
— protobuf
— public
F— user_ops
— util
Hrf ) core FEH o+ LI, KAMWA 26 H1TRIE,
RBIRED 2-4 Core KA %I
Language files blank  comment code
C++ 1368 44791 38968 259289
C/C++ Header 653 15040 24474 50506
Protocol Buffers 57 736 2371 1806
Markdown 11 327 /] 1285
JSON 2 (7] 0 18
SUM: 2091 60894 65813 312904
2.1.4 Python
Python & X F1SEIL T TensorFlow HIgmFEMA | HXH AN APT A2 sifli H , HIF

MHESHI TR, XA AR HIAT 17855

~N

client

debug
estimator
feature_column
framework
grappler
kernel_tests
layers

lib

ops

platform
profiler
saved_model
summary
tools
training
user_ops
util

[TTTTTTTTTTTTTTTTT

tensorflow/python

RBIRES 2-5 Python R %ZEAH

Hrr, Z4E i python SEEL, RZVA 18 Ji1THAd.




12 2 B G

RBIRED 2-6 Python K%t

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

2.1.5 Contrib

contrib &% =7 sk g FEE, B2 TensorFlow FniEfL 2 B 1Y SEIG 1 dm 2 32 1,
BN Boost AL X5 CH++ FRHEZ MHIK Re 24 contrib M NG, E4#H TensorFlow
FRIEAL , FEM contrib TS core, python H, FFIEA XS ANE A o

TR 2-7 Contrib R %L

N

tensorflow/contrib
android
batching
bayesflow
benchmark_tools
boosted_trees
cloud
cluster_resolver
cmake

compiler
copy_graph

crf

cudnn_rnn

data
decision_trees
deprecated
distributions
eager
factorization
ffmpeg
framework
fused_conv

gdr
graph_editor
grid_rnn

hooks

hvx

image
imperative
input_pipeline
integrate

keras
kernel_methods
labeled_tensor
layers

learn
legacy_seqgZseq
linalg
linear_optimizer
lookup

TTTTTTTTTTIT I I T I I T T T I T T T T TITITTTl
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— losses

— makefile

F— memory_stats

— meta_graph_transform
F— metrics

F— mpi

nccl

ndlstm
nearest_neighbor
nn

opt

pi_examples
predictor
quantization
reduce_slice_ops
remote_fused_graph
resampler

rnn

saved_model
seqlseq
session_bundle
signal

slim

solvers
sparsemax

specs

staging
stat_summarizer
stateless
tensor_forest
tensorboard
testing

text

tfprof
timeseries

tpu

training

util

verbs
xla_tf_graph

[TTTTTTTTTTITTITIT T T I T ITTITITITIT T

T TensorFlow 1 X AH4 V5K, contrib HYAZBIASAE #k 1.4 AR, KZ9F 23
TATRAS, FE W Python BITAISLILH 4wt O, B EfTIN B C++ SEH.

TR 2-8 Contrib XA %t

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

StreamExecutor /& Google 75— M HAMZE, B4 T 14 (host-side) 4 FEts
HIFLSFTRS RS ) SEELT CUDA F1 OpenCL B4 —E 48 . S mpARS AT LLE
Kernel BRAUTCEEHEEAE CUDA B OpencL BITTHEIRE EHUAT.

HHT, StreamExecutor # K5 HT Google Wi GPGPU W HFEF R T Hrfr,
TensorFlow iZf T #4144 T — StreamExecutor IR, FT &% CUDA Fl openCL
ATt A4S/ 4 CUDA HIZMAERALFIZRERAL, FFTEM 4 StreamExecutor
RGNS TAEEE, 87K Kernel RRELIY SEIRICRN I A

RBIRES 2-9 StreamExecutor A ZH)

./tensorflow/stream_executor
— cuda

F— host

— 1ib

L— platform

Hrp | StreamExecutor i C++ SEE, KA 2.5 {70,

RHIRED 2-10 StreamExecutor X%t

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

2.1.7 Compiler

IR, RIGVERZ TensorFlow fe B ZE 1T HARFIZ OMES:, FIL TensorFlow Y
ARG EA R @Y. TensorFlow RJ T8 AT R EI 454, FH@ R &
BEAMIIT. B, RESEMATHNG, JEHK OP A& NitE TR, L
GPU LARBITH, BT H 3 2 1) Kernel HIIEH .

Ft, TensorFlow 7M#EFIZHE OP W71k, (EBf T IEAREIRIE LA A R 77 BT 7.
BEIF, XLA $ORZEFEMA, SMEM JIT GiFsARS s EE, k21 OP /i
B, ARSI GRS, SRTHT R ERHITRCER.

RBIRED 2-11 Compiler BALEH

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

XLA HA BHATAETHIRIIWE L[ B, /& TensorFlow i XA ATEERAIGE J A, #E BT
AR LA 12.5 TifT, EEMHH C4++ L.

REIRED 2-12 Compiler K5 %3t

Language files blank  comment code
C++ 455 19010 18334 102537
C/C++ Header 250 5939 10323 15510
Python 37 1255 1416 6446
Protocol Buffers 5 312 501 781
Markdown 2 (/] (4] 3
SUM 749 26516 30574 125277

22 TIEHME

TEH IR 2T, 2210 TensorFlow YRS AELSFE ) T ## TensorFlow HYEEAME T T
B NHEARM R A 5 =07 THEA, X T HM TensorFlow TAFFHEEARKATE.
&, FEEZE, RELL Mac OS RGNH], HHA TensorFlow IRIGARIF. L4 K

221 MEER

TensorFlow HRTU&— L2 IETHIMmMERE . B, %i%¥ TensorFlow IS
HT, 7SR M i MREdy . ST RS, BN, {6 Python 1F 4%
R, FrEefiiE4dE Python fifREds. HIK, EMERFE N, WHEFLLHE GOC 5
Clang % C++ ZwiFdy, HTHIFEMAZ LM, KN TensorFlow IH C+4+11 HESLIE,
I AL 4 O+ GRIFATE S dF C++11. AP, TensorFlow {#i [ Bazel HHEE T H.
LR AN R AR A Make T.H o ASENYRZ, Bazel i Javag 5L, HAKHIT JDK.
RIAE LR Bazel ZHT, MGRFE R/ L 1.8 LA ERAN JDK.

H.

%% JDK

#

HEXE M Oracle B M L4 1.8 AR JDK, RG0S FR5 T )
~/ .bashrc HIMCE Lo
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$ echo 'export JAVA_HOME=$(/usr/libexec/java_home)' >> ~/.bashrc
$ echo 'export PATH="$JAVA_HOME/bin:$PATH"' >> ~/.bashrc

3£ Bazel

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

I $ brew install bazel

WR ARG AL brew, TLMATUN R 5258 40%E brewo 498, L4 brew T B e %
4 Ruby fRFees, FEILATITR.

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

LI Swig

TensorFlow {# /] Swig ML 6T MMEINE, HZhE MR AR TE 5 1Y 6 2Ed
I, FERIHEZ T E 0 LR Swig M1 T AAL

$ brew install swig

2% Python k¥

i pip %% TensorFlow A& i) Python .

$ sudo pip install six numpy wheel autograd

MR ARG AR LS pip, WATLAMEH brew F5E4%E pipo

$ brew install pip

%% CUDA THE®

BRG LR T CUDA IWHEHMAERTHET 3.0 1 GPU ki, NIFFZEZ%E CUDA T
B, FH cuDNN, SZHL TensorFlow iz THTIY GPU hiiE. M NVIDIA B M L TF#;
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CUDA Toolkit 8 M VAERUAS, FH2de8| RZgeH, BB G AR & o

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

SNE, FF R 3 cuDNN 5.1 &ZEAEROR, R4 HAFEZS cUDA_HOME HK R4 H o

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

222 BBE

B, WMIFARE DI, AT . /configure Bl & TensorFlow M4RIEIHIE T . MRS
YHF GPU, NFFEACEFKH) CUDA/cuDNN JiiEEfi.

$ ./configure

2.2.3 g

MEERINE, #H Bazel J53) TensorFlow H%miF. EAIFRsIZHT, &2l MACHE
G PR A AR UZE AT IEACHS . B FE gRPC, Protobuf, Eigen 55, 3 H 8h5¢ 41

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

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

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

IIFERL G, R LIF4#E TensorFlow B Wheel .

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

224 R

2 Whell BRI, i pip Z2& TensorFlow 2| &4 H .
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$ sudo pip install /tmp/tensorflow_pkg/tensorflow-1.4.0-py2-none-any.whl

2.2.5 B

Ji3l Python fi#feds, %riE TensorFlow 4238/ 15 i

$ python

>>> import tensorflow as tf

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

>>> print(sess.runChello))

Hello, TensorFlow!

2.2.6 IDE

TEP A 2 AT, B — D IEE R IDE 7] DASC S AR (58 15 Y o O e HE A7
A Eclipse CDT [R5 C++ 1015, 223 pybev Wi 1712 Python fCi5. [FIRS, i
JetBrains 1) Clion [#5E C++, PyCharm [#E Python. {HA2&, H[REE C++ ML,
i BC E TensorFlow, CUDA, Eigen3 Sk 3CHFIHE 2 H 3%, FHFWIIAH R TIUE L 72, DAM#E
IDE IEBAMANTIRIS 4G5 . AR LL Eclipse CDT A HEAMH AL E J75

£ Eclipse T#%

@@ —" Eclipse C++ L, WME2.2.6 (F197) frn. MEm—rBEARK, T3
HiF8E TensorFlow B H 5%, FFiE#F Makefile T2 THE. JR)5, #%FH Properties >
C/C++ General > Paths and Symbols > Includes it & 3k 3 HI# 2 H 5% .

Bt & 0 B &
TensorFlow /usr/local/lib/python2.7/site-packages/tensorflow/include
CUDA /usr/local/cuda/include
FT2.1 KLHHEAX
Bt E Eigen

ANFEM S, Eigen X ANATFH LSRG h B9IE28 44, CDT JCIE AT AH R O AF 5o
152 [Rhttp://eigen. tuxfamily.org/index.php?title=IDEstH XU B, 1% 8 Preferences >
C/C++ > Coding Style > Organize Includes > Header Substitution # A\ eigen-header-
substitution.xml 3CfF, WE2-2 (F19R) FiR.



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

2.2 TREMEE

19

B 2-1 4l#& Eclipse C++ L#2

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

FEMJEE TensorFlow R4tH, Bazel 5 CMake < B 8l A= BB AT . BLARACAD A RlLaR
AT 25, AT AR B AR R A A T AR

2.4 FiAR#x

mE2.4 (F20R) in, WHRAGHZEREHE/RT TensorFlow HIHE AR, T
TensorFlow 4 ZSRGEMZ Do

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 fiik

FEIFIRTRFT TensorFlow WIZZR, 7% H 3T SLBEAURATIIZR, PRI 2RI EATT
BRI, 3T RERE TN R KA WA A ST RISEE, 6 7RI
FEFFI LR RS IR A T B2 PRI [ 451 o

AT Py T2 2 ) 68 P B R SR g 2 IR Y | e iU S R
ZM%s . FHENGERET, A T RERICH R HBOR, SRR A AR R, B
P2 TR BOAR, S20 Dropout AR . 2, KR HERFRET 2 99% LA E.

FEST A EE— TR SRR 2 i, 5 fa] B 45 HOZ R B RIL BR RIR, 3 B R B 4 3 2
FRREFRI AR (B, RPARNEGF T EER LA R, i 7 E 2 AR EN
7%, TER DA SCRRATE 3o

3.1 o)iRH

ARFEAEFH MNIST £H 5 50 ik T 5 87 M4 B8 25, 8T 60000 1 IIZRIEA
Aot Hoeb 5 10000 MEREEAZIE . E3-1 ($21R) Fon, M TEE DAL
z, ] 28 x 28 BRAVECFHERER N N T ML, 14 28 x 28 HYFERESH fm LA L, 155
K 784 H—4EIA] o

3-1 MNIST # A% AT

UATE N2 H Martin Gorner £ Codelabs % %) X #: Tensorflow and deep learning, without a
PhD, £ Martin Gorner [FE, ZAGZ LEAATHLE.



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

22

%3 & Bk
3.1.1 HEAREIEE
B, 75 MNIST Il sidiss

mnist.train.images A

[60000, 7847 I _4E4E
Feo Hp MRS IR, FrERAPIRMEEREE, HENAT oM 1 Z2E. W
H3-2 ($227) Fin.

B 3-2 MNIST W 4438 %&: MAEIE%

FEGE N b, MINIST Z0HE SRR AT 0 2 9 B9%0F, mnist.train.labels &—1

[60000, 107 M ZEfERE, HPE 121 “one-hot” k. WE3-3 ($22W) FriN.

mnist.train.ys

—

10| p—

60000 |

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

N7 BRI AT B IR AR, {6 matplotlib THAZG T 5 R fEif. a0

2%
B34 ($237) Frn, F8—> mini-batch FIYIZRFEAREHESE . HF | batch_size = 100,
HAY RFRECEWIERF I, ML as R

TAIPREME, A MARIR T SR AT .

Hb =,

FRBUTHORD K, FEETHAAMRR T IE

MNIST #A 50000 NINZREEA, WIE batch_size A 100, WIFHFEIEAL 500 KA FESE
Wi P — N REARBAREE, HH—1 epoch J&IH,
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@ AFFHI XA A MM TensorBoard, 2 M T matplotlib, /£ % BT XA 5 B WLI% £ ot 49
W& KA,

B 3-4 —k mini-batch #9144 K435 E, L+ batch_size=100

WE3-5 ($23%) Frzn, MNIST {7 HUEA 10000 F AR AR S5 ba A8 A 1Y 24
HIORS . H, ZEMEes HETaR i KRB0 [RIfeH, Bl R3n s g E i, m
LA SRR TR, FEEFE W AMARIR T IERFREME, A MER R T 6510
THME

B 3-5 HATABLEIHE: AT XA R AR R
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WE3-6 (F24m) Frow, SR BCR AL B E SRS ATAYIRZE . =, x
FONEAHIREL, y MR BRE. 75, BT IIGEARSREE, TR EN AR BIHK;
TEETMAAEALIRLE, BRAER PSRN

B 3-6 ) ZAe R 9K 89 S AR &

WE3-7 ($2470) Frow, WLASER AR RIS 21 B I 2R SE AN A L AR L
Hrp, x BERIRERARREL, y B E. R, BT NGRS, K hZd s
BR; MRS, R fh 2B sh B

B 3-7 il ShAa X 694K A
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WE3-8 (%257) Frw, XNTHBEOE—MIISSE(ERERE), ATEAGEHH 52 =X
PR EAE AP o SBRIURNRENSI , SR BUE A I RERS 25 A B 3R 7R 15 B

3-8 RESHE

3.2 BHERENEE

B, Sl 10 MPEITHI R Z RIS . A3 (F257) Fin, MTHEINTFER
FIRBIR Z 02K, B BRI softmax AUTEN B XL

B 3-9 $#EEHZE
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3.2.1 EieEA

H% F, softmax HIHA logistic FIHM ¥ . H | logistic [IHAEN T iR 45
K, By e {0,1}; 1M softmax [N TR k432K, By e {1,2,...,k}.

FEEX
W T AW HHIA softmax [FIUHEEL, AL RE LT —28% HAF5 .

o MU AE: S={(2,yD);i=1,2,..m}
o F i MINGAER (2D, yW)

o AN 2 = (21,29,...,7,)7 €R?

o HAMRE (one-hot): y = (y1,92, ..., yx) € RF
o ME: W e Rk

o BE: beRF

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

softmax H#

WE3-10 (%267) Fiw, BRSERERZMARN 2, SRR e, Ha i —t
L (o

B 3-10 softmax F4




3.2 HURERI%

27

NESRE

BEE W A—4 nox k ) 4ERFE.
w11 . W1k

W = (Wi, Wa,..., W) = Do, c R™*k

Wnp1 -+ Wpk

Hr, Wy RN n Bl

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

TRE b A& MER kY “one-hot” Mo

b= (by,ba,....,b;) T € RF

REEX

293 25 AN Y BRSO Y BT softmax IR ERAL, WTLANIESE 3o

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

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

T
_ (ewszerl W3 w+bs eWszerk)
, s

B, WTERBEENER (v,y) € S, z XX Wle + b, BZAEMAN, 1y, (i

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

Wil o+bi
Py =iz Wb) = ———
erTac—i-bj
1

k
j=

i=1,2,...k
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T HEAEIRE S = (oD, yD);i = 1,2,...,m}, 3SR REAT LA E o

softmax 27} KAE, WARBURAMAE (W, b%), fiif5

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

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

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

S

T YIGHEALE S, Wil W, b BBEARK, SEMATERIZEE .

m
S Vwd (W,b;2®,y@)
W «W — =2

m
m

Z Vi (W, b; 2, y®)

m

3.2.2 ENEE

BTk, {#1H TensorFlow FEBZMR MHE M4k, FEERZN 2, B LA XE
TensorFlow EASEIMAFAERIP 72 7o BRIE b, AP 2 W3R8 —DFEAR, {H TensorFlow
Y x R mini-batch FREARZREE . KL, {H TensorFlow ¥ it W LRI | 75
BRI RTE A KB R/ MY AR AR 2 T
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WNFIEREE

HoE, i tf.placeholder 735! E SLINZRAEA R AFIFRES o

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

+
nn

tf.placeholder XL T — M HALH) OP. None BAn ATAEEEARZH, WabFE R
batch_size [ K/)N; 24 Session.run I, J4ilid feed_dict HYFHEEMt—" mini-batch [
FEAKARSE , I H 2 S tf.placeholder BK/N.

7N, BIRE R 28 x 28 x 1 M =HERHRHIR (KN 1)o o T RILIHGE, AR
My N AR AL, B HAR O N 784 B4k, HA, -1 578 mini-batch HY
FEAKH , dsfTi RN

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

]

EXZE

SR, (M tf .Variable SE XBUZEL € NGRS HNT, R ESHAIHIIRILIE;
WSS ECRIRIEHIRE, B SEEBRARE, LHA/N.

BEAh, AR EAEE 20T, UASERAIIA. AL, init_op XN IAILATA 2 RMI42
e

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

o =

I init_op = tf.global_variables_initializer()

REIEX
BETR, AT MR 5 M52 2 53 2 RS B2 SRR A

y = tf.nn.softmax(tf.matmul(x, w) + b)




30 8§ 3 & BIkZR

WMAE3-11 (F30W) A, EEHE x5 w MR, iLEE b 7 # (broadcast) F)
FEFER TN, AT BN GRS RN LM AR .

B 3-11 Zidiminde

WME3-12 (%30R) FiRn, softmax BB TSLMEIZH, &2, y INR/NHA [100, 10]-

3-12 #EHH: softmax

K E

XF 20 IR, AT LA A8 SUIR Bk B £

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

WME3-13 (£31W) Fon, t fl y BR/NEY [100, 10]; Frikih, t 11402 —
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« » =
™ “one-hot” [A]H .

Xy SET tf . log #AE, AR 2] — DA/ [100, 101 FIAERE. 2405, t 5 tf.log(y)
BT GFIRAMEAETE), HOBEEIR/NA [100, 10] FIHFE. B2, tf.reduce_sum K40
B A e E AN, 58— MR (scalar) Ho

3-13 U & 4

BE

tf.argmax(y,1) K445 1 MEEITF R RKEN RG] MM yigoxi10 BIE—1T, 115HE
TR ERRENNERSME. A, tf.argmax(y,1) FAGEIR/NA 100, 1] E’]%EI@,
BK/NA 100 B A FIREHS, tf.argmax(t, 1) tHAE—K/NA 100 1A it

SRIE, A tf.equal B ENTBETCE (clement-wise) FATHZEME LI, 1521 K/NA 100

WA /R L O TSR L, Sef A /R IR R RO EUE I &, SR GZ AR M R A (.

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

3.2.3 k&%

BTk, BN PSS S A SRR R BB 5/ ME . HH, learning_rate 7R
ST ASHCF RS AO N, RS

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

WE3-14 ($327) Fron, W LCKR IR R EEAE— Ll , g il S Hm AT 307
FIRBNNAT o BB u AR I NP, SRR ST R R B —/ NG, EENA
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B R ER IR A -

YSLTAR T SEHTRIAR, WA RORR], ARG R R MEARR], IR R FEsRITHY
SRR /IME. 7350, g MER, TR TR ROOMUARREE, 0
RAVN, MHE] R Bt/ IME TR FE RS RACK, AT RE LB AR (E A

B 3-14 #HAETHLX

3.2.4 i)l ZRER

FEMZHT, TensorFlow (UHIETHEIE, FFBEOA RSN EEIIT. 8RR, & mel
FEAeih, Ea AR T R R RIS, FEH R E TR

HIE, eGSR, e TS AR RIIA L T8, IR AT IR
SRRIIAIAS , BRI R E B OB A B BT R 250N

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

SRIE, HIRIEARMHINAT train_step, SERMBRI—GERINZE. Hd, /3 100 %A,
T 2 BT AR I 28R 5 M AR EE RS FE RN 2 o

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 == 0:
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})

ageit, @it 1000 JOAR, RIFFEIRZY 92% AIKSEL.
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B 3-15 TA: £EREHE, B4 1000 K step

3.3 ZERRENEE

NTHE—PAREEE, ORI 5 B2 2RI,

3-16 5 ER4m3E

3.3.1 S E

FFESEX

N1 AR 2 R BRI GASRL, BUALE LT — L8R A5

o ng MR, HAH 0 BNMAER, B n EARITZR

o st I CRITTREL, €=0,1,..,ny

. w](f): B(0—1) RV SH R ZANE, (=1, ..
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bO: 55 £ B G IR, €= 1, .,

az(-e): BOET B, (=1, np2=a®,y=al)

200 0 BN RUERL, =1, ..,

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

e §={(a®,yM)t =1,2,....,m}: FEARZH

Al 6 {5 1%
20 FIR 0 BIEAEIAN, Bl (-1 Bl oD 558 ¢ ZROREERE w® 1
e, PSS ¢ RAYIWER TS

M2, 55 ¢ 2R, mEeEmEL f(20) 5. Hi, o =2,y =al),

2O — O gt=1) 4 p®

al® = (=)

a9 =g

y = a(me)

B EfeiE

W, RINHESRNRE. B, 6 0RRE, |0+ 1 ZRIRETENG. Kk
H, fERHZ, BOUE o) 5y Z[RARE, o LAE AR E).

()T §(E1) o £1(,(0),
50 — (DY §ED o £1(20). ¢ £ g,
(0 —y) o 1'(=0); £=ny
FURBRA T (w, b) AR5 R0 LT e 5 5 8 ) 0 BB T LA S5
T
Vo J(w,b;z,y) = 50 (a(671))

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

= 1, 2, ey Ny

RO, LB RESEIA, M RGERELS LR, EREEEH T
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SHEH

ST EREARBIREE S = (=@, yD);t = 1,2, .., m}, WIRBERAEAR, LA EG
BB HE R

Aw® — Aw® +V 0] (w, b; z(t),y(t)>

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

a, PUTERE TRER:, SN2 s E .

Aw®
w® —w® — o ( ad >
m

Ab©O
m

l Zl, 2, ey Ny

b b — o

3.3.2 EXIEE

FXSF T rp el i RO, AL E U — RSB BIBCERT, oA i
HRE AR A RIAA TR, 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 SAF— U2, SR sigmoid MORGEEEL. MAERJS 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(Cy2, w3) + b3)
tf.nn.sigmoid(tf.matmul(Cy3, w4) + b4)

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

I T I |
t
-4

S5 IR RIRARLNI R, W LMSRIRZ) 97% ZEABORE L. B2, 2R EE B i,
ARG HORABME LIS, F Tk, 2l —Lei IAMILEOAR, BEEMZHIPERE.

N

P

3.3.3 kAR
HLGERE - RelLlU

FERPERR A ANEE T sigmoid WIH AL ERHIBATARERGIE T 0 2 1 28]
BT W22 RSN, 5 A BRI G B ]t

3-17 ReLU & &3

AT LMEH ReLU(Rectified Linear Unit) &4\ sigmoid, AU T sigmoid FEL ) —LE
(IR, T ELREGE N ERAT 46 B AL S0

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, AR ReLU BOH BRAL, 2 05 3 W AR Ao /NI IR (R, RIS A ITrE—
THAR 2 TAELE ReLU B4R DXIRN
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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)

MEA3-18 (H37R) Frs, B 300 ki, 4/ ReLU KX T8 sigmoid, HAILAIKL
SRR T .

B 3-18 & A ReLU & &4 4B sk R ;AT H

EE

N T SRIRE R BUET AR, R IR RGN 0 BFO A . 1B SCEA, 7]
AESIN 10g(@) TTHEAFE] NaN ASEME I AT, 7] LA softmax_cross_entropy_with_logits
TR R, T ZE ACRVE = A (EFRA logits)o

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

cross_entropy = tf.nn.softmax_cross_entropy_with_logits(
logits=logits, labels=t)
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Bl i 2 R B, SR SRR, AR AR L RES REA 2 98% /ity ,
EAMERE]— MERR L. WE3-19 (F381) FrR, KEEABAEEIH S I,

B 3-19 EHH: $£JkFiE R

AR AT AL 503, B0 AdamOptimizero FHAFIEAGIRERYIREL, 7 T F K 4G
BB, ARG AT LARE— A BEASUE HORS BEA G # 2

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

TERFIERNN G R, R 4TT step MME, SEHTHE YATIE RIS HE 1r, X
Jail feed_dict f£iB%5 Session.run PAAT. HH, IR BT NS R, BEE
IEACYREL BN, 27 ) HR IS E T

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

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

WE3-20 ($£39W) Arw, WA IR S, W LMS 2] — DA E iR R
ENIES S
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3-20 B A Adam ®ACH G, WHEFBR AL TRE

Iz Dropout

R, SRHMAAENZREE S L&, BB IEEG . RIBTRAEIZREL
g BRI R, (AN BB, BALE= A HZALRE ST

B 3-21 &Eins

mE3-22 (F40W) Fron, FEYILREXTFE5EZ 14 H S8 dropout ##4E, LA 1 - pkeep
HIRERFENL EFE AT B, AR S RS B I N P BB A B A B o T AE B K
SrAaMETTH i, [ESGE T Lae
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3-22 Dropout 7

i TensorFlow SZ3 dropout #RAERT, S8 L—MHEHSEL pkeep, FE7NFi)= 11
ZITCUMER pkeep FEHLEREH , DIMEE 1 - pkeep FEHLE ST

pkeep = tf.placeholder(tf.float32)

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

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

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

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

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

Eﬁ”?ﬂ%ﬁﬂh, Bz pkeep HE/NT 1; ﬁ@?ﬁ@ﬁi Bl 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, INZRGESMRLSEAHIAR 2R IS . (HE, #5
JEFAFRAR i A Lo SO B0/ N k2l , T EL 2548 5 U AR 2k i e b 5 O AR AN I
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REAR, S RIS

Mo, JHUG IR AR SR ZI R B IR o B0, K 28 x 28 RYIE] A SEita i ~F-fE 2
VB, RHARHO— AN 784 M)—4Ete, XHEaRR THRERINZERHIEE .

BTk, ST a Mg, MR HIRBUFAE, MR E TR R A2 Ak
SRR, BEMERTHHZHITERE

3-23 %36 Dropout /&, MN%AELMXENH kLB AES

3.4 HRMLE

3.4.1 FHESMME

B W25 SR I N, A 00 2% 1 90 JEE 9 G B T RO B i S, RO AR AR R
18 MXTTREEML, BRMEEA 3 MEZRHME, B T MESHIEUE, 1=T1M%
HITZALRET T

M T 2B EmMY:, SRMEGSLI T BEdER:, e MEciAss E—Easc
HRFAEEERE . WE3-24 ($42W) AMPTR, BUHFE—K 1000 x 1000 B =M EE, KH
106 MERUZHIMETC. FEATERMZE ) BIA 103 x 103 x 108 = 1012 MILSEL.

Ha b, HMMEITTRAVES E— 2 rH SR . A3-24 (F42R) AMAT
N, BRI R E AT S B2 10 x 10 WS EGAEAEZERE, 106 S BRi 2 1w
ZITCNFEEE 100 x 102 = 108 DMMZGER:, ML T 4 MRS
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B 3-24 A&k

WELE

NT LM e, BIRMZE LI TAE LS, A4 Rt A | B AL
H, MRS MEREENRNNE. WE3-25 (F427) AR, FABERZMEIT
5 10 x 10 M JEis G FAaEER:, LS 10 x 10 FACEERE, SEEZMaerseE
Tk MXTANE3-25 (F42R) ZEMAREEZEMZ, T2 10° 24, BPUENGE 102
NSHL

WnE3-25 (F427) HMFTR, N TIRBONFREHME, GIAFIAZ A EGAFAE, TLAME
Mz idkds. B, 748 100 Tugas, WiEE 100 24

B 3-25 RIULEF, FATES

e

ME3-26 (F43R) Fro~, ALEHISE FoRIE, SE—5 00 M S4, RIBR NS
Pl
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3-26 T R#

3.4.2 EHIZzE

BRBHEE— M RHEEMER OP. WA3-27 (F437) Fin, HFAE—DHE A
w3,3,3,2], HAMAEELCY 3, MEELCY 2, BRK/NNN 3 x 3.

WIS W, WMAEGRIEIELS, SN TERENERE, SREZNEH, % T Feature
Map P HHEIES. 7o, AT REEGHBGEAE, FEREGBINEFNT (padding) — B2
{Ho RGBT, Bl K (stride) A 20 FI, w2 H 1 Feature Map K/NA 3 x 30

B 3-27 AREL
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¥

BUNGFAE—T 32 x 32 x 3 WA R, BERZK/NHN 5 x5 x 3. Hi | HRENREST
B R N EE S, B 3-28 ($44W) Fion, BREZSERHR/NN 5 x 5 x 3 BIHRSLHE 5
BizHE, 58—/,

B 3-28 BAREZH: AREEE ARG EREH

WME3-29 ($447) Fron, GRELEANE R 2, AR TR/ 28 x 28 x 1
i) Feature Mapo

B 3-29 AREH: AREBABR, FEA 1

WA3-30 (F45W) Pn, MRGEZER, NEEIZ 1 Feature Mapo
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B 3-30 AREH: ZAERE

3.43 NS
Bl B &%

Z®) FIR CBRVRIEIRAN, Bl - 1 2 H A 55 ¢ BRBEREM w©
B, ML ¢JRHRE R RTG.

WM, % ¢ 2R, mEnERE £(Z20) Frig. Hi, A© =g,y = A0,

70 — A1) L 4 pO
A0 = ¢ (Zw))

R EfkiE

WE, KEHESRRE. Hb, 80 RIRE, 1 +1 ZIRETEE. MY
TaiEmMg, WtEMEGEHsRE, HAEMRL R

5O = s+ D) o ¢ (Zu))
AR EREL J (w, b) AR T8 2 BOAS R o i 8 ) e s B T DA A 3

Vi J(W,b) =AE1 4 50
Vo J(W, b) =5
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3.4.4 EUEFAMLE

SCIUGTRMZEI | B Sel B SRR I DR aR OB JE RS, TR USSR AR . AR
PEAE R BB A B — D R IR B G AE M 3R UR E (R BRI 98 & — DAUCESE PRI REA]
KIBPEBIDZAF R, — MEEF TR AR EER MR ES @, J— REE A
XA B R B TR o

UL N ERRR, WIREEERBURZ 1) —BUFL; BEE MAAS5AS B, BUE
FE PSR U R ORI 2% | S HLBOR B P T HIR A1 A EL AR

B, PR A 4 RIS, BT PI4EROR I IEAR YR/, S EROR
ROIEERL, HPUEETR T AEE . A 3-31 (F467) Fis.

B 3-31 AREMTES

WAE3-32 ($46W) frn, #iE T 3 MEHEM 2 MaEHE. Hrf, mial 28 H
ReLU FWE A%k, Bt 2R A softmax FIROE KA

3-32 SIERAYE R %

] TensorFlow SEPAEFIRIL , W FACAS TR o

N oo B
SN
[S)

Z=Z=r X
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wl = tf.Variable(tf.truncated_normal([5, 5, 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.relu(tf.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)

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

yy
v4

logits = tf.matmul(Cy4, w5) + b5
y = tf.nn.softmax(logits)

WE3-33 (F47R) Fron, &k 10* willdk, TS EIRZ) 98.9% HIHERLF.

B 3-33 ZAARML: TIAFE 98.9% &9 %

3.4.5 1BREFAM LK

WE3-34 (F48T) P, PREZBTIMAZRE, Wi T 3 MERURM 2 e

Fo H HRREZ M ReLU FUBOEREL, &a BI%HZER A softmax FYIUE REL

B2, HXTZRTRIGIRMZS, (1T L2 i EERIE 2 fRHE. [, fEamiaEn

BeBl = 52 dropout #R4F, HESRMZEATZACRE
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B 3-34 HEBRVZAL

i H] TensorFlow SEELE KRGS, W F LR .

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, 107, stddev=0.1))

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

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

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

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

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

yy = tf.reshape(Y3, shape=[-1, 7 * 7 * M])
y4 = tf.nn.reluCtf.matmul(yy, w4) + b4)
y4d = tf.nn.dropout(y4, pkeep)

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

mE3-35 (F497) firn, 25 10* ik, WTLMSEIRZY 99.3% HITERR.
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& 3-35 ¥iEEMML: TAFE] 99.3% 094 %

FIRS, X T Z AT S AE RS, , TS G2 7 IR, WE3-36 (F4970)
Bt

3-36 RAERML: AP RRE
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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

2ot

KREEGIAR TensorFlow ARG Z, FF—DEEAE 7, JHRESEWNRHIT R &
Ja, IS TEE A TAENUEH, IR TensorFlow a1 7R TAENLEE.

4.1 RGFEEH

WA4-1 ($547) P, TensorFlow B RALEHILL C API MFL, BEAN RSG5 N ET iR

MRwMW T R5e!.
1. A3H A% RBESEER, AFHEtER;

2. Ein A RABBANIRIE, A wPATIHHEA,

TensorFlow M RGER T ENG R0 2284, J5 i 2248 IR SE BN AT LAt — 4590
N4 E.

L BATE D SRR R XA A KA X, FFHF KK Fe L0
+ T W& OP #9 Kernel A4 £EAT0, Kernel £LIMAT OP #9 £

3. #BAZ & AT gRPC FILAF I 69 848 %k, A% 33 1B M4 B 5%
# RDMA 813 ;

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

ES

H‘i‘

o

M AR BERAE RGATH, TensorFlow ISAT I b2 58 T EIE I MIE . daflE. M

Hizft.

