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Resarved Instances "
Schaduisd Instances Just need a simple virtual private server? Get everything you need to jumpstart your project - computs, Getting Started Guide
storege, and networking — for a low, predicteble price. Try Amazron Light=sil for frea. '

Dedicated Hosts Docurnentation

MAGES All EGZ Resources
e Create Instance Farums
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T 3 R Confact s
Volurnes
_ _ AWS Marketplace
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Elastic IPs
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1. Choass AMI 2. Gnnasa Instanca Type 3. Canfigura Instanca 4, Aol Siormge 5. Add Tags B. Canfiguma Sacurity Grup 7. Reviow

Cancel and Exit

Step 1: Choose an Amazon Machine Image (AMI)
An AMI iz a tempiate that contains the software configuration (operating system, application server, and applications) reguired 10 [aunch your Instance. You can salect an AM| provided by
AWSE, our user community, or the AWS Marketplacs; or you can salect ane of your own AMIs.

Quick Stant / 1107 of 7 AMIs
O nvidia docker 4

Nty AMIe
2 results for “nvidia docker’ on AWS Marhstplace
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iy Al ® P2 GPU Tensorflow Docker on Uburtu 16.04 Aug 27 2017 - ami-72717c08 m
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¥ Operating system home directary of an instanca,
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= : e
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1, Choosa Al 2 Choose Instance Type 3. Configura Instance 4. Add Starage §. Add Tags §, Corfigure Security Growp T, Raview
Step 2: Choose an Instance Type
GPU graphics glAxlange 18 122 EBS only Vs Up to 10 Gigabit s
GPU graphics 3. Bxlange 3z 244 EBS anly Yes 10 Gigabit Yes
GPU graphics g3.16xlame G4 4BB EBS only fes 25 Gigabit Yas
GPU Instancas g2.2xlarge 8 15 160 {BSD0) Yes High -
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Select an existing key pair or create a new key pair x

A key pair consists of 3 public key that AVES stores, and a private key file that vou store. Together, they
allow you to connect to your instance securely. For Windows Alis, he private key file is required tio
abtain the password used to log inlo vour instance. For Linux AlIs, the private key file allows you o
securely S5H ima your instance.
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abhout removing existing key pairs fom a public Al

Choose an existing key pair
Select a key pair
ampcamp_»~AN3
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Cancel Launch Instances
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. Data Allow agent forwarding
Prooty Allow attempted changes of usemame in SSH-2
Telnet Private key file for authentication:
E g‘;ﬂ“ C:\Keys\my-key-pair ppk Browse... |
ke
oA
L - X1 v
L L] | »
[ mos  |[ Hep | [_Open J[ Concel |
& 1-5 BRI & 1-6 IEEEXNERNAT

(6) BEESH.d: Open #2241, BIR] &% aws RS 28 . WNSREFEF @, 0] DATE aws b A&
Chttp://docs.aws.amazon.com/zh cn/AWSEC2/latest/UserGuide/putty.htm]) £ #) B A& KA .

1.2.2 EE N =M GPU BR55=%

itz E AN LAy, RSP EH I Al ge X e S B H AR XMIFO T, KEKW]
iR IR PR =R/ 5% XE UMM B R A6,

(1) #EA M HE https://cloud.tencent.com/product/gpu, H.or “SZRIIEMN” $&24, WE 1-7 s,
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NE53HG Q
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LRSS

G

PUZRARSS 28

GPU =HR&E &

FPGA =RR& 25 GPUEHE£2 (GPU Cloud Computing) EEFGPUMINETFIERER. FEE:]. &
T —— FITEEEMFENME, 18E, FMEMTERS, BNRHNGEZRSR —BNER

A, HENEEAEEDHISYEITEEDNBEMARETEYE, ERERENITH
EOMERSE

EH, AT mAITTELERES TS,
+ RBWMERSE

[ rann
+ BLARMARER
=iEE o) GPUR SRR HAEREEBET, ESSM=iE5>
HEHRE
B (B4R

ERitH = SINgE R EiHE WY
prak s At

ol B e W

English

BRIEEN LR

AN & 8%

& 1-7 %W GPU =R ==

(2) mF “iEits” , REfEEyi, XB GPU K2,

e 1-8 fizs.

1A S8 2 IR ® ARG HES S 4.i0RER
AP s n R ENED 7Y RERBTHTES T ARE FBEHT. 1EEAST. RETH. SESH b &2BEETSnuSE)
itEd D RERE HEHE® =i e
S| 23 e i AR 1R e s Bk R
iz} I~ Lk = TE shiotE 2R g EERE
EET=E EEHER = BEEHE
T AR Es= e EEEGy | B3l

- E = 8 B PR Bl R R RGTIRE P,

TEHEFFRTE, B8 THEE, SERHEREEHEE  (HOEHC
A @ ItFE—E EE—E
HLE RS2 BIO®2 RFEIM2 THEEC2 GPURIE2 |
HE GPU vCPU 7 AE 7 ETHRTEE D
s GPUEG? 1#iTesla a0 28k 560G =
GPUBIGE 2 Tesla M40 56 112G &

T—i: REHS NSRS SCPUR RIEIHE, TEERES. HES SHROEESSHivE.

BRE:®

12.88 T/

27.7 /e B2

1-8 T RAESAIYLE!

(3) B TFR&ERE GPU 8118, My “MIRS ik £” &8, Wk 1-9 .
(4) FEFRHEOPEFEERESE T GPU 814, WK 1-10 fix. #ER, XEERNE

J78i8 CUDA =& 7.5 fiRAS, B8 FZ B AR R 75 22 1 #8001 %3 8.0 liRA< L L) CUDA.
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BEF I EAREGAEN]

A R

SRS O AR BEE LR

M RS R

EENESR

CipsEStRaERe ™, DEdARdReTBRLLER, re3lf, HETH, sl (3 SRTETRMLED) .

1R S NE 2R LERFHSAE 4.1 EEE
EifEE
it R Lid R
i et E (D
TRAE ERZE
L JEi ] B|AZ. CPURIGEZ. 2MECPU. SOGRITE

t—iF T—if: RS

118.3)

& 1-9 %FER

GRU EREEE [Ubuntu 16.04 888 + TESLA MDA Driver +
CUDA 7.5) W0

WBFERE: Ubuntu Sarver 16.04.1 LTS Bafi
et TESLA WVIDHA Driver . CLIDW Toolkit 7.5
BREE: EEE (B sRLE

GPU EEEFE [CantOS 7.2 B8 -+ TESLA NVIDIA Drivar H:L.%
7Rl viD

B R P

e

[ F= i

HEEE: CantDS 7.0 641
WA TESLA NVDIA Driver . CUDA Toolkit 7.5
HERR: EMEE () smas)

windows AMD GPLEHR

HFEREE: Xsarvar windows 2008
EAEPE: AMD GPU driver
#EmE: Bk (g Sm4E

Caen

[ P

B 1-10 ZFEBILEE ARR

(5) EPesete, Wiy “T—F. EFEFABSME” %48, WE 1-11 Frx.

REEE

Efp s O

EENEE

clisdefBanin 76, SFEEA MHRs B R EBEN, 85K, HETHR. @Sk (0 SEWETemibEs) .

LigE S N E 2R 3EEFNS RS 4igEER
EiRRE
ag- L B ERITR
i ke (EEE)
TRAE ER=E
.3 B|FIZ. GPUBIGE. 2DIRCPU. SHGMITE

it B

GPU BHFR (CentOS 7.2 S8 + TESLA NVIDIA Driver+ CUDW 7.5) V1.0 GPU BRFFEA0  BFfER

i

B 1-11 B8& “T—%: GEFHSMNE”



F£1E BEEENARRE

(6) & PRIZFE MRS AL ESF, I 1-12 .

1iEESES R 2aREFEH JiRRTFHE P 42 EER

g EHWhSeDES (HMESEDEAEEHRS0CE, (FREMSEODFERARSHETZNHECAU/AEER)  ARiEs| s

HwmE D EMSSOE 16505

FEitaEd O | EEENE | RRERE | i3

FEEE T ERhRE HE W

58 i : - 10 | + |Mbps
Odlbps Shilopa Zkdbpa TE0MEDs

v FREBLFMP

SRR = 1 + | &

o BEE R
14.02 /st (Bt @ HEiEs ) 1.56 m/he

i F—it: EER

1-12 EFFRAMRESREES

(7) By “T—#:. REER” &, HEZEMN. WERSE. £ “Z24eH” fEh 2
/DEAREE 22, 8888, 6006 =i, FEHAE A BT IR, WE 1-13 s

FiZmE EiABE .
XHE P TrENET =
i Pal REEE HIE R Esh4 B

i RIS EGEE, NERTERCOMIEE S EEE.

HFS roct

AR sesmsssssees

PSR erssssrreses
ReE @ Bl efiEn-20170817182804838 /g}mﬁmmu (EREE|

migwlSREREAMED, @eTMRRReHE

R IE v & BT

A E R FECDoSHE. WARDSER P 38 8m
ohE v REFE

AR REE. ATAEREE, DRI HMEET #0480
B BREER R4 A

14.02 =ihs (igite © iteEns ) 1.56 7/

1-13 & B LA E AR 5=

(8) WK I = Bl 1-14 Frosii . MELoel, 2 1P htBB)E, EHAM
IP ik S <RI AT




REF S BAREGRADIEN]

LIRSS . EA ERRS R B
0) | ) jh§{1}| ZEO) | FIEO] | 20B0 | BS0) | F2EED
BEM 7| ID/ENE R AEE EHLE R TPttt TN st
LHEEN
WEHINRBE, EEFIE
AR
— 28%% S6GB
=L fre- B _HON_W 10Mbps R ) [t HETTY
irs- 9 - . — i - =l 11 -
s Y 2as i EEE R GPUGN2EE iﬁﬁ- FHESD e ) orTce e X EE
SSHER s A
pa ]
RETE L [P
Bl

& 1-14 MEaLTH

(9) ] PuTTY & LR = Ik55 4y, HEELPERY aws T E, EEATFE B,
S P #ihlEpAT,

(10) &% 1.3.2 /p, 223 CUDA. Docker. NVIDIA Docker %%,

1.2.3 E=BRESFHPHARBEEFLIFER Docker BRSS
BxRS4s, T8 Docker PA Az NVIDIA Docker k45, 7T )E 6% .

systemctl start docker

systemctl start nvidia-docker

git clone https://github.com/Jinglue/DL4Img
nvidia-docker pull hubg/dl4img

nvidia-docker run -d -v ~/dl4img/notebook/:/srv -p 8888:8888 -p 6006:6006
hubg/dl4img

TSGR G, 33 0] CAFE D Va8 S dm N\ 1 TH] ) N Bk 05 18 NIA $8 B K 3R 55
http://[ MERRS2EH 1P Hhll 1:8888
BB A jizhitencent, W1E 1-15 ATz

C {0 |0 | b 8R88)
~ Jupyter 1. B A RE http:// (BB S5 231P1:.8888

2. IANEEdIdimg

1-15 iH0)RIFB A ZIRE




F1E RBEREENHEINE
1.3 BHER

SR I K B RS AE, X NEMAT LA T, Bz RS+ &R i
LITE . WRIEEEH A FEEAE R B, ZiU# A Linux /) Ubuntu 16.04 #:/E RSt
7% . XRG4 R Ubuntul6.04 RGLL K CentOS 7 RGtAHI, /A MAECERIE.

B e M B 3% NVIDIA & -RIKEIFEF . Docker LA NVIDIA-Docker, A7 ZA#
FHiX e T BRI KR .

1.3.1 7£ Ubuntu 16.04 TECEIfiE

(1) EHheFREZR NVIDIA B RREHEF. &3 NVIDIA Py T ISR 7 84T Tk
http://www.nvidia.com/Download/Find.aspx i F#E RGN 3. UL M40 AF], EFEZETEL
WREhAE P RRAS, i 1-16 Fros.

NVIDIA Driver Downloads

Advanced Driver Search

Product Type: Operating System:

Tesla v Linux &4-bit v
Product Series: CUDA Toolkit:

M-Class v B.0 v
Product: Language:

M40 24GB v English {US) v

Recommended/Beta:
Al v

~aor

& 1-16 % NVIDIA IREhEF

(2) EFREHIRAS, WHE 1-17 Fias.

Name Version Release Date CUDA ToolK
# Tesla Driver for Linux x64 375.88 September 21, 2017 8.0
# Tesla Driver for Linux x64 &= 384.66 August 14, 1017 B.O
# Tesla Driver for Linux x64 375.74 July 31, 2017 8.0
+ Tesla Driver for Linux x64 “ 384.59 July 28, 2017 8.0
# Tesla Driver for Linux x64 "~ 375.66 May 9, 2017 8.0
+ Tesla Driver for Linux x64 " 367.92 April 14, 2017 8.0
# Tesla Driver for Linux x64 375.51 April 5, 2017 8.0
® Tesla Driver for Linux x64 &4 375.39 February 15, 2017 8.0
4 Tesla Driver for Linux xé4 "~ 375.20 December 9, 2016 8.0
¥ Tesla Driver for Linux x64 " 367.55 October 24, 2016 8.0
+ Tesla Driver for Linux x64 BETA 361.93.02 September 26, 2016 8.0

1-17 IEFEEENBES




REF S BARE RN

(3) £ DOWNLOAD ##% 4l b 5.y Bbn A 8, 7R3 H i) PRSI B rp e 33 R | B Rtk " a2
WA 1-18 .