1. &2l #git i, ERPUTHE;
2. HHEE T W B AT EA R M PAT R E AR P S & L HAT

VRSEE, RN AR HAFAE Client (95, Bl RSUE TensorFlow MM EIRHEINE L, #iF
ML AR




54 %4 85 25O

L IBATAL BRBEIEEFPITR T L, FESEN OP 99 Kernel 35,

4-1 TensorFlow #%%H

4.1.1 Client

Client &A% R LM FEALF 7, B2 XFrZEF OREIAE. Client 2T
TensorFlow HIZEEHEE M, #iEitHHIE. HAT, TensorFlow 3§ Python Al C++ HIZwFEfE

A#ECA5ETE, JUHX Python 1Y API 2 e, JEH, XHMIEIE T API 2+ H
i SEH o

UL, TensorFlow JFARBATEMTHIEHE, HESEGHET#E# T Session, FFLL
Session A, #H57 Client 55 Master Z [A]HYHE, 5 Protobuf #53CH GraphDef /7%
WIEHEIBLE Master, JAahiT & BT




4.1 RGLH 55

4.1.2 Master

Eﬁj\%ﬁﬁﬁ/ﬂ@ﬁﬁ%%tﬂ Client #4417 Session.run i, e 3 BEA T B 81 45 )5 i 1Y)
Master. BCHT, THEEESEREE, #HCN Full Graph. PS5, Master Hi#i Session.run f&
BZA TN fetches, feeds 245135, KMIEJT Full Graph, FIZHR{EHIE R, X H BT
W, Ot B E s/ MR I, HFRY Client Grapho

4, Master 15044 Client Graph &/ (E55 12 FR % (SplitByTask) HZ 1 Graph
Partition; HH, £ Worker X} V.—> Graph Partition. FfiJ5, Master ¥ Graph Partition
DREMEIAE Y Worker b, PMBEAEAIE Y Worker _EIf &/ TiX4E Graph Partition. #iz
J&, Master ¥ EHAIATAH Work JA3IHHN. Graph Partition [J44 T2

Hrp, Work 2 ] BEAFERURIKHIRE R, Master JAZ S Z MR AR, B
PIPZ R ELARAS , S s Se s i, BB se T i

4.1.3 Worker

X FHE—MT55, TensorFlow #W4 J5 8—1 Worker 354 Worker F# Mot~ 3 4
ﬁﬁﬁ‘]ﬂ/\m N

1. &£¥ % B Master 8935 K;

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

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

4. Y RES-Z A 69 H R4S,

45, Worker 2] Master &%k 9 PAT TS, HEIF AT THEE XS T Worker /2
SEREEY, WARCH Full Graph, EXTW T Master B> Graph Partition. FiJ5, Worker 2
P& 470 eI HAEEAFEANE . A5G (GPU/CPU) %R, %M OP A WA RMTE, ARk 52
(SplitByDevice) HZ 1 Graph Partition; Hep | AR N — Graph Partitiono
¥4, Worker JH 81T 1 Graph Partition FI#AT. /5, XMFE—i15H %%, Worker
R 4% JTH R A s Z TR R AROBOC R AT AN B, KO OP AY Kernel 23,
SER OP MisH (— R ) 2 25 SR o

Hrr ) Worker IMELATEE OP iz B INEE R L IEE| HANN Worker 2%, siEFH#32kA
HAth Worker ZIiRZAE R LER ) LAMHESCIN Worker 2 [H]HIEHESE H.o TensorFlow FF{ 5K
W7 IR HAR & AT Send/Recve

1. A3 CPU 5 GPU 14, 4£/A cudaMemcpyAsync =35 # N ;
2. A3 GPU 208, &A% 2369 DMA #1F, #% E4m CPU 893 0,
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XFALERIHE(E, TensorFlow 2R HML.

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

AN, TensorFlow E4ME AT HF cuNCCL &, HTHMEZ GPU A B35 -

4.1.4 Kernel

Kernel /& OP f£ 5 il £ 5 25 B9 R 8 S8 30, B s AT OP W E Rz &, Hr,
TensorFlow RS 200 £ ERT OP, BIFEHUEITE, SAEUHEME, 7, R
SEHE,

— R OP IR RIS MU THY Kernel LMo fEIB1THS, BT
4 OP ARG LIRIE, MHEAMBAIIZRA, S OP i RER Kernel SEM, SERGX
OP A5,

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

I4h, TensorFlow SEHL T Rmfb AR, @A, DA AP O HFRRF, &
HE s, K SRR R TE A OP Mt E IR R, s fTaes
{&F, TensorFlow £ & &3 Kernel {541, H¥ BRI I,

42 B

MR R, 2R, BEZ IR TensorFlow HAIEN ] 53z
AL

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

R APAALSS

1. psO: 42 F /job:ps/task:0 4738, & FALA K549 H4% 4= 237 ;

2. worker0: /job:worker/task:0 4738, R FTAER 499 4,
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& 4-2 TensorFlow %&#: 1 PS + 1 Worker

4.2.2 BEfE

nE4.2.2 (570 Fine Client #E T — M RFAITEE,; 556, H w5 o STHEE
3, FHSEEE b AR, RIFEHE s 1o

B 4-3 BH#E

423 BT

Wmr4.2.3 (%58R) Fine E4E, Client GE—1 Session SLfl, #3755 Master 2 [H]
HEIE ; #55, Client BT Session.run T EE#H2 Masters

BiJ5, Master fEHI5/E 53— Step HIEITHA IR FEPATZHT, Master & 5Lfi— R
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SRR, BlinARIANKER, FEMES. &5, Master NS ZEAIYRRE,
R B

B 4-4 B#4T

ElaH
WNE4.2.3 (F58T) FR, fAAE—FHEBELRIERI 5% . Master KRS HIHKH OP

K5 h—2H, FFCEAE ps0 fE55 b5 HAl OP X5 N7 hh—4, HELE worker0 {155 £
7o

4-5 B3 BE5X S

FEEM

ME4.2.3 ($F597) Frno FEEID SRR WERTHE B i BTy fski% 48, Master
Wiz sLtir 24, AEWA T a2 8156 Send FI1 Recv 7 4, SEINELIE 11553 o
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Hrp, send Ml Recv TR OP, FUREENTRM AR OP, A EHEfTH &
], AP, FFE, ENOURTRIRREE, A medait Srize.

)i, Master B H RegisterGraph #11, 1 EFMLE NI Worker I, FFHHH
M.H) Worker ATTHHAITIZE

B 4-6 FHEEM: A Send = Recv ¥ .5

FEEHE

mE|4.2.3 (%59M) Fione Master I VHH RunGraph #:10, JEEIFTA Worker #0471
Fiz&., HP, Worker Z B 7] LB H RecvTensor #1H, SE AR NS .

B 4-7 TEHIT

43 SIEEIE

FPR, RS TERREA R R, MHSEEHZ R R, P8
Tty B L] .




60 B 4E RGN

43.1 BIESIE

4L, Client BXRIAT tf.Session.run B, 2N EFHIL )R, #id gRPC A ik
CreateSessionRequest ‘fﬁ%, F G525 Mastero

Bt 5, Master @ —" MasterSession L6, H-FH 4 RME—M handle brif, T
CreateSessionResponse & [FIZ5 Client. #ME4.3.1 (F60R) .

B 4-8 44t

4.3.2 IZRELT
B, Client A ZNEARMIT IR, FERRAF UL RN — K Stepo BERY, Client

& i% RunStepRequest I HZ5 Master, M handle Fri, HT Master & 5] 1 )
MasterSession SLfl. WE4.3.2 (560R) Fino

4-9 HRIAT

M E

Master Y€F] RunStepRequest HEJG, KHATEBIR, 2%, ILERE. LT
% (Task), ¥EXI9D AL FE R B (Graph Partition). FiJ5, Master [[]#57 Worker %
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i% RegisterGraphRequest 4B, 147 El R BUK KM 21 Worker 75 5 Lo

24 Worker Y %] RegisterGraphRequest 14 B J5, TR LN SEAE, AL ML
(Device), &5 24T E B (Graph Partition). !

4 Worker 5% 7 MG , BiiR M RegisterGraphReponse H.E , 7 #17 graph_handle
Fride XA N Worker F] LAFF A FMIIZ 724 T, 4D 7 EMEH graph_handle ME—

FRiHo

BT FHE

Master 5% B EM G, T #E T A Worker J AT A 7 Ko XA #8221 itk
Master &i% RunGraphRequest J4.5.25 Worker SE 7. H | B (session_handle,
graph_handle, step_id) —JCAHMIFRIR(EE, HT Worker & 51HN AT K.

Worker ¥ Z/{H 5. RunGraphRequest 4B )G, Worker tR#E graph_handle 251 H M T
Ko %, Worker JAZAMBT AT EIZEIFLPIITIA 718 Hrp, &7 B E AR
[ Executor AT, Executor ¥HZMBIRFMIEFE L E 1 E A BT E . B E DT LUE
A HEFER A ARG o

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

RIREIE
USRI B 2 [B) i A it , MBI i Send/Recy TRt SE /AT Feikily, iR
P4~ Worker Z [AIf EEACHEE , 5 2000 M 5 AR (] A8 (5 o

B, TR 12 3 & 1% RecvTensorRequest THEEI AL, FMAIETT BIEH
B XS MW Tensor, 81T RecvTensorResponse iZ[Ml. UNE4.3.2 (F627) Fi7no

433 XHSIE

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

e 2UB T, B RE RS 2. /£ Master LIZIUES502, TTE Worker %% 52. H
1, MEIEREHN TR B, ENUAETER, REINMIZES.
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%4 85 25O

B 4-10 Worker X i) 9 38 5 4%

B 4-11 #A4%




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

mans can understand.

- Martin Flower

C API : 47Kils

ANEEE IS 7 Ui Session A=A IR SEEN Y, HE7RHTNG Python 553 C++ REEH)
SLYLEIE, #3578 TensorFlow 2015 5 e B F

5.1 Swig : BEia®if

A6 220 5 A IR 5 50 C++ LI ARG HEEHI T Swig E"J@ﬂi firo TensorFlow
ffiH Bazel M T H | 7ERAHIFZ 01530 Swig B AE BES R, 1#iT tensorflow. i
Hsh Ak T ANERDS (Wrapper) X

1. pywrap_tensorflow_internal.py: # 3 *F4% £ /& Python &M ;

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

WmAEs-1 (F64W) 7N, pywrap_tensorflow_internal.py FERE RS AR, H3hHhn
%l _pywrap_tensorflow_internal.so 345 ; HH | _pywrap_tensorflow_internal.so
5 T A TensorFlow 121 THAIFTA 5. £ pywrap_tensorflow_internal.cc FJSEELHT
ST T — PR 53, ST Python BRELZE] C BB TR R, TEIBITIY, #%
I8 Python Y PRELAFR, DCECERBINTRM) C BRECSEIL, &SI Python £ c_api.c BAK
SEIRATIR FHOE & o
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B 51 Swig RAEME

Hrb, Bazel B4 AN E LT/ /tensorflow/python: pywrap_tensorflow_internal, 2l
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",
"1lib/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 fi A SZEL B, 7R ATE Python 54 C++ RETHYL
P E
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5.2 SiRIEH

FERE R Y, C API HAER Client 5 Master 14 A4k W AS5-2 (F65R) Frw,
Client fF1EFRS C++ LI, HI tensorflow::Session. F:H', tf.Session LU B A
tensorflow: :Session SEBIATAI M. (ESLFRIZITHIERIE A tensorflow: :Session AJ AEFFAE
2 L. Wﬂﬂ, DirectSession 1 TT A MR A & iFi = dl. 1M GrpcSession foi T
gRPC MR AR & imaadile — Mk, P tf.Session Siftidmts, 1Mk

tensorflow: :Sessiono

B 5-2 % F 3% tensorflow::Session 4| 4]#id42

5.3 SiREWGER

SN LRI AE RO, QEITEE, vRIEERE, PTIHRE, K&,
HBATEEANRE . £ Python MJF¥ C++ RELNMEMMFA RN L.

5.3.1 Python &iif
ME5-3 ($66R) Fr~, £ Python Fidi, Session HYAE 7 A 3= 2R IAE :
1. 413 Session(target);
2. AR MAT Session.run(fetches, feed_dict);

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

4. 4% Session;

5-3 Python: Session 4% )5

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

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

5.3.2 C++ [5if

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

1. #&¥% target % 54| Session;

2. Session.Create(graph): A HAUH —K;

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

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

6. 459 Session % %,
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67

B 5-4 C++: Session £ & FH

B, MALEIE T AR DirectSession L, I fE ST E BRI 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 GIESIE

N IE A2 Session GE LT FE, M Python B A#E A, Wit Swig H3h4 A
Python-C++ HIELEEAF, JFLUCHIES Y, SCIL T Python #| TensorFlow ) C API fY .
Hrh ) C API 2R A4S fa i KGR 77 7KIE -

B 5-5 44t

5.4.1 %m0
M Client B8 355 B MG ATIE TR, SE018 T4 Session ST, HETTE A%

BaseSession M EREL o

~BIXES 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

{£ BaseSession M1 bR, % 8 FH pywrap_tensorflow 5 Bt o 117 pR %0, Ho
TF_NewDeprecatedSession /&itt 4 PRIV, O#EFIEEOSLH. B8 API H, EHA4E
SCBEIRZE JE e C++, TR 1 HT e I S48 e AL B o

~fI4XES 5-2 tensorflow/python/client/session.py
from tensorflow.python import pywrap_tensorflow as tf_session

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

if graph is None:

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

self._graph = graph

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

WE5-6 ($700) Fii7n, ScopedTFGraph /&X TF_Graph FIEHERER, SEMRMIT C++ 1Y
RAII HY TAENL o T TF_Graph #54 ternsorflow: :Graph 36, HH1 self._graph._c_graph
IR[E—A~ TF_Graph SE6], JE#& 8T C API G307 B L4 .

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

RBIKES 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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B 5-6 A/ B EpthiE

Python &13£88

T pywrap_tensorflow fHEtH | Y _pywrap_tensorflow_internal ¥ K, SZILT M
Python Z|ZIA&EREE _pywrap_tensorflow_internal.so HYRRZCR .

~BIXES 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@ﬁiﬁkgzﬂﬂqu, ﬁ%%§f§ﬂﬂj7@§§ﬁﬂﬁfﬁE@?@g%ﬁg, M
I Python HIRRELZFRE] C++ BRELSLILAY HARMGT o

~fI{XES 5-6 tensorflow/bazel-bin/tensorflow/python/pywrap_ tensorflow_ internal.cc

static PyMethodDef SwigMethods[] = {

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

{ (char *)"TF_NewSession",
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_wrap_TF_NewSession, METH_VARARGS, NULL},
3

W, _wrap_TF_NewSession/_wrap_TF_NewDeprecatedSession 4% 43 31 H c_api.h Xt
HIFH AT API 8 H: TF_NewSession/TF_NewDeprecatedSession. i/, H 3l 4 AT
pywrap_tensorflow_internal.cc (UL 157 Python BK%(E| C/C++ REIHM L K, m&
KRMIRE C KGR LAY APT #0.

5.4.2 C API

c_api.h 72 TensorFlow HYJE¥ih AT R GEMH [ B SR A0t APL $0. Hr, Brgs
HESSRA T 3T EAR, SCIESEBIEL N Session St

RBIRES 5-7 tensorflow/c/c_api.c

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

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

return nullptr;
}

}

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

543 RiRR%

NewSession 15 H 3 B % 5 3% 1) target, {¥ ] SessionFactory 2 200 & A R 28T 1)

tensorflow: :Session 4.

RIHKES 5-8 tensorflow/c/c_api.c

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

}
return Status::0KQ);

I Ak

JEu C4++ SEIHF, tensorflow: :Session WIGIEE A THZR L) k. R Ses-
sionOptions 1Y target NZSFAFH (BRIAAY), WG DirectSession SLfl, JHzhAH#IS
178 AR SessionOptions Y target LA grpc://FF3k, NIAIZEE GrpcSession SEH, JH
HIEET RPC A F TR A 5-7 (B72R) Jis.

& 5-7 tensorflow::Session €& % L) 7k

5.5 €I/ ERE

FEREA M O SLalrh, RIS G I oL, FEsLs N C++ RSt
MAER AR D SE A, Jor SEBR P A B eld . RUOMAERIEE OP A, 7 r SRR 22 /5 i
CH+ RGBS HE, BEARASI, XTHEREITABONEE, ERME i
3 o

Python Hi¥#f ik I H Session.run B H, MGG AYITEIE, LA GraphDef T
KIRL C++ Jam. Hi, HissA R Session.run 3RS, #B2ENGHrig 17 S AT &
B RS e A%, DMERHIE T S A Extend 2FCRATITEEH . Frikih, EEX
WH Session.run B, M4 A& IEFENITHE EL Gk RS-
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SR ARG E IR Session.Extend B, %% (kM SE)Session.Create. LAG, JEH

RAFF M Session.Extend BFPEE IEIAT Extend BYTE S, HEr B A 11 &0 B9 538
FE ORI E R A .

5-8 GlEA

5.5.1 “wmiE#0

R I 0 sl 181 _extend_graph SEERESEHITIT R .

RIRES 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()

E%ﬁﬁﬁsdﬁjﬁmLthﬁ,ﬁ%ﬁ%m%ﬁm%mﬁﬁﬁ@¢ﬁ,ﬂﬁ%@
GraphDef SLfit ML RAE, 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

~fl4XF% 5-11 tensorflow/bazel-bin/tensorflow/python/pywrap_ tensorflow__internal.py

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

C++ 13588

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

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

5.5.2 C API

TF_ExtendGraph +& C AP Xf4% FERE RGN B9, Bt A Graphbef 1Y
BZE?§U4K, AP 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);

}

5.5.3 Rin&R%

tensorflow: :Session fEIEITHIHRYE Session WA ) N4 23S HuIf FAE N 1281 5K
Imo

~fl4XFG 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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iiEP, Create FK/NFEHATH tensorflow: :Session Szﬁﬂj:ifﬂﬂtfﬁiﬁﬂ, R
BT, F55CH1Z tensorflow: :Session X4 Extend 32/NfE tensorflow: :Session 3E
B ECTEM R EIE I Ao Extend BHIXIATHS, ST Create HIIE L, KA E
X Extend I, CIEMATHEE NS, HL E, RG2S E R EJ7 ey, kL
GrpcSession SEI A

B XY BE: GrpcSession

R FIWTS | H Master 1 handle AN NS, MIHAT Extend; BN, FRAT Create HIIE XL,
H 5 Master WiEE, HFFA MasterSession [ handle.

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

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

}

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

return Create(graph);
3

5.6 EXIET

mE5-9 (%757) AN, Python Hidii Session.run SCHU fetches, feed_dict fGi#%5
i RS, Ak ARG Session.Run M. JEUi RAH] X Session.Run FHATH H ALK
K Stepo HH1, Step FIHATIIFEZE TensorFlow i1 THT HICEHEEE 2.

B 5-9 &RHAT
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5.6.1 %m0

24 Client i Session.run B, AL A pywrap_tensorflow_internal FHEAT YRR

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

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

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

Python €388

~4XFS 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++ 1328

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

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

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

1

%, _wrap_TF_Run/_wrap_TF_SessionRun_wrapper #4335 C API X TF_Run/

TF_SessionRun 1% FREL .
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5.6.2 C API

AR D H, TF_Run & C API X4z EEGREREIHE O . B8, &5 il AZdE
M C 3] C++ BER S, 535S 1Y tensorflow: :Session HIPHATIEHRE. SIAT5E AL
J&, 5 outputs HIHIHHAGRM C++ F| C HIRE L4k, TF_SessionRun 55 TF_Run LAEAL
HZEARZ , FEHAFTICR.

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

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

}

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

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

TF_Buffer* run_metadata, TF_Status* status) {

5.6.3 RinR%

tensorflow: :Session FEIEf TN & IR BN | 44 22 Aol AR R 1 728 S8 o

~f5I4XES 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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NS

1. options: Session #93iE4TELE 54K

2. inputs: #r A\ Tensor #9.% 53| % ;

3. output_names: ¥ Tensor #9.% F 3k ;

4. targets: L, FHATH OP #9.8 F3] 4,

o AR -

1. outputs: # i 9 Tensor 74 ;

2. run_metadata: BEAT BT LAIE 9K IE B,

Hep ) BT outputs SRS output_names ——XF N, ANRIZFTH R I A IAT,
FE outputs ﬁL%ﬁhﬁ, T 245 [B] B A G HE AR Y output_names %?@J%@, *F outputs
HATHET

5.7 XKHAEIE
M E A TR, TR tf. Session, DMERUGIHAN RGN, A4EIAF, 10
Eo SIHRIRERNER, MA5-10 (F78R) Ko,

5-10 XMaiE

5.7.1 #wigEO

24 Client 8 fH Session.close B, mZ 418 pywrap_tensorflow 5 B A [¥) B8 £4:

TF_CloseDeprecatedSessiono

RBIAS 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++ 13522

_wrap_TF_CloseSession/_wrap_TF_CloseDeprecatedSession 73 Al 5 C API XJ [ 11
TF_CloseSession/TF_CloseDeprecatedSession 1% [ R %{ .

~fl4XES 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},
3

5.7.2 C API

TF_CloseSession/TF_CloseDeprecatedSession EHE5E tensorflow: : Session HYIE Ak
o

RBIES 5-24 tensorflow/c/c_api.c

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

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

5.7.3 RiRR%

Session(C++) FEIBATHIHBIAZER 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

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

5-11 4% 4E

5.8.1 “miE#O

24 Client I H Session.__del__ B}, JEJ53) Session.close B, &< FH py-
wrap_tensorflow HEHLH I K%L TF_DeleteSession/TF_DeleteDeprecatedSessiono

~I{KAS 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

~4XAS 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 R

~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

5.8.2 C API

TF_DeleteDeprecatedSession BEIZ5E /K tensorflow: :Session X% FIBR. THHTHTHE L
TF_DeleteSession SEILHT, HTEEMIBE tensorflow: :Session SEEIRT AN 1 A S 114K
ik 1o MUY 0 B, IINBRIZ B S, A0, AN BRI S
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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;

}

5.8.3 RiRAR%

tensorflow: :Session fEIEfTIN L BIAZEI | 22 A R AR I 1~ RS A A 44 pRZ

~4XES 5-30 tensorflow/core/common_ runtime/session.h

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

1

5.9 [$8EAM

FHEC IR BS e O S8, B O SEBUE e TR AR T R e fE. Bk, #ubA
FHRE I, HAHE O AR SE RN INE AT, ABR] AT IS MR A CEF RO, Bl
B [k ImEsiN

5.9.1 H£E=ELH

WMAES-1 (F120W) Fran, —1> Session HEEIEfT— 1 ELH]. WHR—1 Session Hiz
FPHA B S, e KT Session, SAJE PR BT AT EISEHFMZ I Session H, )5 /A
FEET T A E B P T R

R, — M EEA LUBITHEL T Session L4 o WIRAE Graph S L 4EFF
Session WG| T4, £ Session GIEERS, FEiZ S| BN 1; 1E Session fHEH (4
SERM Session), (EIZEIZL] Eaid 1; M3ty o B, W B ZhiilER - SLp]. Egr4En
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I, S TS TR AR

B 5-12 4 H: Session 7| AT BEH AR

5.9.2 HEFE

ME5-13 (F83W) Frow, Rt s, Bii Python 1EEMER, 4 EMiE
SEAUE, BRI, )G Session: :Create Y Session::Extend {&iH%5 50 C++
ARG XARFE—ESLFI R VSR, AR KB ETF 4.

B 5-13 BEE46: AIHL )R FIH

WmA5-14 ($837W) Frn, (EFHREE O SLIAH, ATLAZBR Session [ Create/Extend [
B EEMIIERS, Bl Python fEMIERE OP I, EHaET C APT ¥4 HIBINZE 5
CH+ MBS IR 1 1 SEAFIAE BT i Y e SR e 54 A T4 o

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

ITEE

TE TensorFlow FITH&EE Y, (i OP F£/n17 &, W OP Z AT FIE R Hi ¢ K|
& OP Z [AIAE SIHBEIK R R, B A REERR. K, HIRIAFEPFEE
B —PoREEAE, R Tensor 3R ; H—MAKEEME, [EIRTHEMRHOC K.

ARERE A TensorFlow H EEIAIOUET 52 TTEE. N 1 2 Eis i 5 & A st
BLBOR, R0 RS B S B AR GE BT AN S B, PR T R i AR 4 R T A8 P e B TA R i
JREE

6.1 Python Hjif

1 Python HIRTSG R AT, JF% A Node, Edge HIMEE:, {UAFAE Operation, Tensor HY
W&o 5L E, 7EHTYG Python RZH, Operation /8 EHHY Node LM, 1M Tensor F/R
K Edge SLfl.

6.1.1 Operation

op T FRAFFMP HEAIT A, ERREE R 5. Operation & HT% Python
RGP EEN— S, 12 TensorFlow &1 TH /N AT,

DmARE

mEe-1 ($88M) N, Operation KRHEMMMGEIIA, LI st th 9E D24
Tensor {ENHA A, ZiditH)aHm HF DL Tensor & NI A, M0 _E R ilER
Operation Z A7 A T EUHRAR IR R ik, Operation RJAEFFA i 042 il 7 it Y £
B, RRBLERTH R R

et EEE R, @i OP #i&%s (OP Constructor), F4i& Operation L], Jf4%
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HIEA BN E L h . HHERS, operation S KIE graph BHEAFA %I L4

Operation HITCEU FH OpDef 5 NodeDef ##47, EAILA ProtoBuf HIMEXFAE, Bk
T Operation JASTHIA VY. HH, opbef fifiid I OP MEASEMEELE, #l0 OP K&K,
A/ SENFR, BIEEE LFEE . T NodeDef A T OP MEIZSEIEAER L, Hln
JRIMEAEEE R

6-1 4B %: Operation

HiE =%

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

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

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

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

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

if control_inputs is None:
control_inputs = []

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

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

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

self._id_value = self._graph._next_id()

EiE&E

Operation ZE X T W H TIEME %, HTIREGZ OP T, HH, name FonEH
FIEBAFR, BT name_scope [NEIR TR, TEEISLAIIITE RN A ME—R, #14 layer_2/
MatMul; type NIZIRiZ op ZRAUME—RIZFR, 141 MatMul, Variableo

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

return self._node_def.name

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

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

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

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

@property
def device(self):

return self._node_def.device

iz{T OP

FTELIZ OP A SR B P, 53/ MEHIN 71, FFAEBRIANY Session FHIRAT
%K
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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 {8 HERIAIY Session i&Z1T1% OP.

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

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

6.1.2 Tensor

ﬁT@‘fﬁ/ﬁﬂ, Tensor F*#?ﬁﬁﬁéﬁ*&, BAER Operation iy P — D5 A0
b, FFEIEIL Session.run THEAREIGE] Tensor FIFFFA I HLE R .

ErESHESE

MmAEe-2 (£90M) FI7N, Tensor /=M1 Operation ZUHEACHLHIMEZE, A2 RIME T
WA EFEESEBE LR LiiF operation 1ENA 3, Sid R R &, &
Ve Tensor, FLAMAE A1z bl Operation H@ﬁﬁﬂjzi‘#, FAd output_index 1EAPR
o % Tensor #ifLIB%G Tl Operation, JFAEN Tl Operation i A, TFiif Operation
FE241% Tensor HITHZH o

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

TR A

MEe6-3 (F91R) fn, Tensor it op FrAMHELEE MM Operation, FfHMHH]
index R/NIX Tensor {E1% Operation AR THIZ S WYL, WLEMER op:index HY
ZICHE BAEE P E BRI Tensor L4,
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UGS, Tensor £ Operation HITH PR FIZE, FI THEERIZ Tensor i H E|HFLE Operation
LB T . B, Tensor 784 Tl A EM, WMEET Operation Z [B]NEHEM I &Ko

B 6-3 4Rt % Tensor

¥ 31 KBX

i, 2% Operation 5 Tensor MR SLHL, R Z L PIE 2 A4 =& -TH o & 1%
BEKE R 2 Tensor FIRAENASTRA Operation B, BATEIST T NiliF Operation S AR
Tensor 2 [A]HUIH TR Ko

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

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

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

[AFERL, Tensor TEAGIE#R A _LIFHIAI 47" Operation, MHiZ Tensor SLHITEIZ
Operation 1) outputs FIEF RG] ﬂt?f, 2495 H _add_consumer, Yz Tl Operation
BINRERETFRZ .

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

self._op = op
self._value_index = value_index

self._consumers = []

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

BT Tensor B LLIB I LU Operation, M TIZRIUAE R B JCEHE. AT LAHEN, ¥
Dt SR A R B AR, SR N HE R B A 7 U7 M N AR e HH ) name JR [B] T
(node:output_index) I —JCAFE, TEITEEATEE N ME—HARIN T Tensor SL4.

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

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

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

@property
def name(self):

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

@property
def device(self):

return self._op.device

@property
def shape(self):
TensorShape

return self._shape

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

T

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

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

HH | _eval_using_default_session H4{H RN Session A% Tensor L. 117,
tf.Session.run I fetches FIZER] LIEATE Operation, Tensor 5L,
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def _eval_using_default_session(tensors, feed_dict, graph, session=None):

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

6.1.3 TensorShape

Tensor ffiff] TensorShape HiiAHIERE B EFFFZ Tensor HIEPEZEA MH Dimen-
sion #I5, 1 Dimension il TIZ4EE I K/Ne HH | TensorShape 55 Dimension &2 {H
M5, G T SRR R T, WAL, A9, AT AL,

B 6-4 TensorShape

NAIE 3R ATLMER TensorShape #EELH Tensor ATt & HIICERE 4.

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 Fik

FAEILNSEHBI L) 5, scalar, vector, matrix J T 7I#0iE 0 4, 1 4, 2 461
TensorShape o

def scalar():
return TensorShape([])

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

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

LS B E R, X5 H TensorShape B B ASGEHfE, WA LAfEH None F/no 121E
WAE DL, R rank K/NARM, FRIZ TensorShape KF; WHE rank K/NEE, WIFRIZ
TensorShape ZFE X

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

*Hﬁﬂﬁ, A TensorShape /I\?ﬁf}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/, {8 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 HA44"A TensorShapeProto 7. Fiikih, 45— Dimension
ARH, N TREBETAIM, T2 None et h-1.
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class TensorShape(object):
def _dims_as_proto(self):
def _size(dim):
return -1 if dim.value is None else dim.value

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

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

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

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

R, i as_shape ¥ Deimension #115&, 5K TensorShapeProto #1451 Tensor-
Shape SE4

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

ik, 4H9iE TensorShape B, 24 TensorShapeProto HYIE—4EE K/ NA-1 B, #H
oM None HIZE7R o

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

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

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

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

6.1.4 Graph

Graph #& TensorFlow fx B 454, TensorFlow HiafTHI SR Graph IS
G BRIl 4324 PdT. I, 2% Graph MIGUEIEA | X THEfERE TensorFlow
BT KA #ias o

i

WAEA-1 ($3127) Fin, — 1 Graph MG E&— Y] Operation M5, FnilHH
JTCHIES . FIR, BRERFA— RV Tensor X%, FREFRHRICHES

B 6-5 4A#st%: Graph

AT ESIE R SEE, YR ERIER BN NG operation 7 ELME—HY id,
HAEEH I _nodes_by_id HIEIRF M, RIAT, 257 0] DIARIRST S & F R 51 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 WIS G, RPN AE LAY Graph LBl HIEHIA
Zi)m, (EAREERIFIEMT AT, 15 Graph SLHIFEL A & i3 =,

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

popic]

N T AR Graph YT, FEEE Operation LT ERFERIFRES, SLEL T 55
H19r28. MEREZRBLP T S RIAER —1 Collection A7, FEHME—N GraphKey FriHiZ
6. WS, (ERTLMEYE GraphKey ‘ﬁ%‘bfﬁéﬁwﬁﬁéﬁ/‘]ﬁmfuwo Hrr, RGeHiE ST )
GraphKey, [FIFfHLSZ4F HE L GraphKeyo

class GraphKeys(object):

GLOBAL_VARIABLES = "variables"

LOCAL_VARIABLES

"local_variables"

MODEL_VARIABLES = "model_variables"

TRAINABLE_VARIABLES = "trainable_variables"

SUMMARIES = "summaries"

QUEUE_RUNNERS = "queue_runners"

TABLE_INITIALIZERS = "table_initializer"

ASSET_FILEPATHS = "asset_filepaths"

MOVING_AVERAGE_VARIABLES = "moving_average_variables"

REGULARIZATION_LOSSES = "regularization_losses"

CONCATENATED_VARIABLES = "concatenated_variables"
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SAVERS = "savers"

WEIGHTS = "weights"

BIASES = "biases"

ACTIVATIONS = "activations"

UPDATE_OPS = "update_ops"

LOSSES = "losses"

SAVEABLE_OBJECTS = "saveable_objects"

RESOURCES = "resources"

LOCAL_RESOURCES = "local_resources"

TRAINABLE_RESOURCE_VARIABLES = "trainable_resource_variables"

INIT_OP = "init_op"

LOCAL_INIT_OP = "local_init_op"

READY_OP = "ready_op"

READY_FOR_LOCAL_INIT_OP = "ready_for_local_init_op"
SUMMARY_OP = "summary_op"

GLOBAL_STEP = "global_step"

EVAL_STEP = "eval_step"
TRAIN_OP = "train_op"

COND_CONTEXT = "cond_context"
WHILE_CONTEXT = "while_context"

BHEAS Opeartion QR ALK HRIHERSEWES Y, ET/FHRYE 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]— -2y ME—RY AT BOARIE LB o B35k, TensorFlow
W] DL A GRS g, FFMM g.as_default) A S AT ZAE H ME—BRIA Y
Bl FRAeiz EF SCE B ATEERT OP A B shiElt 2% L pi .