Version: 384.66
Release Date: 2017.8.14
Operating System: Linux 64-bit
CUDA Toolkit: 8.0
Language: English (US)
File Size: 97.77 MB
TFITERNSTEED
EFELRITTTEEW) |  SUPPORTED PRODUCTS ADDITIONAL INFORMATION
ERsE0=TTHEEG)
« Vari for additional details on the med-high severity ssues please review
Eatwon.
s Fixe BEEEERK.. to be corrupted. This issue affects only Tesla and Quadro products.

e Fixe can enter into a deadlock and eventually result in the GPU falling off
gy EesEEE) 4 =
-

« The ARSI R Hriver packages (deb/rpm) for Tesla GPUs now include the end-user

diag
BREEFAV)..
=#=ER(Y)
= [E R 1Eik0)
EEAEEEE

EE(N)

1-18 & “SHIgEHU” ad

(4) BE Gk GPU 26 1 wget ind, Fillh Hid DR E H| st #2346, W
B 1-19 fif~; BUAEASHD 2248 R4 NVIDIA 22356, /53] GPU S0 [ AR 5% 2% .

| “1# wget http://www.nvidia.com/content/DriverDownload-Mar
chZBB89 /conf irmation.php?url=sXFree86/Linux-x86_64-384.66/NUIDIA-Linux-x86_64-384

.66 . run&lang=us&type=Tesla

& 1-19 {5 wget 8%
(5) I LEEARMIBATHR, Ban%F 4 NVIDIA-Linux-x86_64-384.66.run ¥z 1T R :
chmod +x NVIDIA-Linux-x86 64-384.66.run

(6) “ZHEMHTRGAXT ML gee Al kernel-devel £

sudo yum install -y gcc kernel-devel-xxx

xxx & WA S, AILLEE uname -r B .
(7) IBITWBNZEFE
sudo /bin/bash ./NVIDIA-Linux-x86 64-384.66.run HABSZ]

RN AT J5 SR 1E
(8) G, & umi nvidia-smi, WA RLIINE 1-20 Ar7xi] GPU 15 B R~ HE,
Vi B IR B L 22 35 il T

10
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e
il
=
H
R
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Sif

buntu@ip-172-31-50-9:~% nvidia-smi
Sun Jan 7 07:28:08 2018

NVIDIA-SMI 375.66 Driver Version: 375.66 |

|

| GPU Name Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC |
| Fan Temp Perf Pwr:Usage/Cap| Memory-Usage | GPU-Util Compute M. |
|
I
I

|
@ Tesla K80 Off | 0000:00:1E.0 Off | 0 |
t |

N/A  39C P8 32W / 149W | OMiB / 11439MiB | % Defaul

Processes: GPU Memory
GPU PID Type Process name Usage

No running processes found

& 1-20 B RIXFNFEFBLETN
(9) Nk, %3 CUDA. Docker UL NVIDIA-Docker, F3RHUA FHaE14

# WK% cupA B CUDA AR T 7.5, WELE cupa

wget https://developer.nvidia.com/compute/cuda/8.0/Prod2/ local
installers/cuda-repo-ubuntul604-8-0-local-ga2 8.0.61-1 amd64-deb

sudo dpkg -i cuda-repo-ubuntul604-8-0-local-ga2 8.0.61-1 amdé4.deb

sudo apt—-get update

sudo apt—-get install cuda

# &I Docker

sudo apt—-get update

sudo apt—-get install apt-transport-https ca-certificates

sudo apt-key adv --keyserver hkp://p80.poocl.sks-keyservers.net:80

——recv-keys 58118E89F3A912897CO070ADBEFT76221572C52609D

sudo echo "deb https://apt.dockerproject.org/repo ubuntu-xenial main" >
/etc/apt/sources.list.d/docker.list

sudo apt-get update

sudo apt-get install docker-engine

# %% NVIDIA-Docker

wget -P /tmp https://github.com/NVIDIA/nvidia-docker/releases/download/
vl.0.1/nvidia-docker 1.0.1-1 amdé4.deb

sudo dpkg -i /tmp/nvidia-docker*.deb && rm /tmp/nvidia-docker*.deb

# J33) Docker His%

systemctl start docker

systemctl start nvidia-docker

# FEBR
sudo nvidia-docker pull hubg/dl4img

11




RS SRR EMRANIEAN]

1.3.2 7£ CentOS 7 O BIfIE

WRIEE N = B TR, %3 NVIDIA &Rz, XHEEJ7Z%S Ubuntu 16.04 AH[E]. 4
KR F15 2 https://www.qcloud.com/document/product/560/8048 .

+ %I cubpa

wget https://developer.nvidia.com/compute/cuda/8.0/Prod2/local
installers/cuda-repo-rhel7-8-0-local-ga2-8.0.61-1.x86 64-rpm

rpom —i cuda-repo-rhel7-8-0-local-ga2-8.0.61-1.x86 64-rpm

yum install cuda

¥ ZH Docker

yum install docker

¥ I NVIDIA-Docker

wget https://github.com/NVIDIA/nvidia/docker/releases/download/v1.0.1/
nvidia-docker-1.0.1-1.x86 64.rpm
rpom —1 nvidia-docker-1.0.1-1.x86 64.rpm

# B3l Docker RS

systemctl start docker

systemctl start nvidia—docker

+ FEER

FHEFHF AR AR ARG HH
+# WMBREHABINES centos 7 GrU IkREES, XEEINEENE RS Docker Y. #

## FEBH Docker BLE X /etc/sysconfig/docker, ¥shl: #

## OPTIONS='—--registry-mirror=https://mirror.ccs.tencentyun.com’ #

S i ko kb Rk i kR
sudo nvidia-docker pull hubg/dl4img

1.4 S TRk A N 71 554

[1] Amazon Elastic Compute Cloud. Available at: http://docs.aws.amazon.com/zh cn/

AWSEC?2/ latest/UserGuide/.
[2] CUDA GPUs. NVIDIA Developer (2017). Available at: https://developer.nvidia.com/cuda-

gpus.
[3] Nvidia. NVIDIA/nvidia-docker. GitHub (2017). Available at: https://github.com/NVIDIA/

nvidia-docker.
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wm R AT —HlRR F S B AR

TR AR E G, BANTFENARE TEREFZINEBRAEEE AR, FEIEXN AR
NBZHT, Fola AREIRE 7 I FE AR UL BRI B HEOR B33 6] 27 4 — 20 25 B9 22 il 0
He ARTENAYSF IR, K/l Wil edlassy ] SEES IS, B
WFRTR B 2 S A AR eIl a2 > T A 1 RS R 7t .

Ak, WREEFE XS T Python AL LL AR At FEAH R RSRZ 1 ##, FiEZAF /RS
HARAC R A A, AT LU ETEAE K cs228 IRIEH ) — MMRIEATTHAE (http://cs231n.github.
io/ python-numpy-tutorial/) , FEHS ] AEARME . RN, SRS MR WA 1R RETE
FIH SCERPE (https:/jizhi.im/blog/post/cs228-py) , HEEEFE 23],

21 ANILEgE. VFZmEISREET

LR, R = I RIS 0 K3 N LERERHE T X ORI PGRER G| 1R Z R
BAVR G & —EEAR G, FWENSH— TXNFHRIBAR.




REF S BEAREBRINEN]

HamEZWHBALER. IlaFIULAREFI=ZFLEBRR, WHE2-1 fian. W
NVIDIA BEMXFEATIR, ANTERERL W KEBE, myldss > e N TE R — MLl
Tiike WS R — TP SCIAL AR ST BTk, RAENLS 2 S B FEAE B SGERK . B %,
MNFH EE, “HFERE “F317 , FHAENIRE S IUIZRH R GTIAN, R Bk IR
THlas A AR TR IRk, BREFASREANEAGREMEMEE, BEbik Tl

RS P 2 AT

ARTIFICIAL
INIEEEIEINE =

MACHINE
LEARNING

A

A

<

1950's 1960°s 1970°s 1980°s 1990°s 2000's 2010's

DEEP
LEARNING

Since an early flush of optimism in the 1950s, smaller subsels of artificial intelligence - first machine learning, then
deep learning, a subset of machine learning = have created ever larger disruptions.

(B F2kKJ&: https://blogs.nvidia.com/blog/2016/07/29/whats-difference-

artificial-intelligence-machine-learning-deep-learning-ai/)

B 2-1 ATE&. IRFINURREXLI=FZENXR

IE Rl TR S EREBR TS 38, BEEA TR A e d— SR A R4 5 > F0
e PLEFFAARTEE TRZBAE, WERXFHETHE B 2R E, fTLUHFLUTLER:

o FHEHEFI
- RE
> 4
>

o BEF
> )3 ERE
> AR

AT, A RERERA LR, WANIAGIENRFEIMARK FZ T NRE—TF. K
B MR B A BRI XA E, ZXR77EA B#ePROriEls, XM ERR AR RIS
ARG BATAT LA BN H RS, XA FAERRT e, TSNS, Sl
VR BIES R BT, TR, X PMEAHE M FEE . HNEERMNAG AR

B Wi —MMES BRI N KB B TE, S K 2-1.
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$2F IRAAFT —AlaaF I ERFNIR

F+2-1 EIRE
MINE B mERE
FHE A
T HESE
AL T HERR =

AMNRAEE, A RBEET .. RAAFHIFEFIaME, EEH N R T RZERIRE,
EERELEY, FTERAUEFEZHNEURER. X—/ERRE A PRI, tn—a) i S,
“GERFHR ImAHRT, BRI — AW, BMERTE A AR AE . FREE
PR BT ERTTIE, R T XMHEE, SRR AEETENE MK, TRE AR E )%
LR, REARZMMEIR AL B UAEAE, BT XA R AT ) 2R S

AP H EMEMZ I, FATHRE LB 8B = 2 R AT LUy A IX P fe . AR 1E =0
AE SR, WIESCRE. BUsHSERES, fAZRKBRIFEERTE 3, HiFrirdeite
BT AT X — R RN 8 S R EE R &, e R R TR 5 . BT AE S, KRBT
HUrEHAMAER T AE T, AATRER. A oEEIERA N AT IER, Z— 2B iilEix.
10 7] B A 2 WA, A el . R IGE SR, R EERHIED, UANRHEERTEE B H
EmE, X— RTS8 aREE, Ll — > ANedBaEMER, AREs,
BABREA .

EE, XEF MR, HWAARRAFTRTMNREET. e 4T T H R RUAF
FEU-FRAFEEREENEREZ N, L EER—ANFEIESE, BERERB—MTE
STk T B EMAS R BE RN TREZIANZMEFR ST mERERN, =M
JERBEIRER, BREER. BY4ETESF. MR 7 FIWEYE, EX®ERR, B2
B FEIRTTIE T

HTABRAITEY, FHAESEE W RIE TR, FHIRATKEERE T RELE
HEES A B IR 0 KE T

2.2 g —MEGHIHLE S HE

2 FNLas = A iR A ds . B IAR LA B g — M AE R BRI AR, IRMEEBFERR
BN EEWIFERE, FTULXBEERNTG2E G — R RSEERS], HRABSES S USSEIH R .
[FI, AT oK 2R fE A B AT 8 A Python MUEUIE R 2ES, Wk 2-2 iR,

#<2-2 (FHPython#IENRIFESR

Package Paw.-278:1: 0) PN F H
Python 352 Python £ f2f¥
Jupyter 1.0.0 Python )31 % 25 ¥ T K A 35
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RS SRR EMRAAIEN]

(45R)
Package HEZIZAI M A F H
Numpy 1.12.1 R EE
Scipy 0.19.0 AR
Pandas 0.20.1 HARLEW (GRlsQL)
Sklearn 0.18.1 i Erz=
Matplotlib 2.0.1 Hnhs E
Seaborn 0.7.1 =R geded

R T 1 ERRERNTANE, FEEREHARYT, SUFEEE—T, BRASH
Rz e = IERFEFIR G E T, ok —HERZUER, RRRAZWFT, WE R ERRE.
INRA TR P RAEF IR IR, 1 KRSE e\ B2 5 16 E T R 3R 35 LUK IE i B AR
A5,

221 E—, NEHEIE

BAVIX BAEH sklearn B 7 IREHI G REAL T KRB . X ANBIE L EA] & RE- ZEFR N
EXmETmEE EHN SRR AT E AR R EE, B85 150 MEE, BTSERTH=
MNMEJE, BIILEE (setosa) « ZBEEE (versicolor) MZEE B G E (virginica)  PUANMFFE
W FEREARR EE AT, Rl TEE (Sepal) FAEM (Petal) WIKERBEE. XANREIFHB
RSB —FMHFERE, ZEEANMHMEETMAE—SBIERTH— L. Bk
SLIXFRRRAY, 3P RBATG =B 5 IR .