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

FX L, g.as_default M ATEAR BB FIR B 7 — 4> ERSUEBEAR, 15 A7)
FSEB] g B8 FORBOARY I SE B, 2B H 1 B R SCE B A, MK SRR B Y 18] 52
Blo AHZE, FEARM—ARZ, LRI A BOCHE — B SOy BT, wT LR A
tf.get_default_graphQ), IR E1Z BRI ) 1 S

_default_graph_stack = _DefaultGraphStack()
def get_default_graphQ):

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

def as_default(self):

Graph
return _default_graph_stack.get_controller(self)

Hrr | _pefaultStack H11Y get_controller FEARTIENHATE SLH]; 4B b F s
aela, WM BRIz se ], O Z AT S22 get_default I, AR 2SI
it _GetGlobalDefaultGraph iR [EI4 R ME—[T. FRzUAYESEH]. £E AR5 TensorFlow
Fefprh, REA R CEZ AL, MATA OP #ERAMIE 2132 B S o

class _DefaultStack(threading.local):

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

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

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

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

finally:
self.stack.remove(default)

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

def get_default(self):

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

ret = self._GetGlobalDefaultGraph()
return ret

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

H}

BF T

R T AT A PRI T R, B name_scope R P HTRY T SUSE i Z A . TN,
TEEAE AT W VO N EM S W B, ATRASERE A ) i 4% . 8 /8 R/ K FH 2 /4

BR/HE /AL /TR o 3X T TensorBoard LA I WAL AR AT E), Lt EEIHLE
KHF, T AT B SRR, AT LA R 77— RIS

ik ) name_scope & 4k K ZMEI Y name_scope; IR AIHEEY name_scope LA/EEE,
HE NG M name_scope; W1 N ik HY name_scope N %5 F 15 HREL None, 14 EE B

name_scopeo

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

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

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

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

assert e.op.name == "e

L 1 name_scope /&2 b N UEHIEE  fEHRERT name_scope H', SLHL T name_scope
BB . 24 name_scope tH TYEMIEL, f# B 3KE SNEI name_scopes




6.1 Python Hij¥i 101

def _name_from_scope_name(name):
return name[:-1] if name[-1] == "/" else name

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

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

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

EEWED, OP MG B R T H tf.name_scope, & MHii A K Operation B
Tensor FF P HIE LN, MAARHNE], WIEEBAREIPL. 5, PEXE
SEAG| BB INFT Y 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 s

EIRYSEEeNaR/ i) control_dependencies I HNE Y control_dependencies, B8
None HE B % fillfi A & =

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

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

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

L F control_dependencies & [H T —A B F E A, HTHE OP Mz Hlfi o
Fo HH | control_ops it5% | Y EIEFTKHIT) Operation #5&, 1 current itk T M4 HIE,
S FLANFE PR 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 SCEE T — A 4 AR R A 2 i e control_inputs A
None, /5 FI— /BT AUVE IR, MIMTSEIL 7 Hrde AU 23R H 2 HT B R SChfEEUR,
PR Z R IEAR, DI R 1 A 2 BT B RO R A0, &50EA—J2 control_inputs,
5B B 024 iV I 5 B A

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 BT A N Y control_inputs, HEYFTEM
{&HH I Operation 513,
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class Graph(object):
def _current_control_dependencies(self):
ret = set()
for controller in self._control_dependencies_stack:
for op in controller.control_inputs:
ret.add(op)
return ret

with g.container('experiment@'):

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

v3 = tf.Variable([3.0])
gl = tf.FIFOQueue(10, tf.float32)
v4 = tf.Variable([4.0])

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

v5
q3

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

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

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

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

6.1.5 B#i&

FETF ARSI, AT EM OP MYITE& . i, ErMiE st 2R oP
HIE#R5E K Operation SLIHIHAIE o AL Operation SLBIRIMIE 2 /T, 77 23LHL5E K OpDef
5 NodeDef WMyttt fe.
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OpDef T

OpDef /EAE ARG E KGRI, SEHLT OpDef WIALIRINEANEM . Ll Eid, XTI
K OpDef B4, _InitOpDefLibrary L E X FANT, 3 op_list_ascii F£RWIATIE
OP, ¥4 Protobuf #3011 opList S5, fHZGHIEME] opbefLibrary SLA| 2
o

B, R gen_array_ops AEFAERAN A 3141, BFEESEKTAE array_ops 2K
R opbef MIE X, FHBIEME] opDefLibrary M ZESLE T, FFHR% A opDef M
R4 #

_op_def_lib = _InitOpDeflLibrary()

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

_InitOpDefLibrary.op_list_ascii =

I Fik
WmAEe6-6 (F105T) fi7ne 24 Client f#H OP #i&ef Gl E#— operation SEHIHS, Fix
IR Graph.create_op /7%, #i% Operation SEBITEMEIZ I SEHHF o

WAL, — 7T, Graph 7524 Operation B L), 137 Operation MIGIEIRTT; H—
J7M, Graph 724 Operation HIE/E, 177 Operation HIFFAf, 0%, HHSEHAE.

R REMO TR EE. ETREIAELR, AT OP 25,
ENOUEIATH R RIZ R R, HE DAG &, XA TR R AR A .
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B 6-6 Graph: OP )" + OP ¢4

OP #4iE =5

WwAe-7 (F105m) Fron. fEEMEWY, Client f H tf.zeros_like i — 4N
ZeroslLike ] OP, % OP #iA—1Hi A, HitH—"14 0 # Tensor; HH, tf.zeros_like ¥
PR OP #4348 o

S8, OP Mi&dw i fl— Bt A s A s HAUAD, ZEIMT#SR opDefLibrary.apply_op Jii%.

B 6-7 OP ##& & 5K ERE

¥i& OpDef 5 NodeDef

SRIG, WA6-8 (£1067) fli7N. OpDefLibrary il OP M4 F M OpDefLibrary H1, #k
FIXIR. opDef LM ; FZ, it Graph.create_op ML) J7#:, Q& NodeDef L4, #ETIE
& Operation SLA, X H S MR E LB H
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6-8 43 Operation %4): 413 OpDef, NodeDef %4

6.2 Eim C++

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

6.2.1 18

Edge ?v*fﬁﬁﬁ%lﬁi RAEJEIRNT A, NS T SRR . — DT /0] A 45
ZHFMAL, SAUARFRE MG, B, HREPAERRD:

1. &i@i: B FARHEKIE A Tensor &), R7TF LR “AFF 05" 938

A KA, WRELEAT,
2. EHMRM T RARBEIE, ATRTTERAGIATRM X R, FHEEET.

A 1RIA
Edge FrAA T EERERT]

1. src_output: RTZAA [ATIRF & 495 src_output i,

2. dst_input: R FZAA [EIEF & #9% dst_input Fi AL,
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B 6-9 4iBA%: Edge

B, fAAEPMAETSET R s1, s2, W FAERISRHINL, AR R R d1, d2, #P
FEAEM SN -

6-10 &HF

2 ) fic 5t

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

bool Edge::IsControlEdge() const {

return src_output_ == Graph::kControlSlot;

}
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Tensor #riR

—, PR TEED ) KE Tensor, FFHH TensorId #riN. Tensor FRiH HIETT
ST, MHFTELN src_output ME—HfiAE .

TensorId ::= node_name:src_output

B, src_output BRIAH 0; HalZi%, node_name 55 node_name:@ Wi# S5 . 455k
M, 4 src_output ET-1 B, IRz A THEGUKHEL |, TensorTd 7] LAFRINA Aode_name,
PRIZIBAAH T node_name FITAERT A,

6.2.2 &

Node (7 %) AT LAHIA & ek £ & A\ /i i, IF(H A in_edges, out_edges 437/l5&
INE NS I I SE S . I, Node A NodeDef, OpDefo H:H', NodeDef 115147540 Hic
fFE, NHE OP WMEM(ESIF,; oppef FrA OP MITtddE, G OP i Af 28 M S5 B

B 6-11 4AEit%: Node

BN

ERMANBRIEG T, ATLHZRES] (dst_input) ZelEddk. Y37 s AR L Z I,
RES ONTERER A (RUCHE, FEIRET] (src_output) BEHA L, SFIEKMH .

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);
}
}

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

HOG idx RIIEEEAL, A5 AL EE TR A AR, IR
BEHSEITT R, LR

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

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

6.2.3

Graph(HHH &) AT M EAES . HEEZE 1 DAG B, R EIPITIE R
DAG W fMIER?, RIKJA ) OP 1Yiaf. Hr, WERIFAEZ A AN 0 H975 5, TensorFlow
BATIS AT ASEE A, AT 21 OP W%, $EmfidTal®.

6-12 AABME: B

B}
R

HRERAIIRE, AR — DB SSIEINT W MREFRATTT A Source 5 Sink T4
A, A RIFOR DAG ERREG T AR e H ) Source B9 id M 0, Sink B9 id N 1;
IRUIEHT, il OP 17 A id % AT 1.

Source 5 Sink X [f], w#idiEE: TGk B, GRAETEEIITIE T Source 1Y
M, BT Sink TN BATZ TGRS, H src_output, dst_input AR -1,
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B 6-13 =H

Source 5 Sink &M EBSLELOR B B9 A, H R FREL T RIZTT Sk, 20 Bl
_SOURCE Il _SINK ir44; FFHL, BATHBR Noop, 7 MATTHEMIHEL,

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

Status status;

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

return node;

}

Graph: :Graph(const OpRegistryInterface* ops)
: ops_(ops), arena_(8 << 10 d){
auto src = AddInternalNode("_SOURCE", kSourceId);
auto sink = AddInternalNode("_SINK", kSinkId);
AddControlEdge(src, sink);
1

S L, U Source 5 Sink 7 AT R AN A E

E=HE

TERTSE, HAEH OP Miss, MigEEEE AT EE . X TEfTh, Sl
Fa i T I dE R 1S Source/Sink %5ﬁ§f£%§, PRI EEATIE T Source 17
AT Sink TR




6.2 J5u C++ 111

6-14 F=H

)byl

ﬁfé:%*@iﬁiiﬁijlfﬁﬁ%, [EE Ll Graph: :AddNode TEE R E T A , /RSO
Graph: :AddEdge £ & FIUE ML, SEIL 2 ARz

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

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

}

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

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

e->dst_input_ = y;

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

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

IR it

fﬁﬁﬂfﬁ#ﬁﬁ?%ﬁiﬂ, W] DA% 22 Graph: :AddEdge SEE%; Y src_output, dst_input
#H-10




112 %6 = iMHK

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

}

6.2.4 OpDef B

[FREHL, OpDef B EAE C++ RS main BREUS B2 BISEHL OpDef HIMNIZRFITEM. &M
A REGISTER_OP 758 OpDef BYiF M-

6-15 OpDef Eft: 48 REGISTER_OP

6.3 [BElf&i#

6-16 M #5714t 5 B 7140




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

mans can understand.

- Martin Flower

IR&

7.1 IXEBNE

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

7.1.1 1k

— AT LOR S A -

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

CONSTRAINT ::= ("job:" JOB_NAME)
| ("replica:" [1-9][0-9]1*)
| ("task:" [1-9][0-971*)
| ((ugpuu | "Cpu") u:u ([1_9][0_9]* | n*n) )
SEEIEE

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

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

BT IR, HEAE. flin, TEUEIA T GPue Tk
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/device:GPU:0@

Feok, MIRERTENZNT, MZIRX OP REHERELIH, 1o/ H e &lE
OP.

B4

5] COLOCATED_NODE ¥57~1% OP S¥8 % 1977 b4 5] I BB AEAH A i ke & o Bilan, 1%
ﬁgﬁifi other/node ﬁﬁ%iff$ﬁﬁﬂ5@t%éﬁ_to

@other/node

DeviceSpec

— MR LAME AR, 50 DeviceSpec #/ne HH1, DeviceSpec f&—TMEXS
%, MR 5 DMFRISHHE S

b 4 A
&k 3
& 5% 3
EEEA
B& %5

Ul ok W N =

ilhn, i DeviceSpec FAiE YA HILIE -

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

712 ETNEEEE

WA B UE S device(device_spec) TEE OP IXAIIVE, 1E1% BN SCHIAVE G
WHFIER] o TEIB TR M EAE T8 BN & LIl To

with g.device('/gpu:0'):
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HHr | device /& Graph F—1T73k, B T — MR B UEBEY, LI

FRERIA R B BEAERE

B

R LA PN RV B A IR A T B T 5 5

with device("/job:ps"):

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

FEE T HFEVER BB MV, WEME SR a R A | e, SSBlssEm
TR

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

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

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

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

with device(None):

REHTE R

i%?ﬁfﬁﬁi%%ﬁﬁ?ﬁﬁﬁ, ﬁ?ﬁ?ﬁiﬁﬁﬁzﬁ?ﬂﬁ, = DeviceSpec AT . tR] LU B B I R 1
HIZEISERE, CHRML T R RGNy )7 e e it s . T kAR — 1
Ml RE, AZH Operation, Am—F4F Bt I AT
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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 LEMIMY B FSCEHEES, B R A2 A7 kg =i
FHE, BEIRRATERS. FEL L, MY device MEUL I FATH | 5 DeviceSpec i,
E S AZ AT, 8 DeviceSpec li—PAIFRAIENS, F—HH IS ITEREL.

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

return pydev.merge_device(device_name_or_func)

else:
return device_name_or_func

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

finally:
self._device_function_stack.pop()

MHFE device B, AR HIAEE EISLH, BRI 4 Jmy M — R BRI 401
HHELE UL, tf.device(spec) HKEIF L LEX) get_default_graph().device(spec) HJ—-f&i
AR,

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

o

£ Graph.device §Zi%q”, pydev.merge_device AR N IR T PR B A PR AILLA
A spec ﬁﬂig%ﬁHQEUji, Wit copy_spec.merge_from(current_device), &IELA
H node_def.device ﬁi%%ﬁ%ﬁi, It H. node_def.device B A & m IS Mo §Q£%$§ﬂ3&§m§,
HMAF 4 node_def.device A B ML HWE? X T _apply_device_functions SEEL A
i B EERFR
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def merge_device(spec):

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

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

copy_spec.merge_from(current_device)
return copy_spec
return _device_function

24 Graph.create_op Hﬁ, 498 _apply_device_functions 1% & NodeDef HY 18 £ HR T o
THXF _device_function_stack ﬁikﬁéiﬁ@tﬂi%ﬁ%fﬁ, ??U%fﬁ*ﬁﬁiﬁ@ﬁi%ﬁﬁ%?ﬁﬁﬁéﬁ, FHg 4k
REPED NodeDef HIBFMIE. WML, WHIEER device HAKMMEHR, LI &
IE S EEINETEERN device.

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

op._set_device(device_function(op))







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

mans can understand.

- Martin Flower

BPIREL Session WHHR, E GBS Bk e, SR A E I BT R, B
Hr, LA Session. run d4 il TensorFlow H)—Xit5 (Step).

H3L b, Session HEAL THATIHAE HMAEIAEE, BEEET OP 15, KIH Tensor 3K
(ENRap ZB7 8T

8.1 AREEIE

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

8.1.1 XA&IE

Y ESERMUR, TR Session P aMIICH], LAEL 2R BT R H I

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

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

with tf.Session() as sess:
sess.run(targets)
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8.1.3 EE4I

— Session L], HABIEIT—ANEISLH]; (HAE, — DL, nTLUBITEZ T Session
S AR AE R Session IB1TH AN —ANEISLH], ML Session(AAEHE),
R E T A

BIR— Session S, HAgisfT— 1B HZE, AILL Session & &fE% 4
M2, AT A& A T B SL ) ERORTEN . B, — B pLE s S I R ]
PMERR—> Session 5L, FEAMuzfrimATEl, T8, K&IH Checkpoint T4,

SI AT #ER

ATIREBCEE, Bt E RSO RS 88, ML B IU R . FEIEISEH
AT —> Session MGG, M HALY Session MELH AN, A H IE HEH 5B & 5L
Bl

B 8-1 AP A: 25 695 A4 E

WL

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

struct TF_Graph {
TF_Graph();

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

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

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

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

};

tIESIE

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

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

DCHECK_EQ(nullptr, session);

return nullptr;

}

}

HESIE

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

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

TF_Graph* const graph = s->graph;

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

delete s->session;
delete s;

8.2 BEI\&1E

I H Session.as_default(), ¥41% Session B NERIN Session, [FIFFEIR[EIT —4
BTN ICE G . BN Session BY_EICH, WILLEESLE OP HUiz%, B Tensor HYSKIH.
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hello = tf.constant('hello, world')

sess = tf.Session()

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

sess.close()

fH/Z, Session.as_default() AN H 31K A Session, 74 WA I A Ses-
sion.close JT o

8.2.1 skENKIE

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

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

8.2.2 OP =&

FIE, Y AREAIRM Session, Operation.run ¥4 B SIZREUERINHY Session SLH,
FHHZHCEYRT OP MR R, DA E RIRTMIEFF Tzt E 7

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

8.2.3 Z&iEtHX
BRI\ SR (LU0 SRR, DUE AR M AT TG Session [V . 0 S7E iy
SRR BRI L% TR A VAT as_default ¥ Session B NEIALIE.

5L |, 4F TensorFlow iBfTHI4E4 T —A Session AMZFERL, SCILERIA 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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Hr, _DefaultStack FAFRMIZIRES o

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

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

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

8.3 &=igZEH

— R, FAEWFRIEARA) 2152 . Session 55 InteractiveSession. Jagr i & AT
HAIRE, EEMEIHEEEE SE BN, A BIAS IS PR

Ebﬁf,ﬁﬁ%?%EﬁgffﬁﬁE@@EE%ﬂZ??%Eiﬁg%o@mﬁﬂ,InterqctiveSession*% GPUOptions.allow_growth
BN True, BERESIGEREE M LB GPU AR BT .

& 8-2 Session: £EKZH

8.3.1 Session

Session 47k BaseSession, }?ﬂgﬁﬂj7%ﬁikEﬂég%ﬁiké§f£EquWijsziﬁggﬁﬁEUﬁE, PRAE
RV LR

o, B with BEASTEN BN SCE G, I A SISO S BOA SR LT
1B with SEAIES, K A S BONE S EOASTRR BRI, 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__(Q)

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

self._default_session_context_manager = None
self._default_graph_context_manager = None

self.close()

8.3.2 InteractiveSession

5 Session /AN[Al, InteractiveSession FEAFIEIHNPEE H G & MBI, FELMEAES
PSR H . SR, Session MAUEEIT with iBA) 4 RESEAMZIIRE. FEACH
KLIREH, InteractiveSession 4L T AP 45 ELER A FIER A im0 A2

ﬁﬁ,mmdeé%ﬂmEﬁﬁ%ﬁE%%Eﬁﬂ%W,U@?éﬂﬁﬁﬁ%ﬁ%%

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

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

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

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

8.3.3 BaseSession

BaseSession ﬁ%ﬁﬁ%ﬁﬂ@§§§§, @335§£§Z£%é§ﬁ55@ﬁUf§, 9§ﬁﬂ, fﬂf?, B B L A P A o S
WIRaRE, BSEaIETIEMER, SRR TSR .
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tIERE

HWIEM C APL B2, self._session ELIEFAA R G HSIEASIGMW, J5HIT
HEE, RS TEFRIER LA 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 EEB—XIHE . BEEIEE tf_session. TF_ExtendGraph
WEEMSS 618512, SR PR tf_session. TF_Run 58T & EIHAT.

class BaseSession(SessionInterface):
def run(self,

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

self._extend_graph()

with errors.raise_exception_on_not_ok_status() as status:

return tf_session.TF_Run(session,

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

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

KASIE

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

HERE

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

=
=<1

Variable A& — i H) OP, B AR (Stateful)s MELBLELARIRSE, Variable HY
Kernel SEHLEL#4FA —1 Tensor L4, HAM M5 —3 TR Tensor %
i, HoA: i OO AR UGEA (Step) AR 1M Variable X 2 MEREARL, 20 LIFE
B RSE, SN RGEH KL o

9.1 SEAk @ &KMHRE

PA—A~ ] BB e P B R0 i) O 7 g AL TR) AL, U AL Tl 45 7 ). L, A
tf.placeholder & AT | SRIGE LT W2 s, RN ENHSNSSK, wh
TE LT A B L AR

= 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 fe 2 /i, WO AR S A TR . #2BSIUHE, fiH] tf.global_variables
_initializerQ) ¥ ArA 2 mA RN ELE, T HI TR

init = tf.global_variables_initializer()

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

RBEALY, HiEEAEmE-1 ($128W) FrN.

F b, IEME-2 (F128W) AR, SR EEEE MG L, hRATM LR
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9-1 #HHE: Kt

B 9-2 #HHE: KMiie

9.2 #MiaRE

Variable /& — ML) OP, EHFARE (Stateful)o WIERMSEILEARIRSE, Variable HY
Kernel SLBLE #2471 Tensor L4, HAfr A5 Variable —2o X T @ Tensor
S, HAE R RO AR GER (Step) AR 1M Variable X2 MM %AL (Step) #ARL, H 3
AL AR S RS, BN RGP .

9.2.1 BELE

FAEJLHAF Variable HY%5k OP A TE A8 5 {H, 141 Assign, AssignAdd %5
Variable A 1] Tensor PAG| R JT 2 A2 Assign 17, Assign HAEHILAE (Initial Value)
BOHTE, WiHE I Tensor WM, i LAG | HIE9 )5 = 2 Tensor.

M A, Variable 7l LUG I Tensor HIEEET, Tensor FT 32 514 A #RAE AL B
Variable B LM, &0, Variable 7] LAHHILAE Tensor WIFTAML 7. H40,

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

y = tf.matmul(x, W)
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z = tf.sigmoid(w + y)

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

9.2.2 ¥ItAE

— e, fEf AR , WO AZ TR IR . S S5 b, TensorFlow it 7 —1
RS B AR . Variable IRABFIIA{E (Initial Value) #EE Variable YRS If:
fixE Tensor HIJEAK (Shape).

BN, tf.zeros FRM Variable FURIIAME, EWfiE T Variable BIZEAN int32, H Shape
4 [784, 10].

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

W RN, WS RARER T L OP 4!

9.2.3 #¥Ia{LES

FEh, AARE IR (Initializer) FERIIALIIR], KAIIAHEIR T Variable N FET
A Tensor, EAL Variable HYRLHIAE .

FEASRAE I Z AT, R AR LA AR . L b, ZRpliptidte, s
AR MR g

AN B w AE S, RTEMITR SE w BRI . AL, W.initializer SEBR_EON Assign
(] OP, X/ Variable BLAHIFI LG AF

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

— H5ERL Variable BRI, HAER SESDHE. FETTLMEH Assign &R OP(f)
I Assign, AssignAdd %¥) {24 Variable H{H.

TR EE R AE, fE TensorBoard H /R Assign HYHIA, Hl (8 FHRFRN ref FRiRo 2L
Pl S WA, ST E RS HEIEN, BIAER T DAGCH TR E]) BIEEARTT K.
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i
O
i
i
i

9.2.4 [RAE

SR B B e AR, A Identity ° o S5 A b, B A i T 5 A 1Y Tensoro
Identity 2F% T Variable B5 [ FFRIN, [HI Rt 6e 7 A G DL,

Identity #/F Variable HHFA— T (Snapshot), 7~ Variable 47 H{E

F5¢ F, 1#iT Identity ¥ Variable #4245 Tensor, {15 EREMEIATA Tensor
HHRAE
9.2.5 TEFHE

B, A2 W RE LT

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

tf.zeros([784,101) M NVIIGE, BBV LE Assign, 4 w AEHFA T Tensor
PAS| AT sl #8232 @l ia s IR, Identity Z5B& T Variable )51 HFRIN, SZHLT
Variable BJ3ZHL,

9-3 RETH

9.2.6 ¥MIR{LiIIE

FOE L2, B tf.global_variables_initializer() A2 & HIRI IR 4%
HTICE, 2REIE 3D Session 15471% OP-
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init = tf.global_variables_initializer()

R b, WAETA 2R R ER OP 21> NoOp, RIAFERA, WAFLE
Htho AR RERIAIIR A AR R IR A0 5% NoOp MHIZE, PRIEFTA 1Y 42 R s
.

9-4 #¥A OP

9.2.7 RfIXH

A A7k 22— TR AR I B 2R K Re M5 W, Assign, Identity XMW1~ OP 5
Variable & 2 H 5% 9 A SC T AR B oS 32, (R, BA1470 Variable 7E[H]
— MR EHIT; XFENRER, FHONFEAMIEAR (Colocation).

A LAE Assign/Identity 15 _E¥8E _class JEMEMH: [s: "loc:ew"], BEFRRNEXM T OP
5w ER— & EiBfT.

B, LA W/read TR0, T RHINT _class JBYE, fRnS w BYRIGOC R

node {

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

key: IITII

value {

type: DT_FLOAT

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

9.2.8 ¥R

R ARG BT 5 A DAL BRI IR(E, WIS ZR Rt B . B, A2
OV AR EACET w AURIER{E, ATLAEIE W.initialized_value() 7€

=
o

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

P, P Identity %, HAMASIN TARERL, FIE wAE v ZHTHIA
fEo BLAL, FFAEMA Identity #Y OP, (HEASTA—HE, E 19055 AN HARRURI AL Hi 132

B 9-5 #1dsik

[FIAEH, AT LA tf.global_variables_initializer()4%§§£§E@Eﬁﬁi%ﬂﬁﬁ4ﬁ%§ﬂi
TR SKJE 538N Session Z8 A 48 IR LA, -
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init = tf.global_variables_initializer()

Tﬁﬁﬁﬁ?*ﬁ%%, B ¥ m Ty W/Assign = Identity ZI‘EUEI/‘]T%%MZQ%\@, T T b 4 55
T WAE vV ZEIGERIIEIE, B w SR RIGIIE, e v FIRILGEAE

9-6 #¥ OP

9.2.9 ¥iE1LEETIFE

T LMEM variables_initializer MEAS B FIRIIRI G ARFIF . HAF | group Hiik
— MU T _initialier_list() BJ NoOP.

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 15 T LA T A4 .




134 %O E Ah
def global_variables_initializer():
return variables_initializer(global_variables())
93 TEndA

BRINHE, Variable #EXI70 54 R AL AR ARG e IEA0 LG, w, v BEhXID 2
G R RIS R A

93.1 £RT=E

A LAET tf.global_variables() J7{HHIIG R4 R mIES . EMMRIKET, 25
S REAE AN IR] A HERR (A Se Bl 2t =

K

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

AT LLEN tf.local_variables() J7{HHIAG =AM AR F (15 &

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

A LMEH local_variable HYTEEME, WE— AR 5.

def local_variable(initial_value, validate_shape=True, name=None):
return variables.Variable(
initial_value, trainable=False,
collections=[ops.GraphKeys.LOCAL_VARIABLES],
validate_shape=validate_shape, name=name)

ARHAR B FOR RN I AR G R AN TR BT s KA (Checkpoint), (U TG HS
ATt B g Fln, e a1 A AR it Sz R s 1Y Epoch 21
H-
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9.3.3 JI&ET=E

T LAETE tf.trainable_variablesQ) MR INEL RHES . EHgFEIP, JIGE R
FNERI S

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

9.3.4 global_step

global_step /&MY Variable, EAEIIZGL T, (HEE PR R, £
IR, global_step M TIBEECISAT step HIIREL, FHAEA [FIERE ] 5L EL &ﬁ%ﬁﬁri,yo

B13—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_initializerQ),
trainable=False,
collections=collections)

9.4 RS I WETE

N AR SEE, 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)

¥i& Variable SEB1, FEAGIHUIT LA ER:
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b

1

K
il

9.4.1 MWIE¥IRE

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

9.4.2 HiELT= OP

Variable HRHEHI A BRI ZERINIA/NTE L H BIHEE .

def _cons_variable(self, name):
self._variable = state_ops.variable_op_v2(
self._initial_value.get_shape(Q),
self._initial_value.dtype.base_dtype,
name=name)

9.4.3 HIEMIIEILER

Variable IR IR A A _E A& — Assign, EHFA Variable B35 H, F08H W) MR E

WA A S

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

9.4.4 MJIEIRER

Variable FJHRIEA T /& Identity, #7~ Variable HY4H1{E

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

9.4.5 TE4H

BRiAML, Variable iR 4B EEST; R trainable HE, NWIFERNIZ

WHZSEL, FERHEKI D BN R EE T

/

=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)
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AT

TensorFlow ] Session 22t Wi, £ M&BE LIEHE— Session
SER) IR AT — A E SEFI AR TE OP; TensorFlow 447 5|28 2 ARPa 4 A\ S H X 1]
SERETRL 458 — i/ M) 714 .

WL, it 2 2RI R Session SLH, FEAMPATRH T ELPIHIAF OP,
A SRR T I 2 R R AT

XFT MBI AR, ATLATE S K% Session ZZRRRIIFARETT, TRTIINZRAIERE. 1]
wn, WA T ERETE R ZRE D, TR AR il gRr EWs TS A4
B AAR T, FF%M batch_size B/ PHUKBOGENIZEAR, HE3s AT R

AW PR B IR TE AR B BRI, AR NS, SRR R P A, S
Enqueue OP FITH] QueueRunmnero

10.1  BA%

1E TensorFlow HIHITEEEH | Queue & —Fh¥ il 1M H K T B Bk, Queue
MR OP, 5 Variable 258l B2 —2HIRAEM OP.

52 2L, Variable #iA XHHT Assign FEBIHRER OP, Queue A5 2 KHLHY
OP, 4 Enqueue, Dequeue, EnqueueMany, DequeueMany 55 OP, EJEIREE#ZEN Queue
FIRAS .

10.1.1 FIFOQueue

ZE—RIE) T L, M T — FIFoQueue PASY; SRJE, FEIFEE IR NT —
> EnqueueMany, 1% OP FTTEBAFISLERE N 1 ek MIrZ; Hik, FHdm—"1HEW
Dequeue; H)i7, FHHBATTEAMEIGI 1, FRIGHERAB . FEEITHEEMITZAT, HEE
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% 10 & P\J

A T I FR o

B 10-1 BA#Ed

AT EnqueueMany #AFIE, THE EIRRSW FE TR

10-2 B#ATH: #4T— X EnqueueMany

PATEE— Enqueue I, THEEFPRAI FEFTR.

10-3 BE#ATH: 47—k Enqueue
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10.1.2 AIE

BAF R Zrrp P B A 0, RSO IRR R NE) Pipeline, YIRS #
RandomShuffleQueue MIMERIEAL . o T Hem 10 Mfrnt, nLAMEH 22, FFAH
Re ARG B MBI ARSI o SR, IR R ARt AT train_op B, — kK
I batch_size R/NYHEIAEARL S -

M5 0, BAFUAE Pipeline 1231 1 57 25 MR AN AU S HLHU DI RE, 1X 45 Pipeline
BTN LB AR A B A 25 1] o

TEEEAE, N TSI SRR KA KRR, R B R I A ]

1. 4o fT B B4R 69 542, REREFFIRE?
2. do AT Z M@ TAF) 18 Ao kE RSB

Al , TensorFlow %11 T tf.train.Coordinator A1 tf.train.QueueRunner PIN2S, 43
AR AR A [

XA S AL, Coordinator MM 2 MNRAR FIATEE izt , FFH 1M & RRE 1EE A
B EREF IR A 595, 1 QueueRunner BIEE T —H4ZME, FEEMEZ ™ ABL OP(BIAI Enqueue,
EnqueueMany) HIEATo

10.2 thiESE
Coordinator Mt T —FhEIHE: (F —4HZ AT R BEALE . BIE 3 DTEEN T E:

1. should_stop: F#|B7 % AT &AZ & F & % 3B
2. request_stop: K PTA LAZIF EPAT
3. join: FHHAH KARIF LHAT

10.2.1 ERAZE

—t, EREFEE AN RS 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)

{482, HET LB M coord. request_stop, iBAIHABLFRE (FT0FT. K, 4F
MEFEIERII T, BB coord. should_stop()o —H. coord.request_stop #1f
H, HALLFER coord. request_stop() ¥ 7 BIHR[] Trueo

R, AR RS AT O T SE

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

except Exception as e:
coord.request_stop(e)

10.2.2 BE4LTE

MENLRERET RY, WA LLUENT coord. request_stop(e) i T & 4.

try:
while not coord.should_stop():

except Exception as e:
coord.request_stop(e)

AT BRSSP A EE NS, WM coord. stop_on_exception() WL X
piIEN

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

Hep, ZRH MR coord. join PREFHLH . WML, FETRFARLTZA B

try:

coord = tf.train.Coordinator()

threads = [threading.Thread(target=MylLoop, args=(coord,))
for i in xrange(10)]
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for t in threads:
t.start()

coord. join(threads)
except Exception as e:

10.2.3 52&% : LoopThread

10.3 QueueRunner

—~ QueueRunner LHIFFE —12k L2 Enqueue FIAFL OP, T N%EF1 Enqueue OP J&

k.

B 10-4 TensorFlow #%%E#

10.3.1 iE£#t QueueRunner

" LI tf.train.add_queue_runner 3T E EHFIEM QueueRunner SEH, I EUKGHTR
1% GraphKeys.QUEUE_RUNNERS £E & H1o

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

10.3.2 #11T QueueRunner

A LA A tf.train.start_queue_runners B}, © 4 MiTEEF 2 A QueueRunner
S, FFEM QueueRunner SEGFIHEUHFTA Enqueue OP, AEFT OP JE8—-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 ffﬁEqﬂ, ﬁﬂ;if@f?ﬁqii4\ Enqueue KA OP JE s
PHHTZAE o

class QueueRunner(object):
def create_threads(self, sess, coord, daemon, start):

threads = [threading.Thread(
target=self._run, args=(sess, op, coord))
for op in self._enqueue_ops]
if coord:
threads.append(threading. Thread(
target=self._close_on_stop,
args=(sess, self._cancel_op, coord)))
for t in threads:
if coord:
coord.register_thread(t)
if daemon:
t.daemon = daemon
if start:
t.start(Q)
return threads

£ 1T Enqueue

A~ Enqueue T-RFEWGEACINAT Enqueue OP. 244 4 OutOfRangeError SIS, ¥4 H
BRI, FHBH AR (B, R A4 AR R 5% 23308 Coordinator 15
IEFTA LR RIB1T, BRI T4,

class QueueRunner(object):
def _run(self, sess, enqueue_op, coord):

try:
enqueue_cadllable = sess.make_callable(enqueue_op)
while True:
if coord.should_stop():
break
try:

enqueue_callable()
except errors.QutOfRangeError:
sess.run(self._close_op)
return
except Exception as e:
coord.request_stop(e)
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W5 T BA Y S 1]

FHAN, IRLZEE Coordinator LA, QueueRunner L ENAMNE — 1 26H2 ; 24 Coordinator
S Al &V P request_stop JTENE, RS BB B

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

coord.wait_for_stop()

try:
sess.run(cancel_op)

except Exception:
pass

HA1 ) Queue ] Cancel OP 55 Close OP #i& KIS, {HZ Cancel OP &4l L2 1T
f] Enqueue OP %1J3, {H Close OP NILREH EZE(FH] Enqueue OP 513,

10.3.3 XFABATY

MBI G, X TAR22 Enqueue W27 A 5851% « (EAE, X TAE(T2% Dequeue
SRR IR, KNS IR, &0, Dequeue ¥4 7. RIZEM, #lH OutOfRangeError
S, MASPHESERFEZ TTEMA.
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OP Z[Frit

11.1 OP B9E

E C++ Fii A%, RENGHAR, KREEMRA OP BiEM. OP MIEM & s i
REGISTER_OP ZZ5E o

11.1.1 REGISTER_OP

SCiti b, REGISTER_OP & S T —ENEEMIN AL DSL, R H shoe il 7 AF # om iU BlFR
&, FERHEARN oppef FINTRETR, MaRIFAE OpDef HIGEF .

B 11-1 REGISTER_OP: #ft OP # %A%

11.1.2 Ei¥EO

struct OpRegistryInterface {
virtual ~OpRegistryInterface() {}

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




148 811 & OP &AJhie

Status LookUpOpDef(const string& op_name, const OpDef** op_def) const;
};

}itﬁ, OpRegistrationData IRT OP WP 5 AN B ST &L - OpDef = OpShapelInfer-
encefn; Hi& M THiE OP BIA /M SRR, BIE&IER, MAARK R FEHT
A OP 1 Shape HIHEBRLNI .

struct OpRegistrationData {
OpDef op_def;
OpShapelInferenceFn shape_inference_fn;

’

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

11.1.3 OpDef €

SEIRH ) SRAIEIRWIAG LRI AR o S T AL IR IA AL T T B AR AD EE A, EA
fEHE B R Z PR OpRegistry FY TAEJHE,

struct OpRegistry : OpRegistryInterface {
OpRegistry(Q);
~0pRegistry() override;

void Register(const OpRegistrationDataFactory& factory);

private:
Status LookUp(
const string& op_name,
const OpRegistrationData** op_reg_data) const override;

private:
using Registry =
std: :unordered_map<string, OpRegistrationData*>;

mutex mu_;
Registry registry_;

b

Status OpRegistry::Register(

const OpRegistrationDataFactory& factory) {

auto op_reg_data(std: :make_unique<OpRegistrationData>());

Status s = factory(op_reg_data.get());

if (s.ok()) {

gtl::InsertIfNotPresent(&registry_,

op_reg_data->op_def.name(),
op_reg_data.get())

1

if (s.ok()) {
op_reg_data.release();

} else {
op_reg_data.reset();

return watcher_status;
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computer can understand. Good
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- Martin Flower

AT

TensorFlow 0] LAISZ HGEATAE— N ERE N, SElat BRI T . AREESA9H
ARHEATHS FOFEARZRAG S Ia ALl B AHE T R EETRL 8 il PUTaF SEEl R 20
W HFHIFERTAEAMBATS, BigE R OP Z [MEWH s B TAENLE, MH OP fEiX
%4 FZRHE (placement) Sk

12.1  ZRihiRsS

mEi12-1 (F151 ) Fw, EAHMET, Client, Master, Worker H#33E7E [Rl— G HLAT
B —HFFEWN, FFH DirectSession [FBH3HIX =, DirectSession i&fT(EAMh ) HEFE
W, FIRESS SER 2z (Bl R EOR H OE R .

12-1 AHEX

Client T EEREE, B Session.run, BT EEMWHFITTRE. E12-2
(F152W) Fizn, 1E run_step AT REZ W, W AGHRE R EIR.. 4028 AT =DEHEEN




152 $ 12 B AHAT

E 12-2 AbiEX: B#EM%E

12.1.1 Eo 1T

Master WEI TR EPATaA)E, JHt SIEBBTE SR ERYETT SRR A
s e, Ry M 18], W FRON ClientGraphe

R, EXRIAT run_step B, HASPATEANFE (FullGraph), THEHRITES
BT Ee BIRRINT TensorFlow w07 BT HE &

12.1.2 FEZHIT

WE, BITNEBYMREETRENSZ, EXTRZFE, B0 TFEKHA
PartitionGraph; ZAJ5fill & &1~ Worker I & M0 1741 PartitionGraph; X+ 4&F—1
PartitionGraph, JZ{TH¥4 /58— Executor, #&MHEIGFMEF K PartitionGraph HIHL
7o

WAL, PRAITAIL T TensorFlow F A THIBT LS.

12.2 SiRIEH

EARMBERT, Hiz{THH DirectSession #iile — MM, DirectSession $AATITE A
B, S22 BEE R R (B2, DirectSession tLAFFEIRMNNY A iy B A HEALH]




12.2 &gt 153

mm|12-3 (F153W™) Aimo

12-3 DirectSession %4 B

12.2.1 SmiEEy

MmAE12-4 ($153R) 7N, DirectSession HFH SimpleGraphExecutionState L4, J&
%ﬁl%‘fﬁ’ﬁ@%@ﬁ, AR ClientGraph SEA

DirectSession [AIIRFA —HLFEM, (/2K DirectSession.run [, HRIESMERNLE
E/‘]?ﬁ%l, M AR e H— A HAR AR S5 . [Ah DirectSession %?)%ﬁféﬁ/‘], BER 2
DI EATI DirectSession.run, BIELARIATETTE A Zefd it L4
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12-4 DirectSession 473 A% A

12.2.2 SIESIE

MAE12-5 ($154R) 7N, DirectSession Hi DirectSessionFactory 2450, HM,
DeviceFactory: :AddDevices HA AR I A2

Hrr DirectSession M E5E il R A AY G 5

12-5 % &4]3 DirectSession

struct DirectSessionFactory : SessionFactory {
bool AcceptsOptions(const SessionOptions& options) override {
return options.target.empty(Q);
1

Session* NewSession(const SessionOptions& options) override {
std: :vector<Device*> devices;
DeviceFactory: :AddDevices(
options, "/job:localhost/replica:0/task:Q", &devices);
return new DirectSession(options, new DeviceMgr(devices));
}
3




12.2 &gt 155

Hr, DirectSessionFactory::NewSession H C API i 4.

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

}
return Status::0KQ);
}

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

TE DirectSession N4 A& H, AT HAUSMR AT IA1L , BTG AT A2,
H#E CancellationManager SEfo

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

12.2.3 $HESIE

1 SessionFactory FIT new 2K DirectSession, Hi C API 177 delete f#.

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

}

b5, DirectSession HUNTHARKEHI A, & MotiHH NS HEMN RAA R FEAQ
}E Executor 5U%§, ThreadPool §U%§, CancellationManager S
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DirectSession: :~DirectSession() {
for (auto& it : partial_runs_) {
it.second.reset(nullptr);

}

for (auto& it : executors_) {
it.second.reset();

}

for (auto d : device_mgr_->ListDevices()) {
d->op_segment()->RemoveHold(session_handle_);

delete cancellation_manager_;

for (const auto& p_and_owned : thread_pools_) {

if (p_and_owned.second) delete p_and_owned.first;

execution_state_.reset(nullptr);
flib_def_.reset(nullptr);

12.2.4 SI&/§RBHE

HXYRAE, ST el JREBUEERA TR AR, BEe .
g8, BT B TS BT R, AR R TS RO RO AR A

Status DirectSession::Create(const GraphDef& graph) {
if (graph.node_size() > @) {
mutex_lock 1(graph_def_lock_);
return ExtendLocked(graph);

1
return Status::0KQ);
}

Status DirectSession::Extend(const GraphDef& graph) {
mutex_lock 1(graph_def_lock_);
return ExtendLocked(graph);

3

LOJE T FERT ) DirectSession FEESER SimpleGraphExecutionState S AIZEE . 40
B12-6 (F156]) JIT7N, SimpleGraphExecutionState SR FullGraph PHRIAS 2 A SE4 -
Graph 5 GraphDef, JfHE MTTE HMLEY" FullGraph BRI
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B 12-6 4/# SimpleGraphExecutionState %4

iiq”, SimpleGraphExecutionState = R DAL HE

1. #i& FullGraph: &4:7E DirectSession.Create;
2. HATR 49 OP %hHF % KA DirectSession.Create;
3. HATE 89 T HRAE: KAFE DirectSession.Rune

YPHAT DirectSession::Create I, H4QI%E SimpleGraphExecutionState S|, F58 K
FullGraph S IRAEERIRI UR AL -

Status SimpleGraphExecutionState: :MakeForBaseGraph(
GraphDef* graph_def, const SimpleGraphExecutionStateOptions& opts,
std: :unique_ptr<SimpleGraphExecutionState>* out_state) {
auto ret = std::make_unique<SimpleGraphExecutionState>(graph_def, opts));

AddDefaultAttrsToGraphDef(&ret->original_graph_def_, *ret->flib_def_, 0));

if (!ret->session_options_->config.graph_options().place_pruned_graph()) {
ret->InitBaseGraph();

3

*out_state = std::move(ret);

return Status::0KQ;

}iq”,SimpleGraphExecutionState::InitBaseGraphﬁ%ﬁi FullGraphék GraphDef ] Graph
Hks L HIE3D SimplePlacer ) 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);
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El#3i& : GraphDef -> Graph
NIFF4G, SimpleGraphExecutionState 52| H /2 GraphDef, X & flhHIEISE . & H
Client ¥ P FIMIGIEIER 5 C++, A HE R PP 2 S5 .

mE12-7 (F157W) Fion, B ConvertGraphDefToGraph ¥ GraphDef S 4%
HEM AT Graph S [FEEL W] LA A Graph. ToGraphDef 14 Graph SE 1) 45 #2541 1Y
GraphDef L.

Hrr, GraphDef /2] protobuf M= AF R E S5, B8 T IEFrAITCEUE; 11 Graph
NREIEATI R e TR E AN ST 5, EAUUERFA Graphoef TR, FFEE
HE R HRHERF .

B 12-7 GraphDef 5 Graph i) Xk #

OP 4%# : SimplePlacer

OP Hy%iflE (placement) fiFHYE, FitEE PSR OP Dl R )y L B A 1E 1)
B L, DTSR BHRIRI AR, af LU tiid B 12-8 (%1587 -

B 12-8 #ABEA

SRKIBURMCHIHETT 58, FAEXZ— NP [A8 Z AT S RRHIE, 4530
MR, HEAMESZ RN NE, LR AL X P a BRI A —
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12.2.5 EX#IT

DirectSession.Run /& TensorFlow & THHISCEREE(R, B MTTE—IERITHE . Bk,
DirectSession MR AEHIA /Hi HHXT FullGraph %ﬁ@ﬁ”ﬁ A ClientGraph; 2A)E, WA
R LE, ¥ ClientGraph N2 PartitionGraph; IE1TH A HAT PartitionGraph
JABI— Executor SEf, JEHIAAT PartitionGraph MIFRFMIEFE R, TG TE BT

HARSZEL, 2123 % (H), 124% (5 1), 125% (347).

BRIE

ME12-9 (F158W) flin, FEARME T, ITEESH = NEANT e, HEH R
BEMIERE L, DMEBLIAES MRS B AP T A

B 12-9 BE#

e FullGraph: Client 1 T74&E SR A THE K, WFEA FullGraph; {HAZE, —X Ses-
sion.run FASPITENITAA;

e ClientGraph: Master HR¥E Session.run f&i# feeds, fetches i AHiH%IF, X Full-
Graph SEtBY R AR, T EISBIAR MG TR/ MK 718, HHHA ClientGraph;

e PartitionGraph: Master MRH# Y ATTHE IS, LIH OP MIRELAHRME, ¥ Client-
Graph 73242 PartitionGraph; H A, HMIFHE &R N —1 PartitionGraph,
TR DT PartitionGraph FYHAT -

{H2&, FullGraph, ClientGraph, PartitionGraph MIEUHEZEAIMHE, BN1EE Graph =
FRARRZFRMEA, R/ INEE AR 57 o
Fik

FEFLSEH RSB, AR T R C++ 3. HA, TensorFlow izfT
AR AN run_stepe NNHESLRGESLIH W L2 BT, AL ZEENETM
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W TR B IA , B A run_step HYSEHLFE .

def do_run_partitions(executors_and_partitions):
barrier = ExecutorBarrier(executors_and_partitions.size())
for (executor, partition) in executors_and_partitions:
executor.run(partition, barrier)
barrier.wait()

def run_partitions(executors_and_partitions, inputs, outputs):
frame = FunctionCallFrame()
frame.set_args(inputs)
do_run_partitions(executors_and_partitions)
frame.get_ret_vals(outputs)

def run_step(devices, full_graph, inputs, outputs):
client_graph = prune(full_graph, inputs, outputs)
executors_and_partitions = split(client_graph, devices)
run_partitions(executors_and_partitions, inputs, outputs)

Hep FEFMHERE L, A1 Executor PATAECL B PartitionGrapho 4%
— BRI TET ALY PartitionGraph ZJ5, ExecutorBarrier HITARN 1, HE
FrA 1545568 PartitionGraph FIFEMIIAT, barrier.wait() PHEEEAEIRE

B PartitionGraph Z [A] Al REAFAEEIRAK I OC 2R, B2 [AlEIS A Send/Recv
T A SERE H. %§§ZJ:, ijiﬁﬁﬁifttP, Send/Recv ifid Rendezvous FEEIESCHLHT - Send
WHAR AL Rendezvous -, T Recv NIARFEARINM Rendezvous HUE. HH1, Send ANPHZE,
1M Recv +&FHZERT

12.2.6 XHA<IE

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

1
return Status::0KQ);
}

WME12-10 (F16071) A, ¥ Step IEMES DirectSession ] CancellationManager <
Fo 24 DirectSession #iFRMIAT, DirectSession I CancellationManager, F4IIHIXIX step
HIPATIS R
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B 12-10 CancellationManager TAE/Z 32

Status DirectSession: :Run(
const NamedTensorList& inputs,
const std::vector<string>& output_names,
const std::vector<string>& target_nodes,
std: :vector<Tensor>* outputs) {

CancellationManager step_cancellation_manager;

CancellationToken cancellation_token =
cancellation_manager_->get_cancellation_token();
bool already_cancelled = !cancellation_manager_->RegisterCallback(
cancellation_token, [&step_cancellation_manager]() {
step_cancellation_manager.StartCancel();

b;

24T Step B CancellationManager fxZ4x % iH%5 OpKernelContexto Kernel SLILITH
I, ASRARAE T R PRES, AT LA H MR B 0 [ 48 7o Hoi ) A~ [ 4 AR A ME— 1Y

token FRriH.

24 Step HEGHAT, [ 78 | 1% Kernel °] LABGH1Z OP BYTHEL 40, FIFOQueue
SEHL TryEnqueue B, {H{FEAIK Step B CancellationManager JEM T FIA T, ATFEENIZ
Kernel HRIFPIRAE B o

void FIFOQueue: :TryEnqueue(const Tuple& tuple, OpKernelContext* ctx,
DoneCallback callback) {
ctx->cancellation_manager();
cm->get_cancellation_token();

CancellationManager* cm
CancellationToken token
bool already_cancelled;

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

DirectSession: :Run %ﬂf?ﬁﬁ, HIE5E ClientGraph MM %iézgt, ClientGraph I
PR, FESEM FullGraph FYBYRCE Y, IFA/ ClientGraph.

12.3.1 #3% ClientGraph

mE12-11 (%1617) Fio~, SimpleGraphExecutionState SEHIHFA FullGraph SE61, I
ﬁ%ﬁ%%ﬁ)\/ﬁﬁ555U%§, ARk ClientGrapho

B 12-11 4& ClientGraph

iiqj,BuildGraphOptionsf§€§j7$ﬁ)\/ﬁﬁﬂj§U%%,ﬁﬁﬁﬁ SimpleGraphExecutionState: :BuildGraph
AR ClientGraph M.

namespace {
BuildGraphOptions build_graph_options(
const NamedTensorList& inputs,
const std::vector<string>& outputs,
const std::vector<string>& targets) {

std: :vector<string> inputs_sorted(inputs.begin(), inputs.end());
std: :sort(inputs_sorted.begin(), inputs_sorted.end());

std: :vector<string> outputs_sorted(outputs.begin(), outputs.end());
std: :sort(outputs_sorted.begin(), outputs_sorted.end());

std: :vector<string> tn_sorted(targets.begin(), targets.end());
std: :sort(tn_sorted.begin(), tn_sorted.end());

BuildGraphOptions options;
options.feed_endpoints = inputs_sorted;
options.fetch_endpoints = outputs_sorted;
options.target_nodes = tn_sorted;
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options.use_function_convention = !run_state_args->is_partial_run;
return options;
3
3

Status DirectSession: :Run(
const RunOptions& run_options,
const NamedTensorList& inputs,
const std::vector<string>& output_names,
const std::vector<string>& target_nodes,
std: :vector<Tensor>* outputs,
RunMetadata* run_metadata) {

std: :unique_ptr<SimpleClientGraph> client_graph;
execution_state_->BuildGraph(
build_graph_options(inputs, output_names, target_nodes),
&client_graph);

return Status::0KQ);
}

ClientGraph #UGK B JRIAHT FullGraph, YA RewriteGraphForExecution BR%L, #iR
Pt AN/, X ClientGraph SEHEEL S AE, GFGHG N A, s BR 1 &, &4k
SimpleClientGraph L4,

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

}

Status SimpleGraphExecutionState: :BuildGraph(
const BuildGraphOptions& options,
std: :unique_ptr<SimpleClientGraph>* out) {

std: :unique_ptr<Graph> ng;
ng.reset(new Graph(flib_def_.get()));
CopyGraph(*graph_, ng.get());

subgraph: :RewriteGraphForExecution(
ng.get(), options.feed_endpoints, options.fetch_endpoints,
options.target_nodes, local_device_attr(),
options.use_function_convention);

}

std: :unique_ptr<SimpleClientGraph> dense_copy(
new SimpleClientGraph(std: :move(flib)));

CopyGraph(*ng, &dense_copy->graph);

*out = std::move(dense_copy);

return Status::0KQ);
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F, 3 ClientGraph T2, HIRMEEKFEA RewriteGraphForExecution, RIETR7EH: .
SR AR IR A /f B A3 IIAiE )T FullGraph, #EEH/NMAURH T8 ClientGrapho

L, XT ClientGraph BT AL, I TG R MR AL, $09H TOETY
mho L, SRTHIARIH L, 7 AE B PRI 1 R -

1. . & ClientGraph #FH 47T, SMER89E4T B 45 % Tensor L AT &

2. Wl % ClientGraph 3+ 5 T ARG, M3RAGEAT B Ldm AT 4 7 £ KB Tensoro

FAEWFIEA . FunctionCallFrame Fll Rendezvous, ZMFBIzfTHS S A/ H 1 sm] LA
8 = — B S He i

FunctionCallFrame F T Arg/Retval BRECH HE OP, FT eREC I AL 3 pR A2 4K
i, MIIRFREUE. H2, EAUEH T HRFRIIBI TN IR,

Rendezvous fl T Send/Recv 1HE L ILN OP, XAE—F i@ HAEG =, EHTD
A HE I IR

12.3.2 E7F Rendezvous

ME12-12 (F16471) s, R4 fetches A, IATERMKHEI T N, HE feeds,
THRAS 2 B/ M) T

YT Feed HUIHSEHEETR, HIANEIR: ina:0) i1, FEAEMALIE AT AT Recv, FEIZHREIA
WA T A% A, Bl _recv_ina_0.

B, XT Fetch BB SMBIRL, PIAITIRL £:0 1, FHAEMATRAT & Send 7,
FE I L B2 a4, B _send_f_0.

2, WA Source/Sink A, MG EIR RIS PG AT T B TLE, B
SEE DAG B
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B 12-12 BIFH: 4 Send/Recv ¥ .4

12.3.3 &7 FunctionCallFrame

B2, HiA /%8I Rendezvous SCHE YL AT BEAF AE ML RE_E BUTA. A 0 f5p a6 1Y
Tensor i 2B AL B, BN, Tensorld, JLFLLM 1 HE—IFRFERARIN, BEiik
TR AT ZAL DR AR A 575 B AT B A TRD T4

ik, XA, FENER—UFREAN, i Rendezvous S HEIRAFAEA LT
PEREFAFE. P LAMEFAIET FunctionCallFrame BREUH A o

R, EART, ATEMEH Arg/Retval 435I Send/Recv T 55, MIIZEEN T bR
oM s B =, BACVEAET Rendezvous 3¢ H AR T 2.

ME12-13 ($1657) Fione X T Feed HILSEMEETRL, BIANTIRL ina:0) 31, FFAEIGAL
NN AL Arg, FFHE R AN 2 F 6 £21% 15 4, B _arg_ina_0.

[FH, XT Fetch HUIMSLHBTARL, HIANSTRL £:0 31, FHFAELLALIHATI AT Retval 7
M T R R R T AT R, B _retval_f_0.

2, IR Source/Sink T, GBI R EF RIS PO T B TLE, B
SEE DAG B
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B 12-13 BFH: 4N Arg/RetVal 7 .5

12.3.4 BT EESM

BRI E B RewriteGraphForExecution S8, FEAHE 3 17T

1. By A
2. B Audr s

3. eI AL

void RewriteGraphForExecution(Graph* g, bool use_function,
const ArraySlice<string>& fed_outputs,
const ArraySlice<string>& fetch_outputs,
const ArraySlice<string>& target_node_names,
const DeviceAttributes& device_info) {
FeedInputs(g, use_function, device_info, fed_outputs);

std: :vector<Node*> fetch_nodes;
FetchOutputs(g, use_function, device_info,
fetch_outputs, &fetch_nodes);

PruneForTargets(g, fetch_nodes, target_node_names);

.
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EANEANT =

ZIDQlQ-M (166 R) Fn, M TAEE M AR LSRN, i A Arg B Recv
s, MIBRREA R, FEE R N A

I EE Y, —&ME—HiH TensorId #7iR, B H op:src_output JCZHMAL. B
FNIDI LW A, JEE RGO L S S TLAkD

AN IR T AN E A E A, T T R EIRTT, AR R LR 0 R AL
R, DMERIF R I EE RS . Hrb, R Graph ATLMZHE TensorId 25177 fIAIIA

12-14 A A

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(Mindex", index)
.Finalize(g, &arg_node);
return arg_node;

}

Node* AppendNewNode(Graph& g, bool use_function, size_t index,
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const TensorId& tensor_id, const DeviceAttributes& device_info) {
if (use_function) {
return AppendArgNode(g, index, tensor_id, device_info);
} else {
return AppendRecvNode(g, tensor_id, device_info);
}
}

void AppendNewEdges(Graph& g,
Node* new_node, const TensorId& tensor_id) {

g.AddControlEdge(g.source_node(), new_node);

Edge* old_edge = g.edge(tensor_id);
g.AddEdge(new_node, @, old_edge->dst(), old_edge->dst_input());

g.RemoveEdge(old_edge);

3
}

void FeedInputs(Graph& g, bool use_function,
const DeviceAttributes& device_info,
const ArraySlice<TensorId>& feeds) {
for (size_t i = 0; i < feeds.size(); ++i) {
Node* new_node = AppendNewNode(use_function, i, feeds[i]);
AppendNewEdges(g, new_node, feeds[i]);

EBinEHT R
Xﬂ“?&%ﬁ A SRR, AT Retval B Send 195, Y Sink Y
R I HR O R

W|12-15 (%‘167)\) Firor, R S S AR . BT RS B SRR R,
TEFGIEEFT ST, 1l Input DA AN, HREUEFER M TH5 & (RetVal/Send) A%
1B R, I ZE bR R R, A2 S N R e PR R B 22 5

12-15 4k Wk
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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);
}
}
1

void FetchOutputs(Graph& g, bool use_function,
const DeviceAttributes& device_info,
const ArraySlice<TensorId>& fetches,
std: :vector<Node*>& fetch_nodes) {
for (size_t i = @0; i < fetches.size(); ++i) {
Node* new_node = AppendNewNode(use_function, i, fetches[i]);

g->AddControlEdge(new_node, g->sink_node());

fetch_nodes.push_back(new_node);
3
3

RS

PR, HADUZ DAG RINMSEEM R HE, T — 1, K
A visited U8, JFEMTIC R QA8 IR M. BIIRTLRT, BABIAUEL S 55 mOa
BN R (targets)o MEmPISEERIE, AT visited BT A, RN AT ARM T
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B, MNEFRHERIZT A, MR ATR

ZMBINE, EBIEAET DAG 7H-. BAJERN 0 7715, 5 Source 7 B il
WOIAREER:;, A 0 T, 5 sink 9 SUEHE SR ER:, SLIE R — 5B
DAG K.

namespace {
void ReverseBFS(

Graph* g, std::unordered_set<const Node*>& visited) {
std: :deque<const Node*> queue(visited.begin(), visited.end());
while (!queue.empty()) {

const Node* n = queue.front();

queue.pop_front();

for (const Node* in : n->in_nodes()) {

if (visited.insert(in).second) {
queue.push_back(in);

b
3
3

void RemoveUnvisitedNodes(
Graph* g, std::unordered_set<const Node*>& visited) {
for (Node* n : g->nodes()) {
if (visited.count(n) == 0 && !n->IsSource() && !'n->IsSink()) {
g->RemoveNode(n);
1
1
1

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

}

void FixupSourceEdges(Graph* g, Node* n) {
if (In->IsSource() && n->in_edges(). empty()) {
g->AddControlEdge(g->source_node(), n
1
}

void FixupSinkEdges(Graph* g, Node* n) {
if (In->IsSink() && n->out_edges().empty()) {
g->AddControlEdge(n, g->sink_node());
}
}

void FixupSourceAndSinkEdges(Graph* g) {
for (Node* n : g->nodes()) {
FixupSourceEdges(g, n);
FixupSinkEdges(g, n);
}
}

void AppendTargetNodes(Graph& g,
const ArraySlice<string>& target_names,
std: :unordered_set<const Node*>& targets) {
for (auto name : target_names) {
Node* target = g.GetNodeBy(name);
targets.insert(target);
}
}
3

void PruneForTargets(Graph* g,
std: :vector<Node*>& fetch_nodes,
const ArraySlice<string>& target_names) {
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std: :unordered_set<const Node*> targets(
begin(fetch_nodes), end(fetch_nodes));

AppendTargetNodes(g, target_names, targets);
PruneForReverseReachability(g, targets);
FixupSourceAndSinkEdges(g);

12.4 43

nE12-16 (1707 Frow, B0 d AR08 EAE GPUO _EHAT, 1 HARTY SUCE A
CPUO _E#AT. Hrb, 950 a5 b L Arg BIAKE; 780 £ 5 HA RS Retval 17
b

B 12-16 #AMNEEEPITAS>Z

NI, RS T AR M. XTSRRI, BT R, i
AN Send/Recv 11, 73BT RS AR E, FHEH bRk s BRI, Se i & 1)
EdEsCHe . W 12-17 (B171R) Fivws

Hr, Arg/Retval 7T B FunctionCallFrame SCH#RZHE; Send/Recv 19 piiE It it

41 Rendezvous 3 HEHE
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B 12-17 %% OP X A4 A Send/Recv ¥ &

12.4.1 1R 1

KETREO T, src 5 dst £ — Partition W. B, BEEAGHLHER—
Partition RIHA[,

12-18 #F2L 1: src 5 dst £F—4 Partition A

12.4.2 &R 2

WR src 5 dst AEFR—1 partition W, (HPE Z [R] R A8 i 8 1 E A — i
H. B, NFFEECATTRBEN Send 5 Recv T, BHEKNAEW AR Partition
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B 12-19 H3 2: src 5§ dst RAEF—4 Partition W, 2@ &z 24idd

12.4.3 &5 3

R src 5 dst AEF A Partition P, HME Z [A]J5OR R 42 Sl R a2 AE
—E A

JfKEﬂL, T BAE src MG AT—> Const ) DummyNode, FAER src B9 R JE i 18 AR
HAEIE; &, TRt Send H4HAH KX E N i o

E dst M, Recv WWEIIZME, i Identity B EIHZis,; 2, T Identity 5 dst
R R .

FEIXH, Const AR 4, Tdentity fHHIHZRE M M. BEWIE 1 B3 a MIBE AR,
SUWAEIEOR src 5 dst Z [BIAERMEIBEIC R HE, HEUTE A ITERETT4.

12-20 2 3: src 5 dst RAEFR —A Partition M, 42 %% X 82 3 H 4R B4
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12.4.4 HEELELH

TP RGEA R B B S AT H P B R, BRI dst; SR
FTHK dst ATAIAIL; @I ErAAL, IHE SO IR A, R ARy

Srco

A, FHE ERTHER =MIEN, B src 5 dst TREZHTY Partition X405
Pio

namespace {

using Edges = std::vector<const Edge*>;
using Partitions = std::unordered_map<string, GraphDef>;

void AddInput(NodeDef* dst, StringPiece src_name, int src_slot) {
if (src_slot == Graph::kControlSlot) {
dst->add_input(strings::StrCat("A", src_name));
} else if (src_slot == 0) {
dst->add_input(src_name.data(), src_name.size());
} else {
dst->add_input(strings::StrCat(src_name, ":", src_slot));
}
1

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);




N
ol

)
®

12.4 733 175

send_from.Reset(dummy->name(), @, DT_FLOAT);
} else {

send_from.Reset(edge->src()->name(),
edge->src_output(),
EdgeType(edge));
}
}

void SetSendRecvAttrs(
const PartitionOptions& opts,
const Edge* edge,
NodeDefBuilder* builder) {
builder->Attr("tensor_name",
strings::StrCat("edge_", edge->id(), "_", \
edge->src()->name()));
builder->Attr("send_device", edge->src()->assigned_device_name());
builder->Attr("send_device_incarnation",
static_cast<int64>(
opts.get_incarnation(edge->src()->assigned_device_name())));
builder->Attr("recv_device", edge->dst()->assigned_device_name());
builder->Attr("client_terminated", false);
}

NodeDef* AddSend(
const PartitionOptions& opts,
GraphDef* gdef,
const Edge* edge,
NodeDefBuilder: :NodeOut send_from) {
NodeDef* send = gdef->add_node();
NodeDefBuilder builder(opts.new_name(edge->src()->name()), "_Send");
SetSendRecvAttrs(opts, edge, &builder);
builder.Device(edge->src()->assigned_device_name())
.Input(send_from)
.Finalize(send);
return send;

}

NodeDef* AddRecv(const PartitionOptions& opts, const GraphInfo& g_info,
GraphDef* gdef, const Edge* edge, NodeDef** real_recv,
Status* status) {
NodeDef* recv = gdef->add_node();
NodeDefBuilder builder(opts.new_name(src->name()), "_Recv");
SetSendRecvAttrs(opts, edge, &builder);
builder.Device(dst->assigned_device_name())
Attr("tensor_type", EdgeType(edge))
.Finalize(recv);
return recv;

if (edge->IsControlEdge()) {

NodeDef* id = gdef->add_node();
NodeDefBuilder(opts.new_name(src->name()), "Identity")
.Device(dst->assigned_device_name())
.Input(recv->name(), 0, cast_dtype)
.Finalize(id);
return id;
} else {
return recv;
}
}

void InsertSendRecv(
const PartitionOptions& opts,
GraphDef* src_graph,
Edge* edge,
GraphDef* dst_graph,
NodeDef* dst_def) {
NodeDefBuilder: :NodeOut send_from;
BuildSendFrom(opts, src_graph, edge, send_from);

NodeDef* send = AddSend(opts, src_graph, edge, send_from);
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NodeDef* recv = AddRecv(opts, dst_graph, edge);
if (edge->IsControlEdge()) {
AddInput(dst_def, recv->name(), Graph::kControlSlot);

} else {
AddInput(dst_def, recv->name(), 0);

b
}

Status Partition(const PartitionOptions& opts,
Partitions& partitions, Graph& client_graph) {
for (const Node* dst : client_graph.op_nodes()) {
GraphDef* dst_graph = &partitions[opts.node_to_loc(dst)];
NodeDef* dst_def = InitDstNodeDef(*dst, dst_graph->add_node());
for (const Edge* edge : InputsOf(dst)) {
GraphDef* src_graph = &partitions[opts.node_to_loc(src)];

if (ledge->src()->IsOp())
continue;

if (src_graph == dst_graph) {
AddInput(dst_def, src->name(), edge->src_output());
continue;

}

InsertSendRecv(opts, src_graph, edge, dst_graph, dst_def);

12.4.5 [EIFEEE

{£ PartitionOptions ', £74E W 1> B %Y [8] 3 b5 4. NodeToLocFunc M1 T 14 73 %¢;
NewNameFunc 253515 Saw &, I Send/Recve

struct PartitionOptions {
typedef std::function<string(const Node*)> NodeTolLocFunc;
NodeToLocFunc node_to_loc = nullptr;

typedef std::function<string(const string&)> NewNameFunc;
NewNameFunc new_name = nullptr;

1

XTI, AAAE PR i B A B 02T ¥ o

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;

}

ijiﬂﬁi%iﬁ*F, NodeToLocFunc #% It & A SplitByDeviceo e intraprocess-splity-
by-device FI7Ro

B 12-21 A#AHX: SplitByDevice

fEﬁ}ﬁ?fﬁ@%it*F, Master [ NodeToLocFunc #f It & A SplitByWorker; T Worker MY
NodeToLocFunc #¢BLE A SplitByDevices

R, e, ERAEN TSI E . 6% SplitByWorker 735¢, 1%
EIRI5> 2151 Worker E2%; 28 2048 SplitByDevice, FRGEIXI 21T E SR EX.

12-22 5A XX BB A

12.5 17

BENE, iR IERFT A PartitionGraph. f1E12-23 (H177R) s, &4
PartitionGraph JH38—1> Executor, SCHIFAPATEIIITHE.
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1 Executor AT PartitionGraph HIFHFMNEEFE L, BAE N 0 1Y OP JB %]
ready_queue < H', FFREEICHCAT OP AN 1o WM ready_queue ZH OP , JIF
B HIN ThreadPool HHHA T AT Kernel SEH,

TEFTA Partition FFURFFATATZHT, w7 B AMTE i AL RSN 1 Arg 1755, 4
A Partition SEITEIE, IMHFI Retval T BUESHE. HA, Arg/Retval T2
(8] BRI 183 FunctionCallFrame 5E)M%3C H.HY o

JIIE =S PartitionGraph Zf‘ﬂ%%%iﬁ%iﬁﬁﬁ, AT HE Send %'5, NEE &
WL Recv T AREUEUE . Hb, KX, 0T mREdEAR, WA AHERZE
o AN, Send/Recv 17 2 [H] 4 &2 iE T Rendezvous FE KA E 1.

B 12-23 #4THE

WL, PATEIHER SRR 3 %0 R
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2. B AN BRI
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12.5.1 A

fEﬁiﬁ\ﬁi%%J:, PartitionGraph HE R AN Arg %5ﬁi, ZERAT SN Retval T . &
AR UG SR B0 IR, Arg I TEIE R EZEL, Retval HI TR R EL(H

HHPIHIUE, Arg SEK PartitionGraph Y%A, Retval 58/ PartitionGraph H%iHi .
KT Arg F7 8, HIEFHRTE N set_arg -> get_arg. HH', A& M DirectSession fE /53]
Executor §U%%2:ﬁﬁ, 18 FunctionCallFrame.SetArgs(feeds), L i NS R 1
{H; J5#&H Arg B Kernel SEHUMH o

Status DirectSession: :Run(
const RunOptions& run_options,
const NamedTensorList& inputs,
const std::vector<string>& output_names,
const std::vector<string>& target_nodes,
std: :vector<Tensor>* outputs,
RunMetadata* run_metadata) {

ExecutorsAndKeys* executors_and_keys = ...

FunctionCallFrame call_frame(
executors_and_keys->input_types,
executors_and_keys->output_types);

gtl::InlinedVector<Tensor, 4> feed_args(inputs.size());
for (const auto& it : inputs) {

feed_args[executors_and_keys->input_name_to_index[it.first]] = it.second;

call_frame.SetArgs(feed_args);

M frame.get_arg WA Arg KIKEL, FHH Arg ¥ HHHZ] PartitionGraph FEE—4>
TR R
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struct ArgOp : OpKernel {
explicit ArgOp(OpKernelConstruction* ctx) : OpKernel(ctx) {
ctx->GetAttr("T", &dtype_);
ctx->GetAttr("index", &index_);
}

void Compute(OpKernelContext* ctx) override {
auto frame = ctx->call_frame(Q);

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

ctx->set_output(0, val);
}

private:
int index_;
DataType dtype_;

b

12.5.2 FEZ#IT

A #IE, BT NED Partition JH3I—1 Executors N T HEWTITA Executor
EHaeTEm, Q8T —1 ExecutorBarrier.  HAEJG ST H Executor Z 5, A H
executors_done.Wait() FHZE, F1FIA Executor SERINAT.

WIERL— Executor H5E L, ExecutorBarrier HITTHE 288 LRI ISIE N num_executors),
BHENO, BAARZERA T, LA executors_done.Notify()o

Status DirectSession: :Run(
const RunOptions& run_options,
const NamedTensorList& inputs,
const std::vector<string>& output_names,
const std::vector<string>& target_nodes,
std: :vector<Tensor>* outputs,
RunMetadata* run_metadata) {

ExecutorsAndKeys* executors_and_keys = ...