BESARM, HiowEWRELE, MUELIIER R 522 EEPEH WS, 7
HERBANERN R E LM — MR A . BRBMNFE T HEGZ DMER. Z/OFRE, H
e H BIEANTE 2 H s 2 LA 248 Nag IATHY, B X 2 8 E, 83 2 — 4 python XT &,
Fir UL 75 B 2% sklearn B W & 7] U6 B SC 5,  HB bk 2 http://scikit-learn.org/stable/modules/generated/

sklearn.datasets.load iris.html.
SO IR B3R [B] BT AN -

Returns:

data : Bunch

Dictionary—-like object, the interesting attributes are: 'data',
the data to learn, 'target', the classification labels, 'target
names', the meaning of the labels, 'feature names', the meaning of
the features, and 'DESCR', the full description of the dataset.

(data, target) : tuple if return X y is True

New 1n version 0.18.

YHEEESE], X&— Python X} % (object) , FH HEFFH (dictionary) HIFF{E. B
R TR R
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$2F i — s I ERANR

from sklearn.datasets import load iris

data = load iris()

222 E T, MR

BESR b — DR B — A BAA FHAFERN R, AT LLA Python = 8418 A HY 77 VAR £
=R N X N R A

X H BT B4 Python R 8, Python FEAFHEFIR ., Judl UK F X JLMBN =)
BIEEEH, WIREEFRAE C++, HSEHUE C++ PrdEE B A vector. set LA unordered map. =
AR S — MEEXT (unordered map) , {HIXHEPIEEXNAHLL C++ 1S, HERMEXNE
oy, WTLLT{EHIR A e, HEHIZR. ZENH AR 7 .

map abc = {
"a" : 0,
"p" : [1,2,3],
c" : {"cc" : 4}

}
print (map abc["a"])
print (map abc["b"], map abc["b"][1])

print (map abc["c"] ["cc™])
BITER:

#out:
0

(1, 2, 31 2
e

A EAE A for i 34 ik Jy % > L -

for k in map abc:

print ("key:",k, "\nvalue:", map abc[k])
BTG R

#out:

key: b

value: [1, 2, 3]
key: a

value: 0

key: c

value: {'"cc': 4}

R, R OB T EH -
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RS SRR EMRADIEAN]

from sklearn import datasets
data = datasets.load iris()

for k in data:

print ("####FH#FH#FF\n##FSsEFF\n#FFFFFFFFFFF\AN" S k)
print (datal[k])

data.data 5 /& 75 2= U 150 X 4 )% ANFFAEFE FE, VU N$FAEAF7E data.feature names B, 4338

PRZ2AE datatarget 1, HAHEI 0. 1. 2 73 B3R data.target names B[] 1Y) setosa. versicolor PA K&
virginica. U, FRATTERL I EHEFI AT .

LR b, FETRUR KT Bob A 1R 22 1a) il 75 22 /%

o RRAHNEHHANERTHY?
o HNIERTZIMAL. AN FA?

o RLTAEIBARKAFE=ZFNIEXZ?
o MTHHRNGSEELRTHLHTRIL?

X ] A LA AR fa] SRR A [l o FLSEPATTAR BE PRt [m] & X 2 ) @, [X| e de T oRAE 51

Python E(#5 7r trE3E, H pandas X} £ #5217 R ML SQL K& B &ML, RJaF T oAb
matplotlib 55 seaborn, i & JE [ iX L& r] i .

X} PR S BE AT SR AL B, %309 pandas 1) dataframe.

df = pd.DataFrame (data.data)

df.columns = data.feature names

df [ 'species'] = [ data['target names'] [x] for x in data.target ]

df . head ()

sepal length (cm) sepal width (cm) petal length (cm) petal width (cm) Species

0 5.1 3.5 1.4 0.2 setosa
1 4.9 3 1.4 0.2 setosa
2 4.7 3.2 1.3 0.2 setosa
3 4.6 3.1 1.5 0.2 setosa
- 5 3.6 1.4 0.2 setosa

18

AR ERIHERTRETINE)?

Xt species 7 4H 1144
df cnt = df['species'].value counts() .reset index()
df cnt

ZiRWE: GEEZXEAN reset_index BT, KAIRBIBHEMHENFEN, ATEHE. )




F£2F R —VsFEIEAAIR
index species
0 setosa 50
1 virginica 50
2 versicolor 50

Xt 45 R A -

sns.barplot (data=df cnt, x='index', y='species')

HeERmE 2-2 Frs.

50

40

species

20

10

virginica

versicolor
index

2-2 THETHERWERR

setosa

HWIREEZEIRE. BREERNFI?

PRAE SR RAE 2 52 MR o H 4 B REAR AR, PR = A9, Rk, FRATTFE 1B o0t B0 2 AT
BN ZKIEENE4 ain. IEMRELRRHELEHMAEFTS, JFFREREFEIER
INHME, XRONERE, BErTae2H TUWED BB IRIGEMAE), Al T — 82/ HERIE
FSH o BRAB 20 84 70 B 45 g B — & P, BRI 70 5] E X G it R & A AN
WEZARIECS “#Fy” , HTHRE, SWREELhRREFES TR
SRKERFRSAE T, LihSECERER, & 7 —RAREERE:
iafls] Ja— Bl — = J& Iy EEn
xim 36.2 36.3 36.4 s 36.3
BN X — R B R R 2 2 A0 7 ZIMFOLTE, HSERFIEEERBATRAMIER, FAA
FiE /N R Y B ARIR R 220, B DURE R /)P 2B AR AN FTE Y -

FoN
36.2

R H
36.4

import numpy as np

36.3, 36.4, np.nan, 36.3, 36.2, 36.4]

np temp = [36.2,

np.mean (np temp)

19




RS SRR EMRADIEN]

BATER:

# out:

nan

BRXFFO, L ERXNEIER—MIRYE, KOVRE UEAWERRIMRIR A, X— AR
6 KRB MR E VM. SERAERNESEY, EKINRMERIE A B al g 52 52|, 1t
R JLAAEGE, FoADN RSB TIE, XMIRESEMMRE 1o X FRXFER,
I FBERETTERE L P AFERAE, BFE 2R FHE. PABEEARAE.

RE1 AFERN

np temp = [36.2, 36.3, 36.4, np.nan, 36.3, 36.2, 36.4]

np.nanmean (np temp)
BITER:

# out
36.3...

F3ik 2 AHARE I E AN SRR JE T 5

np temp[3] = np.nanmean (np temp)
np.mean (np temp)
BITER

# out
36.3...

7375 3 HEF 0 SHAMRKRE R TTHE CREERFES, AERZXE)

np temp[3] = 0

np.mean (np temp)

ZHTUIEX—%E B3R, 2FRAMELHFENEASH 0 EREARKE. HEXFHFHFL, A
RWAT, REERILLATCAAH 0 314, Hwgtit R A O# A X g S MREHE, WRE—
RFEHESRR, BATZTLA 0 3HA ), PRI TR RN, A2 0, BET
it N RWURBE I B 20 | XMREF. B/0BEA=Z11FE, KEAREE 0 E, HtXE
AFTEAHT 0 SRIEAMSRRAE -

A SERAE S BR RAG K 277 SR IR RS, AT AR R an ] A o PR ) 3o B2 ) W 500 B T 7
FFAEX PR O, B Al B B A e XS BB HESAT .describe() #R1F:

df .describe ()

BATE R
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MR EFIHT — A8 2 S EAEIR

# out:
sepal length (cm) sepal width (cm) petal length (cm) petal width (cm)

count 150 150 150 150

mean 5.843333 3.054 3.758667 1.198667

std 0.828066 0.433594 1.76442 0.763161

min 4.3 2 1 0.1

25% 5.1 2.8 1.6 0.3

50% 5.8 3 435 1.3

75% 6.4 3.3 5.1 1.8

max 7.9 4.4 6.9 2.5

X HWRAE (min/max) FHERIFAWE, FIE, SFrlEEGREW ERGR, I BEAFAEL
PEERR . REHERE, BEF—ATSEMERRKT JIAME, 2R IRA1HE— 2P 88X DY MFFAIE &
BRNIERA . X PR L8 5 f# F QQ-Plot, BPHE AL R A& b5 E IEA 4345 1) Quantile (0K 2-3 Fr
ANH x D, PARIRREFEASEBR G ) Quantile, AN SEFROAG AL IES MG, W Z ) S 1EAE
RERIRR

0.2 0.3 0.4

0.0 0.1

& 2-3 BATREAREIESS AT Quantile

XF BRATTH Y AN RFAE REAT IE 25 73 A A5 56

from scipy import stats

for 1 in range(4):
name = data.feature names[i]
ax = plt.subplot(2,2,i+1)
stats.probplot (df [name], plot=ax)

ax.set title(name)

AT R A 2-4 Frw.

X BRI ANFAE AT DA IR B A — AN IES A6, WiR 2 gGitHRiE (o tkais) F&EpinT
PARSL, kT AE Ja SE @M B i (R A ME IR 2 A 2 Hik . e MNFIAESE B2 P 264k [H]
Wi 7, PLPFRKRAWADNIESSM. XFERRDERE, WREANSEFRTERRE Hp—
MERGA, HAFSRE A —NIEESAN, BAXMRFERK T — N EEE BA X 4 B EFIE,
B RATE R
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sepal length (cm) sepal width (cm)
45
8 L
o
L]
4.0 L
[
] B 35
= 2
S 6 2
® B
5 5 30
1= E
o o
]
25
o ® o
4
20
=2 -1 0 1 2 =2 =1 0 1 2
Theoretical guantiles Theoretical quantiles
petal length (cm) petal width (cm)
8 3.0
o ® 25
6
20
w W
s g
s = 15
S, S
B ®
= =
o o
2 05
e ® 0.0
0 0.5
-2 -1 0 1 2 -2 -1 0 1 2
Theoretical quantles Theoretical quantiles

& 2-4 U MFERNESDH

LT — 2 At 2 R BN RIFIIE. FZE, nfEie? X 83280 LR ERA
[F] 2R N HFRERE, REHHETHEMERFE. TE, mAEAUET = BT B
—FETEUR (pivot_table) HITTik. BJG, X T 150X4 ) “4ERE FRFFAE, R HAEN 600X 1
) — 2R PRI -

pd.melt (df, id vars=['species'])

BITER:
# out:
species variable value
0 setosa sepal length (cm) 5.1
1 setosa sepal length (cm) 4.9
2 setosa sepal length (cm) 4.7
3 setosa sepal length (cm) 4.6
- setosa sepal length (cm) 5
3 setosa sepal length (cm) 5.4
6 setosa sepal length (cm) 4.6
7 setosa sepal length (cm) 5
8 setosa sepal length (cm) 4.4
9 setosa sepal length (cm) 4.9

R R IEAN —4EFE PR AL IE L B R ERAE, SN IEE, L RERNTHR, KR'E
M FISE A LT £
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pd.melt (df, id_varsz['species']}.\
pivot table (index=['species'], columns=['wvariable'],

aggfunc=[np.mean, np.var])

BT R
# out:
mean var
value value
petal petal sepal sepal petal petal sepal sepal
Variable length width length width length width length width
(cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)
Species
Setosa 1.464 0.244 5.006 3.418 0.030106 0.011494 0.124249 0.14518
versicolor 4.26 1.326 5.936 2.77 0.220816 | 0.039106 0.266433 0.098469
virginica 5.552 2.026 6.588 2.974 0.304588 0.075433 0.404343 0.104004

FR A7 5% ¥ petal length F1 petal width P§ > FF fiE, & Bl — 3 7E setosa iX ™ Fh 2 Hp B /| T
H A P > F 28, IFF B setosa 5 versicolor 2 [0] i) BB & (4.260-1464) i & T =% 7 £ H
(0.0301X3+0.2208X3) , IEZFXNAE R 2-4 o i PR A) B At B IEZS 70 A

AT RATEASE =R ERB], X HASEH 53 m) 3047 IR 7 A 56 -

fig = plt.figure (figsize=(12,4))

for 1 in range(3):
name = data.target names[1]
ax = plt.subplot(l,3,i+1)
stats.probplot (df [df [ "'species']==name] [data.feature names[2]], plot=ax)

ax.set title (name)

HE 1K 2-5 frws.

setosa versicolor virginica
7.0

1.8 5.0 6.5

6.0

_.