FunctionCallFrame call_frame(
executors_and_keys->input_types,
executors_and_keys->output_types);

gtl::InlinedVector<Tensor, 4> feed_args(inputs.size());
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for (const auto& it : inputs) {

feed_args[executors_and_keys->input_name_to_index[it.first]] = it.second;

call_frame.SetArgs(feed_args);

RunState run_state(&devices_);
run_state.rendez = new IntraProcessRendezvous(device_mgr_.get());

size_t num_executors = executors_and_keys->items.size();
ExecutorBarrier* barrier = new ExecutorBarrier(
num_executors, run_state.rendez, [&run_state](const Status& ret) {

mutex_lock 1(run_state.mu_);
run_state.status.Update(ret);
}
run_state.executors_done.Notify();

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));

}s

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

}

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

12.5.3 Hiy

FIH ) XF Retval T4, HIFHEFN: set_ret_val -> get_ret_val. B H Retval
5Eh%, J5& H DirectSession &M%

struct RetvalOp : OpKernel {
explicit RetvalOp(OpKernelConstruction* ctx) : OpKernel(ctx) {
ctx->GetAttr("T", &dtype_);
ctx->GetAttr("index", &index_);
}

void Compute(OpKernelContext* ctx) override {
const Tensor& val = ctx->input(0);

auto frame = ctx->call_frame(Q);
frame->SetRetval(index_, val);
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}

private:
int index_;
DataType dtype_;

)

ZTA Executor IB{T4 W5, DirectSession {8 A LA FunctionCallFrame FHERH
B e, FRSEBCESE outputs, FFIRIE Cliento

Status DirectSession: :Run(
const RunOptions& run_options,
const NamedTensorList& inputs,
const std::vector<string>& output_names,
const std::vector<string>& target_nodes,
std: :vector<Tensor>* outputs,
RunMetadata* run_metadata) {

executors_and_keys = ...

FunctionCallFrame call_frame(
executors_and_keys->input_types,
executors_and_keys->output_types);

gtl::InlinedVector<Tensor, 4> feed_args(inputs.size());
for (const auto& it : inputs) {

feed_args[executors_and_keys->input_name_to_index[it.first]] = it.second;

}

call_frame.SetArgs(feed_args);

RunState run_state(&devices_);
run_state.rendez = new IntraProcessRendezvous(device_mgr_.get());

size_t num_executors = executors_and_keys->items.size();
ExecutorBarrier* barrier = new ExecutorBarrier(
num_executors, run_state.rendez, [&run_state](const Status& ret) {

mutex_lock 1(run_state.mu_);
run_state.status.Update(ret);
}

run_state.executors_done.Notify();

1
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Executor::Args args;

args.call_frame = &call_frame;

args.rendezvous = run_state.rendez;

args.runner = [this, pool](Executor::Args::Closure c) {
SchedClosure(pool, std::move(c));

s

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

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

std: :vector<Tensor> sorted_outputs;
Status s = call_frame.ConsumeRetvals(&sorted_outputs);

outputs->reserve(sorted_outputs.size());
for (int i1 = 0; i < output_names.size(); ++i) {
const string& output_name = output_names[i];
outputs->emplace_back(
std: :move(sorted_outputs[
executors_and_keys->output_name_to_index[output_name]]));

2, A DirectSession.Run fi#EE5EE. (B2, Partition HT AL QAT A R AT Y,

Partition ZIA]¥ Send/Recv ZUNfA TAERIWE ?

A, fEffa—AR, IR =R,

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

3. Executor #938E F %

12.6 iZ%FEEE

%m%mme@ﬁRmMNwsﬁﬁﬁ%m;Ei%?ﬁ%ﬁ%ﬁ%&,%ﬁ%ﬁ%%
AR B, RN, Sendop/RecvOp 2T IntraProcessRendezvous & E( R T ;
TAEZHFEIAEET | SendOp/RecvOp NI LIJET GrpcRendezvous (& B 54 -

B, AW OP B TAEREE; A5, BIERAMAEZT, IntraProcessRendezvous
) TAE
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12.6.1 SendOp I

mE12-24 (£1837) Fan, HFENI Send/Recv MBI ME—HATFRIR ParsedKey SEENETE
A3 o

B 12-24 ##7 SendOp 5 RecvOp #4534

2% SendOp Y Kernel SLH, FHiRRAEW E %, (H2 Bk bl 17—, B,
TR IR RS T ParsedKey, SAJ5 M Rendezvous.Send #1E, & i OP A
F| SendOp MY Tensor Ki%%| Rendezvous ZBfEZ 1, iZHERAERAEFHZEN

Hrr ) parsedkey fL1%: AikE, s, W&eRiRiR, NHEKIE Tensor 11
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
1

void Compute(OpKernelContext* ctx) override {
Rendezvous: :Args args;
args.device_context = ctx->op_device_context();
args.alloc_attrs = ctx->input_alloc_attr(0);
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ctx->rendezvous()->Send(
CreateParsedkey(ctx), args, ctx->input(0),
ctx->is_input_dead());
}

private:
Rendezvous: :ParsedKey CreateParsedkey(OpKernelContext* ctx) {
FrameAndIter frame_iter = GetFrameAndIter(ctx, hostmem_sendrecv_);
if (frame_iter == FrameAndIter(Q, 0)) {
return parsed_key_;

} else {
Rendezvous: :ParsedKey in_loop_parsed;
GetRendezvousKey(key_prefix_, frame_iter, &in_loop_parsed.buf_);
Rendezvous: :ParseKey(in_loop_parsed.buf_, &in_loop_parsed);
return in_loop_parsed;

}

3

private:

string key_prefix_;

Rendezvous: :ParsedKey parsed_key_;
bool hostmem_sendrecv_;

1

12.6.2 RecvOp 3£

[F] 2 1 | AT EAAE M Recv HY Kernel HYSEIE 7o B HSGHME Rendezvous HY ParsedKey,
SRV Rendezvous.RecvAsync ##4E, M Rendezvous BUHFH I Tensoro

XE—NFHEE, 24 Rendezvous TEHE I AR, EFFIETRI T EKEL done_cb, B
15

B =52 Tensor HiHiE 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
3

void ComputeAsync(OpKernelContext* ctx, DoneCallback done) override {
Rendezvous: :Args args;
args.device_context = ctx->op_device_context();
args.alloc_attrs = ctx->output_alloc_attr(0);
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ctx->rendezvous()->RecvAsync(
CreateParsedKey(ctx), args, CreateDoneCallback(ctx));
}

private:
Rendezvous: :ParsedKey CreateParsedKey(OpKernelContext* ctx) {
FrameAndIter frame_iter = GetFrameAndIter(ctx, hostmem_sendrecv_);
if (frame_iter == FrameAndIter(Q, 0)) {
return parsed_key_;

} else {
Rendezvous: :ParsedKey in_loop_parsed;
GetRendezvousKey(key_prefix_, frame_iter, &in_loop_parsed.buf_);
Rendezvous: :ParseKey(in_loop_parsed.buf_, &in_loop_parsed);
return in_loop_parsed;

}

}

Rendezvous: :DoneCallback CreateDoneCallback(OpKernelContext* ctx) {
using namespace std::placeholders;
return std::bind([ctx](DoneCallback done, const Status& s,
const Rendezvous: :Args&, const Rendezvous::Args&,
const Tensor& val, bool is_dead) {
ctx->SetStatus(s);
if (s.okQ) {
if (lis_dead) {

ctx->set_output(@, val);

>}':c’cx—>is_ou’cpu’c_dead() = is_dead;
zone();
s%d::move(done), 21, 2, 3, _4, _5);
3
private:

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

1
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def run_step(workers, full_graph, inputs, outputs):
client_graph = prune(full_graph, inputs, outputs)
partition_graphs = split(client_graph, workers)
register_graphs(partition_graphs, inputs, outputs)
run_graphs(partition_graphs, inputs, outputs)

Worker::RunStep

FEHFRANEEER Worker 17/, HULE] RegisterGraphRequest I8 5, W15 1% R
AL ZLNZA PartitionGraphe AN, {EEE IR HEI—1 Executor, PAMHE
PATHBLZEER PartitionGrapho

MR PAT ST PartitionGraph Z 5, ExecutorBarrier HIITZLER N
1, BEFHRETH PartitionGraph FIFRAIIT, barrier.wait() PHIERAEIRH

IS PartitionGraph Z [BJ ] REAFAEEUHMKIC 2, BA1Z @i A Send/Recv
WRTERAS B, L b, FE A EUBITIY, 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)

13.1.3 SumiEsE

@135 (%193W) /s, fE TensorFlow M af T, fEAE— K55 A AT
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B 13-5 27 X ARSAEAR

Cluster

Cluster [ ClusterSpec HETHiA, Er LRI H—P L2 Job, —4> Job H&4—
ANk Tasko WHLAEYL, TensorFlow SEAFRE I TIHE BG4 (Task Set) LAY

£ Task AT LUSTISTAE B MLES L, thl IFE— B LS _LISfT 24> Task(filln,
B2 CPU, #HHlZ GPU).
Job

¥ H BRI Task KIHLER—4 Job e 1> Job 1 H] job_id ME—HriH.

— B, TR RS SRR S B, AR RPN Job 2L

1. ps: R FAE A AR 09 Atk Fm 2 3T
2. worker: R AT ER GEA Y| AT,

B 13-6 % XAV %: PS 5 Worker X #) L5
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Task

— g, R A X Is i, Task s M iRy, HAEHR Esir—1
tf.train.Server SEf. HH, Task [ job_id:task_index B _JCHME—FRIH.

Server

Server 7~ Task MRS R, EXTIMEME MasterService Fl1 WorkerService Ai55.
AU, Server A LARIAS #7378 Master A1 Worker PAFI {60

13.1.4 HEBEEE

1E 53 A 2L TensorFlow iz 47 H, & Task 530 T — 4 Server, Jf X #hHE it
MasterService R 551 WorkerService 55, HH1, 4% TensorFlow SERFELTE LA L

.

1. 13 tf.train.ClusterSpec, X B+ Task 693 F12 &, ¥4 Job 897 X4

N,y

2. X FH—A Task, B3h—4 tf.train.Server F4),

SEELE

ClusterSpec f#iR TEEREF Task HUFPEE S, JELL Job M =AHL. — B, £
HIPA TR B Task JHsh— -2, L, ClusterSpec FIFTHHFHIAT TensorFlow
DA IS T R A 1

Blan, FF4E— TensorFlow ZERE, ©H ps 1 worker A1 Job Al HH, ps #HE
TE ps0:2222, ps1:2222 b worker FBEHFE worker@:2222, workerl:2222, worker2:2222 Lo

tf.train.ClusterSpec({

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

1,

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

iED)




13.2 Master iR% 195

WA KRR HIEE Task W25 BRI ML, — Job B Task £E6 ', Task &3]
M0 H IR T HIERY

Protobuf i

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

}

message ClusterDef {
repeated JobDef job = 1;
}

}iq“, tasks [T HIN task_index, EE %N host:ports

13.2 Master R%

MasterService 72— RPC 5. 4 Client #R4E target ¥ Server SLHIJ5, Server
9T Master FYFA€, XAMEMSE MasterService AR55»

Hr ) Client 5 Master 2 [8] 3¢ H 4/ MasterService E B O #TE. HWELEIR,
MasterService *E X T Client A\ Master [JA LI MTgthBFAIEHI 21 WorkerService
HIPATIE R o

13.2.1 #EFAEX

g master_service.proto A 4], E X T MasterService M) Fr A # M 1] #E mas-
ter.proto JCHFHT, JE LT A H HITH B

service MasterService {
rpc CreateSession(CreateSessionRequest)
returns (CreateSessionResponse);

rpc ExtendSession(ExtendSessionRequest)
returns (ExtendSessionResponse);

rpc PartialRunSetup(PartialRunSetupRequest)
returns (PartialRunSetupResponse);

rpc RunStep(RunStepRequest)
returns (RunStepResponse);

rpc CloseSession(CloseSessionRequest)
returns (CloseSessionResponse);

rpc ListDevices(ListDevicesRequest)
returns (ListDevicesResponse);
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rpc Reset(ResetRequest)
returns (ResetResponse);

13.2.2 HEIBRES

—%H, Client {# H#0 MasterInterface ZKHULYG MasterService MRS . Fikhl,
MasterInterface HIFTA R OAREFRIEH O, #15 Client U5[A]ILk; MasterService IRGFHLAN
W A 1 R A — % o

%%&%Eﬁ%, A H RunStepRequest/RunStepResponse HEH T REE S KM Tensor
Lo T MERADERIS DL, SCEURMESEEL T 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;

};

WMAE13-7 ($197R) Ai7~, MasterInterface f7AEPIFPIFEASIIN,

1. 24 X: AT gRPC % GrpcRemoteMaster 553, Client 55 Master % %1 f & /£ %
N LR

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

B 13-7 MasterInterface

FER AT, GrpcRemoteMaster i AU N ZRAAYHACHS, FFil L gRPC ARHUZE S
MasterService Jt%5 o

stub = NewStub("/job:worker/replica:0/task:0")
handle = stub->CreateSession({graph_def})
do {

stub->RunStep(handle, feeds, fetches);
} while (!should_stop());
stub->CloseSession({handle})
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13.2.3 RPC {2

WE13-8 ($198%) fisn, Client il MasterInterface FREUZLYG MasterService MR
%o

13-8 Client % MasterService #9/7 32

H i GrpcRemoteMaster /& gRPC % F' i ] — FPSL L, B4l it Stub ZK BT i
Master 1Y GrpcMasterService HE%, {075 HAT A 3 BAS A0 1 A b o8 A0 FH— o EEP,
GrpcMasterService SEIL T MasterService M T ARG #O , BsE MasterService HIF
AR 55 5248

R) AEAEZESLEH, GrpcSession, ClientMaster, GrpcRemoteMaster kA& Client %3 #7 —3 %,
W AR AR A9 ARAE, Python AT3% R 2 T M Client £, /Gim C++ B AR O
Client #9447 52 3L,

13.2.4 HEEX

Bk, B EES M EOMIEEE L. B, SEEIHZ IR SRS bR
o i, Master 7] LML Client #2A, JF N Client 4200 M H MasterSession 5%
file I, GrpcSession #54 MasterSession fiJ#, ZZIH Client ZRHX Master HIHR S o
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CreateSession

MAE13-9(F1997) fi7R, CreateSessionRequest IHE PTG IITEE , 5 target
fRAER Master 7. 4 Master WEITERKIHES, B — DI MasterSession
SEH, - session_handle ME—HiIbRIHIZ MasterSession SE4).

fF Master ZARALEESE RS, HLLIR 4 B CreateSessionResponse 25 Cliento JHHT,
CreateSessionResponse M E F#EH session_ handle, ML E Client it Y GrpcSession =
Master ¥l MasterSession 1_523§Ef3§%§o ﬁ_ﬁﬁ Client 55 Master FJTA s EHr, (EIEK
THE ST session_handle, Master i B2 552X I ) MasterSession 54

ﬁt?ﬁ CreateSessionResponse BT T HIIARY graph_version, TR Extend-
Session #AE, FEAA AT E HIB IFT AT A

B 13-9 CreateSession

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

}

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

3

ExtendSession

34 CreateSession ilH 5, JG%E Client 7] LB ExtendSession, i R T K%
Master, 3MNEATHE BRIV CRREEINTE, AREESEMBE T 5)o

WAE13-10 (%200R) Aron, 1EIERKIEE 7 ZH#E current_graph_version, Mas-
ter Y 34T AR AS DEFC 48 1E; 1% ExtendSession 1% 8 AL PR 52 % f&, £ W W I8 B 1%
new_graph_version, F T F —Ill, ExtendSession #{E. H ', W IHH graph_version H

CreateSessionResponse #Ei2s Client o
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B 13-10 ExtendSession

message ExtendSessionRequest {
string session_handle = 1;

GraphDef graph_def = 2;

int64 current_graph_version = 3;

}

message ExtendSessionResponse {

int64 new_graph_version = 4;

}

RunStep

— B, AR P Sk AAHAAAT RunStep. WTE13-11 (5200 R) FTR, fE4F X RunStep
IR, Client £E353RIGE PN feed, fetch, target, 733/ I AR NamedTensor
I3, 1R Tensor AFRFIZE, FHAAT OP M AFRFIZE,; EMNIHE A tensor, £
IRATNT fetch A FHIEE, HrHi#Y Tensor 515

B 13-11 RunStep

message RunStepRequest {
string session_handle = 1;

repeated NamedTensorProto feed = 2;
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repeated string fetch = 3;
repeated string target = 4;

RunOptions options = 5;
string partial_run_handle = 6;

message RunStepResponse {
repeated NamedTensorProto tensor = 1;
RunMetadata metadata = 2;

}

CloseSession

M ESEE, WECHSE, BIARS AR, WE13-12 ($201R7) Hivn, Client
BT &K I% CloseSession 25 Master, JoshiTHE IR HGTHE o

B 13-12 CloseSession

message CloseSessionRequest {
string session_handle = 1;

}

message CloseSessionResponse {

}

13.3 Worker R%

WorkerService /&1 gRPC %5, Mot A SERITAR 7K. BEXLTH#
A Worker BJ#2HMIE, Bl master_service.proto HE X HHH .

Master R4 ClusterSpec (55, FREIGEREFHAMIY Server S, ILITIXLE Server S
47378 Worker FIF . Master ¥4 T K53 K455 Worker 955, F/H 80141 Worker 717 5
H)F B B R TR

MR Worker 2 [AIAFAEECHRARHE , WIIE I BERE (A8 (5 52 i 32 Ho o HH, Master 5 Worker
2 8], Worker 5 Worker 2 [A]f)32 HI81E WorkerService & SLAYHEE IRV
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13.3.1 #AEX

£ worker_service.proto X, E LT WorkerService A ; TIAE worker.proto
R, BT SO BIIE R

service WorkerService {
rpc GetStatus(GetStatusRequest)
returns (GetStatusResponse);

rpc CreateWorkerSession(CreateWorkerSessionRequest)
returns (CreateWorkerSessionResponse);

rpc RegisterGraph(RegisterGraphRequest)
returns (RegisterGraphResponse);

rpc DeregisterGraph(DeregisterGraphRequest)
returns (DeregisterGraphResponse);

rpc RunGraph(RunGraphRequest)
returns (RunGraphResponse);

rpc CleanupGraph(CleanupGraphRequest)
returns (CleanupGraphResponse);

rpc CleanupAll(CleanupAllRequest)
returns (CleanupAllResponse);

rpc RecvTensor(RecvTensorRequest)
returns (RecvTensorResponse) {

}

rpc Logging(LoggingRequest)
returns (LoggingResponse);

rpc Tracing(TracingRequest)
returns (TracingResponse);

13.3.2 IFIEIRE

— i, Master/Worker {# F#% 1 WorkerInterface ZEHUL Y WorkerService [R5
HH1 | workerInterface i X T 5725117 WorkerService HJ#; 5 MasterInterface ZE1UL,
XI5 RunGraphRequest/RunGraphResponse R RE S A BRI Tensor, A [ RGN DB
FPEVL, Rl 7SI IR R ALRE R

struct WorkerInterface {

virtual void GetStatusAsync(
const GetStatusRequest* request,
GetStatusResponse* response,
StatusCallback done) = 0;

virtual void CreateWorkerSessionAsync(
const CreateWorkerSessionRequest* request,
CreateWorkerSessionResponse* response,
StatusCallback done) = 0;

virtual void RegisterGraphAsync(
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const RegisterGraphRequest* request,
RegisterGraphResponse* response,
StatusCallback done) = 0;

virtual void DeregisterGraphAsync(
const DeregisterGraphRequest* request,
DeregisterGraphResponse* response,
StatusCallback done) = 0;

virtual void RunGraphAsync(
CallOptions* opts,
RunGraphRequestWrapper* request,
MutableRunGraphResponseWrapper* repsonse,
StatusCallback done) = 0;

virtual void RunGraphAsync(
CallOptions* opts,
const RunGraphRequest* request,
RunGraphResponse* response,
StatusCallback done) {
RunGraphRequestWrapper* wrapped_request =
new ProtoRunGraphRequest(request);
MutableRunGraphResponseWrapper* wrapped_response =
new NonOwnedProtoRunGraphResponse(response);
RunGraphAsync(opts, wrapped_request, wrapped_response,
[wrapped_request, wrapped_response, done](const Status& s) {
done(s);
delete wrapped_request;
delete wrapped_response;

b;

virtual MutableRunGraphRequestWrapper* CreateRunGraphRequest() {
return new MutableProtoRunGraphRequest;

}

virtual MutableRunGraphResponseWrapper* CreateRunGraphResponse() {
return new OwnedProtoRunGraphResponse;

}

virtual void CleanupGraphAsync(
const CleanupGraphRequest* request,
CleanupGraphResponse* response,
StatusCallback done) = 0;

virtual void CleanupAllAsync(
const CleanupAllRequest* request,
CleanupAllResponse* response,
StatusCallback done) = 0;

virtual void RecvTensorAsync(
CallOptions* opts,
const RecvTensorRequest* request,
TensorResponse* response,
StatusCallback done) = 0;

virtual void LoggingAsync(
const LoggingRequest* request,
LoggingResponse* response,
StatusCallback done) = 0;

virtual void TracingAsync(
const TracingRequest* request,
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TracingResponse* response,
StatusCallback done) = 0;

};

WorkerInterface [F]I g LT FIZE 5 A4 0. 268 0T CallAndWait FYIEBCS,
[ SC T S O 2 o Bkt [F]2542 O 15 Master/ Worker ¥ FHiZE3i WorkerService
B FH A o pR A — 8

struct WorkerInterface {

Status GetStatus(
const GetStatusRequest* request,
GetStatusResponse* response) {
return CallAndWait(&ME: :GetStatusAsync, request, response);
1

Status CreateWorkerSession(
const CreateWorkerSessionRequest* request,
CreateWorkerSessionResponse* response) {
return CallAndWait(&ME: :CreateWorkerSessionAsync, request, response);

}

Status RegisterGraph(
const RegisterGraphRequest* request,
RegisterGraphResponse* response) {
return CallAndWait(&ME: :RegisterGraphAsync, request, response);
}

Status DeregisterGraph(
const DeregisterGraphRequest* request,
DeregisterGraphResponse* response) {
return CallAndWait(&ME: :DeregisterGraphAsync, request, response);
}

Status CleanupGraph(
const CleanupGraphRequest* request,
CleanupGraphResponse* response) {
return CallAndWait(&ME: :CleanupGraphAsync, request, response);
}

Status CleanupAll(
const CleanupAllRequest* request,
CleanupAllResponse* response) {
return CallAndWait(&ME: :CleanupAllAsync, request, response);
}

Status Logging(
const LoggingRequest* request,
LoggingResponse* response) {
return CallAndWait(&ME: :LoggingAsync, request, response);
}

Status Tracing(
const TracingRequest* request,
TracingResponse* response) {
return CallAndWait(&ME: :TracingAsync, request, response);

}

private:
typedef WorkerInterface ME;

template <typename Method, typename Req, typename Resp>
Status CallAndWait(Method func, const Req* req, Resp* resp) {
Status ret;
Notification n;
(this->*func)(req, resp, [&ret, &n](const Status& s) {
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ret = s;
n.Notify(Q);

b
n.WaitForNotification();
return ret;

3
}s

1Rk, WorkerInterface A2l SEH i WorkerCacheInterface: :ReleaseWorker 1T
Bro KL, BEAbA 1R AMEAELEINER WorkerInterface 5541, PR WorkerInterface AT
TIERZEA protected, FFHFH WorkerCacheInterface A JCo

struct WorkerInterface {

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

};

B 13-13(%2051) fli7N , WorkerService f7AE P FRSEEL . Horp | FE AR ) E 400
GrpcWorker ; 7E AT AU, Worker #3E7E 5 — AR BYBEFEA, 4/ GrpcRemoteWorker

B 13-13 WorkerInterface #no

13.3.3 RPC I8

WME13-14 ($%2067) o, EAAARH, GrpcRemoteWorker /& gRPC % )7 i —
ﬁ#EZi%, ERZGEI Stub RN Worker 1Y GrpcWorkerService HE§§, IS HAT
WS AR EOHH — M. HH, GrpcWorkerService SEILT WorkerService & I A
s 8H .

R) MAEHEL LD, GrpcRemoteWorker & Master S *F3#% Worker 5 IL4)—3R 4

MAEAE A H, 18 GrpcWorker BRI, EHARE] T WorkerService RS,
T T AN I 28 A 4 o
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B 13-14 #R& MasterService # RPC it#

13.3.4 HEEX

TR, B E A WorkerService 25 T2 CIHEE Lo HA, SEZAYH& IR H
BANIRES BIFRIR. 2402 WorkerSession B, MasterSession HIFRINIEIEZS Worker, SEELT
MasterSession 46— & L~ SRJEI WorkerSession L.

24 Worker Ef VK5 RegisterGraph J5, [A] Master JR[EIME—M graph_handle, LAMPR
Wz s, I, EERENATLAEH (session_handle, graph_handle) —JCZLME—FRIN
Z S

24 Master | #EEHHIET Worker H&HL RunGrapho AT X3N] step, Master 42k
2 JRME—H step_id, FFiEIT RunGraph f5i# %5 51~ Workero

1. session_handle: 4] MasterSession £ Bt B 35 & &, @it CreateSessionRe-
sponse # W25 Client; i#iT CreateWorkerSessionRequest #5 i %> Worker;

2. graph_id: & K RegisterGraph B % Worker #£ A%, i#iI RegisterGraphResponse
45 4 Master;

3. step_id: X RunStep i, # Master £ R E—89471R, @il RunGraphRequest #5
A 75 Worker,
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CreateWorkerSession

A 13-15 ($207R) Fi7R, CreateWorkerSessionRequest 1H.E 1 HEH MasterSession 73
Bl session_handle. 24 Worker W RIHE)G, & A—1 WorkerSession LH, FF(#H
session_handle 7£1% Worker W ME—HIFRINIZ LA

EIE]*/I\%%EF‘, T — 1 MasterSession ifﬁﬂ, H Al Worker & 2 1 [F] ) ses-
sion_handle. M, 1% MasterSession SEHIEREG — B R JE T E WA WorkerSession
A o

B 13-15 CreateWorkerSession

message CreateWorkerSessionRequest {
string session_handle = 1;
ServerDef server_def = 2;

}

message CreateWorkerSessionResponse {

}

RegisterGraph

WMAE13-16 (%2077) Fi7~, RegisterGraphRequest JHEH#E77 MasterSession 73t
session_handle, M H 7-ESLH| graph defo 24 Worker 5¢ % 1~ EIVEM M HwtafL )5, 1)
Master 12 [21i% T-[&]¥] graph_handleo

T2, Master HTERAT—IR RegisterGraph, BiRaAETHEEL IS YT R4k BB 4
HE, 53 Master BFRRAE S .

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;

45
5;

DeregisterGraph

WE13-17 ($2087) Fron, 4 Worker T fi BT EBIANTRFRF SN (B4, &k E
B, B SR ), I Master [ Worker 1% DeregisterGraph {H/E, LAHE
Worker {F48#51% T & 5L 41 .

B 13-17 DeregisterGraph

message DeregisterGraphRequest {
string session_handle = 2;
string graph_handle = 1;

message DeregisterGraphResponse {

}

RunGraph

AT Worker 5 2 LI TN, N T XSRF step, Master AIfE— step_id JF
fEIRZE R Worker, 1 Worker 81T step_id SEELELHEIHAFE .

AN, RunGraphRequest 17 T send, recv_key, 703F/~ T EHi AN Tensor HriHFl
BoE, METEHHET Tensor ARIH. RunGraphResponse i&[F recv_key fHXI . Tensor
ﬁ”%c
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& 13-18 RunGraph

message RunGraphRequest {
string session_handle = §;
string graph_handle = 1;
int64 step_id = 2;

ExecutorOpts exec_opts = 5;

repeated NamedTensorProto send = 3;
repeated string recv_key = 4;

bool is_partial = 6;
bool is_last_partial_run = 7;

}

message RunGraphResponse {
repeated NamedTensorProto recv

[}
=

StepStats step_stats = 2;

CostGraphDef cost_graph = 3;

repeated GraphDef partition_graph = 4;
3

RecvTensor
B PATH — K step 1, MR P Worker 75 B A8 HAUE, 1M E M ET7H Kk

RecvTensorRequest M., BTN (step_id, rendezvous_key) TG4, 1&>KXJu Worker
R E Tensor %, Ffifid RecvTensorResponse 12 [H.

B 13-19 RecvTensor

message RecvTensorRequest {
int64 step_id = 1;
string rendezvous_key = 2;

bool dma_ok = 3;

Devicelocality client_locality = 4;
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Devicelocality server_locality = 5;

google.protobuf.Any transport_options = 6;

message RecvTensorResponse {

TensorProto tensor = 1;

bool is_dead =

int64 send_start_micros = 3;

google.protobuf.Any transport_options = 4;

13.4 PR%EE

Server & —EET gRPC MRS, MTE A& . EXTIMEML MasterService
K55 F1 WorkerService 55, EA RN Master 1 Worker HYFH €.

13.4.1 SumiEs

WA 13-20 (F211R) 7R, GrpcServer i Master BT, XIAMEME MasterService

k55, Hir, A —TEAR Client 53— MasterSession SEfl, FH- fH 4 miE—Y

session_handle /R E. HHELEN, Master ﬂu*ﬁ)\g/l\ Client, M—> Client M R e+
A—REE ] Mastero

GrpcServer 378 Worker R, XFAMEML WorkerService RS, HF, 41 Worker
A LIAZ S Master TRALTEIR S, B AN EIERITERS 1T MasterSession A l—7
AN WorkerSession SEf, ZEFFHH I MasterSession F & THEERGEMAHITH S

A GrpeServer SLHIEE T grpe::Server HREZ B, T WU R Eim O ATIHE, 474
BEAR B3R A 2] MasterService 3K WorkerService HVRE N 1 B AL B IP) [R17 2R 4L
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B 13-20 Server AR 3ALA

Protobuf #ix

24 protocol N grpc I, RGBITHPEEHET gRPC SLELHY GrpcServer SL4. It

A, ATLLELEE ConfigProto SEHUZ TN Z A ECE . &1, TensorFlow [ ZRF4E XS A
FFCHT o BN, B8 protocol SZHEHTHVIEAG ML, SEIFETHriilir) Server LAl

message ServerDef {
ClusterDef cluster = 1;

string job_name = 2;
int32 task_index = 3;

ConfigProto default_session_config = 4;
string protocol = 5;

AR5 E Bk

mE13-21 (%211R) fia~, —4> Server SELFELL tf.train.ClusterSpec SR HH
HoAtl Server SLF|SEEHEL

13-21 R4 ZH
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WE13-22 ($2127) fin, 2 Client 2 A A —> Server, W BT T Master HIff
1, HAh Server WH737#H T Worker . FrikHE, Client #2 A1 Server #.7{# | Worker
A ff €8

B 13-22 # Client #ANE#

WAE13-23 ($21270) Frn, ATREFAEZL A Client 73 HI#E AARFEIF Server L4, BB,
Client # A Server SEBI# 7 T Master fi{0o {H/&, % Server 3L, XS TEEREH 55 4k
[ Server SEf, NIF37E T Worker ff{f.

13-23 % Client # A% #

FFpEHE, Client 5 Master A AFBELER — P EFEAN o BEHY, Client 15 Master Z [A]H%C
ERhNE, WE BRI EECHA, 5T gRPC 3 ERIEINTH. MRIREHE, fEF—
> Server N, Master 5 Worker H] AFSELER—FFEHN o I, Master 5 Worker 2 [A]
P R EOR
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13.4.2 K7

WrE13-24 (%213W) 7N, GrpcServer s&2—1 3T grpe: :Server HIRSS 4, BEH

FRAESFT T — Al AR AL

GrpcServer # New RE BT grpc::Server ﬂﬁé?, {ﬁXﬁﬁf?ﬁ%ﬁ%ﬁ%@ﬁiﬂﬁ%?; MAE
Started KA LJEEIRE, XIAMEAL MasterService Fl WorkerService B RPC 1HEMRS; %

2% TE Stopped IRZ 15 1E MasterService Fl WorkerService 55

13-24 GrpcServer k&M

SRS

B 13-25 % &41# Server %4

struct GrpcServerFactory : ServerFactory {
bool AcceptsOptions(const ServerDef& server_def) override {
return server_def.protocol() == "grpc";
3

Status NewServer(const ServerDef& server_def,
std: :unique_ptr<ServerInterface>* out_server) override {
GrpcServer: :Create(server_def, Env::Default(), out_server);
return Status::0KQ);
3
3
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void GrpcServer: :Create(
const ServerDef& server_def, Env* env,
std: :unique_ptr<ServerInterface>* out_server) {
auto ret = std::make_unique<GrpcServer>(server_def, env);
ret->Init(Q);
*out_server = std::move(ret);

}

MAE13-20 (%2117) Fh7n, GrpeServer: :Init ¥&5E3 GrpcServer STIE NS S AIIAL
FEAFEWT 3 DR,

1. #1454% MasterEnv 4] ;
2. AL WorkerEnv 4 ;

3. ®l&#IH B3 grpc::Server

(a) #1451 MasterService

o 43 Master 4 ;
o 4J# MasterService 524 ;

(b) #1444% WorkerService

o A3 Worker 4 ;
o A3 WorkerService %4,

T ST IR GrpeServer SEBIMRIIAMLILRE, ALK SCBUML T REINER . &
S5, BHIAM MasterEnv, WorkerEnv SE4]; SANE, GIEEIEIS 3 grpe: :Server IR 4%

void GrpcServer::Init() {
InitMasterenvQ);
InitWorkerEnv();
StartGrpcServer();

b

#1151 MasterEnv

MasterEnv 54 Master IE1THT I _EFSCENE, B GrpcServer HAHH R 1 A4 iy 513
R FEA Master WIETTHSHERAE AT LAY,

WE13-26 ($2157) 7R, LocalDevices FH TAREUAHIE A4 ; WorkerCacheFactory
T4 workerCacheInterface EE@M; WorkerCacheInterface F T IJ7# MasterInterface 5K
B, 525 T8 A MasterService JR55 ; MasterSessionFactory FT{l|# MasterSession
i%; OpRegisteryInterface FTF &R E op H‘]fﬁ%@/}?; Env A TIREUES -5 1) APT 1.
Hrp | N3O E SIS WorkerCacheInterface MG TR
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B 13-26 MasterEnv ##

#1151 WorkerEnv

NoA 4

WorkerEnv 58 Worker i/ THII L F3CIAEE, B©5 GrpcServer EAM R R4y R,
FIHLFE Worker HIEA T HT 2] WY

ME13-27 (%216 W) Fi7n, LocalDevices A TARIUAR M X 4E ; DeviceManager AT
AR F EE T 1 75 5E ;. SessionManager AT WorkerSession HI%E4; Rendezvous-
Manager T # Rendezvous SLHI4E; ThreadPool ¥4 H M it H b Il — P 2fE, /5
3] OP K Kernel 5 1-HIHAT; Env HITIREUE 5 1) APT #1.
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B 13-27 WorkerEnv ##

Bzl grpc:Server

ARG LIR ARG grpe: :Server LB BIE, BLE grpc: :Server HYARSSIEIN; 94
S5, BRI MasterService SEBIFT WorkerService 2455, I builder.BuildAndStart
JTEJEED grpe: :Server RS %o

T EIE R A, grpc::Server JGEIAT, GrpcServer RIRALT New IRZS, grpc::Server
B IR AN AMEAE MasterService RS H1 WorkerService [R55. EHZE GrpcServer iITH 2
Started IRANLE, grpc::Server A EHIEXAMEME 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 EIN, grpc::Server X IMEAL MasterService IR GrpcMasterService
el SIEEFIAR, B BEIIEIE GrpcMasterService SEFHAH R E EAC R E, Hp
EHEALHE R Z R Hol 452 5 AL 52 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?{k%ﬁ?ﬁ grpc::Server FTAMERL WorkerService ARG SEA4 R GrpcWorkerService 5k
file 478 EFAET, K BE3IEIE GrpcWorkerService SEFFRAHMN F1H BAL PR %, HAp, 1F
THEALHE R Eh ) Hol 558 8 AL FLSE 2RI T GrpcWorker HY4THEON 42 o

std: :unique_ptr<GrpcWorker> NewGrpcWorker(WorkerEnv* env) {
return std: :unique_ptr<GrpcWorker>(new GrpcWorker(env));
3

AsyncServicelnterface* NewGrpcWorkerService(
GrpcWorker* worker, ::grpc::ServerBuilder* builder) {
return new GrpcWorkerService(worker, builder);

}

void GrpcServer::InitWorkerService(::grpc::ServerBuilder& builder) {
worker_impl_ = NewGrpcWorker(&worker_env_);
worker_service_ = NewGrpcWorkerService(
worker_impl_.get(), &builder);

BEhRR S5

E New IRZ, grpc::Server C&JH5), (HER AN IMEM MasterService M55 FH
WorkerService lt%5. WL GrpcServer::Start JTHJG, GrpcServer HPIRZSM New iTH
Started IR, ﬁ?ﬁ§3h77ﬁﬁ4\ﬁﬁiiﬂﬁéﬁiﬁ, A AJE B MasterService Fil WorkerService f7H
SALHER o I, GrpcServer IEAXTAMEfE MasterService Al WorkerServices

Status GrpcServer::Start() {
mutex_lock 1(mu_);
switch (state ) {
case NEW: {
master_thread_.reset(
env_->StartThread(ThreadOptions(), "TF_master_service",
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[this] { master_service_->HandleRPCsLoop(); }));
worker_thread_.reset(
env_->StartThread(ThreadOptions(), "TF_worker_service",
[this] { worker_service_->HandleRPCsLoop(); }));
state_ = STARTED;
return Status::0KQ);

}

case STARTED:
LOG(INFO) << "Server already started(" << target() << ")";
return Status::0KQ);

case STOPPED:

default:
CHECK(false);

[Se]

EFFLIERSS

AT R AT SN R MasterService AR 551 WorkerService 55, 7% 4 Bl XT £k
TF_master_service #ll TF_worker_service 2£jift join Eﬁ?ﬁ, ﬁﬁﬁ%jiéﬁfifiﬁﬁ, HEXPNLL
2 S I

B GrpcServer::Join J7ik, 24 GrpcServer AT Started B Stoped KA, B
¥ HBNEH Thread BIHTHI KL,

Status GrpcServer::Join() {
mutex_lock 1(mu_);
switch (state_) {
case NEW:

state_ = STOPPED;
return Status::0KQ);
case STARTED:
case STOPPED:
master_thread_.reset();
worker_thread_.reset();
return Status::0KQ);
default:
CHECK(false);

B, BT Cor bREFESLILE StdThread H, HATHRECE A std: :thread Y join

struct StdThread : Thread {
StdThread(const ThreadOptions&, const string&,
std: : function<void()> fn)
: thread_(fn) {
}

~StdThread() override {
thread_. join(Q);
}

private:
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std: :thread thread_;
};

KIFRRSS

WHERE 2, HET GrpcServer JEARREMHEMLIEH o Kl , 78 TRESLERERG T, TensorFlow
B A OB I TR 25 B T Kubernetes, SEHE GrpcServer ARSSHY H B H

Status GrpcServer::Stop() {
mutex_lock 1(mu_);
switch (state ) {
case NEW:
state_ = STOPPED;
return Status::0KQ);
case STARTED:
return errors::Unimplemented(
"Clean shutdown is not currently implemented");
case STOPPED:
LOG(INFO) << "Server already stopped(" << target() << ")";
return Status::0KQ);
default:
CHECK(false);

13.4.3 €3 WorkerCachelnterface

2858 GrpcServer AP 2 J5 | B 2] 2 /i3 & 10— 7). MasterEnv 54
WorkerCacheInterface EZ@W, © AT AR e R G g WorkerInterface; iiEP, WorkerInter-
face T I5AIIZYR WorkerService HIARSS -

T Ai% . GrpcServer:WorkerCacheFactory

X IE MasterEnv B, 183 L) J7 5 GrpcServer: :WorkerCacheFactory i #
WorkerCacheInterface S£fil. H ', WorkerCacheFactoryOptions EMmT ServerDef, )
4 ClusterDef, M H job_name:task_index 15 B.. H I, L1 ParseChannelSpec 15 £ 1
GrpcChannelSpec £, 25T ClusterSpec, Bl T AEREA LA B15 H.

Status GrpcServer: :WorkerCacheFactory(
const WorkerCacheFactoryOptions& options,
WorkerCacheInterface** worker_cache) {

GrpcChannelSpec channel_spec;
TF_RETURN_IF_ERROR(ParseChannelSpec(options, &channel_spec));

std: :unique_ptr<GrpcChannelCache> channel_cache(
NewGrpcChannelCache(channel_spec, GetChannelCreationFunction()));
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string name_prefix = strings::StrCat(
"/job:", *options.job_name, "/replica:Q",
"/task:", options.task_index);

*worker_cache = NewGrpcWorkerCacheWithLocalWorker(
channel_cache.release(), worker_impl_.get(), name_prefix);
return Status::0KQ);
}

T A% : NewGrpcChannelCache

NewGrpcChannelCache H T 61 ## GrpcChannelCache 3£, GrpcChannelCache I LAAR
Worker A4 FK, ZRECEZEIR G AH I Y grpc: :Channel SE6. HH —4 Job g —1
SparseGrpcChannelCache §E@W, MultiGrpcChannelCache a2 SparseGrpcChannelCache,
iiﬁ%‘*$¢§ﬂﬁﬁ5@ﬂﬁé?ﬁiftE@EZFH, IO R GrpcChannelCache ATt

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 AH 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 HIIZITH H T C++ sREEURERNEME, ERE T —1H
TFOUEE grpc: :Channel SEFIRTBRECN %o (HASSERTE, TEAFFEHR) NewHostPortGrpcChannel B
#5 ChannelCreationFunction #ZAANICHC. KL, ILALE T £4°4 ConvertToChannelCre-

ationFunction HIIEACES, F NewHostPortGrpcChannel Z5#tA ChannelCreationFunction.
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using SharedGrpcChannelPtr = std::shared_ptr<::grpc::Channel>;
using ChannelCreationFunction = std::function<SharedGrpcChannelPtr(string)>;

Status NewHostPortGrpcChannel(const string& target,
SharedGrpcChannelPtr* channel) {
::grpc: :ChannelArguments args;
args.SetInt("grapc.arg.max.message_length",
std: :numeric_limits<int32>::max());
args.SetInt("grpc.testing.fixed_reconnect_backoff_ms",
1000);

*channel = ::grpc::CreateCustomChannel(
"dns:///" + target, ::grpc::InsecureChannelCredentials(), args);
return Status::0KQ);
3

ChannelCreationFunction ConvertToChannelCreationFunction(
const std::function<Status(string, SharedGrpcChannelPtr*)>& new_channel) {
return [new_channel_func](const string& target) -> SharedGrpcChannelPtr {
SharedGrpcChannelPtr channel_ptr;
if (new_channel(target, &channel_ptr).ok()) {
return channel_ptr;
} else {
return nullptr;
}
s
3

ChannelCreationFunction GrpcServer: :GetChannelCreationFunction() const {
return ConvertToChannelCreationFunction(NewHostPortGrpcChannel);

}

I, FATENT GrpcChannelCache 5 WorkerCacheInterface FIAIEIIHE, (HAEA]
EHRTFAT AW ? ZF5E 1, WorkerCacheInterface I T3REL WorkerInterface SEf], & H
TFUF AL WorkerSerivice MRS, T AE R R & .,

1. FIREBF A Worker 9.4 53] % ;
2. HIE Worker #9.% F 4] RPC @i

3. #&¥% Worker # RPC ifid, 4|4 GrpcRemoteWorker 41,

HAr | GrpcRemoteWorker & WorkerInterface HJEAKSIIL: GrpcChannelCache FITTEREL
Worker HJ&HK, FMEAIEE worker MM grpc::Channelo

13.4.4 6]3& Worker £ RPC &g

GrpcChannelCache T ERHUEL G AEAFH ChG Worker Y RPC 1#E. HH | ListWork-
ers F TIR I EEREH Worker [ 2 FXF 5. TranslateTask F T-44 Worker [ 44 FR%% #h
host:port LS B FindWorkerChannel MZBTEH &K grpc: :Channel EE@W; R AT
2] AR HEE Eh A0 —1 grpc: :Channel 5561, IR A7 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\

WNE13-28 ($222W) Ff7N, GrpcChannelCache 25 E IR ZE GG a2y “B B 254
SparseGrpcChannelCache A1 i, ARSI .—4> Job SE41. 1M MultiGrpcChannel-
Cache NIFFH £ SparseGrpcChannelCache SEM, HAFASLHIFT N 24 Job SEH.

13-28 #4&41# GRPC @il

ZFIH

R T BRI SERTEIEE grpe: :Channel SEEIRYIFES, 51T CachingGrpcChannelCache,
TIETH grpe: :Channel I H TEAFF AR YEGFTELRMET, @i MH Find-
ChannelOnce ERHIZENAAIE grpc: :Channel SE0, FHFERIIZRZEAEH

struct CachingGrpcChannelCache : GrpcChannelCache {
SharedGrpcChannelPtr FindWorkerChannel(const string& target) override {
SharedGrpcChannelPtr ch = nullptr;
{
mutex_lock 1(mu_);
ch = gtl::FindPtrOrNull(channels_, target);
if (ch) {
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return ch;

}

}

ch = FindChannelOnce(target);

if (ch) {
mutex_lock 1(mu_);
channels_.insert({target, ch});

return ch;

}

protected:
virtual SharedGrpcChannelPtr FindChannelOnce(const string& target) = 0;

private:
mutex mu_;
std: :unordered_map<string, SharedGrpcChannelPtr> channels_;

1

HFh=

SparseGrpcChannelCache HY&E™ SEAF) AT B2 — 4> Job SEf], & AHA Job Al HEAH I HY
grpc: :Channel EZ@WﬁE, £~ Task XY —4> grpc: :Channel.

}iqD,FindChanneIOncei@fiﬁ%fﬁ TranslateTask,ik Worker 24 HR FRHEEU M 1) task_id,
IRIG FF M host_ports_ FZE 51 H host:port HyHutE(E B, PAtHihbiE A L) ¥ chan-
nel_func_ BN grpc::Channel SEfl. R, BFEMTUTF =13

1. i@ 1L ListWorkers & ™% Job * & & Task & # %) & ; #lde, /job:ps A& [/
job:ps/replica:0/task:@, /job:ps/replica:0/task:1];

2. i@iL TranslateTask, FFA&4E4FE Task B4R, &3] host:port #93bhbiz & ; 4o,
/job:ps/replica:0/task:0 & 5| #93ik A ps0:2222;

3. ifit FindChannelOnce, JFARIE4FE Task LAk, GIZEAT 49 grpc::Channel %41,
B4, /job:ps/replica:0/task:0, #1H VA ps@:2222 A Huik#) 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 "";
1
auto iter = host_ports_.find(parsed.task);
return iter == host_ports_.end() ? "" : iter->second;
}
protected:

SharedGrpcChannelPtr FindChannelOnce(const string& target) override {
auto host_port = TranslateTask(target);
if Chost_port.empty()) {
return nullptr;

return channel_func_Chost_port);

}

private:

const string job_id_;

const std::map<int, string> host_ports_;
const ChannelCreationFunction channel_func_;

};

EMHFTR

MultiGrpcChannelCache 1#iY caches_ a2 SparseGrpcChannelCache L, SEI#E
MEFETE Worker 17 51 grpc: :Channel GG, AT —H1EE SparseGrpcChan-
nelCache SEHIHEHLITFE, MultiGrpcChannelCache 2247 T E AT SparseGrpcChannel -
Cache 24, R UEF AT SparseGrpcChannelCache SEHIRIMUE , A 24K caches_ 1l
ZHZEG MY SparseGrpcChannelCache 3241, FFEBIRINEZEZGF T .

class MultiGrpcChannelCache : public CachingGrpcChannelCache {
public:
explicit MultiGrpcChannelCache(
const std::vector<GrpcChannelCache*>& caches)
: caches_(caches) {}

~MultiGrpcChannelCache() override {
for (auto cache : caches_) {
delete cache;
1
}

void ListWorkers(std::vector<string>* workers) const override {
for (auto cache : caches_) {
cache->ListWorkers(workers);
}
}

string TranslateTask(const string& target) override {
mutex_lock 1(mu_);
auto cache = gtl::FindPtrOrNull(target_caches_, target);
if (cache == nullptr) {
for (auto c : caches.) {
string r = c->TranslateTask(target);
if ('r.empty)) {
target_caches_.insert({target, c});
cache = c;
break;
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3
b

return cache->TranslateTask(target);

}

protected:
SharedGrpcChannelPtr FindChannelOnce(const string& target) override {
for (auto cache : caches_) {
auto ch = cache->FindWorkerChannel(target);
if (ch) {
mutex_lock 1(mu_);
target_caches_.insert({target, cache});
return ch;

}

return nullptr;

3

private:

const std::vector<GrpcChannelCache*> caches_;
mutex mu_;

std: :unordered_map<string, GrpcChannelCache*> target_caches_;

1

13.4.5 €% WorkerInterface

MAE13-29 ($225%) Fr7~, GrpcWorkerCache £FA GrpcChannelCache X%, FHilidE
iz grpc: :Channel §z@m, PNIIES N GrpcRemoteWorker SR B A EE -

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 SiREH

SIRIEH 2 TensorFlow A U THTAYAZ L, M2 HE TensorFlow B4 7512 B 1€
BB, O T B STEIERIRIIKS:, TR A SCEA A D S im i H A 4 A

13.5.1 &i&th/E

WE13-30 ($227R) Aion, AT S EEHEN GrpcSession, MasterSes-
sion, WorkerSession ziﬁﬂEQtUEﬂQZEWE@, EA15 B SR E Client, Master, Worker J:, {ii
HIE—1 session_handle SEELHRE TAEART.

HAr tf.Session {# ] Python SZHE, /& TensorFlow X #MEALH API. ©5 GrpcSession
FEE— RN, HHEEA GrpcSession IR (Bi¥gET) SCILAT.
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B 13-30 2R

WE13-31 ($2270) firon, AT, TREAFAEL A Client [FIBf A —4
Master, Master N HE AR Client G —" MasterSession 3L/, Worker A {E[F AT
2 Master FeftiH5H S5 , Worker A HAE1E KT HY Master @l #:—1> WorkerSession
SLile AT IXAANEIRY Client WYTHERSS, (HHAER session_handle [X47o

B 13-31 2Eddl: MEmR

13.5.2 Z65[EHA

GrpcSession #E1i| Client HY£ 1417 B, MasterSession #ill Master 2 A4 iy
#, WorkerSession 1% Worker B2l B, B2 EE session_handle SEILHHA] o
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GrpcSession 445 & £

TES AT, Client IIBEITHTH GrpcSession #451], GrpcSession [ iy I F2
InE13-32 ($2287) Fine.

13-32 GrpcSession 44

MasterSession 2%y J& A

AT AT, Master BYIZ1THS H MasterSession #51], MasterSession A=y i1t
RINE13-33 ($229M) Fine.
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13-33 MasterSession A4 )34

WorkerSession 445 B H8

BRI, Worker FIIBTTHS I WorkerSession #51il, WorkerSession 4y & #1
FEANE13-34 ($2297) FiRo

13-34 WorkerSession 4484
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13.5.3 £1EHFE

R mMAEIRIE T Client M tf.Session(target) Mg, HiT Session.run joshi%
APAT, AT EFERETI Session.close RS 1h. H2, EHMmAIITE2E09528
o HiREE 52,

o Bl LIE

1. 21 GrpcSession;
2. RBZ XA E;

3. 4)# MasterSession;
4

. £ # WorkerSession;

o HRIAT

& B AT
A B

B,

EMFHE;
EATTFH;

(2 BN GO O R

o A&t

1. X# GrpcSession;
2. #* WM MasterSession;
3. %M WorkerSession;

13.6 GIESIE

EF'@JI*%:Z% FEAE Client ¥ AlEE GrpcSession i{ﬁﬂ E Master ¥ 6l ZE Mas-
terSession LAl ; 1E41> Worker LGIEE WorkerSession SEf|, =it MasterSession 1)
session_handle SEILWRAE], FHTARS51Z A Client SE41 .

13.6.1 €& GrpcSession

24 Client i tf.Session(target) B, i TF_NewDeprecatedSession [ C API
BO, fitkG# GrpcSession L. HAT, C API /& TensorFlow J&km RGN MR ZIES
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PR HIARERE D o L, tf.Session M ELHFFA GrpcSession HIAINN, WIE13-35 (5231 7)
FrR o

B 13-35 4l GrpcSession: tf.Session ## GrpcSession &4

Status NewSession(const SessionOptions& options, Session** out_session) {
SessionFactory* factory;
Status s = SessionFactory::GetFactory(options, &factory);
if (!s.ok()) {
*out_session = nullptr;
return s;
h
*out_session = factory->NewSession(options);
if (!*out_session) {
return errors::Internal("Failed to create session.");
1
return Status::0KQ);
1

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

WA13-36 ($2317) AN, GrpcSession H GrpcSessionFactory 2 #&5E . X4 target
LA grpe://FF3k, N SessionFactory: :GetFactory iR [H] GrpcSessionFactory £, T Gr-
pcSessionFactory: :NewSession B L) L ZHE GrpcSession: :Create HIERAS T T k0
GrpcSession SE4 o

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.okQ)) {
return ret.release();
} else {
return nullptr;
}
}
s

GrpcSession: :Create i Ax L) J7 % FEMTTAIE GrpcSession SEH, H-5¢ BH M (IR 1G
W TAE FERIIR LI R | S EE B R M MasterInterface 356 ; HH' | MasterInterface
FF Client 5[] Master i MasterService CimR55, TAAEMFFZESLE, 20 BN
FAS IR 13 5% -

1. LocalMaster: Client &5 Master /£ F—##21W, # A LocalMaster: :Lookup A3k
B LocalMaster 4 ;

2. GrpcRemoteMaster: Client &5 Master &4E B —# 42N, B L) 7 %k NewGrpc-
Master £ A% GrpcRemoteMaster 24,

GrpcRemoteMaster SEH2E— RPC W& imsLE, (1EE GrpcRemoteMaster SEIHT, 75
ARG target FHERT Master HtEFIR S0, GEES 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);

3

if (!master) {
SharedGrpcChannelPtr master_channel;
TF_RETURN_IF_ERROR(NewHostPortGrpcChannel(

options.target.substr(strlen(kSchemePrefix)), &master_channel));

master.reset(NewGrpcMaster(master_channel));

}

session->SetRemoteMaster(std: :move(master));

*out_session = std::move(session);

return Status::0KQ);
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13.6.2 €& MasterSession

E13-37 ($2337W) AT7~, 24 GrpcSession SEBIGI &), BEE KAt & GprcSes-
sion::Create WA, HRIIGEATHE KT CreateSessionRequst JHEL A IEZS Master; 4
Master W | CreateSessionRequst ﬁé]/%)ﬁ, A A XS WV 1Y MasterSession ifﬂ, I H
2 JRME— 1 session_handle PRINIZ L, F#Z¢ilid CreateSessionResponse IH Bl 7] 25

GrpcSessiono

13-37 4l# MasterSession

GrpcSesion::Create(graph_def)

GrpcSession: :Create(graph_def) TTEFEMT Client 153K Master fllE MasterSes-
sion SEfl. BB, GrpcSession::Create J7 1% 5E M M4i& CreateSessionRequst JHE., #XJ51H
it GrpcRemoteMaster W H LIRS Mastero

M GrpcSession YN F| CreateSessionResponse JHEJG, R{F MasterSession I handle,
K EAE T B RIS graph_version. HH, handle FTHrIR Master 1] MasterSes-
sion LM, graph_version H T /&y R IT A KM
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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);
3

void GrpcSession::SaveCreateSessionRsp(
CreateSessionResponse& rsp) {
mutex_lock 1(mu_);
swapChandle_, *(resp.mutable_session_handle()));
current_graph_version_ = resp.graph_version();

}

Status GrpcSession::CreateImpl(CallOptions* call_options,
const GraphDef& graph) {
CreateSessionRequest req;
CreateSessionResponse resp;

BuildCreateSessionReq(graph, req);
Status s = master_->CreateSession(call_options, &req, &resp);

if (s.okQ)) {

SaveCreateSessionRsp(resp);
1

return s;

}

Status GrpcSession: :Create(const RunOptions& run_options,
const GraphDef& graph) {
CallOptions call_options;
call_options.SetTimeout(run_options.timeout_in_ms());
return CreateImpl(&call_options, graph);
3

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

3

GrpcRemoteMaster::CreateSession

GrpcRemoteMaster A&~ gRPC K% i L. ERISCHIAER 8, 1#id gRPC H)—
> stub A AT SG Master HHR AR ST #2 1 o

Status GrpcRemoteMaster: :CreateSession(
CallOptions* call_options,
const CreateSessionRequest* request,
CreateSessionResponse* response) override {
::grpc::ClientContext ctx;
Set(lientContext(*call_options, ctx);
return FromGrpcStatus(stub_->CreateSession(&ctx, *request, response));
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GrpcMasterService::CreateSessionHandler

GrpcMasterService & —1 gRPC X5, BLIM T MasterService B RPC IG5 H: M.
LI FE] CreateSession 1HEJE 4%‘33 GrpcMasterService: :CreateSessionHandler =] 5 A 3
ZIHE, BHZEE Master QhﬂﬂiZY%,uw

M Master ACFESEALE, B EIESE BT Y lambda 325438, 7] Client iR [F] 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));

Ps
ENQUEUE_REQUEST(CreateSession, true);
3

Master::CreateSession

Master::CreateSession *%é?ZE%%i§ﬁﬁ55ﬁ§ih‘*ﬁ\éﬁii FHELEN %R cluster_spec
FE, FHRITA R Worker, WL ISZENGER. HJa, €18 T —1 MasterSession.

R) EREMBLEFGIE, FTWE@ILA, KV TR Pk IR0 RAD 4 S

24 MasterSession ﬁdiﬁﬁi@bﬁ% Master 2R A7 (handle, master_session) i —Jod s
B, LMEE4E Master REMGHETT handle ZX5[HHN [ 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) {




236 % 13 Z 41 TensorFlow

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);

}
s
}

MasterSession::Create(graph_def)

MasterSession::Create(graph_def) FESE M E .

1. ¥t 2B, £ R SimpleGraphExecutionState 4 ;
2. W R ATE LR, WS & A Worker 4148 2 49 WorkerSession 54,

Hr | SimpleGraphExecutionState: :MakeForBaseGraph SEEN S5 A Mt 2 AH A | AE 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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13.6.3 FBURIRIEEFE

NME13-38 (#237M) Fin, FEQIEE MasterSession Z B, MasterSession <441 il A 1)
Worker SEf, FREUIEUHG AT E Worker M4 (5 B (HHIT DeviceFinder HIZAEHK AT,
H DeviceFinder: :GetRemoteDevices ZRENILUHIR £ 4E o

'EEI/‘JIVE}E@jEﬁﬁﬁ, EHRIE GrpcWorkerCache: : ListWorkers 2R BUEEFE AT A 1Y
Worker H@%?ﬂ%; %E, HRAE worker_name E‘]%fff\ WH GrpcWorkerCache: :CreateWorker
T J7 01 workerInterface SLf, 5 M T U5 [ WorkerService lR55. foha, it
WorkerInterface [F]iEi Worker ¥|58) #5 & 1% GetStatusRequest 1i>KIHEL, MM ST
BLA AR IRI

B 13-38 #R&mikéE

REEKE
DeviceFinder SEHL T — P eRECN S, HI T WA EY:, KB aoh =12
IR

1. Start: St &) #% GetStatusRequest 4B P BT H Worker 324
2. Wait: W F P Worker i& 4] GetStatusResponse 7H & ;

3. GetRemoteDevices: KT ML R, FHLBTLE P,
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struct DeviceFinder {
static Status DeviceFinder: :GetRemoteDevices(
MasterEnv* env,
WorkerCacheInterface* worker_cache,
std: :vector<std: :unique_ptr<Device>>* out_remote) {
DeviceFinder finder(env, worker_cache);
finder.Start(Q);
TF_RETURN_IF_ERROR(finder.Wait());
finder.GetRemoteDevices(env->local_devices, out_remote);
return Status::0KQ);

1

N T EHIFE 21 worker ) GetStatusResponse JHE, WAL T num_pending_
114045, B DeviceFinder::Start IEMIHIEN Worker HIE(H o

BILFR B I Worker 1Y GetStatusResponse JHEL, MIEJH WhenDone, T4 1.
M HEIR RN 0 B, BT pending_zero_.notify_all, W2 pending_zero_.wait_for
1B5A], BEEME R LAEE finder.GetRemoteDevices R IHZE R T o

}iqﬂ, 1 DeviceFinder::Start q“, 13T NewRemoteDevices [ flIH Worker | #%& Get-
StatusRequest {HEAIHAHN HIIRAFE, T &3 iR LBl

struct DeviceFinder {
private:
explicit DeviceFinder(
MasterkEnv* env,
WorkerCacheInterface* worker_cache)
. env_(env), worker_cache_(worker_cache) {
worker_cache->ListWorkers(&targets_);
seen_targets_.assign(targets_.size(), false);

}

~DeviceFinder() {
for (auto dev : found_) delete dev;

1
void Start(Q) {
{

mutex_lock 1(mu_);
num_pending_ = targets_.size();

}

using std::placeholders::_1;
using std::placeholders::_2;
for (size_t i = 0; i < targets_.size(); ++i) {
NewRemoteDevices(env_->env, worker_cache_, targets_[i],
std: :bind(&ME: :WhenFound, this, i, _1, _2));

void GetRemoteDevices(
const std::vector<Device*>& local,
std: :vector<std: :unique_ptr<Device>>* remote) {
std: :unordered_set<string> names(local.size());
for (auto dev : local) {
names.insert(dev->name());
1

mutex_lock 1(mu_);
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for (auto dev : found.) {
auto& name = dev->name();
if (names.insert(name).second) {
remote->push_back(std: :unique_ptr<Device>(dev));
} else {
delete dev;

}

found_.clear(Q);

}

Status Wait() {
mutex_lock 1(mu_);
while (num_pending_ != @) {
pending_zero_.wait_for(l, std::chrono::milliseconds(10 * 1000));
if (num_pending_ !'= @) {
for (size_t i = 0; i < targets_.size(); ++i) {
if (!seen_targets_[i]) {
LOGCINFO)
<< "CreateSession still waiting for response from worker:
<< targets_[i];

}
}
}
3
return status_;

}

void WhenFound(int target_index, const Status& s,
std: :vector<Device*>* devices) {

mutex_lock 1(mu_);

seen_targets_[target_index] = true;

if (Is.ok()) {
status_.Update(s);

} else {
found_.1insert(found_.end(), devices->begin(), devices->end());
devices->clear(Q);

}

--num_pending_;

if (num_pending_ == @) {
pending_zero_.notify_allQ);

}

typedef DeviceFinder ME;
const MasterEnv* env_;
WorkerCacheInterface* worker_cache_;

mutex mu_;

int num_pending_ GUARDED_BY(mu_);
condition_variable pending_zero_;

std: :vector<Device*> found_ GUARDED_BY(mu_);

std: :vector<string> targets_;
std: :vector<bool> seen_targets_ GUARDED_BY(mu_);
Status status_;

1

TEIER, Y num_pending_ THEER AN NS, MLt A MEMEAR 10 F04h, BESEIY
MR IRAFAE. Worker JEATRFTW RS, WIFTEVARLE Worker HI#FR. 47 BIIEEAHIFT E)
W NEER, M Z B H/job :worker/task:2 XV Server £ & FHIBH T, 3t Master
HZ MK Worker Z [R5 AR AE T %, M5 RGP,




240 % 13 Z 41 TensorFlow

CreateSession still waiting for response from worker: /job:worker/task:2

NewRemoteDevices

NewRemoteDevices R4 worker_name £k WorkerInterFaceEE@ﬂ,3$2i£§ GetStatus-
Request THEEIXS I Worker ZREUHR (5 . UIHEIRIS, KB cb FIRER . H
W, MG Worker ZRENAYIZ A (S BIFAEEE, HAEE worker_name HIfFE., HIILFEET
i L.

void NewRemoteDevices(
Env* env, WorkerCacheInterface* worker_cache,
const string& worker_name, NewRemoteDevicesDone done) {
struct Call {
GetStatusRequest req;
GetStatusResponse resp;

1

WorkerInterface* wi = worker_cache->CreateWorker(worker_name);
Call* call = new Call;
auto cb = [env, worker_cache, &worker_name, &done, wi, call](
const Status& status) {
Status s = status;
std: :vector<Device*> remote_devices;
auto cleanup = gtl::MakeCleanup(
[worker_cache, &worker_name, wi, &done, &remote_devices, &s, call] {
worker_cache->ReleaseWorker(worker_name, wi);
done(s, &remote_devices);
delete call;

B
if (s.ok()) {
DeviceNameUtils: :ParsedName worker_name_parsed;
DeviceNameUtils: :ParseFullName(worker_name, &worker_name_parsed);

remote_devices.reserve(call->resp.device_attributes_size());

for (auto& da : call->resp.device_attributes()) {
DeviceNameUtils: :ParsedName device_name_parsed;
DeviceNameUtils: :ParseFullName(da.name(), &device_name_parsed);

DeviceAttributes da_rewritten = da;

da_rewritten.set_name(DeviceNameUtils: :FullName(
worker_name_parsed. job, worker_name_parsed.replica,
worker_name_parsed.task, device_name_parsed.type,
device_name_parsed.id));

auto d = new RemoteDevice(env, da_rewritten);

remote_devices.push_back(d);

}
}

b
wi->GetStatusAsync(&call->req, &call->resp, cb);
1

GrpcRemoteWorker::GetStatusAsync

N

GrpcRemoteWorker /& WorkerInterface M EARSLIL, B 2 gRPC & M imsLil, ©il
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i stub WAL WorkerService FHMN IR S0 o

struct GrpcRemoteWorker : WorkerInterface {
void GetStatusAsync(const GetStatusRequest* request,
GetStatusResponse* response,
StatusCallback done) override {
IssueRequest(request, response, getstatus_, std::move(done));
}
}

GrpcRemoteWorker::GetStatusAsync

GrpcWorkerService #& WorkerService HJERSIIHN. UL E] GetStatusRequest THE., 14
H GetStatusHandler [FIJHALEE,

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);
}
}s

Worker::GetStatusAsync

Worker: :GetStatusAsync ¥ Z5 & DeviceMgr SEIUASHE 1% &5 BIL R, &t

GetStatusResponse M ELIR [125 %] i o

void Worker::GetStatusAsync(const GetStatusRequest* request,
GetStatusResponse* response, StatusCallback \
done) {
std: :vector<DeviceAttributes> devices;
env_->device_mgr->ListDeviceAttributes(&devices);
response->mutable_device_attributes()->Reserve(devices.size());
for (auto& d : devices) {
response->add_device_attributes()->Swap(&d);
}
done(Status: :0K());

DeviceMgr %?%ijiﬂﬁﬁigﬁég, SEEAN 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());
1
}

13.6.4 €3 WorkerSession

24 MasterSession O E il 0 5, WIRE A ShASHEEM GO 9 A LK B 2R ),
ML i Worker S 7S H0) 2 WorkerSessiono ZF3L I, £ Worker #8FAE— 1
SessionMgr L], BEFFA 1444 legacy_session_ [ WorkerSession L. [Ft, A4
Worker f7AE—>42JAME— 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)) {}

ME13-39 (#2430) Fion, WRAAEZAERECE, W Master |~ #%FT Worker #%
H @ — " workerSession 3L, Ff H{# F sessin_handle F5i1Z% WorkerSessiono iX4E
WorkerSession SRJE T I MasterSession SE6, FEAEANIHEHS MasterSession SE4FHE Y

session_handle FRiHo.

Eiq”, MasterSession 24 T Y55 i Worker i 7] 1] CreateWorkerSessionResponse 14
B, 5IAT BlockingCounter i14{#%. BlockingCounter T #Es I IARE A Worker HIELH , 24
WeEIE 1> Worker FINERZ IS, WA 1, HEITEEE N 0, done.Wait() HEIFHE.

AN, WorkerInterface SEfl/2iH it WorkerCacheInterface FLifjEL GIEAS MY, J5 30K
PEAN TR T AR U
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B 13-39 #4412 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);
}

}

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);

}

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;

3

Status AppendWorker(const string& worker_name,
const WorkerCacheFactoryOptions& opts) {
DeviceNameUtils: :ParsedName parsed_name;
TF_RETURN_IF_ERROR(ParseWorkerName(worker_name, &parsed_name));
workers.emplace_back(Worker(sess, worker_name, parsed_name, opts));
return Status::0KQ);
}

Status ParseWorkerName(const string& worker_name,
DeviceNameUtils: :ParsedName* parsed_name) {
if (!DeviceNameUtils: :ParseFullName(worker_name, parsed_name)) {
return errors::Internal("Could not parse name ", worker_name);

if (!parsed_name->has_job || !parsed_name->has_task) {
return errors::Internal("Incomplete worker name ", worker_name);

}
return Status::0KQ);
}

private:

MasterSession* sess;

std: :vector<string> worker_names;
std: :vector<Worker> workers;

};

Status MasterSession: :CreateWorkerSessions(
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const WorkerCacheFactoryOptions& options) {
CHECK(worker_cache_) << "CreateWorkerSessions should be called only with "
<< "dynamic cluster membership.";

WorkerGroup worker_group(this);
auto cleanup = gtl::MakeCleanup([&worker_group] {
worker_group.ReleaseWorkers();

B

return worker_group.CreateWorkerSessions(options);

GrpcRemoteWorker

GrpcRemoteWorker #2137 [1]iE%i Worker [ gRPC % ¥io E AN AT stub I i
R 55 o

struct GrpcRemoteWorker : WorkerInterface {
void CreateWorkerSessionAsync(
const CreateWorkerSessionRequest* request,
CreateWorkerSessionResponse* response,
StatusCallback done) override {
IssueRequest(request, response, createworkersession_, std::move(done));
}
};

GrpcWorkerService::CreateWorkerSessionHandler

TE Worker ¥, CreateWorkerSession JHE.H CreateWorkerSessionHandler [HIJHALHE, &
TELLRRM P B — D ATE T ZRE , il Worker BIZSEI%EE WorkerSession SE4 o

struct GrpcWorkerService : AsyncServicelnterface {
void CreateWorkerSessionHandler(
WorkerCall<CreateWorkerSessionRequest, CreateWorkerSessionResponse>*
call) {

Schedule([this, call](Q) {

Status s = worker_->CreateWorkerSession(&call->request, \
&call->response);

call->SendResponse(ToGrpcStatus(s));

b

ENQUEUE_REQUEST(CreateWorkerSession, false);

1
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£ WorkerSession 3£

Worker f4G1# WorkerSession SLf|[NERTIZFEL4S T SessionMgr, HHZG—& BRFILES
PP WorkerSession SEGIFFAE T HH . ANE13-40 (52467 ) Ffi7N, SessionMgr M RERFH
™ WorkerSession 3L, £ WorkerSession SLBI{# | session_handle Frifo.