=7
b
w

s
I

o
[}
Ordered Values
on
h

Ordered Values
Ordered Values

-
B
bl
w
on
=]

=
n

10| @ i0|le
-2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2
Theoretical quantiles Theoretical quantiles Theoretical guantiles

A 2-5 F=4FERIESDT T

AT, ZAFEEA F AN TR A& ES AR
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RS SRR EMRAATEAN]

RENBENEMURE, MBL=ZFHTRXAR?

B, ZXREUW—TF “ARNER” FEREMNA. ARMEMRE R DRKR, 2BENE
I (R R H e AR 5, AR AR Z DF 5 “RBHFT]” FER. AR — A2 EHEE,
M Ebr, BEEAMBEEEESELE KT 20mg, KTHERES, SR, BE A
LR ift--else AR &R, AREERRBA. SKhRIES, WRIKE] 7 ZXF & HE if--else TR,
HSRM IS, BRBRNAT RGN 5 JMiZqaE. JIZEE, LR\ HRNSGRBRE R, A
WRERAAE, BRI THEANER.

BATH S BHEIE R R B X MR ArE? Al LAE B B i) Al AL SRR E — R

sns.pairplot (df, hue="species")

BATE R 2-6 Pz .
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sapal length (em) sepal width {cm)

& 2-6 SEZHIEENTNWK

petal length {em)

petal width (cm)

ZTEEFTHERER: B R HESRUTHARRNDTRER, SHaX AL LR
Wil B R eBERRMMASE S e AR TRER, wiedEx A ERE
RE, R ETAEAE AT x -y Pk FREY .
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XNTHE—EERE, BINERRIFE=1T. BE=FI1) S B4 setosa 5 HAh PIRTE petal length iX
ANEFAE E AT PASE £ X 43 TR, BP petal length /NT- 2 B /& setosa KT 2 B2 HAL P Fh 42
AINANTRX I, AIRZHIEZET .

XNTHERZRER, RESEARBE, rAE=1T. F=50 B, setosa 5 HADR A
FRWE U EX 0 ITH . RHAXEEERIENFARAS, XEHASHEHE —ZEEHA]

CLER T [X 43 setosa HFFAIE petal length, HATERPHAHSGH WA LIX 7. BEHHRAS, 7
SEW R IFARTE 20T, (HEREEHAHNZER ZHD—sepal IKHEESEZL, petal FIKHRE
Hamb/E.

XIfEEE A HRNE T — BERRIHEAIAES, EERXEHRREBNERD TRS,
BARIMEMBRHTEAAE, BE2EVERERBNRBTESE DT X EA KRG E =40 &, 3
FalLhE U =24R BIE —IR. ZEZ A IFAEREE W, mWEBR T L =1F S,
AT PAUAD— g G, EMER TR EE 7, BEmRAVEEE - =4 EZ 05, ER
N DU 4 B AR bR R X B L SEHE K HY

Rk, RATXERIGE L2, WREIRE setosa, AP HBBEWAT AR HE S, I (petal)
KE/ANT 2cm BIBLE . WRE RS HAMPM, S AREER T .

SR, N T XM ERGTERRRYE, EFEMZIBEAIN T, SURFRERMNAE S SIERYER K
M. FATX ERVIANMFE, WA SMESBR 4X35-2 =6 MARMKAEG TR REILE N
ik, B L AFAETN, JUAFIESE EAZMA ST ZEMER T, ERFEXFHEE,
ANTHRBFFMEH AL 7o FAVFmEZETFIFE A SIFE, it FEALHE SR E R JTVE B
fEBhplas 7 I A,

X &M IEE, KAPHRRBRIEEENAREFZINE HEZIRIIFMNIAAE .
LT, BAVERFENA FIEREFIRASFMERTTE, FHETIEREZ IS LEAS,
X EAE AT — AN 2R 4 R T

RE XA AR 7 RIF LI TR LAV FR T ?

ECHRE], BEESMECIWMA SR 7 NEE 45 b, EREEZr, ahTHSE
DAL XM ITVEME CLRIEAE ] - XY RETS EARME 48l R BIN4ER) o AAfF e ? Al Lhal
PR AER 2

B “PFR4E” , BMEHP)-BOUFEHARREE T (=4) XERLNE, EEjEHBHE R
SPENGER “ZmfE” , XOKFH REATH— 3 PE4ET o -

I TRE L, LGB T =R, AT LA 57 H BRI R R S5
L, ARG 2 I E57 — T Z L IANIR L, A LG 5757 L A7 i A
] LU H G ERTFE50L 7F —ZEERILFE S, =L L I BET 7 B LG I T 9 L 1T R0
B E) L F I, PLE FaX RS =LK THER =N 1L 59 5K 5% 50 B 2k b i 1) T »
A HI P o2 FI AR e I _L TP IR, R 11T 8
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REF SR AREBRINEN]

RE—BIFFEA R KE XA, FAHELEETEALMRE S, JMEANTEF LA —
MERFEERAEZEHREDNKER, AEZFEAEAR] “HBrE N &4 A A _EAR)
HR, BRAEEMEE” . i LMEE+IES, BERNETRMAEBEANSHAE, Blanaim
[ seaborn.pairplot SEfR_EUEBAT 1 12 IRDU4ER) —4E5) fE4E, B 1T P RIPAFFIE, &
Ja P 73 PRI . TRIAIHEFZ AL ] e 2 HE — 4 HfRE S 4R E B ERE R

ERA o (PCA) RHAPEF—MERR. PCAEHMBRZERNBERE, — 2 MBS
g mE, EEEEERE AN EE S8 ZRe/MOBREZIER R R, BIiEEIE 2
P EERE R/ FEAHIE, 52 PCA LR LREIFI R — B CRAER LaE R
JEFF IR KB — M A . XM PE4E 77155 —n) §6 45 K PH 2 FF4E B8 B R s B 4l 1) 2B R
BT ESREALL, HWAERAH, L HIEHES BIERETESR L.

XMEFREHAES EABEE LRPIRENT. FEEZEANEERERS, NTHERERR, XEH
T SR IEER I = MHER AT R o4, SEbriz H & ZE R 2 54FE .

from sklearn.decomposition import PCA
pca = PCA()

df sub = df[data.feature names[0:3]]
pca.fit (df sub)

pca result = pca.transform(df sub)

fig = plt.figure (figsize=(4,4))

ax = fig.add subplot (111)

ax.scatter (pca result[:, 0], pca result[:, 1], c=data.target, cmap=plt.

cm.Set3)
HigiTg R mE 2-7 Fir.

1.5

1.0

0.5

0.0

-0.5

-1.0

-2 0 2 4

& 2-7 BI="MFEHITERD S

R A ERIER- R4, AU U7 Z R 2.
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from mpl toolkits.mplot3d import Axes3D

# XS EHA T HRERRE- RN
# 2% sklearn ﬁiﬁ“]Ittp://SCikit—learn.Drg/stable/auto_examples/
decomposition/plot pca 3d.html

plane show size ratio = 5
plane show shift = df sub.mean() .values
pca score = pca.eXplained variance ratio
V = pca.components
1l pca axis = V.T * plane show size ratio
1 pca plane = []
for pca axis in 1 pca axis:
1 pca plane.append(np.r [pca axis[:2], - pca axis[l::-1]].

reshape (2, 2))

fig = plt.figure (figsize=(4,4))

# IH

ax = Axes3D(fig, rect=[0, 0, .95, 1], elev=150, azim=34 )
ax.scatter (df sub.values[:,0], df sub.values[:,1],df sub.values[:,2], '."',

c=data.target, cmap=plt.cm.Set3)

# RHE pca FZREF: 3d BB, EZE3 " AN BRI E, BEBERERERIN -
EHEEG ZRBEMEBRERRE R, BIiEBEE B R EEE SR/ " FIRCR
ax.plot surface(l pca plane[0O]+plane show shift[0],
1l pca plane[l]+plane show shift[1l],
1l pca plane[2]+plane show shift[2], alpha=0.1)

HiziT4 R K 2-8 Fras.

& 2-8 Bidth A ZEFHEERRE
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AR I, X B3R 3 B SR 1 2 B R T ROR AR 4B — AP 1, 55 PCA & X HITI.

wE, HEHEEFPCAREN. B HETFHEELIE—TFE? Ge5& 1 H
M, Eeany SO BASAM RS E. ik, XE “EANMBREREENTE” BB,
e A ME? BERARZEHFEN, X FEHNEIFEH* P52 “WKF>” (manifold
learning) FHRHIN S . XLEFEERMNTFIEFEL LR R B SR T

from sklearn.manifold import Isomap, MDS, SpectralEmbedding
n components = 2

n neighbors = 10

X = df.drop(['species'], axis=1)

color = data.target

fig = plt.figure (figsize=(12, 4))

Y = Isomap (n neighbors, n components) .fit transform (X)
ax = fig.add subplot (131)
ax.scatter(Y[:, O], Y[:, 1], c=color, cmap=plt.cm.Set3)

ax.set title("Isomap")

Y = MDS (n components, max iter=100, n init=1) .fit transform(X)
ax = fig.add subplot (132)

ax.scatter(Y[:, 0], Y[:, 1], c=color, cmap=plt.cm.Set3)
ax.set title ("MDS")

Y = SpectralEmbedding (n components=n components,n neighbors=n
neighbors) .fit transform (X)

ax = fig.add subplot (133)

ax.scatter(Y[:, O], Y[:, 1], c=color, cmap=plt.cm.Set3)

ax.set title("Isomap")

Hizirgs R 2-9 s,

Isomap MDS Isomap

06
20

05 15 0.4
10

0.0 02
0.5

0.0
-0.5 0.0

-0.2
-0.5

-1.0 -1.0 -0.4
-1.5

-3 -2 -1 0 1 2 -4 -2 a 2 -0.2 0.0 0.2 04

& 2-9 BfTER
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2.3 #IEIZRS )RR

BAERG MM EH T, BdFIERPRASER, LEFERSFER T, CesEiEge
THIZZRIAR. BE2ZMIANE, NETHHR X irEE, EIEH TP RER, &2 B
AR ESZITiE. BT REAINE, BHBRBEEIFN—NEARRE.

L.

2.3.1 £—, EFHIE

X—# B E T RINE, —RRNITA a2 IgkE. BIERS5MHRE, —2&HITE
PEHIPRHELL -

HCHERE A, AR YIZREE. Kb SMRE. WFRETmERR, REEIHE
—MMESBOCHI N IR E, RIS, Eae A RS R — . A RENIR
HEH ARSI 7L, FFEBTCIHERESS B, @ik, E8ERRFNEES,
EIMeZE—HETHRFEM AREARKERL, FREMMBRESK, WEE. A%5%, &
Ja B — L H MRS RAA, S0 2-3,

BTG IEHL B IR B AR AR ) 2 A . P AR R LR & R F S5 8 H B R 1,
XA B T AR PR AR AR AR R B T R LS R IR B EVISGTE Y, FAFRE—f “EE”
A CER”, LS REERIEES, 150 MEARMAHS T 150 NMEE, BAHE 4 H AL,
BRBMN 9 REER, ZHERZEB—HEH, EBRBEJIZGH B AR “XE&ER” ,
R iR AL

SR, XA A, FAEMREERDESR, Flhaseifs R, nfalikiX & o
FAMRT? BRX, BFRENNESEER, PEVKBIAT T, BrelZImaA Wit r /N e
prectEsa, RERFAERFEIRR: ARBERISSIME &, SEHRIERER2ERY
ARCR, BRI T AR RS A R AF BRI .

B, BrecliAES/ELT, RSB RS RFXFR RS A RSB FEEREH. XA
FIRAN G FERF N, M HRARS LER; PlaE I RENBATAL, WHEFEE
MREE ERIRIL, AR —UIEE, 99.95% HIHERRBE G 99.94% FIHERRZELT

x/2-3 RS IRAER A MENFE

ALBERAR | HEEFES R

FBEE(EML | IZx%EE (Training Set) B A8 HAER, AR B

i e FHBENER, AZ258801%, RARGEEHERSR, ¥
(Validation Set) m¥sF A LS4

HARFE | WLEE (Testing Set) BRHGER, GEAREAT D, BRARBA AL KIKE

BEFR T, SERTE A EERERBEW G 2ETE KR, Byl IgreE el &l
A, RV SRR R B A4 LA SR B AL S B R 22K, e H 2B Tl SRR
TRER, KHATHMAFRBRERZER. AREBREZRERR. JREBEXZ2VID 5%
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RS SRR EMRADIEN]

JEREAT 56 k&l 0y, g LA IGAESR, AT ISR Al DL R A R e 4T H J PP
BATCLE A AR NG, AL KK E R 5 BEAERIE R o 1 H B, AT ENCREE . Xl 2o i
BRIFFE LA R

(1) BHMERBEARR. FRF, PWUREIFZIEFFE RO EGE BRI AR A KRR
25%, XEIFAZERIIEHHEEATRR, TUEILR, B A TR FHAX— S —
BT, MBS X NIRRT K, R AT AT R AW, ABAblassia L.