B 13-40 Session ##2 %

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

A 13-41 ($246W) Fi7~, WorkerSession 38— GraphMgr SE41|, HFIEMFIIELT
AR L], Hp HAEEEEF graph_handle FriHe FEIE, 41 WorkerSession 54
—/ DeviceMgr SLf, FHTEEEAMITEIRSINES .

B 13-41 WorkerSession 4R TizMrf=isss  ANE L4

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 ERIT

13.7.1 BEi#T

& 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 Cauto& it : inputs) {
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req->add_feed(it.first, it.second);
}
}

void BuildReqgFetches(const std::vector<string>& output_names,
MutableRunStepRequestWrapper* req) {
for (int i = 0; i < output_names.size(); ++i) {
req->add_fetchCoutput_names[i]);
3

void BuildReqTargets(const std::vector<string>& target_names,
MutableRunStepRequestWrapper* req) {
for (string& target : target_names) {
req->add_target(target);
}

}

void BuildRunStepReq(
const SessionOptions& sess_options,
const RunOptions& run_options,
const vector<pair<string, Tensor>>& inputs,
const std::vector<string>& output_names,
const std::vector<string>& target_names,
MutableRunStepRequestWrapper* req) {
BuildReqOptions(sess_options, run_options,
req->mutable_options());
BuildReqgFeeds(inputs, req);
BuildReqgFetches(output_names, req);
BuildReqTargets(target_names, req);
3

void BuildOuputNamesIndex(
const std::vector<string>& output_names,
TensorIndex& tensor_index) {
for (int i = 0; i < output_names.size(); ++i) {
const string& name = output_names[i];
tensor_index.insert(make_pair(name, i));
}
3

void BuildCallOptions(const RunOptions& options,
CallOptions& call_options) {
call_options.SetTimeout(options.timeout_in_ms());

}

Status DoSaveOutputs(const TensorIndex& tensor_index,
const std::vector<string>& output_names,
MutableRunStepResponseWrapper* resp,
std: :vector<Tensor>* outputs) {
for (size_t i = 0; i < resp->num_tensors(); ++i) {
auto fetch_it = tensor_index.find(resp->tensor_name(i));
if (fetch_it == tensor_index.end()) {
return errors::Internal(
"unrequested fetch: ", resp->tensor_name(i));

}

Tensor output;
TF_RETURN_IF_ERROR(resp->TensorValue(i, &output));
(*outputs)[fetch_it->second] = output;
}
}

Status SaveOutputs(const TensorIndex& tensor_index,
const std::vector<string>& output_names,
MutableRunStepResponseWrapper* resp,
std: :vector<Tensor>* outputs) {

if (loutput_names.empty()) {
outputs->resize(output_names.size());

return DoSaveOutputs(tensor_index,
output_names, rsep, outputs);
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void SaveRunMetaData(MutableRunStepResponseWrapper* resp,
RunMetadata* run_metadata) {
if (run_metadata) {
run_metadata->Swap(resp->mutable_metadata());
1
}

Status SaveRspToOutputs(const TensorIndex& tensor_index,
const std::vector<string>& output_names,
MutableRunStepResponseWrapper* resp,
std: :vector<Tensor>* outputs,
RunMetadata* run_metadata) {
SaveRunMetaData(resp, run_metadata);
return SaveOutputs(tensor_index, output_names, rsep, outputs);
}
3

Status GrpcSession: :Run(
const RunOptions& run_options,
const vector<pair<string, Tensor>>& inputs,
const vector<string>& output_names,
const vector<string>& target_names,
std: :vector<Tensor>* outputs,
RunMetadata* run_metadata) {

unique_ptr<MutableRunStepRequestWrappers> req(
master_->CreateRunStepRequest());

unique_ptr<MutableRunStepResponseWrapper> resp(
master_->CreateRunStepResponse());

BuildRunStepReq(options_, run_options, inputs,

output_names, target_names, req.get());

TensorIndex tensor_index;
BuildOuputNamesIndex(output_names, tensor_index);

CallOptions call_options;
BuildCallOptions(reqg->options(), call_options)

TF_RETURN_IF_ERROR(RunProto(&call_options,
req.get(), resp.get(0));

return SaveRspToOutputs(tensor_index, output_names,
resp.get(), outputs, run_metadata);

Status GrpcSession: :RunProto(

CallOptions* call_options,
MutableRunStepRequestWrapper* req,
MutableRunStepResponseWrapper* resp) {

{
mutex_lock 1(mu_);
req->set_session_handleChandle_);

}

return master_->RunStep(call_options, req, resp);

}




13.7 iEAHAT 251

GrpcRemoteMaster::RunStep

struct GrpcRemoteMaster : MasterInterface {
using MasterServiceStub = ::grpc::MasterService::Stub;

Status RunStep(CallOptions* call_options, RunStepRequestWrapper* request,
MutableRunStepResponseWrapper* response) override {
::grpc::ClientContext ctx;
return Call(&ctx, call_options, &request->ToProto(),
get_proto_from_wrapper(response),
&MasterServiceStub: :RunStep);

1

GrpcMasterService::RunStepHandler

struct GrpcMasterService : AsyncServicelnterface {
using RunStepCall = MasterCall<RunStepRequest, RunStepResponse>;

void RunStepHandler(RunStepCall* call) {
CallOptions* call_opts = CreateCallOptions(call);

RunStepRequestWrapper* wrapped_request =
new ProtoRunStepRequest(&call->request);

MutableRunStepResponseWrapper* wrapped_response =
new NonOwnedProtoRunStepResponse(&call->response);

call->SetCancelCallback([call_opts]() {
call_opts->StartCancel();
b;

master_impl_->RunStep(call_opts, wrapped_request, wrapped_response,
[call, call_opts, wrapped_request, wrapped_response](
const Status& status) {
call->ClearCancelCallback();
delete call_opts;
delete wrapped_request;
call->SendResponse(ToGrpcStatus(status));

19k
ENQUEUE_REQUEST(RunStep, true);
}

private:
CallOptions* CreateCallOptions(RunStepCall* call) {
CallOptions* call_opts = new CallOptions;
if (call->request.options().timeout_in_ms() > @) {
call_opts->SetTimeout(call->request.options().timeout_in_ms());
} else {
call_opts->SetTimeout(default_timeout_in_ms_);

return call_opts;

1
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Master::RunStep

void Master: :RunStep(CallOptions* opts,
const RunStepRequestWrapper* req,
MutableRunStepResponseWrapper* resp,
DoneClosure done) {
auto session = FindMasterSession(req->session_handle());
SchedClosure([this, session, opts, req, resp, done]() {
Status status = session->Run(opts, *req, resp);
session->Unref();
done(status);
b;
}

MasterSession::Run

Status MasterSession: :Run(
CallOptions* opts,
const RunStepRequestWrapper& req,
MutableRunStepResponseWrapper* resp) {
Status status;
if (lreq.partial_run_handle().empty()) {
status = DoPartialRun(opts, req, resp);

} else {

status = DoRunWithLocalExecution(opts, req, resp);
}
return status;

Status MasterSession: :DoRunWithLocalExecution(
CallOptions* opts, const RunStepRequestWrapper& req,
MutableRunStepResponseWrapper* resp) {

BuildGraphOptions bgopts;
BuildBuildGraphOptions(req, &bgopts);

ReffedClientGraph* rcg = nullptr;
int64 count = 0;
TF_RETURN_IF_ERROR(StartStep(bgopts, &count, &rcg, false));

core: :ScopedUnref unref(rcg);
TF_RETURN_IF_ERROR(BuildAndRegisterPartitions(rcg));

uint64 step_id = (random::New64() & ((luLL << 56) - 1)) | (luLL << 56);
Status s = rcg->RunPartitions(env_, step_id, count, &pss, opts, req, resp,
&cancellation_manager_, false);

Ref();

rcg->Ref(Q);

rcg->CleanupPartitionsAsync(step_id, [this, rcg](const Status& s) {
rcg->Unref();
Unref(Q);

b;

return s;
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MasterSession::BuildAndRegisterPartitions

Status MasterSession: :BuildAndRegisterPartitions(ReffedClientGraph* rcg) {
PartitionOptions popts;
popts.node_to_loc = SplitByWorker;
popts.flib_def = rcg->client_graph()->flib_def.get();
popts.control_flow_added = false;

popts.new_name = [this](const string& prefix) {
mutex_lock 1(mu_);
return strings::StrCat(prefix, "_S", next_node_id_++);

1

popts.get_incarnation = [this](const string& name) -> int64 {
auto d = devices_->FindDeviceByName(name);
return d->attributes().incarnation();

};

TF_RETURN_IF_ERROR(rcg->RegisterPartitions(popts));
return Status::0KQ);

ReffedClientGraph::RegisterPartitions

Status ReffedClientGraph::RegisterPartitions(
const PartitionOptions& popts) {

mu_.lock();
if (linit_started.) {
init_started_ = true;

mu_.unlock(Q);

std: :unordered_map<string, GraphDef> graph_defs;
Status s = DoBuildPartitions(popts, &graph_defs);

if (s.ok()) {
s = DoRegisterPartitions(popts, std::move(graph_defs));

1

mu_.lockQ);

init_result_ = s;

init_done_.Notify(Q);
} else {

mu_.unlock();
init_done_.WaitForNotification();
mu_.lock();

Status result = init_result_;
mu_.unlock();
return result;
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13.7.2 E4r# . SplitByWorker

ReffedClientGraph::DoBuildPartitions

Status MasterSession: :ReffedClientGraph: :DoBuildPartitions(
PartitionOptions popts,
std: :unordered_map<string, GraphDef>* out_partitions) {

return Partition(popts, &client_graph_->graph, out_partitions);

}

13.7.3 iEME

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);

1
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 AsyncServiceInterface {
void RegisterGraphHandler(
WorkerCall<RegisterGraphRequest, RegisterGraphResponse>* call) {
Schedule([this, call](Q) {
Status s = worker_->RegisterGraph(&call->request, &call->response);
call->SendResponse(ToGrpcStatus(s));
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35
ENQUEUE_REQUEST(RegisterGraph, false);
}
}s

Worker::RegisterGraphAsync

void Worker: :RegisterGraphAsync(
const RegisterGraphRequest* request,
RegisterGraphResponse* response,
StatusCallback done) {
auto session = FindWorkerSession(request);
Status s = session->graph_mgr->Register(
request->session_handle(),
request->graph_def(),
request->graph_options(),
response->mutable_graph_handle());
done(s);

}

GraphMgr::Register

Status GraphMgr: :Register(
const string& session,
const GraphDef& gdef,
const GraphOptions& graph_options,
string* handle) {
Item* item = new Item;
Status s = InitItem(session, gdef, graph_options, item);
if (!s.ok) {
item->Unref();
return s;

}

mutex_lock 1(mu_);

*handle = strings::Printf("%01611x", ++next_id_);
item->handle = *handle;
CHECK(table_.insert({*handle, item}).second);

}
return Status::0KQ);

13.7.4 E4 3! : 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);

5
params.delete_kernel = [1ib](OpKernel* kernel) {

if (kernel && !lib->IsStateful(kernel->type_string())) {
delete kernel;

}
b
unit->graph = subgraph.get();
TF_RETURN_IF_ERROR(
NewLocalExecutor(params, subgraph.release(), &unit->root));

}
return Status::0KQ);

}

s

i
RN
di

13.7.5

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 into4 feed_index = feeds[feed];
TF_RETURN_IF_ERROR(
c->req->AddSendFromRunStepRequest(req, feed_index, key));
}

for (const auto& key_fetch : part.key_fetch) {
const string& key = key_fetch.first;
c->req->add_recv_key(key);
}
3

for (int i = 0; 1 < num; ++1) {
const Part& part = partitions_[i];
RunManyGraphs: :Call* call = calls.get(i);
part.worker->RunGraphAsync(
&call->opts, call->req.get(), call->resp.get(),
std: :bind(&RunManyGraphs: :WhenDone, &calls, i, \
std: :placeholders::_1));

call_opts->SetCancelCallback([&calls]() { calls.StartCancel(); });
auto token = cm->get_cancellation_token();
bool success =
cm->RegisterCallback(token, [&calls]() { calls.StartCancel(Q); });
if (!success) {
calls.StartCancel();
}

calls.WaitQ);

call_opts->ClearCancelCallback();
if (success) {
cm->DeregisterCallback(token);
} else {
return errors::Cancelled("Step was cancelled");

}

Status status = calls.statusQ);
if (status.ok()) {
for (int i = 0; i < num; ++1) {
const Part& part = partitions_[i];
MutableRunGraphResponseWrapper* run_graph_resp = \
calls.get(i)->resp.get(Q);
for (size_t j = @; j < run_graph_resp->num_recvs(); ++j) {
auto iter = part.key_fetch.find(run_graph_resp->recv_key(j));
if (iter == part.key_fetch.end()) {
status.Update(errors: :Internal("Unexpected fetch key: ",
run_graph_resp->recv_key(j)));
break;
}

const string& fetch = iter->second;
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status.Update(
resp->AddTensorFromRunGraphResponse(fetch, run_graph_resp, j));
if (!status.ok()) {
break;
}
}
}
}
return status;

}

GrpcRemoteWorker::RunGraphAsync

struct GrpcRemoteWorker : public WorkerInterface {
void RunGraphAsync(

CallOptions* call_opts,

RunGraphRequestWrapper* request,

MutableRunGraphResponseWrapper* response,

StatusCallback done) override {

IssueRequest(&request->ToProto(),

get_proto_from_wrapper(response),
rungraph_, std::move(done), call_opts);

1

GrpcWorkerService::RunGraphHandler

struct GrpcWorkerService : AsyncServicelnterface {
void RunGraphHandler(WorkerCall<RunGraphRequest, RunGraphResponse>* call) {
Schedule([this, call](Q) {
auto wrapped_req = new ProtoRunGraphRequest(&call->request);
auto wrapped_rsp = new NonOwnedProtoRunGraphResponse(&call->response);

auto call_opts = new CallOptions;

call->SetCancelCallback([call_opts]() {
call_opts->StartCancel();

IO

worker_->RunGraphAsync(call_opts, wrapped_req, wrapped_rsp,
[call, call_opts, wrapped_req, wrapped_rsp](const Status& s) {
call->ClearCancelCallback();
delete call_opts;
delete wrapped_req;
delete wrapped_rsp;
call->SendResponse(ToGrpcStatus(s));

. IR

b;
ENQUEUE_REQUEST(RunGraph, true);
1
};

Worker::RunGraphAsync
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void Worker: :RunGraphAsync(
CallOptions* opts,
RunGraphRequestWrapper* request,
MutableRunGraphResponseWrapper* response,
StatusCallback done) {
if (request->is_partial()) {
DoPartialRunGraph(opts, request, response, std::move(done));
1 else {
DoRunGraph(opts, request, response, std::move(done));

void Worker: :DoRunGraph(
CallOptions* opts,
RunGraphRequestWrapper* request,
MutableRunGraphResponseWrapper* response,
StatusCallback done) {
const int64 step_id = request->step_id(Q);

GraphMgr: :NamedTensors in;
GraphMgr: :NamedTensors* out = new GraphMgr::NamedTensors;
Status s = PrepareRunGraph(request, &in, out);
if (Is.okQ) {
delete out;
done(s);
return;

}

CancellationManager* cm = new CancellationManager;

opts->SetCancelCallback([this, cm, step_id]() {
cm->StartCancel();

AbortStep(step_id);

EDK

CancellationToken token;
{
mutex_lock 1(mu_);
token = cancellation_manager_->get_cancellation_token();
bool already_cancelled = !cancellation_manager_->RegisterCallback(
token, [em]() { 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);
3
delete out;
done(s);
B
3
GraphMgr

13-45 Worker: RunStep % Xt

void GraphMgr: :ExecuteAsync(

Item* item = nullptr;

{

const string& handle, const int64 step_id,
WorkerSession* session, const ExecutorOpts& opts,
MutableRunGraphResponseWrapper* response,
CancellationManager* cancellation_manager,

const NamedTensors& in, StatusCallback done) {
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mutex_lock 1(mu_);
auto iter = table_.findChandle);
if (iter != table_.end()) {
item = iter->second;
item->Ref();
1
}

RemoteRendezvous* rendezvous = worker_env_->rendezvous_mgr->Find(step_id);
Status s = rendezvous->Initialize(session);

if (s.ok()) {

s = SendInputsToRendezvous(rendezvous, in);
}

StartParallelExecutors(
handle, step_id, item, rendezvous, collector,
cost_graph, cancellation_manager,
[this, item, rendezvous, done](const Status& s) {

done(s);
rendezvous->Unref();
item->Unref();

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.okQ)) {

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_;




264

% 13 Z 41 TensorFlow

args.
args.
args.
args.
args.

rendezvous = rendezvous;
cancellation_manager = cancellation_manager;
stats_collector = collector;

step_container = step_container;
sync_on_finish = sync_on_finish_;

using std::placeholders::_1;

args.

runner = std::bind(

&thread: :ThreadPool: :Schedule,
worker_env_->compute_pool, _1);

2. Broadcast all partitions to run
for (const auto& unit : item->units) {
unit.root->RunAsync(args, barrier->Get());

3
¥

Status GraphMgr: :RecvOutputsFromRendezvous(
Rendezvous* rendezvous, NamedTensors* out) {

Rendezvous: :ParsedKey parsed;
for (auto& p : *out) {

auto& key
auto& val

p.first;
p.second;

bool is_dead = false;
Status s = Rendezvous::ParseKey(key, &parsed);

if (s.ok()) {

S

}

= rendezvous->Recv(parsed, Rendezvous::Args(), &val, &is_dead);

if (is_dead) {

S

3

= errors::InvalidArgument("The tensor returned for
" was not valid.");

if (Is.ok()) {

return s;

}

1
return Status::0KQ);

}

Status GraphMgr::RecvOutputs(int64 step_id, NamedTensors* out) {
Rendezvous* rendezvous = worker_env_->rendezvous_mgr->Find(step_id);

Status s = RecvOutputsFromRendezvous(rendezvous, out);
rendezvous->Unref();
return s;
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13.7.6 Rendzvous

EE0E

[ 13-46 Rendezvous &K %#)

B 13-47 RemoteRendezvous % &4

13-48 Rendezvous & i%
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i

B 13-49 Rendezvous M oA X K% 3% 553800k /£ Bl — A~ Worker R

13-50 Rendezvous M oA X &% 5% 548008 R A& F — A~ Worker A
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13.8 XH&IE

GrpcSession

Status GrpcSession::Close() {
CloseSessionRequest req;
{
mutex_lock 1(mu_);
if Chandle_.empty()) {
return errors::InvalidArgument("A session is not created yet....");
}
req.set_session_handleChandle_);
handle_.clear();
}
CloseSessionResponse resp;
CallOptions call_options;
call_options.SetTimeout(options_.config.operation_timeout_in_ms());
return master_->CloseSession(&call_options, &req, &resp);

GrpcRemoteMaster

struct GrpcRemoteMaster : MasterInterface {
Status CloseSession(CallOptions* call_options,
const CloseSessionRequest* request,
CloseSessionResponse* response) override {
::grpc::ClientContext ctx;
ctx.set_fail_fast(false);
SetDeadline(&ctx, call_options->GetTimeout());
return FromGrpcStatus(stub_->CloseSession(&ctx, *request, response));
3
3

GrpcMasterService

struct GrpcMasterService : AsyncServicelnterface {
void CloseSessionHandler(
MasterCall<CloseSessionRequest, CloseSessionResponse>* call) {
master_impl_->CloseSession(&call->request, &call->response,
[call](const Status& status) {
call->SendResponse(ToGrpcStatus(status));

b;
ENQUEUE_REQUEST(CloseSession, false);

1
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void Master::CloseSession(const CloseSessionRequest* req,

CloseSessionResponse* resp, MyClosure done) {
MasterSession* session = nullptr;
{

mu_.lock();

auto iter = sessions_.find(reg->session_handle());
if (iter == sessions_.end()) {

mu_.unlock(Q);
done(errors: :Aborted(
"Session "

, reg->session_handle(),
is not found. Possibly, this master has restarted."));
return;
}
session = iter->second;

sessions_.erase(iter);
mu_.unlock();

SchedClosure([session, done]() {
Status s = session->Close();
session->Unref();
done(s);

b;

}

MasterSession

Status MasterSession::Close() {
{

mutex_lock 1(mu_);
closed_ = true;

}

cancellation_manager_.StartCancel();
std: :vector<ReffedClientGraph*> to_unref;
{
mutex_lock 1(mu_);
while (num_running_ != @) {
num_running_is_zero_.wait(l);
1

ClearRunsTable(&to_unref, &run_graphs_);
ClearRunsTable(&to_unref, &partial_run_graphs_);
1

for (ReffedClientGraph* rcg
return Status::0KQ);
3

to_unref) rcg->Unref();

ReffedClientGraph

ReffedClientGraph: :~ReffedClientGraph() {
DeregisterPartitions();
}
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void Reffed(ClientGraph: :DeregisterPartitions() {
struct Call {
DeregisterGraphRequest req;
DeregisterGraphResponse resp;

1
for (Part& part : partitions_) {
if (!part.graph_handle.empty()) {
Call* ¢ = new Call;
c->req.set_session_handle(session_handle_);
c->req.set_graph_handle(part.graph_handle);

WorkerCacheInterface* worker_cache = worker_cache_;
const string name = part.name;

WorkerInterface* w = part.worker;

auto cb = [worker_cache, c, name, w](const Status& s) {

if (!s.ok) {

LOGCINFO) << "DeregisterGraph error: " << s;

}
delete c;
worker_cache->ReleaseWorker(name, w);

1

w->DeregisterGraphAsync(&c->req, &c->resp, cb);

}
3
3
GrpcWorkerService

struct GrpcWorkerService : AsyncServicelnterface {
void CreateWorkerSessionHandler(
WorkerCall<CreateWorkerSessionRequest, CreateWorkerSessionResponse>*
call) {
Schedule([this, call](Q) {
Status s = worker_->CreateWorkerSession(&call->request, \
&call->response);
call->SendResponse(ToGrpcStatus(s));
s
ENQUEUE_REQUEST(CreateWorkerSession, false);
3
}s

Worker

void Worker: :DeregisterGraphAsync(const DeregisterGraphRequest* request,
DeregisterGraphResponse* response,
StatusCallback done) {
WorkerSession* session =
env_->session_mgr->WorkerSessionForSession(request->session_handle());
Status s = session->graph_mgr->Deregister(request->graph_handle());

done(s);
1
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GraphMgr

Status GraphMgr::Deregister(const string& handle) {
Item* item = nullptr;

mutex_lock 1(mu_);
auto iter = table_.findChandle);
if (iter == table_.end()) {

return errors::Aborted("Graph handle is not found: ", handle,

". Possibly, this worker just restarted.");

}
item = iter->second;
table_.erase(iter);

item->Unref();
return Status::0KQ);
}

GraphMgr: :Item: :~Item() {
for (const auto& unit : this->units) {
delete unit.root;
unit.device->op_segment()->RemoveHold(this->session);

3
}




BV Ey

1R 2| Zx







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

mans can understand.

- Martin Flower

14.1 TensorFlow I}

TensorFlow &ML T H 30 2%, B8, EmEEmEE, Lt
B eI A . 4 AH optimizer.minimize J7i%ET, A compute_gradients J7ik, 5K
Wit EE R, FH apply_gradients J7#s, SEIMSHHE N 7B/

class Optimizer(object):
def minimize(self, loss, var_list=None, global_step=None):

grads_and_vars = self.compute_gradients(
loss, var_list=var_list)

return self.apply_gradients(
grads_and_vars,
global_step=global_step)

14.1.1 TEHE

compute_gradients PG loss HIMH, KM# var_list=[vl, v2, ..., vn] PERE wZ&
IREIZESE N  [(grad_vl, v1), (grad_v2, v2), ..., (grad_vn, vn)].H:H' compute_gradients
I gradients J5ik, Hais K AERE T

LA RSB, YRS 7 a i id i . Eo, 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 M Sz M AEHEHT T4
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sgd = tf.train.GradientDescentOptimizer(0.01)
grads_and_vars = sgd.compute_gradients(loss)

WIEHEE
B 16 PE A 3035 ) LA A A A -

def gradients(loss, grad=I):
vrg = build_virtual_reversed_graph(loss)
for op in vrg.topological_sort():
grad_fn = ops.get_gradient_function(op)
grad = grad_fnCop, grad)

B, MAEIER T EIERINA, & — R R 7 B Z Bt ARKON RERLRY, Ry
HELM R PR EE M2 SRR, LA SR T B — TR, XML
A S 18] 51 F B — R 7

R, IR B e — TR, B0 1 B9 —1 Tensor, 1EN 1A+
FIRIRIIRRIRR A, WHICHN To

B 14-1 MERGHEETE

BT, AR ALY S 1 TG B SL B B R o B G, MRAEIZ ST B REALL T AT
AN R, RERZEMR SR B — M aET; A5, RN, WEIE
[ E ) OP SHH TRERERREL ) fRfE, WHNZMRE AL, 260 A HIE 2 OP XY
JS7 A B[] B S 1
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Zi bk, IERA—A4 OP XA ET— M RES I, FEHi% OP HYREE AU STIAE .
YRARIMEPEIE SR, IER T E AP REET OP R 1 B AR REHEI X I 19 B 1
M.

B, £ LI, ERETRE A OP: KECFTHIREOI], Pt A TR
JREE

I R R A

— M, B R R D R

@ops .RegisterGradient("op_name")
def op_grad_func(op, grad):

e, BEEEPRZLH ops.RegisterGradient SEIIEM, FF U GRAT BRI BRAL T € )2
LU, (ERTEMRIEIER OP B9, IR AR R AL T .

XETF—MIEEREL, 5B P2 op FORIEMITAN OP, MU E R LASRIUE A i 55 i
OP HYEI AR, 5 25 grad, e B Bl e R, 1
B2 IR AE (IR EA N 1),

ZEA RGBT . y=square(x), HITKEL x B9 FJ7. &5, 14
AT EAE:

14-2 Square &H#: EREETHE

SRJE , SCIAAARE REAL A BT - P HRAEIZRE UL B A 7 B R TR, M HAE Y S
TR B, BT RN Square, MRYEIL OP 24K, M A H R B0 R A 56 32 pR 4K

SquareGrados

B 14-3 Square F#k: R@atEEFHE

KA, y=Square(x) B FECH y'=2*x. FI, HEEEKEL SquareGrad HSEILA :
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@ops .RegisterGradient("Square™)
def SquareGrad(op, grad):
X = op.inputs[Q]
with ops.control_dependencies([grad.op]):
x = math_ops.conj(x)
return grad * (2.0 * x)

WRIZER RS, 152 IEIR] Square 1] OP, XIS IAlF& SquareGrad. &5 %
fEH Square BYHIA , FERCHH N ARSI THE

B 14-4 Square F#: K@ttETH

RS, IR OP, XA EHR A RE . RO, 1B OP Y
FERERRECEIL, AIRERE L1 OP A RESEH AU EE TS . AN, Square HY OP, XLy 1%
JEREOE TS A 2 13k OP.

LR FEEEE

PRI T, IS TR . yexpGo, HHELREG HEHON y'=expCo),
B yraye B, HCHRISIN:

@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

WTRERTR, EREFZ OP Bt FFx Ry S Ia i a7 B b R e 5. i
H, e s E & — 5 o
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B 14-5 Exp &#&: R&aiE#ETH

14.1.2 RMFAHRE

Fi#— P RE R, M optimizer.minimize LR, M compute_gradients
T, LRI EE A, apply_gradients S, SCIMSHEHH 7B

WIEEE

B4, compute_gradients fEIZ/THIEHRYE 1oss MIME, KM# var_list=[v1, v2, ...,
vn] E@@%E%, LR IS5 RN vars_and_grads = [(grad_vl, v1), (grad_v2, v2), ...,

(grad_vn, vn)].

KI5, apply_gradients 3%/X grads_and_vars, X T4 (grad_vi, vi), HE—HE
Bovi . Hdr ) BETT LIRS A A

def apply_gradients(grads_and_vars, learning_rate):
for (grad, var) in grads_and_vars:
apply_gradient_descent(learning_rate, grad, var)

Hrr ) apply_gradient_descent FHaiE— Ml B TR E 280 A - 4
(grad, var) B —JC4, KH learning_rate Y Const OP /E4 ApplyGradientDescent F'J%ij
No

ApplyGradientDescent YN var <- var - learning*grad H@i@fii%mu, S var 1)
U BE R
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14-6 S &% EHTH

SHEHILE
WARAFAEZ NIZREY Variable, 24K E 28R E. eflEd—44

A update B NoOp, i MK SAE—H . KA variable Z [BIFHE N7, ATLA
SEI R KA K o

14-7 BB EHILE
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#RHk train_op

L34 Step 185, IR, STCHSEI R, &ASCHK global_step fil 1o [M5E
I global_step Ml 1 [] OP A AssignAdd, JFHRICA train_op; BFFA global_step A&t
51, SAEFERGHE R, EHAEM 1.

& 14-8 train_op

TR

Wr14-9 (5280W) Fon, BENINZGIIFRE, —IK Step BRI R AT AT, S mds
FEE 28R, MEH global_step TEVY/ N AT FELH %o

Hrpr | & Step MITR Session.run PUATH IR JELE AT FEIBITHEL, 152451 OP
BT, HAER T OP BYHIA .

AT B SGTEE, BURGEEE A T ORI, R E S DG S E
FREE, mZASEIDINGSHBIRREYIF, JFLL grads_and_vars = [(grad_vl, v1), ...,
(grad_vn, vn)] M JTdFRKER.

bajs, SECEH T LL grads_and_vars A, PATERE NI HIEE; &5, @
id train_op 52 global_step (BN 1, ZEIL—% Step PIT5E
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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 2L

— il TensorFlow i AMEAREIREN N L5 /A 7 h A TIZ 5, 71 =P BUREAREL
PRE9 T

1. #3FEN: BT F I feed_dict FFIEEHEL Session.run, AEA Placeholder
&5  Tensor A914;

2. BAEEE BIAMBIMATH, FAHN AP B RKEAE;
3. FAEF AR T HIEE, £ Const 3 Variable AEFHFFH % IE,

BT R EAR R A R Gt BT 55, FEARRR AR A (I BUR R B E R, B R
AR SR IR ER AT RO . O AR BA ) SE B 181 5 N /4 P 1 ]
Z IR B S B S A o

PN A SR 5 4 &) S Pipeline B TAERLE], FHEN T fi# TensorFlow & HATH)
RS, SRS LA T I E R A o

15.1 #HIFEN

B IE N AR LB N 773, Bl F M feed_dict WA AREUIR (LB LG
Session.run, ZK# Tensor.eval J7ik; H, FHATCHE TN Tensor NAF, (EFEAEL
P

TensorFlow #4478 Tensor Hﬁéﬁﬁz, FEREARBHE1Z Tensor [ME.

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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—tHl, feed_dict A LABARAEAT Tensor M{H. 1H/Z, H M H Placeholder #7nH:
i Tensor BMEAWIZ, M feed_dict AL,

15.2 #HIEFNE

LA Const B¢ Variable ELEFFAEE, KAMRIMB N, FETHRITRCR.
OTEIGE N T/ NI, AHEARRAE L BORRS, SR TRH B A SX L mnist
BRGNP, PHREE UM B R T ¥

from tensorflow.examples.tutorials.mnist import input_data

data_sets = input_data.read_data_sets('/tmp/mnist/data')

15.2.1 {#H Const

T Const OP fiittl Tensor HI{E/& HFENIEAEIT A EH . WRIZ Const OP 7EE H#fi
HZk, FREEREZNITREGE, BRI T AGER N AR,

with tf.name_scope('input'):
input_images = tf.constant(data_sets.train.images)
input_labels = tf.constant(data_sets.train.labels)

15.2.2 {#H Variable

ATLAME AN AT S HEYIZRIY variable B Consto — HANIAL TIZZEAL variable,
ﬁgﬂiﬁgﬂi§§§iﬂ§, MIMEE const BN

FATFTEAETNZEY) variable 5T IIZRET variable 21&ﬂ??%£2§§%, B EN train-
able=False, RZNLKHIHZET GraphKeys. TRAINABLE_VARIABLES HE& . fEYIZRd e,
RGN X H St R A

FAN, FEMJIEIZZETY) Variable BT, FFIRE collections=[1, RENSHEHIAZT
GraphKeys.GLOBAL_VARIABLES SE& . fEYIZRd R, REALKTH I Checkpoint #1F.

NTOIEATAZE JEINZREY variable, WS T — RN L J7ik,

def immutable_variable(initial_value):
initializer = tf.placeholder(
dtype=initial_value.dtype,
shape=initial_value.shape)
return tf.Variable(initializer, trainable=False, collections=[])
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immutable_variable i &3 ) initial_value #i& Placeholder HYZEAI SR
{55, FHLAAER variable BIRIUAE. AT LAEH immutable_variable GIEEANRIAZE), FT
BARHOMZN) Variableo

with tf.name_scope('input'):
input_images = immutable_variable(data_sets.train.images)
input_labels = immutable_variable(data_sets.train.labels)

15.2.3 #LFmEk

Al LA Pipeline, 45 & ZCHs WOhn 2 AL dl, SCELRE AWM AL M. &5k, A
tf.train.slice_input_producer f£%F 1 epoch JF I B ¥ 3 N FE A 23 [RIFEMLAL , B IR
FEARSES HRIHLRAERE— I AEA

def one(input_xs, input_ys, num_epochs)
return tf.train.slice_input_producer(
[input_xs, input_ys], num_epochs=num_epochs)

S8R, M) tf.train.batch BT E]— LR HIFEA R .

def batch(x, y, batch_size)
return tf.train.batch(
[x, y], batch_size=batch_size)

XM variable BUMAEE, AT LA 5 2R HER I REAE 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 ¥ FEAB S, 1T QueueRunner F 4 i
HITHAT Enqueue HAE, MYIGHERZ —IMABIFEARSIH L o FERRUGERINZRE SN, 18
L DequeueMany —IXMEARIEL batch_size ANPIHLIKIEAZHE 2 &5 1 2.