(2) SRR A AR LB RNk, WRRiE ABCD FXER, ANEEH
JERIRA, "R — T — e TRAeT ARG, ERNZ TEAREF/HE “=K—
MIERK” XMEik. FFE, REELAFR, ATRSEFATTELTETT RERE R, Pla
FJM—F, FERER-LWHIWZ G, TP 70% ERERNGE (KREEL , 30% ERME
NEAESE CNID o BESEARREE, ZRERIEAREREEFELMZE RSP 2, FE AF
PRI EAE, FE I ZRIE IR SR T B LBt N PR 77— 2.

(3) 5 el H Mt . 3BEE A B R AR BLE I SRR IS IE SR

HAER AR T R E ST BIE R AR 25, BB B S AT A B . BRI
AR Z A AIE LI S ME  BRAREZ B 75 154 28 2 O HE IE 25 041 o IX PR B E 25 A 2
ElgB IR RS, BEAENSH AW, miARIES, FFEHRE 100, WRFEA B
FEER 1, ZXPTEBEEE BSEA, T 8{EZ& 10000 FIFFAE B S, X1
Ewi e mrid A, RA IR KEN FZENAFRRFMER AR, NI ZrrWStEZ. #
IR X B G — - E R 0. T EN | KibsE RS040, 2W/NIGITH, B2 RVIZRE5 R -
RX— RERE A BB AT RE, FOVEBHNBERERNE 0~255, WRE £ H N #E
AT EVERRIAMEIES AR LEE, 8% SR RGE AL [-1, 1] ZH, F i
Kb P plehR HE 1 285 73 AT

XEREER, EELBFROEERESY, YI7EER 5 2E—ailgi. Wik, W%
TR R B E ShR e, R0 - E R ZE . X B2 — R E VI SRR R
BERPRHEE, FoAE RIRATA BUA AR NI il v T B o A BO%Re i, FEURIXORE (it a6
% 1 5INE 2 I UE B 5 T {E AR e 2= 2 IS B HI R

W JEBAV L sklearn 7EIX —HB 4 HI VA

from sklearn.model selection import train test split

from sklearn.preprocessing import StandardScaler

+ df ERWIBINZELE, R4 so0s ERNIIZGE. 209 ERNKITFE

df train, df val = train test split(df, train size=0.8, random state=0)

+ RHUFIE, XEREREREF
X train = df train.drop(['speclies'], axis=1)
X val = df val.drop(['species'], axis=l1)

+ REURER
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Y train = df train['species']

Y val = df val['species']

# WEMMI X scaler, HNZGEMTH (fit) 248, REXNRIEEHTHMR (transform)

X scaler = StandardScaler /()
X trainT = X scaler.fit transform (X train)

X valT = X scaler.transform(X wval)
#+ XEBRIENZGRERIFEIES 2, WIEEA—EREX &G, EASERSZ

print (X trainT.mean (axis=0), X trainT.var (axis=0))

# [ 0.00000000e+00 —-7.49863135e-16 4.25585493e-16 1.22124533e-16]
[ 1. 1. 1. 1.]

print (X valT.mean (axis=0), X valT.var (axis=0))

# [-0.22139933 0.00775008 -0.10081079 -0.20798778] [ 0.70916187
1.04757042 0.87342285 0.8028885 ]

2.3.2 F, FZIRBIBFFE

FRETAERBENEAIENEDZE, BFELPMEEEE, 70% DL ERR EERZ A
TERETZ A T HH .

BAVZHFFE R IR B 20N ikt AL AT PO A st B R A . AR LT SR E AR S e, 209
FHAZR T 2 E S EERE . XMEM, ELhrizHREES Z2E AT BN 588 R .
Blin, BERFSUBRRISGT SR G L ST AN RO ZOR, & B8 — M ERF R E T
JTERIRE,  f e RIIT IR = AR . RURGF . MESEPRHI B FIm R SEE A, TR S R 2
EARCH—MIGTT 7%, WRAEFRESE, EELNASERZXFTE. Kk, SR
BN TH ge AW B2 U USRI IR, (HRMRERAER RN =&, K
BANRKREXRIXF SR,

IERBHTRX—#oNEE LEAR, METATTAE, FHBAECHIRE S &0 2
5 I HA 2 PR BE AR 2 W0 28 E SITZ 0 RFAE, DRI IX#0 o3 PA 780R% FH el B ) 451 5 0 —

£ 4~ i B PUR Oy Ry, TEPA R B YE B 93 50 BE AL A -5 Ja B AN [R] B I AL L
Hoop B A ER s s =4, ShEEPAR Re® —H. RIMNFEFUIZH — AR, 2%
Al O3 FIRFAE SR X 70 X PR A A

from sklearn.utils import shuffie

import matplotlib as mpl

from cycler import cycler
mpl.rcParams['axes.prop cycle'] = cycler(color="rb')
np.random.seed (42)

pseudoNuml = 300

pseudoNumZ = 300

np phol = 4.5 + np.random.rand (pseudoNuml) *2
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np pho?2 0.5 + np.random.rand (pseudoNum2) *2

np thetal np.random.rand (pseudoNuml) *360 / 2*np.pi

np theta2 np.random.rand (pseudoNum2) *360 / 2*np.pi

np x1
np vyl
np x2
np y2
pd circ

nyrm

ey

"label™

np phol * cos (np_ thetal)

np.
np.
np.

np.

np phol * in (np thetal)

sin (
np pho2 * cos (np_ theta?2)
sin (

np pho2 * n(np thetal2)

= shuffle (pd.DataFrame ( {
list(np x1)+list(np x2),
list(np yl)+1list(np v2),

["Class1l"

range (pseudoNum?2) |

b))y

for x in range (pseudoNuml) ]

+ ["Class2" for x 1in

random state=0) .reset index() .drop(['index'],axis=1)

pd circO = pd circ.copy()
pd circ.head()
X Y label
0 0.596878 -0.30041 Class2
1 5.112182 -0.49413 Classl
2 -3.34097 3.760705 Classl
3 -1.54582 0.033936 Class2
4 -0.84614 4.438461 Classl
BB ZEIMEM:
for sub in ["Classl", "Class2"]:
pd sub = pd circ[pd circ['label']==sub]
plt.plot(pd sub["X"], pd sub["Y"], ".", label=sub)

plt.legend/()

HeEBanE 2-10 Fiws. P— - )

6 - * .t s Classl
SPRFEA A E R DL, R T T
W, “HRBEEERN. WMHEERETH ?}.* e SRy
o M S AR oy

BRE, SHZAPREERTS—FANE | ;ﬁg;ﬁaw PR
e P .o 33 '3
W AMETRIT T, —AAMNERYATREE. | & - LREREEmE -

. * .-54 t-'
s * " . . .
sns.pairplot (pd circ, hue="label") -4 - ;ﬁ% v n . -“-.:#.-‘H
) ..l:".."_- :I:;.":= .-,-: .
HB1T4 R 2-11 pios. e
-6 -4 -2 0 2 4 6
& 2-10 EBRHR
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5.0
2.5
= 0.0
=25
-5.0
label
® Class2
5.0 #® Classl

2.3

-2.5

-0

2-11 BEfTHER

IXEF A LB T — SRR TR . Bl — RNy afesd: (X+Y. X*Y) , HTHMEREE >,
EATHIR T X*X+Y*Y:

pd circ['X add Y'] = pd circ['X"] + pd circ['Y"]

pd circ['X time Y'] = pd circ['X"'] * pd circ['Y']

pd circ['X2 add Y2'] = pd circ['X"'] * pd circ['X"'] + pd circ['Y'] * pd
circ|['Y"]

sns.palirplot (pd circ, hue="label")

Hizirg R K 2-12 Frns.

. ” S
Ji
&
i (
v .ll ) g
¥ |\¥v |¥ [ ¥V 1.

& 2-12 X*X+Y*Y HER
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FEEATAKNBESKI, BATZHEE X X+Y*Y ZXMFE, 2 —NMHECE R LR 4
K7, R HBFE(R 1 FAURECR — 3 0 PRI

EF AR H, MEETHEAL R NREMER 70 ANRETEIA TS ? iRA BE BT AMRE,
MEEBIER R ERE LT EEM EFIHS SR aetE? Lhr B FEALS AR LUA T E
RIS, XHERZRERARE TES T, THEALER T LSRN B R st . Ee X B[
a3 wBl, wial s TR SRR R S M e AR, 32 T B e A R RS I o

1 (2=

(x) = e 202
P V2mo?

pd circ melt = pd_circO.melt(id_varsz['label']).\

pivot table(index=['variable'], columns=['label'],

aggfunc=[np.mean, np.var])

mean X = pd circ melt['mean']['value'].loc['X"].values.reshape(2,1)
mean Y = pd circ melt['mean'] ["value'].loc['Y"].values.reshape(2,1)
var X = pd circ melt['var']['value'].loc['X"].values.reshape(2,1)
var Y = pd circ melt['var']['value'].loc['Y"'].values.reshape(2,1)

probX = 1 / np.sgrt(2*np.pi*var X) * \
np.exp(—l*(np.array([pd;circ['X'].values,pd_circ['x'].values]}.\

reshape (2, 600) -mean X) **2 / (2*var X))
probY = 1 / np.sgrt(2*np.pi*var Y) * \
np.exp(—l*(np.array([pd;circ['Y'].values,pd_circ['Y'].values]}.\

reshape (2, 600) -mean Y) **2 / (2*var Y))

pd2 = pd.DataFrame (probX.T*probY.T)

pd circ['pred'] = pd2.apply(lambda x: "Class2" i1f x[0] < x[1l] else
"Classl", axis=1)
pd circ
X Y label X_add_Y X_time_Y X2_add_Y2 pred
0 0.596878 -0.30041 Class2 0.296467 -0.17931 0.446509 Class2
1 5.112182 -0.49413 Classl 4.618049 -2.5261 26.37857 Classl
2 -3.34097 3.760705 Classl 0.419736 -12.5644 25.30497 Classl
3 -1.54582 0.033936 Class2 -1.51189 -0.05246 2.390721 Class2
- -0.84614 4.438461 Classl 3.592322 -3.75555 20.41589 Classl

UL B 0 A SR AU &SRB XY B0, i@ s aoms B ERAG E KRG R E
pred #l|, T pred | H 4 HRISGRELREREEAFTF SN . AT WEBFEEER, 1HELATLASE
M2 NFRIERIA S - (HRXMAHSEER Z 5 XHME, RN KL KT 323 J LA S RFIE,
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“BRR”THEI—T, BEINTEARITFHESR. tbinitBVHFEAERNRCA FEAH &4 K.
AR ERTE, TEANREFRENFHEEM L, REFEM LR, XBFEA 7 LI
AAH .

B Ja U R AR SE PR IE TREFHIT AT I T EZEER I

(1) X T EEUFIE, ] one-hot ZwhY .

B, XA

name job

= TA
2= RE
Eoe i) ESYN
2 TA

AT HAE T REZRR. REW]FH XM IR TERER:

name Job job_id
e TA 1
s RE 2
Eokil EN 3
2 TA 1

XFITIER R R 2, WRAEZNBFRBRASFERE, THEISNXEHFFE
KMKRFR, HTF1<2<3, BRTA<RR<FEAN, ZIHRKIRZHERE, PrOlXBEMEET
s TR — A2 A RSB R A EE . XN T XFESL, AL one-hot JihRF R, WR
F one-hot, XBEIEMKIRZRITIEMEX N ANEARLIA. BARKEK. BhEEA:

import pandas as pd

df onehot example = pd.DataFrame ({

"name" : [u" 5‘.&5 T T @ " u™ Eﬁ T T @I'_Et o
"ij" . ['L]" IA "r u™ z‘(% IIf ™ E}.\ lljr " IA ll]
})

pd.get dummies (df onehot example, columns=["Jjob"])

name job FEA job RE job_ TA
0 K= 0 0 1
1 Z=Pg 0 1 0
2 il 1 0 0
3 2= 0 0 1

(2) FAETREHL R KX FERERE . EFEHER, SIMEERATREZ, 2 Va0, WE
R A] et ik PR m B AR AE A TR AL g5, XA ] LB FEB R iR 5] N IE AR SE R, 2
T ZREFIEE 22 E&FRE, X5 A DOl 8 2 1E WA BORSEHL, WS REVEFIR AT Pt
—BESUESE F HIR IR .
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RS SRR ERADIEN]

VIFE ] fe = BRI — i, B WA TN ERRENGR PR E, —FHAHERER 99% BN
AT, SICERIEEP MR RN, RN EIERKRIIEALF, BEmALE TE
WERR . BANANRBE BT RELRE, — DA FRELERRRR, %30k
M “HER”, MEEEMRE RidpdHESmMaaEsEs, EedEMuE—T, A=
A, TRAERNZERFEE, HEREM TR . XRISRIIR R TR R HUIE MR KTE O .