15.3 HEEE
—/ A AR N Pipeline(Input Pipeline), ALFEINN LA BB AL B S

1. AR GRS . H SAF B ARG 5 K N 2] Z RS F
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2. BB R EMRAG] P E (B IN); FFARIE RIEAE X L 548 2 69 A
BRI, MATSARAGIT R,

3. ML M AR, JFEER A BIEAE R

4, AR E: R RFTRALE, QIFENL, GF;

5. BT WL 55 69 M R AR N B HE RIS P,

EiInlnst%ﬁﬁ%ﬁ%j@@m,ﬁﬁﬂﬂ%ﬁy%ﬁgitj@ TFRecord. 524G, i tf.train.string_input_producer
Mg T — a2 P E R FIFOQueue PAF GEIT AT EnqueueMany OP), Ff HAEED
epoch J&HA PN SEEL SR 44 51 Z2 B B ATLAL o

15.3.1 #EXIEFANT

def input_producer(num_epochs):
return tf.train.string_input_producer(
["/tmp/mnist/train.tfrecords'], num_epochs=num_epochs)

*@iﬁﬁ‘?iﬁ:%MWZE, {#i FH tf.TFRecordReader M 44 IQ\WEP?QEXI@F%
(H B, a# 3L E HPAAT Dequeue OP), FF M SCAF H I BURE AN IE 5% (Record)s 24 JE, fHH
tf.parse_single_example AT B A AR

15.3.2 1%EN8E

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.FixedLenFeature([], tf.inte64),
b

return features

15.3.3 RS

BRI TR, RO ANER AR EE RS, SR EIIGREAR .

def decode_image(features):
image = tf.decode_raw(features['image_raw'], tf.uint8)
image.set_shape([28*28])

image = tf.cast(image, tf.float32) * (1. / 255) - 0.5
return image




15.4 #3E1IE 285

def decode_label(features):
label = tf.cast(features['label'], tf.int32)
return label

def one_example(features):
return decode_image(features), decode_label(features)

15.3.4 HEHERRTY

" LM tf.train.shuffle_batch #Z—1 RandomShuffleQueue PAFI, WAEAT 5 11
EREATBIMAEIZ AT (BILHIT Enqueue OP); HiEACEATIHSIET, WEHLRIRE batch_size
MEEAREE (B PIT DequeueMany OP)o

def shuffle_batch(image, label, batch_size):

images, labels = tf.train.shuffle_batch(
[image, label], batch_size=batch_size, num_threads=2,
capacity=1000 + 3 * batch_size,

min_after_dequeue=1000)
return images, labels

15.3.5 WANFE

wa, KRR A T — A T

def inputs(num_epochs, batch_size):
with tf.name_scope('input'):
filename_queue = input_producer(num_epochs)
features = parse_record(filename_queue)
image, label = one_example(features)
return shuffle_batch(image, label, batch_size)

15.4 #HEWHE

F b, HEMER Pipeline HAFURME — M TH, SEFFE 10 #4E, HR)I
G A NERAE 1O MFHZE, MIMSEEl GPU BRI AT

XA T, SRR AR O BB (Stage), BB BSE R E RO B AL B
IRE; AW BEZ IR ARSI B, 58 B B W RS2 B

WTRERTR, HH8 T — MR R 2 B IR BNRR AR A BASI N B,
eI 30 3 A HrBLe
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B 15-1 BEA % TR

15.4.1 MYEX 1

string_input_producer FiE T —4 FIFOQueue HYRAZI, ERAE—MAEREN OP. R
shuffle YEUL, FEAEA epoch TGRS, FEALARCSCHEAIEE, HoAsGH—FEREMZES] Z H.

B 15-2 Mg 10 A G TAER

BEHLIL

TS, AT4N Filenames I Const OP, FFZEid RandomShuffle J4 U4 FRF LBl
o
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Epoch 1=l

MY SEH epoch WITEL, SEELTS PRI T — &M epochs AMIAS o HFF A
RO AR 256 Step < [RIFLZ5dE - HASS BI85 1 B SEH 5 5 o

N

1E Session.run ZHl, RESPATARMAE TR ORI, 2N epochs HY Variable

SLHEFHIIAIE -

epoch HJTHEUEHAEEHH CountUpTo SEhk, B TAEFHELLT C++ W i++0 BFFA
Variable 5| H, MIH EFRZEL 1imite & —# epoch, il variable HIE 1, HE
iZF| num_epochs #(H -

HHr, 4 epoch KFiE num_epochs f, CountUpTo 4 H Zh#ilH OutOfRangeError 5
FEMSEINA] A2 CountUpToOp HY Kernel SEIH.

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 1imit 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_;
3
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ABARTE

L L, KSR FRIB MBS, TR Z EnqueueMany, ZE{LT Assign &K
Variable EV‘]TE, EnqueueMany & — AR OP, E%ﬁly\ﬂﬁ/‘]/ﬂﬁ, B 5E BBA T Y

TEIAL , EnqueueMany 44 Session.run $0AT, RGIimi i, FLEMKHEI Identity,
KILFEFEIG T CountUpTo, BLETEJE8—IK epoch TH4L, EZEEIA num_epoch ZLH b
OutOfRangeError 579 FIH), Identity K#iT RandomShuffle, PAMEISEIBENIL T BISCHE
£ F o

QueueRunner

AHN, AEFH tf.train.string_input_producer B, (318 B Ry M— MR AT OP:
QueueRunner, FEAEEIAINE] GraphKeys.QUEUE_RUNNERS 4. FH, — QueueRunner
A —1£ 1 Enqueue, EnqueueMany ZEHL[H OP-

15.4.2 MER 2

Reader M ICHF#4BAF %8 FIFO HYMIF AR 44, FFH IR SCHF 24 3 O RS,
SRS JEXSZAC A TR RN AL B, R BN BRI, et B = A A S

G

L b, SEMAE T — ReaderRead 1) OP, THiA XL AFIRTAIE, MBAF]H T4
M FIFO RN AR 44 0

R A SRS N TFRecord, ReaderRead H4ZEfEIHH TFRecordReader [ OP, #4773
PRI, 2, 404 ReaderRead HIIBHL, 12— T HIML T HIFEA

fRRg2E

R FFHL T IREARSS , S IGE N AR e LB ARns . MIMAS 21— 1B B AR 4L
Pao mIakHy, T DOSAEARSLETIALEE  FIU reshape S HAE
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ABARTE

BRIFEAREIE T, ¥ /550 QueueEnqueue MIZE, FBHEEAGEINEFEARBAS R 2. oA
QueueEnqueue A= MEMRAN OP, BRPAFEABNFII AN, B ESE R PASIIN B Hriif .

%ﬁ‘fﬁj, FEARBAF & RandomShuffleQueue, 15 H BB AR SEIRBE AL R A

FEMIT

NTHEE 10 WM ATLUS 82 A B Reader 5 Decoder W TAEN, FE& HA
[E S CYIEEF NIV E R /E\:EF‘, RandomShuffleQueue %?)%ﬁfféﬁ/‘], SCRFE R PP
PAFAE

15.4.3 BYEX 3

VAR R IR batch_size I, INZ/HERL T B BUEIZALX BRSO, 5
B POEAH . (FFRN IR Step)o

H BAER 1E

b, YIZFEEH DequeueMany FRIL— ML IR B FE A% o

ERMIT
—fH, —UGERISTT, EAEPAEEAGTRE: AT S RIS . Worker (55
] PS AT B AMA S RIE, PUTHTIIHERRIATGE AN,

RJE, RIEARVGEARIIE, R4 Variable (R, FEFE] PS ME5H; PS
55 ¥ variable B, FFHSRIMES 215 Worker 11557 L2

Checkpoint

PS (55 R HEA ARG, FIAME I SL i Checkpointo K4 BT AT A Variable BIEHE, M
HEWTHE, OEHSHESEER, FPALESNB G ts L, DMERSIKETTER,
FHFA variable HI%HE.
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15.4.4 Pipeline T4

BN, 4 FIFOQueue FIBAFI IR IN S FRFIZE, AT EnqueueMany 2 I 1115
A HAPOREAT TR CountUpToo 4 CountUpTo 1A% 1limit LFRAEY, ¥ H 3 H

OutOfRangeError 4 o

PHEERTH QueueRunner, PN coord. join EHTH0 Y OutOfRangeError j‘%fﬁ, bt
Jasr RIS ARG, FF HARHOZ AR IRA T BABIRESC G, ANBARVER AR R
I AR E R SR B BRARRASITTZR 2

FEIRERTERE, T OP MR GBI Hi TR, —HiZBAFI TR A%, WE
B outOfRangeError S o ZM B W BT QueueRunner P EANZ T & 4=, SRIG AR
SEHIFR A TS (FEARR ), iBHZERIHIT.

£ Pipeline HIEJE B, train_op MFEABAS A AL AN ZRAEARS, BABIN S, IF
HEAFIREEA T, WHLH outofRangeError S, HeZfs IEEEMILMESS .




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

mans can understand.

- Martin Flower

Saver

16.1 Saver

TERIIMIGAT It RErh O T SO 55 M@ 7T FAE, TensorFlow £ M HE AT I
SUEA (Checkpoint)o

Saver A& SLILWT R BN REMIEAILIE, “E 2K BT M2 BEs AMAE S R GEF
Wil ESLINGES , T EARM SR RGP R T RS, M HIIZGZHE. i, Saver
AR A T B AT -

1. save: ¥ %A 209 5 AT{EH XA 5] b7 & AP
2. restore: MBT & A F IR B ) & AR 094E,

16.1.1 ERFAE

fan, fFE—DERRTEE, GEWNIISSE. H5%, PITIIRLE, HHEERET
AMEIICAE 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')

Bl , AT AR SR W SR A 1 o B P AR
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with tf.Session() as sess:
saver = tf.import_meta_graph('ckp.meta')
saver.restore(sess, 'ckp')

16.1.2 XHINEE

AT Saver.save FAEZIG, FESCIF RGEH AL AT SCHF

F— checkpoint

— ckp.data-00000-of-00001
F— ckp.index

F— ckp.meta

ELIRALS

%3] (index) HFRAT T — AT AE 3K (tensorflow: :table: :Table) [%LHE; H X
BN Tensor AFR, HAEFIAZ Tensor HITCEIHEE , BH51% Tensor {7f 1MW 4047
(data) SCHFH, MHEAEZEARSE P WS, M HAIE IS5 B

B4

B (data) SCHFICsR T PA AL G (Variable) BI{H. 4 restore HAARHY, FHIEME
G0 AR B AR R AR A R B SO, AR ARAR R T | BRI e fME, AT SE IR AR it
A E/H L/ =

T

TCIAE (meta) HERATF T MetaGraphDef HIFF AMEHE, B HE GraphDef, SaverDef %5
TCEE -

KA TR B A TTREE 5 A AL T E R BRSO AR A B, SEBL T RS Y S5 S 3SR
BRI 8. L, fEKE (Restore) I, SGIHH tf.import_meta_graph 5% GraphDef
WE K, SREHEKE SaverDef, MIMIKE T HIIAFASEEEME Graph X5, MHHTK
HAEAEN Saver X%, G Saver.restore WE THZ HAE.

XL EHIF, 2 Saver.restore Z R, 15551HH tf.import_meta_graph E
BRI A BT R R SLE] ek SR B B SE R T .
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RS

Checkpoint U205 il — IR BT 230 (Checkpoint File) HURTZE, HRAEHTZEAT LA
OO N R B FNEHE SCE . 24 tf.train. latest_checkpoint, W LARREEER FHIF—Ik
AR BT A S A

LA, Checkpoint SCHEHLIESE T AT A RYBT ROSCHEAIEE, FF HICHE SIS 8 i 1H 2208 Y
IS R CHERY o M INGREIT IR RIIAE RIS, W AR R ae gt AT, G S S0 A8 25 (A R
o DTG AR, A7 IR 7 -

1. max_to_keep: BLE RULA A 469 R KREK B, L6987 & £ BT, B
B A2 it max_to_keep, N MIFh® B 690 & X4 HF, max_to_keep BKIAMEA 5;

2. keep_checkpoint_every_n_hours: Z I LA T & n DB — kB 56 E, RIE
P AN E S P, AR KIAR XA,

H1F Checkpoint SCHFHIESE T W s SCHFFIEE, I HLICHES 2% I8 H 22087 A I T4
HEFP o AR o SRS MM SR AR T A DT s S AR L 1 A 28

16.1.3 =&Y

FALRE

AT SLIEE A INEE, saver FERIERTAETTE B PR A Savevz, MIHCEEN) OP. H
W1, file_name H— Const I OP, F&EW S CHHI#FK; tensor_names 12—~ Const
1) OP, M THREUZZE01 Tensor £H %5

16-1 Saver: HAALEA
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e 5 4

[FIREHD, T LB TIRE, Saver TERIEHT, AR DIILGSEL, #AT 1> Restorevz,
NAHRIHT OPo Horpr ) BLHE W m S0 S A BME IR I &% (Initializer), HAR
&1 Assign 1 OP.

F4h, file_name H— Const I OP, ¥&EW S AFR; tensor_names L 2&—1
Const ] OP, HATFHENGSEN Tensor ZFRFIE, HEKEN 1.

B 16-2 Saver: Rk ZAEA




Any fool can write code that a
computer can understand. Good

programmers write code that hu-

mans can understand.
- Martin Flower I ' ?

MonitoredSession

WEE—DRRIAL, AT LUEIHZET train_op UK E ERINEL, REIGINIGSECL
Jiti Checkpoint,, FFAMINZRBTL e X T/ NGB 27 STHRL 3 A e 28 22 7 BEAE B 250/ N
AR T] o

B, X T RHH 22 AR 3 ZAE SR BOR AT (6] i Hol gE AR 2 2 fn &K
(veplica), WIS EEHEANMEAL RGBSR AT ISR TR, RS o = AR (A

1. BVGEARFF A, RAEF M5, G EFT,;
2. BFRFENA, RESBRZE, BRI %I,

3. A4 i@ 1T TensorBoard M 4= #EAD| 442,

M5 S R B T I 2 e, AT BB A YISk B, b 2 B ST it
Checkpointo M{YNZEdBE G5, A LAER F-45IE—R I Checkpoint X, VK& Il %t

o

N T HEAS(H FH TensorBoard Witz it #2 , v LA i FHEIE, 7—28 Summary B OP,
TR 25 FIB B FAE S o TensorBoard REMS WEAE FHARST FAF SO BIEMRE , ATALACEE I
Zt R, BRI E R RS

17.1 5| \ MonitoredSession

tf.train.MonitoredSession, A LUERIL Hook, FHTIEWTHEA Session E@%ﬁ%%ﬁ;
W& Coordinator X%, M THMHITAIBITH LR FNE L, JFRYr, BRI,
2% AbortedError BX UnavailableError SEHiHf, FLLEEJH Sessiono
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17.1.1 ERAE

— B, B E A ChiefSessionCreator )3 Session £, Ff HiEM = EIEAM

tf.train.SessionRunHook:

1. CheckpointSaverHook: #1143 Checkpoint;
2. SummarySaverHook: Jl#AM3i24T Summary;

3. StepCounterHook: J& /P 453t 4V 54749 Step 44 B .

73]7§5@§§2é§ﬁt£§5%ﬁ?, F H BN 1) MonitoredSession, WM with F_E N
Ao

session_creator = tf.train.ChiefSessionCreator(
checkpoint_dir=checkpoint_dir,
master=master,
config=config)

hooks = [

tf.train.CheckpointSaverHook(
checkpoint_dir=checkpoint_dir,
save_secs=save_checkpoint_secs),

tf.train.SummarySaverHook(
save_secs=save_summaries_secs,
output_dir=checkpoint_dir),

tf.train.StepCounterHook(
output_dir=checkpoint_dir,
every_n_steps=log_step_count_steps)

]

with tf.train.MonitoredSession(
session_creator=session_creator,
hooks=hooks) as sess:
if not sess.should_stop():
sess.run(train_op)

1712 ERI™

ffi[f] MonitoredTrainingSession ML) J5%, Al LAt MonitoredSession HIGIEIHE .

17-1 MonitoredTrainingSession: TLJ 7 ik




17.2 A A JE A 297

with MonitoredTrainingSession(
master=master,
is_chief=is_chief,
checkpoint_dir=checkpoint_dir
config=config) as sess:
if not sess.should_stop():
sess.run(train_op)

17.1.3 2Eimgs

N T 1522 S RER) MonitoredSession, AI LLSE 1 IHHERY WrappedSession {740

EEijE

1. RecoverableSession: % % % AbortedError 2 UnavailableError %% B, T A%
A Ae & # Session;

2. CoordinatedSession: M & Coordinator & %, B T W F A EAT b 69 &A% 7 043
G, FMr, ERAARFF

3. HookedSession: T XA #4L Hook, JA T M F A Session #94£ 4 F M,

B 17-2 MonitoredSession: 47 %

w2, W LMHE = H R, 155 MonitoredSession(PAACHESEER, 1H4E 15 2 [
MonitoredSession [T EARSZHL),

MonitoredSession(
RecoverableSession(
CoordinatedSession(
HookedSession(
tf.Session(target, config)))))

17.2 H4rEH

MonitoredSession E A5 Session 4 i HAKFAE ((HIFHE IS-A KR, 142 Like-A X
R, XA TR ) BRI XU o
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Eéﬁ“‘}%,ﬁﬂiﬁﬁ*, AT SessionRunHook E"J@ﬁ[%@?, HT W MonitoredSession
F) A= i e I

17.2.1 {1tk

TEARACBT B, MonitoredSession F 858 A AT it R :

1. BATFIA ©1A4 T 49 begin 7 %,
2. @it F scaffold.finalize() A4&#H H B ;
4495 1£ A SessionCreator % 54|# Session

4. BATPIA ERAA T 89 after_create_session 7 ik
Hrf ] SessionCreator Z7501## Session HISHE, FFAEMFIZAL

1. ChiefSessionCreator:# /A SessionManager.prepare_session,ifid M & ¥ 9 Check-
poing R EAEA | HRIZFT init_op, TAMEA &G4ndsit; KRB, BHFA QueueRunner
N

2. WorkerSessionCreator: i SessionManager.wait_for_session, % #F Chief %

PRAETD 6 A4 AL,

& 17-3 MonitoredSession: #1441t




17.2 A A JE A 299

17.2.2 #1T

HERITH B, 1847 Session.run B G203 EIH# 71T before_run Fll after_run J7¥:.
WMRAEBITIIFE L AT AbortedError B UnavailableError 79, WIHEE G4 1G5 o

17-4 MonitoredSession: #4T

17.2.3 X<H

LGt RN G, WM close J7ik, K] MonitoredSession, BRI ARG ITHE
o

RS W FEHRA 70 end 735, FFESETIEA Coordinator.request_stop /715, 15
- QueueRunner SLf]. B2, Wil tf.Session.close /7, B AL AT

%7[\ R K 4 OutOfRangeError 4, MonitoredSession Y NYIZRIEE L, IF
ZWEZ 5

17-5 MonitoredSession: X4
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17.3 REHIRK
MonitoredSession fERMIGILHS, i SessionCreator &4 TH AR FIRI GG o
— e, RIS, AR 2RI Worker:

1. Chief: #i AR 9414510 ;
2. Non-Chief: %4 Chief 7 ARBER 69 47451%,

Wi 2 18], a1 i R P b ) S8 SR B BT AR 1L o

17.3.1 #HAHY

X Chief, B4 M Checkpoint SCHH PR E A G053 A Ry, W& midhgT
init_op @FTHIAI MG Hta g, T LUE i 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 5E ALY
WGt

def wait_for_session(master, ready_op, recovery_wait_secs):
while True:

sess = tf.Session(master)

if sess.run(ready_op):
return sess

else:
sess.close()
time.sleep(recovery_wait_secs)

17.3.2 SessionManager

HoL b, FRFEEFEE SessionManager SEEL, B FE M TT M Checkpoint SCHFH 5E A
RIS, s EBOEITIEAT init_op SEARRLIRI GG, &AW TAER Session 3K
Bl

1. *rF Chief, BifAH prepare_session 7 ik, TR 6947451%;
2. 3 F Non-Chief, @i wait_for_session 7 ik, %4F Chief T RAEA 694745
1,

FEAE I A2 SessionManager ERSZHL,
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17.3.3 5IAL"

AT i, 2R H CchiefSessionCreator Fll WorkerSessionCreator 435/ 5¢ i I

& 17-6 SessionManager

17.3.4 Scaffold

LRI S5 T init_op MIIAMLAS i TR Saver AN S0 Checkpoint ;
TR ready_op B A —MRALE R EAWIHLTEEE; TR summary_op FEEEFTA Summary,
AT IR TR AT A o

M, A ETIER Graphkey FRIR TIXLERRERAT OP BOXAR, LAERT LAMTHEIE
HAR R X LER R OP B G2

FEYIGRAER AR RO, S0 T 2EAl TR % Scaffold, T EIEIXLE OP Xy
FEEMA, FFEIBETEENES T, JFH Scaffold F&4L T &4 1w LLJ5 (3 ZR A
XL OP HX R

ALLEGT A Scaffold. finalize J7ik, WIRXTIH) OP AR M None, NIBRIAG]EE
RIS o RAVRESTHAE, 2R 2R IR E 8y

class Scaffold(object):
def finalize(self):

if self._init_op is None:
def default_init_op():
return control_flow_ops.group(
variables.global_variables_initializer(),
resources.initialize_resources(
resources.shared_resources()))
self._init_op = Scaffold.get_or_default(
'init_op',
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ops.GraphKeys.INIT_OP,
default_init_op)

if self._ready_op is None:
def default_ready_op():
return array_ops.concat([
variables.report_uninitialized_variables(),
resources.report_uninitialized_resources()

1, ©
self._ready_op = Scaffold.get_or_default(
'ready_op"',

ops.GraphKeys.READY_OP,
default_ready_op)

if self._ready_for_local_init_op is None:
def default_ready_for_local_init_op():
return variables.report_uninitialized_variables(
variables.global_variables())
self._ready_for_local_init -op = Scaffold.get_or_default(
'ready_for_local_init_op"'
ops.GraphKeys .READY_FOR_ LOCAL INIT_OP,
default_ready_for_local_init_op)

if self._local_init_op is None:
def _default_local_init_op():
return control_flow_ops.group(
variables.local_variables_initializer(),
lookup_ops.tables_initializer())
self._local_init —op = Scaffold.get_or_default(
'local_init_op'
ops.GraphKeys. LOCAL INIT_OP,
_default_local_init_op)

if self._summary_op is None:
self._summary_op = Scaffold.get_or_default(
'summary_op",
ops.GraphKeys . SUMMARY_OP,
summary .merge_all)

if self._saver is None:
self._saver = training_saver._get_saver_or_default()
self._saver.build()

ops.get_default_graph().finalize()
return self

M finalize BYSEMATLLEH, LA OP SER N INEED

1. init_op: ZRITA LA EEML B TR,
2. local_init_op: ZTAFTA AL ZFok #569404510

3. ready_op: EFA LB EEALRTRATTEMMBILT; TNIRE R4
e b T EFa b KRG I £,

4. ready_for_local_init_op: EA AN AT E A BRZ T T EMBLT; TN
TR R0 R K FFe R A0 5 K

5. summary_op: L& B Summary %% ;

Hrp, ISR RERF AL E] Checkpoint SCPFHT; 48K, Mg ANREM Checkpoint SCHF
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PR E A A R A E

17.3.5 ¥R EE

BRI EE R OP BYAE S, Bfi# prepare_session BT RIIA Y 5E 8818 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

HAAAEEAE R S 8. BE, 22\ Checkpoint SUHFHIRE (HALY T RIfLIFEL, &
W7 RSB, AR, MM init_op A init_fn SE4 R RFIIRAILRIL; 24
Ja, ARELRAMARMFMGHIGN; Fa, Wi 2RERMERES SLnt
IE

17.3.6 AT EX IR

STTFAEZS W) local_init_op, WMEE A 4 RA T B AR 525 A REdFT#I 151k,
GEL A _ready_for_local_init_op); &, HEARM G2 HYIZRE] msg F-BEH o

Wt 2w, A mH R ES R etz G, A BARSF AT
Checkpoint CHFH .
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17-7 A&
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class SessionManager(object):
def _ready_for_local_init(self, sess):

return _ready(self._ready_for_local_init_op, sess,
"Model not ready for local init")

def _try_run_local_init_op(self, sess):

if not self._local_init_op:
return True, None:

is_ready, msg = self._ready_for_local_init(sess)
if is_ready:

sess.run(self._local_init_op)

return True, None
else:

return False, msg

17.3.7 BEUEFEEY

e, BT _ready_op, BA P 2RL RN 2RSSR ELMIANL 175 AN,
AR R FIFRE] msg FEH o

class SessionManager(object):
def _model_ready(self, sess):

return _ready(self._ready_op, sess, "Model not ready")

H, _ready KL, ATIE/THNE ready_op, BAMHMN AR ol B2 & 5T,
R o

def _ready(op, sess, msg):

if op is None:
return True, None

ready_value = sess.run(op)

if (ready_value.size == 0):
return True, None

else:
uninitialized_vars = ", ".join(

[i.decode("utf-8") for i in ready_valuel)
return False, "initialized vars: " + uninitialized_vars
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174 RERE

— MR, HEHEAEA with B LR SCE Y, SEHL MonitoredSession MY LA FIRRIR
LR

17.4.1 E TXEEEE

MiBH with IBAE, BFIEIET7TE QueueRunner LA, FESCIL £f.Session M4

class _MonitoredSession(object):
def __exit__(self, exception_type, exception_value, traceback):
if exception_type in [errors.QutOfRangeError, StopIteration]:
exception_type = None
self._close_internal(exception_type)
return exception_type is None

def _close_internal(self, exception_type=None):
try:
if not exception_type:
for h in self._hooks:
h.end(self.tf_sess)
finally:
try:
self._sess.close()
finally:
self._sess = None
self.tf_sess = None
self.coord = None

Rk, 4% 4 OutOfRangeError T StopIteration, WA NIEH AL, ZMiZTH .
R H 7T HERAR R, WAL end BB T

17.4.2 121t QueueRunner

FHHN, BUPAT self._sess.close(), mZAF IR _CoordinatedSession M close /5o
BT coord. request_stop AT E QueueRunner SLHIE 1FizfT, FFHIBET A co-
ord.join JTIEEEFF A QueueRunner SLAiEfT5EEE

class _CoordinatedSession(_WrappedSession):
def close(self):
self._coord.request_stop()
try:
self._coord.join()
finally:
try:
_WrappedSession.close(self)
except Exception:
pass
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17.5 EEHEF
A LA E ] SessionRunHook, SEELXT MonitorSession A=y & AR 1 e T FIAE BE

class SessionRunHook(object):
def begin(self):
pass

def after_create_session(self, session, coord):
pass

def before_run(self, run_context):
return None

def after_run(self, run_context, run_values):
pass

def end(self, session):
pass

/\KF', B LAY Hook L5

1. CheckpointSaverHook: J&#1#3 Checkpoint;
2. SummarySaverHook: J#iM4#iE4T Summary;
3. StepCounterHook: J& /P 423t 44V 54749 Step 44 B .

17-8 SessionRunHook
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ARG

FERESY RN HW TAE 2, 4R 2 R0 AR AE RS, A S . B2, B
A AEE R IR NS, USR] T AR BT, RPTH OB N
SEAN. HSCE, AR RIBL BRI, AR SR MR AR

Bl B ARD A, SR I, BB S50 T4 i1 Diomidis Spinellis HYZ282

{E: Code Reading, The Open Source Perspective. AN AN =DM L, RIKFKGE L
AASHT— LS5, ARFH B T 2 02 LA

Al IHEHS, SUMESR

B, P2 BRI — O IR TEAS, [ IDE, UML, WE%TH.
FFHAEH B9 FETE S B4 C++, Scala, Java, Ruby, Python; KR H JetBrains 2
A, HARZ ST HIRE ARy SRR IO o

Hok, SRt RS, O RAFAY ARG B 15T, ORI w7 AR 12
MM I, BEAEFZRKR, WM, TE5IHREE.

® I RAF, BT RAF 094 H. 5 RIEA RAFm-FRIAERERAT T 20, 2XFRTE 0
i, BERFHEBRE, THEXFLREGFERLEORS,

A2 HiITMBEHZE

Bl A — e DL S Rl i Debug W77 2R B G  VEE R HEFX RS
BRI, Ho, ROMBATIS R R DIHUR A 2 SEUT MBI K=, TR
XS TR RGAT A RATARL, ROV HAEE K2 SEEATT, A5 KB A B

B SAMZH, AILFRE RN . H—) T — R TR, Hsfriil
B, K=, ZRASIFEILA Demo 32— T




312 B AE RIEREE

Seds TR, HIREA T Debug R, MHRAET T TR, KA
IHRGHIEALER, IRL RGBT

WAV, WA ATDD f1730, RBUAZE RERI TN il iX Mg,
KACA N, BERENTN, KRR REEAEA.

A3 ZIuEiRE

PR, AN T TN, BRI 4, RN TIZEEARR, BALEN
HIRIR. SFSE b, R BB ERL R R B A R — I HAR, RN USRI RGEH R0
frfee AR Bz, B RGADAIRIR, HEd A CRRAGRE TR, A BB IEHITE
RGEHIKGS, AW —PIEE 2R

N, 7E3 2 TensorFlow [ Python SEHLIY R 7 U ARSI | PR 5T 1A A9 4TUe A 7Y |
YT H# TensorFlow Rt | N H RS0 T B T AN E .

A-1 4t % Graph

A4 EZRARGRM

B AR ANAE R AT, RGP AR o PR A REBOA B AR Y R 5
W, AR, RSO LA RSB, FUHER, AARTRE
JT I
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BRI, MRAKEIRERDT, s hR iy B4 B 5 SN R RIAT N RHIE. H
K, EERGET R BRI, KRBOCR, MHIST, W THEAFE DS RGN E
o

Flin, X+ TensorFlow, C API &Rl JGu RGN R, HE C API Byikti, A
REAS AR 55 R R T

B A-2 TensorFlow # %%#)

A5 HATRER

LT, Hﬁﬁﬁﬂﬂ&ﬁﬂmﬂ?ﬁ %ﬁiﬁﬁ B, HESTEL, RIS
Bug WM T SEBL, FMAD LIRS, AT R A f AU e A 55

[ 15 AR Y — I DL BBt 2R AR et 1o IR — iRk, A=
PARR LB — M, BORIURERI R SE, R, BREZRIAS, HEZERtETH
Totbo

A MCAD Bz E I, RS Bz 7 — S B code-reading 4337, — ik
A0, — M BRIX LT o8 BAHD

$ git checkout -b code-reading

BRI LS 5, IR KRG ARARRZ PR 2E . BLh, RENE R,
?EEHS%‘KE/T\EJZ%%&H@Lxlﬁﬂ%%%ﬁlﬁ’ﬂ%’ﬁ&l‘ﬁ%ﬁo BEEXT RGERIRNTRAE, RZ AT
FARMBEE KA, FirA SR A 2D BB T T AR KT
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A.6 TERTIE

B SRARRS B — A DL B2 [ —IRAERIR, AL o B2 G
A—WUFaED, BEXTNHEN SRS . Fla, HELE KB ERR? AR5 T
JRBRAT 22 Bl E A MEIN 2 RIRXFF S RS, (HAEAY B S a0 AT
B

WA W SO DEERREOR R o X2 IR, R
FHEEHNEL; FOMRIGEISEEERE T, Se2Bf B K.

FA NP A, R B T EGR B AN 3, SRJG il 09 B4 B iR
JERR A RUNEABE, BRIV, BAMERIHHATEIC ), Bezdae s E o m
FEbR. UFBUBE R G, 2T ERE B e 2 iERICL T .

Wi, BEET (TR ), MAAIBT TR ) MR . XA, 3K
AREHE RGN ()28, HERGERZRE5H

A7  EINthEYSE

ST, BHBIS . AR PRGN, HABF BT, SRS, Bk
55, TOOARESE, AW b B R, AR RSO YRR B B T AN E T

LEEIAIFIBOTR, EZMEARE, RS, PRSI HOREE B0, W
REBRAERIAE, K H RIS TR, KTk,

P, HIHEE Hamerest B, ZEEZEE, FARSENTZRRR, Bz MR
KR, WEZEMZ .

A8 =iXEHN

PRI R — A B 52 I R, AN 2 (RO B AG T R A AR XU Y (R L A2 — 28R 20002
W, A AR SR AL T DR ARG I, B

XMTF—ABERE, A HE SR —MhRRE R, DME AL EBENARIZ .
B, X — A Scala LAY ArrayBuffer, X475 BAERMBRBIM—1ICRKE, A RK
THRIXEETY .

def +=Celem: A): this.type = {
if (size + 1 > array.length) {
var newSize: Long = array.length
while (n > newSize)
newSize *= 2
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A-3 w4 Xkt

newSize = math.min(newSize, Int.MaxValue).toInt

val newArray = new Array[AnyRef](newSize)
System.arraycopy(array, @, newArray, @, size)
array = newArray

}

array(size) = elem.asInstanceOf[AnyRef]

size += 1

this

X BR[O B, Py Sl id s Y s AR L, A IE AT

def +=(elem: A): this.type = {
if (atCapacity)
grow()
addElement(elem)

}

% T atCapacity, grow, addElement f&/EASCIMNKY, HEARAHIKL, K AHKCEIET]
Bl SRS RER T

A9 TR

Y B EAEES, AE N IRER PR DREEE . A, TILFURA2E R ),
R e P S e 1R 22 Y SEERARTT , TTANRETRZ 3 S e A AR oo

FEMA T DB T FORMBE R EITAEA ISR, BT,
N MG A ELE XA PR AR L OB
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B, *T FizzBuzzWhizz B[R, A TICREISCFIA, st El, B0 mr
2GR, HFEARIL T L3, 5, 7 oA, BRI )S, AE A2 I R
(AR BT AE o

rl: times(3) => Fizz ||
times(5) => Buzz ||
times(7) => Whizz

r2: times(3) && times(5) && times(7) => FizzBuzzWhizz ||
times(3) && times(5) => FizzBuzz ||
times(3) && times(7) => FizzWhizz ||
times(5) && times(7) => BuzzWhizz

r3: contains(3) => Fizz

rd: others => string of others

spec: r3 Il r2 Il rl1 Il rd

A.10 3Lk

TP VOR PR — 273, HEEARFE RN, — R AEEEH O
ST AERARAYEOUT , SEOME AT LA E S I 1, I DA R RGEIAT o

UESRAFAEIEA S AN SC B AR 24 S 20, i) Dhad i SE A SR 58 S0k ) AR, X
Xt T B (AU B KA 2 AL o

LL Spark H419 DAG HER0. DL G ARG A, WEERTIZE RDD FMKISR R,
R A Stage BT

e Stage 3 MK

1. G5 B X R2ERH, MYHAF— Stage(3);
2. B 5 A Z A ATARM, A HF69Aeds RDD, #)298F silf2;
3. G 5 F X ARERN, F AHe944 RDD, #H)3#M T2,

o Stage 1 HYX|%

1. A %A K% RDD, Stage(1) X545 H . Rkl Stage(1) (L5 RDD Ao

e Stage 2 HIKI%

1. B RDD Z[a )X RARA ERH, MHAF—A Stage(2);
2. A% RDD C, E, B %A L% RDD, Stage(2) %144 &,

w2, BT Stage BIKHIR R, RIRFESC TaskSet 2 TaskScheduler 4TI EHAT-
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B A-4 Spark: Stage X4 HE i

A1l HERER, AUAXFRE

AN RS, T KB E 2 B 5% JCHS T AN A0, IR
& Owner BUEYF 1, HEREGEIESMI AR

WATLLE SR IRTE, R AL, a6 B OB, Rt 8 OB, it
ARER AT B SR+

BEACHD, AR ARG ROZEHE, 22—l Xsh, TSR R
HIBEFETT I, BORENAS, POl R, X TRl 5 A HATH B o







B.1 iiNfE=F

C) EHH =5, Hes), R, o3, - kE DIFFL

AR, JCRARBERE R, & 8" 2, 1Y 27 HA E¥Z R, NS
Vo ARKIESCEIMUSRE . B, HE|, IREB), O8], 0B B TR ARRE R
i, PO T TSR, BB E SR TSR SRR

Yk, BIZE, WEHEEBAENTIRE T,

B.1.1 &
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