[, MEEZFARNZIEPRESRMARE, WIRERaRae Bxs, B pIHE = KiE
PRAR, XFHEOLEE BT EE A e & B HE MR FIE O . XM FFARBNI T ERE R

wa, SRR E, FETHRSURE, FiABKELT. WR T RISAL, i
WEFEL, ZIMELRTRAUES. GRRAERME, SIAEMMEHARITAKEBT, TAINiZ
B RERBEEOHMIEHIZHE. HEERSH, BHEETRES. BM2E—NZ A=A
HiplF, EHREHRZIHALE MBS cos LK — 4, LERRE—XRZIAMNE, BR
AT —XRZIMARLER, DEtdEE A SHE, TRRAE T RIUE: PHEBIMEM 4 kA,
BERRAH:; MALHTRZMADE TR, GREERIRELE . ExR. HEEMHEMN
cos R HMEBA T R, XFEMERBRRZERS, HETIUEHIEN, 7EMHENL
Jik/b 2 AR R A RIENAE BAR Gl SEEl, R — 3o DA R B R i — 2B 4

+ Sl HB http://scikit-learn.org/stable/auto examples/model selection/
plot underfitting overfitting.html

import numpy as np

import matplotlib.pyplot as plt

from sklearn.pipeline import Pipeline

from sklearn.preprocessing import PolynomialFeatures

from sklearn.linear model import LinearRegression

from sklearn.model selection import cross val score

Smatplotlib inline

def true fun(X):

return np.cos(l.5 * np.pi * X)

np.random.seed (42)

n samples = 30

degrees = [1, 4, 15]

X = np.sort (np.random.rand(n samples))

y = true fun(X) + np.random.randn(n samples) * 0.1

plt.figure (figsize=(14, 5))

for 1 in range (len (degrees)):
ax = plt.subplot(l, len(degrees), 1 + 1)
plt.setp(ax, xticks=(), vticks={())

polynomial features = PolynomialFeatures (degree=degrees[i],

include bias=False)
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linear regression = LinearRegression()

pipeline = Pipeline ([ ("polynomial features",

polynomial features),

)

pipeline.fit (X[:, np.newaxis], V)

("linear regression”, linear regression) ]

# Evaluate the models using crossvalidation
scores = cross val score(pipeline, X[:, np.newaxis], V,

scoring="neg mean squared error", cv=10)

X test = np.linspace (0, 1, 100)

plt.plot (X test, pipeline.predict (X test[:, np.newaxis]),
label="Model")

plt.plot (X test, true fun(X test), label="True function")
plt.scatter (X, v, label="Samples")
plt.xlabel ("x")
plt.ylabel ("y")
plt.x1im( (0, 1))
plt.ylim( (-2, 2))

plt.legend(loc="best")

edgecolor='b', s=20,

plt.title ("Degree {}\nMSE = {:.2e}(+/- {:.2e})".format (

degrees[i], —-scores.mean(), scores.std()))

plt.show()

HZTE8R WA 2-13 pias. BN REEL m (B - R A Sl & IReR .

Degree 1
MSE = 3.79e-01(+/- 6.67e-01)

Degree 4
MSE = 1.20e-02(+/- 6.80e-03)

— Model
— True function
& Samples

— Model
— True function
& Samples

Degree 15
MSE = 1.60e+07(+/- 4.80e+07)

— Model
— True function
& Samples

2-13 ZIMFAMGMNEEEFSIAENL

233 F=4, FHERE

Xl KRFKEHE TR “I (diao) &7 PR “iH (tiao) 27 1, HEHAFZEETH
DA, B RBERAESE, EEAERREETRABRTRRI. AREBRNMARRENE
P2t — R, RO AT HX — R
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ZEAANREILEEFEI NN a2 REMEZ, XMW AHLBESEERN. FINE%
BT, BaRBIERFFAEZEREWE G, EERN I RBTESRETZHE L, Fit—Du,
an2R=5 S B FIWERIA T, A A BAERH A KER A J1 A R AEAR AL L, i A2 e 2 B AR
BE., BEHT L.

LRI RBIRZ— EIRE, XA A S HAE B 2 )1 BRI AR e B BT ArdE
R, HtdlasFdma 7 &g, ReXNERPEEER T HE. B2 M rdEpeiil
25 IS RNSERREG R B — 8 X MRIFEMAIARE, ELInZgImZ= 878 AR A i
NEMR UHEW, ATREFAR—HAEZHEN, WEEF—AERNEE; WRZIMERSF
EHFRRSL SAANEZ T, BEANHERE AR TE e, HfEEZE SN
AXE FZGRPA], WAl FE I ML N T iR AR BRI, A RBRE AR ARSI,
BRI, FERAEERK; WERE AT drxk, PR 7 ZX X 25 F AT A R 2
— s, RN A AARRETER, e B2 “ NEW. YrEW” 8Zm 1
PR R B A R PP 2 2 N i i — 4, R — R iR AR 2R .

R NV R AE VR, AR — FXED NE . B o BN HEZEE HR 25,
BT AR 8 PR R e U — TR AL R R R B, Fa i — T B — 25 B 1R A an e 2 e 0 B Y 40
R HTABRATIER, FAMIRIEER BRIV, X EES B R HEE,

1. 123 RV ANFTIR

ERA T L EIA, HELE, XBEFERFIHZ - MERERNDRAR. RIMNBEAEE—TF
ek AEIDEL QT g/

TR, APRHER —ERN. YIFA A RRENMERRER AN, AT T EEE R,
XEMNFHREAFHERE. mPREAFE 4 “—m=kEIR” , BT

y=ax+b

ERE, AP RA LR My &— 48, kb EXER x AfLUE — N KERE m B &
(vector) » HRHIEFREIGE, LA y AFE—TRH=R, ZEFEm MHEER, MIXER m
MHREBAT LS BB RUAFIE (m=4) -

Yy =ai1Xq + apxy + -+ apuXm +b

KB AAA R EREAERE X

y=w X
Hr
a4 X1
a; X2
W=\ ../, X =
iy Xm
L b - 1
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F£2ZF BRI —AlsmFEIEMMER

AR, HEEERBESH, XEHTEBeTBEET RN, mES0TFE S5, fegl—
o B, XBNTEMN, MEBEeo BHEZ T 000, xBHEZ T 0601, XFEEHAT DA H EI0
Bk, HAXFEME . Bk, XEMERH T7TEEAREPERERNRE, bBTRNMNAEGE Ry RA—
MNCF, AN NERZ D 1XT B3R, REEFERER RN, P FEREFESR, AT —AN )
ITHUE XERG 2047, FH—MHIFEGE X R 2 0%, Frbh m+1 17 1 FIH o ZA32R 1
1T m+1 FIHE R, XL R 2 1X1 HgER.

3 8 [A] U A8 P B e IX A & SRk — 2P AR Ak

1

S — i - T, —
y = sigmoid(w'x) = R

A TRTE f(x) = sigmoid(x) HIFEE:

HSE T4 KZ BN x (BXHMEKT 5) , sigmoid bR E#H 2 Bl —ANAEE BT 0 20
1 IR, KA x HUETEREITE [-5, 5] Z [ A2 2 HARE . B2 B TXMaet, RATAT PAIERUA
A sigmoid ERETIR FMERLAZ 0 86 1, XA EBULEEZERE N “ZBEEH, SE438” 17
Al—— AT AT LA A, XEP y KRR THEIMERERSGE TEN 2 RIME, Fluns Bk
), XF— A, IRATAT CLGH U AR e dEAT etk B ), BH— N, Hit— 2 r@ i a A,
AW NMERBE TR —2ROEER., B8, XERAEWMy 2—ME0 B 1 f9%7. RATHIM A
g5 Ry W2 Z 55 A U4 pR 2 AR AR HUE YO [0,1] BJ— NERAE

M, RO BATAESE —ANEE: 3B [ JH R $ P sigmoid (0 Tx) ) e B A ST R ?
B DABENG ? IX A SE AR B — N, H B R X R -

(1) FENPIZEIL 4 o, Eanml PAATdN 0, 28R SEPR EAHEF XA,

(2) FEVNZEES, B RPHRECEMARE x, tHo ™, SRITNERY .

(3) HEAETYIGEFZERTMERY FISLhR y FIZ5H

(4) R¥s E—PHEMNEH 0.

(5) EH (2) ~ (4) FHTIK (iterations)

2. IR R —aA R TN y FASEPR y Z E]HIE R
Bl — RNV M4 4. B B —AHEE, Y8 CBARFE 5 ZHREHER T
SN GFRBNE W E PP TEZERNEDD o HR, Rk, IERM sigmoid ML 25,
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Kgam =S ARIUD, WMARR T AISLER y Z MR 25, &8 R HIX R 5IN 173 I
%?ﬁﬁiﬁﬁ’]*ﬁ%iﬁ’“ B ERMERAERME. EREMENAHEENTE, BiA
Ma, ZRFIARFERZM (FFELR) —BHH—Bawid:

2GR T_L—E H IR R FE, [T 2R 177 i E B, e rh] ] — 138 25 R ATAR -
THE M FH PR BT VFE, TR, I — AW 1 TRTVFE, BRI NE
LEWG o A TR FE N E T HEMIE HEAE T FE ?

F A LTI G5 s 1 Bl 32 5 (TR SHBHIE HTRHAE 32 IR, AT F L 48
SEHIB IR B A FAEECHT) ARG e B 1 B 16 g2 7 . HIEME RS T,
SN B F 8 GHNG? T, X T (KA E, B T, RFEES K
PR FZE 5 70651 ] LLATE E & FR A A i

B, IR FE R FH B R 1E B8 A LUETEAE 5 0. ZNTEFIZF LRI, (EHH
R CE IS (iFEHH, — TR — [ —HEE, —INFETEE S ") . BFE
EHINEEEE 5 . WIRE 64 XM 1G, FLEZIF—AK, HUBLE 6 ¥

A X EZFERNR L, WFHBXKELSNGERMES. FNEEER XEELEMH
HISRI%, BRRRGES IR SRS ASE, MsEhrIFo AR, 52 64 SXI\hZ3E, H
H&F K THIERBAR 2%, R SEbrrI{E B2 R T EF 8.

R Te (5 B, BATHERIR — R4 &3 . A RET =M IE R Eue S AL, X
TR EEMAIRER, ENRRZXREETE. MRS 723K A T g2 7 Mst bRk
Ry ZERIZEM, AR SERER 20, ZZHEN 0. BEXRMFEATS, EX
HAZ A -

K
_Z}’k log Vi
k

XHEE KR KANmETR, MG RfeEREF RN =FeaR, N K=3.
MR " RRTEE, i k=2, #ifA:

H=—[ylogy+ (1 -y)log(1—y)]
WA BT — F = R IER TR, WRELRRERE =0, BRINEFE
ANFEIH) P 38 X B HUE -
v = 0
np vhat = np.linspace (0, 1, 101)

np h = - (y*np.log(np yhat) + (l-y)*np.log(l-np yhat))
plt.plot (np vhat, np h)
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A WAATTHO ) p FOELSER) y BRI, B PNASEREns, 32 R Blieir 0. M, Wik
THE y A1 SR y S8R, SKERAZZ ARG 0L (v =0) , TRIMEF 0 100% HIrE 1 (F= 1),
AL UM E =B BTG 59 K

U LEABEREERE —MERRIEN . JAFELZSNFEARN, B MEARA ] AR — 32 3,
S Al T DA 4 B A 1~ 2528 SR B R B3 (Loss function) AT EAR A Tl 5 HEAA A2 2

N K

N N K
1 1 ~ 1 1
Loss = EZ H; = — EZ Z Yik logyi = _EZ Z Yixlog (1 N e_m;{xi)
1=

FWEREZ—T, BAANATHEXENIELEKNTR, ESELSHEES, HiL
N=150. K=3. yu B i MHEERENIR, WRXNMHEERETHONDIR, BAy,~0=1,
Vi=1,2=0. 0 —3LH KH, BHMEKERN M+1 (M ZFFIEE, WS RIEEIHE M=4) HRE.
LR ESY, o RIEWE K — 1 AR, I —p3Rpyuh, ill—3K)5 5 R EHm
BT, HTREW %, KM —H o B,

AR A X B A ARG R T, HHEB—ARE SR REIT RS, HEXEHE
AT SR [ 2 B 1) U X TR MR A 70 JRE5 R, RN 45 Y RO TN 55 S P LA 2 K X . T
PABRATTRT LAKEAZ X AR AL 2% 5 ST AR () KPL, GPA X HI 7T 16 Ehdads, BRI —X,
I SRR B — IR WRIRBRIF G R EATP? W SGE T — PR TAR? i5F F—
R N2

3. WATARAETAM y FSLPR y Z BIREREFHEH w
BT, TATHAMA R 7= “HHEEMISGESY, BHEHRSER § MLy 2507 .
AT LA FIX R 25, P o KI1E:

dLoss
afﬂt

mt+.1 — wt—l' (4

Hordr, t ARFIEMEL, BRIV B EHEFAE P58 HT, AJREE T L E G a ¥ &,
RRIZEHFIERRIP K, XERERERGHT 2l haFEONS%EE, RN
GIRIGIEARE -
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R

SRS W NELE-LISE PN

R H I R R T A T XESIAGESRFEN. A7 FERlE, XBRAFSE K=2,

Bl 40 2R1E0L, A

B E RS, WRBRESES, BOXEAD? RERATEREEE R — I 2K
ARG BUFES 1 99 70 et 60 73, AT AT LB Z RS EE 100 72 RIZERE (

= 1.

N
1
Loss = EZ [yi lﬂg(sigmﬂid(mei)) + (1 —y;)log (1 — Sigmoid(mei))]

=1

H—jﬁ{’tﬁj? :{% Yi j&?ﬁlﬁ'%{‘t\ 1%’ X; iﬁﬁ%ﬁ%‘fﬁﬂ?ﬁ@*ﬁﬁ:
Loss = %[ylﬂg(sigmoid(XTm)) + (1 —y)log (1 — sigmﬂid(XTm))]

BEAT TR FL AT, 2

BRI E A EEACRFEN, A .

dLoss )
dw (yg(XTm) 1=y l1-gXTw) dw

d
729 = g1 —g(x))

ACIVAS W AL EGEEE

dLoss B T ¥

X YRS RPR A 2 AR U2 o BT U 2 32 SOH 40 2K R BT SE Pl & KPT. GPA iXFRHY

bt
dLoss
Jdw )

RIER 40, AR FZFHERSIHITE, T —FrBOt 75 2ok £ Z RO I (AR5 /1 FE 318 L.

AW ABETE T —Fr B FRIE AR MR M SR ke, Bl m ZRU— 1 FE F .

4 - )-Lfﬁ fﬁ%

Z, FTMEHR TEBEHR EEZHE RIS . IREFEARLAASGE., BFH TXH,

FMANEZHEBIHE I H &, FRRIRAANREE FZI AN BB — N8R HR P K.
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(1) BENWIEEH—H o, WA PLeEoh 0, HREPR EAHEREIZR.

(2) gpsEd, EZHEEHRE EMARIE x, TR ™, {RITMNER .
(3) HHEEFHIIZGES, ZEREIHRSR § LRy 2.

(4) RIELE—PHZENEH 0.

(5) BEHE (2) ~ (4) FTFIK (terations)
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WMAER 2, WRBENBNZ AT ERER —DHHIE, ATLUEAR? HITEER], Lbr
ERTR S FERE ., =8, MR, IUA XL .

o ML RE, T HF)3 sigmoid FHELIE R —A AL F AL
o HEHAN, AR —ANWMERIK.

XA D BRI 2 R AR, EHEEEN A FAESAER. WSFFRENL, pEitE
(5] B sigmoid BR B UL BRI BT, 400 K BR B T332 SUB R 1 AR 2 KR BE S E] B . SLan AR
2 DU, P45 A TR AW, R BRA R R TR AT AP ARE ST RXE T WA

A Ja 1 N RN BRI E 7 A IR N EA R T2 R AR R, Ry 2% (2,
R JRA—AEZH[EH R B R LN ER AR E, RRA A B UR FIENHRE R L1 R 3
AT R PR F, 13 AR RE 2R JaX) HAh D IR © — L2 TR R, 583 A] LUE B K AR R -

5. IENI{k
AT, 2SS SFECEE, K n] PLZER & 45 55 R B BHE, B iX — S Bk

Loss = IENI{L R 2 (C) X 7 KAEFZR T 2T + it 2 ZS20 37 99 i

£ E— LW ESS, ZEEIHEIL S MBI R 0 Ja, BEEBRFHTH
JERFE, SRl AR B m iR, W EZRBINSERA a. MLR TR, 58 libfgs sag 546
ERERETR, RMNEEWATERMY a B, FHLIFZEEIRA R ZRMESMIES A
b b, aRFEIENAL, BT ZREIENCRE CHIENE. Hit, Z2EEIFRSEZERKN
RIXEBR CE, /) C 2l FEsRiE {20 5B 2% T 3R B R N 45 R o<k, ERURIUA,
MidKE) C ML oimfgdE R, ARSERSEEHEHEZ, EMmEREUE.

X B2 S50 o A PR ELECR L.

— PR TR IR ZEXHEAR N, B L1 IENAL:

C
Loss = ||w|]; — m [ylng(sigmﬂid(XTw)) + (1 —y)log (1 — sigmoid(XTm))]

H—FElE A L2 B4

wlw

< %I}’ lng(sigmﬂid(XTM)) +(1—y)log (1 - sigmnid(me))J

Loss =

BEiS, SKIFHIWE, SRR =703 K:

dLoss _ ToNX +
Fy (y—9g(X )X + sgn(w)
dLoss _c VX
X H sgn(o) RF o IEH 5.
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R SRR EMRAAIEN]

S YRR ARG REHEFAT, FAVANE KPL. GPA KB %48 br B IR 8k 22 i 4 T ek T,
B R LB E IR, B XS N A AT B, b ATCIER IS RE 0F
—Fr B EIHR]; HRXEEZEIREAEMaEME R E. HEFEZEr®ERL, PldsF
HRUER T BN SRS SR A B AR bR R B k. &S, FEER— T L1 ENMES L2 IENRY
Xol. MHEL L2 IEN4E, A LL EEN)E, SRR o ME, *AAERmifmitE, BR&E
HIRZSE =2 0. 1 L2 IENAL)E, N/ EIRRESENZE %I 0 1. RDRISE.
HARR N ZTE L2 IENAEH, #RRECT o FIRFEAZBEE o FMER/NABTIR/DN, 55T R
R RORENS, R ESEREEEAET 0. T L1 IENIRIEE, WRM o MIERFX, 5
HAFERPNER, BHIHE T REERGARRF —TH/ME, RIERESRIIMEHTE.

ABIESATREEGREMEMEE, BRI EN., ik & m @, EFEEEE.

2.3.4 EME, KL

ARATRARYE 2 AT BHA R E 01 — M T LA 8 KX, RS54 H sklearn BfCRS, HT5C
a5

c =1 # IEN{LRE C

alpha = 0.1 $ IR, BHEHIK

y = data.target

yly==2] =1 # FteEER, RABEZERE setosa

# MFFERAE. I—FEi2 1 FFIE, H axtb Nw(x+1), RHRIE

X = np.hstack([data.data, np.ones like(y) .reshape(len(y),1)])

B —F, omega FEVLYIIGEL

np.random.seed (42)

omega = np.random.random (X.shape[l]) .reshape (5, 1)

for i in range(10) :

#%:ﬁs Eﬂ”%%q]r iﬁﬁ@”ﬂ%ﬁis ﬁj/\;q::?"fﬂlz ). ) i+ﬁ sigmoid (omega”Tx), %?U

y hat = 1 / (l+np.exp(-X.dot (omega)))

# H=, THEEMINGEFER BTN RMLERR v FIZE7], #H L2 EN

dL, = X.T.dot(C * (y.reshape(-1,1) - y hat))+ omega

# FHIUL, RIELE—PHIENEF omega

omega += alpha * dL

omega
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BATER:

# out:
array([[-16.8213461 ],
39.77445862],
.609984047,
.07176958],
.D275752211)

W
= MWD

[—
[
[
[

I
o

iR

1

plt.plot( 1 / (l+np.exp(—-X.dot (omega))))

1.0

08

06

04

0.2

0.0

0 2 40 60 & 10 120 140
ZE R HHT 50 MEAYE TN A5 0, B setosa, FHABMFIREZ TN AIE setosa, STHAMIE, i&
T 58 il
SEEAE R, FRATATCLE A skleam BUAERE, RILGE R [FIFEHR:
from sklearn.linear model import LogisticRegression
model = LogisticRegression (C=1)

model .fit (X, v)
plt.plot (model.predict (X))

1.0

08

0.6

04

02

0.0

0 20 40 60 80 100 120 140

1. KIFRZXEMBIEER
Z AT HARKS FLSEAFE — 2 R i,  BATTATH R, (HRERWE PRI, KREMizW
EEE T
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R SRR ERADIEN]

(1) INEEMPREEZRRE S, . E—3HoRENRH SR E A2 EE, ZIFEBRES
JUE[) L=
(2) IEMARBEMAYNEENSH, XEEHEEH C=1 256187

Kk, NTEREE 1, BRAGIAKRKITRZX, BEBEFYEK A, K-1 ERINZ, 1
MEER, REEE KIR, HAZXFHFELZINGEMMNRERREZ; N T AERAE (2) , A
SINSE IS ZE (Grid Search) , ZRAANFESEHIEEE, FEREMLH—Fh.

from sklearn.model selection import GridSearchCV
parameters = {'C':[0.0001, 0O0.001, O0.01, 0.1, 1, 10, 100]}
model = LoglisticRegression ()
clf = GridSearchCV (model, parameters, cv=10)
clf.fit (X, v)
plt.plot (
np.logllO (np.array([(0.0001, 0.001, 0.01, 0.1, 1, 10, 1001)),
clf.cv results ['mean train score'],
label="train"
)
plt.plot (
np.logllO(np.array([(0.0001, ©0.001, 0.01, 0.1, 1, 10, 1001]1)),
clf.cv results ['mean test score'],
label="test"
)
plt.xlabel ("loglO C")
plt.legend()
plt.ylabel ("Cross Validation Accuracy")

1.00| —— train
— test
0.95
0.90

0.85

o
o
o

o
Ly
w

Cross Validation Accuracy

o
y
=

065 -4 -3 -2 -1 0 1 2

log10 C
AT W, XEAFAELIE R, 10 #rad XIE H A RBIIZREE . S kSR Ol AER =
HEEA. €=0.0001, 0.001 BT Cid/h. IR REANRiEHRRUE . FATZ
AT E) C=1 KL | S @EZE.
HEZ N, EH ] UUSHE(EH H % L https://zhuanlan.zhihu.com/p/25637642.
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2. VI AN FEHA T RER

Z AR EAET RO RY, WUIREAE A AT, P RS AR K
R . EanZe—F 3 WA AR R R 17— (0.01%) , REBWER—MREG 284 E,
BHEAAZNMANEER, HEEER— 99.99% IEFFIEA ., XMER T, BATAEREZR
BB AERIE. A, Rz ] TR R F BV ? RS HmE) —
PRI, XML T & EZLEEHEA R T KRB SRR

HFXAN AT, TATEZATE— =, MESEEERARK —-BFH R OERMEL, B
R HrESaRAER, &8, XN PUEFE—PHBaREEE, B 1%, Bl 1% 7]
HEA A HITE O T BRI v, AR SEAE Huxd B /e 19 340 F R B -

FulERm (+) M Fxs )
HIBA TP FN
HIL TR FP TN
1E M FEAL BA -
HPHMEZ TPR: TERTA LR AFEMERIFEA Y, #EmiH AW AR R EEZR .
TP
TPR =
TP + FN
B PE 2R FPR: TEFTA LR AHMERIAEA Y, # R 2] Koy PR R L 2R .
FP
FPR =
FP +TN

RIGTEM 0% | 100% XA ELZNFME, 32 AE K FPR/TPR {H, DL FPR N x Hli, TPR /N
y i, BiATLA1E 3] —2% ROC BhZk, 4k1it5 ROC B A H A —— AUC . XA E M A LLAK,
AUC {HB =B aT, s a] LA 1. IR AUC{E#21R 0.5, W 7 2R 2855 T REVLAE I - 18 2% 7 B TE O »
sk AUC #2310, MR ATRETRM S BL B e R 1, SRZMIENEAIR D HI.

FEEXE AUC BRSBTS/ MU R R B RS . ATREREMER P R R B4 & /)
T, {2 AUC #IA4h5, &REARTE PR E A 25 MR 2R — — MK AUC1H, 7]
RETRIER M RBER SI AN KER RIS, REREMEEABMN T HIEFABENK, &%
ARRRE - NREAERE, K ANENR —. XFHEREER R IR L2k, R REFTE
HERMERAE. [, e ged kR MeblE, MREdE AuC iR &, {H2Ebriz FAE
HL RGN E REREIR, REMERNENET .

IR KR BB E R BRATFITEM AR ME (B AUC {8) , B — A ARk
R, e BERDRANPIEARR T ESHIRESE, Ba AR5 AuC BEE R E
Prle? SRR, 47 % B BN R ) S50 R B ERH), AUC 5 BARE AW fatsiREr, {H
T EP RN ERGIEZ, AR T RER P ERRERRE, Tl —RAEEMM AUC 4,
MM TIRE (MSE) « X (Cross Entropy) 8% 5 i+ E 4Rt 104k
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£ H sklearn 115 BB B 7%

from sklearn.metrics import roc curve,auc

np.random.seed (42)

# RWEEFEL 10000 MEAN, A 10 MEAR

np real = np.array([0.0 for i in range(9990)] + [1.0 for i in range(10) 1,
dtype=bool)

# 1, ETNONEIAE, #ERFEER 99.90%
np pred allf = 0.l1*np.random.random(10000)

# TR 2, MEFTANEERATER, #EEE 100%
np pred true = np pred allf.copy()
np pred true[-10:] = 0.99

fpr, tpr, thresholds = roc curve(np.array(np real, dtype=int),np pred
allf )
AUC wvalue = auc(fpr, tpr)

fpr2, tpr2, thresholdsZ = roc curve(np.array(np real, dtype=int),np

pred true )
AUC wvalueZ = auc(fpr2, tpr2)

+ BAREMEEAZL, HEZ rucHEREKX

print (AUC value, AUC wvalueZ2)
# 0.555805805806 1.0

fpr2 = np.array([0] + list(fpr2))
tpr2 = np.array([0] + list(tpr2))

plt.figure ()
lw = 2
plt.plot (fpr, tpr, color='darkorange',
lw=1lw, label='ROC curve 1 (area = %0.2f)"' % AUC value)
plt.plot(fpr2, tpr2, color='qg',
lw=1lw, label='ROC curve 2 (area = %0.2f)' % AUC value2)

plt.plot ([0, 1], [0, 1], color='navy', lw=1lw, linestyle='--"'")

plt.xlabel ('False Positive Rate')

plt.ylabel ('"True Positive Rate')

plt.title ('Receiver operating characteristic example')
plt.legend(loc="lower right")

plt.show()
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Receiver operating characteristic example

1.0 P
,
/!
/7
/
0.8 f,
/7
/1
€ 0.6 4
) : i
B R
o /
o 4
v 0.4 7
e /’
= /
7
7/
0.2 P
/
7
’ - ROC curve 1 (area = 0.56)
0.0 = ROC curve 2 (area = 1.00)
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

2.4 Sk K M1 B

[1] 2.2. Manifold learningy. 2.2. Manifold leaming — scikit-learn 0.19.0 documentation. Available
at: http://scikit-learn.org/stable/modules/manifold.html.

[2] Cross entropy. Wikipedia (2017). Available at: https://en.wikipedia.org/wiki/Cross entropy.

[3] Foundation, N. 1. P. S. NIPS 2017. Available at: https://nips.cc/Conferences/2016/Schedule?
showEvent=6203.

[4] Logistic regression. Wikipedia (2017). Available at: https://en.wikipedia.org/wiki/ Logistic
regression.

[5] One Hot Encoding in Scikit-Learn. ritchieng.github.io. Available at: http://www.ritchieng.
com/ machinelearning-one-hot-encoding/.

[ 6] Training, test and validation sets. Wikipedia (2017). Available at: http://en.wikipedia.org/
wikt/Training, test and validation sets.

[ 7] Underfitting vs. Overfitting. Underfitting vs. Overfitting — scikit-learn 0.19.0
documentation. Available at: http://scikit-learn.org/stable/auto examples/model selection/plot
underfitting overfitting.html.

(8] RE HdEzE M]. 2 it b5t ARHEEH A | 2014,

(9] AEHE P M b BERFHRA, 2016.

[10] MLAR2E I EA ——PCA (78T . glldl1l KIiE%&——CSDN 1% . Available
at: http://blog.csdn.net/gl1d111/article/details/66473643.
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Wiama—ERLERE AN

i E—FEES, EENTISFINEARARSE T —EW T, W RES—AMHE
B MXN FEFEACEESE M AMFE, NMEER) , BHRENZEA4E, LREZEF 1T —1
RIS

A, WMREDRIFEAAZHR BRI T, USELBTEEPIER. HEROKSE, M
kKB A (Gl 3-1 ) , XEMNIZEATR?

(B F3kIE: https://www.tensorflow.org/get started/estimator)
3-1 HENHFAZE R

IX B R A = Tl R 1] i ) R

(1) FEME R, ARTRR. ISEAeEEER, SFMAARTEHRIKE.
W, XotlaesnReas.



£3E BLES—REBRALERERMFAIA

(2) F 187 . ) RS A FR A, 0 B e A /D B LA 1T SR B #C BRI , A2 AL 3827 S 0 R8s
(3) HEEMAEMNLE, 1LFEE2EIET s BUE B S E, B HAET A shig B4
EIIZR 5K -

BAVEL—FFEZNATHE (D MEE, AEFETRE (2 MER, FHEEESNE
R (3) METREFZARITE. T BURHTH BB E#E, SEhr st 2R it EIE
J7 S0 2R 4L Photoshop HUFHB& #RAE, Z4R1X B H] Photoshop HJ H BIFAE&1EEME E NN, T2
ZiLEMBR TR B, RIRE S EERRFE, J7 RS EURE

3.1 ZE BRI TE AR RIE

B AR ENBERBGSUERF#ER R THEVLEERT Ly AR EERAAE. KE R UAAREE
R, HAREFEE AR XSG TE. AFERS. XERFEE LA E, HiFE
& N EFE png. jpg. tff 5, W ILEIEFESMFI.. BSHEIMERAE . mIRA1E s E WL
gif ZHHE . mpd FLh, WRHAZAMIEIZBEEARS] . CLE E B WioE T 7R .

X H png. jpg. tff AFIEER ), A EEARE— =45, BKE. RELAT®
(RGB, %) o #&NFISCHSEREE TR, 2 0EH 7T ARREBREDG ik, S5%R
FENTIXER A WA HA TR ER KL £ ox3E, AT LATE Python H A IR TR, ¥t 7St Hokg
ISRl — 4 P . AT E S F— T opencv BIAYE, X B opencv-python B M FI]F .

3.1.1 {EH python-opencv iEEE 5

import numpy as np

import cv2

Smatplotlib inline

'wget https://raw.githubusercontent.com/abidrahmank/OpenCV2-Python-
Tutorials/master/data/messi5. jpg

img = cvZ2.imread('messib.jpg')

print (img.shape)
BHEER:

#output:
(342, 548, 3)

e R B BLJE . ®] PAR] Python A matplotlib FE A 2 B FE 3T BRE FI B, W 3-2 Fras.

import matplotlib.pyplot as plt
Smatplotlib inline

plt.imshow (img)
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100
150
200

250

300

& 3-2 BrEARH

A A ), XBREM=ZFEREE RN 342 18FK, TE NS48 4K, #H RGB 4wid. WE
EE KR MNE, RESSRKINEE, HAXNERMIZEEANR, BEALKRKEA? HFEERKE
BE—IREHERHKPBIER T, Aedtelitt—alfixT.

HHELAX A A @) R Rl &, opencv-python BRIAE A BGR 4wfY, AHXFT RGB 1fi 5, XA
Y BEIEGF R T o Z B PAIX BLEESRA K S i R B, 32 B0 2 VA T T B = BR AR 40 W AH ] 17
FOLSRATR AT WS . IR 2L BN (LB 552 XFREES, RIS F4ET .

3.1.2 {&Bh python-opencv #1174 [E 4L & T\ RUEE

FATAT CLF e B A P e, B B opency HIBREL, 4 BGR Blifaimil i # 1% RGB,
P 3-3 s

# A1, HESRERA

fig = plt.figure (figsize=(10, 6))

axl = fig.add subplot (121)

ax2 = fig.add subplot (122)
axl.imshow(img[:, :,np.array([(2,1,0])1)
# Hix 2. WH opencv BREL

ax2.imshow (cvZ2.cvtColor (img, cv2.COLOR BGR2RGB) )

0 0

50 50
100 ¥ a 100 .
150 u 150 |
200 200
250 250
300 300

0 100 200 300 400 500

& 3-3 HHEMNE
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3.1.3 {&8h python-opencv B E /R~
IR AR B — /D — REI R B A, R X BEBEAR F 240X 360, R] LAEAT I F A :

img gray = cvZ2.cvtColor(img, cv2.COLOR BGR2GRAY)

img gray small = cvZ.resize(img gray, (360, 240))
ISR
cvZ2.imwrite ("gray out.png",img gray small)
BHER:

# out:

True

BEi, F# kiR A AR &t 4e /0 e I SCH SRR T

3.2 FERRAEMERIEALTE ER

3.2.1 MEFRFEITEHI SR

W RBATAEAE L E R IR TR, SiZzamfgie? thande 3.1 W E R HEmA—
ANER,  NRAE A I — 2307

XEHEIMAN—DEREE, B TEPEEAEKT, FrelsLhs EMNEHEHEIE . RATER R
FEIXTK 342X 548 B, BERIIYALARTE 300 o BEARKRTE 360 o5, K/NZIN 60 5%, w]
UL numpy HIEZH Y] A img[280:340, 330:390] , 33— SRR, 48145 S5 B A iy HoAth A7 B IRAE .
AN SCF W&, 7EEEW openev I SCRYSE, BT LA ov2.putText SEELIX —IhEE, 41k 3-4 Fis.

ball = img[280:340, 330:390]

img[273:333, 100:160] = ball

cv2.putText(img,"Zﬁ§3",(10,501,ch.FONT_HERSHEY_PLAIN,
4, (255,255,255),2,cv2.LINE AA

)

plt.imshow (img[:, :,np.array([2,1,0]1)1)

0 100 200 300 400 500

& 3-4 EFERITRINTE
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3.2.2 BEGHRIEREHITAIE — R AR S

3.2.1 /N AT B9 52 1) 5 ORG 5 R A Ad 2 R ) e T B ERAE
ARG — LA T — AR, RN YR R . Y
SR, X H HUJRK T4 ER R 01 FIAERET C, & T2 RGERE G
] MFE PR B B N 2, RSB GBRHY  7] LAt — 2B 5

BATCAUN & 3-5 Fros B sl SR B BAE R E 7 £ (jizhi.
im) 4R AR, X HESEPR B 25X25 ME R AT, &
MERABGESE, HEXKERIFAL 25X25 MEER A, 1M
5T 220X220 4, HABAEREWR 7, WaRRE 220 X220 A i Bl 2]
25X 25 A~ p B AR bR % ?

BATE S EUE B, IF8#0y [0,255] BIZK EEAE S b5

img jizhiQR = cv2.imread("./3.png")
img jizhiQR = cv2Z.cvtColor(img jizhiQR, cv2.COLOR BGR2GRAY)

& 3-5 Fig K/ (220,220) 48T

print (img jizhiQR.shape)
BHER:

# out:
(220,220)

BERK, M 220X220 A WG R] 25X25 N e, SEPR B E MR EAR R AT, Bp
U AR ER R (20, 20) , MRS EALER SR %R (20/220%25, 20/220%25) = (0, 0) , FFHSE
br_EIRZ AR EXTRE (0, 00 XA A

B BEARSI T

t BEBUEREN, KIAHF o0 GRE) M 255 (HE)

set (img jizhiQR.ravel ())
# {0, 255}

# A 220 MBER, o RIXTRNE] 25 4 AR B
np 220to25 idx = np.linspace (0, 24.9, 220).astype(np.int)

# TP —RE, Witk 220X 220 246 MG SUREAE T B 25X 25 IR
np 220to25 mesh = np.meshgrid(np 220to25 idx,np 220to25 idx)
np 25 counts = np.zeros([25, 25])
for row idx in range(220):
for col idx in range(220):
col num 25 = np 220to25 mesh[0] [row idx] [col idx]
row num 25 = np 220to25 mesh[1l] [row idx] [col idx]

if img jizhiQR[row idx] [col idx] == 255:
# IMREFEALAAM, WIXHE 25X25 PRI A +1
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np 25 counts[row num 25] [col num 25] += 1

# it 25X 25 RN A 2O EBS T2 3 &

import seaborn as sns
sns.set style('white'")

sns.distplot (np 25 counts.ravel())

BT R UK 3-6 Fras.

0.030

0.025

0.020

0.015

0.010

0.005

0.000

=20 0 20 40 60 80 100

& 3-6 [RIG AP BRERENDH

X A — s REBUENT 40, 10785 REUERT 40. GitX—PREE A, FRATHI B
Wi rs A — R Ar, BIUIRIASHER, R — oA kN e B AR &, VIRBRHEREER T —2& g A,
R W FRERE—NEE, BRARTETEER, BIIA N 2EE, B ERE,
RBEAE, XEA IS ERX —B{EA 40, BEERUE 3-7 i,

plt.imshow (np 25 counts>40, cmap="gray")

E 3-7 EIE " HRELEE] (256%X25) LR (GRE _ELESMEA 40)

BATEBRZINGE R ST —ENEEREEME, FH)E TR IR E R HER 2~
i1 = T https://jizhiim. T0S2Fr b, XIKE R FITRE L B2 BT 220 X220 45/83] 1 25X 25,
IEBS 50 AT PO R — 40 ) gmhddn v, FHIRANIA6 /D e A BEE — i _4EE R .
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X B —P I

B, A AFEIRZ 48 T ARNTEEJHX AN A . HSEA R E MR R AT 4885
F i) R, 1 S DA 4E R XA 5 A8 R B B R D 5]k TR an A RE PR = B PR AR B I AR SR
25 I ELE 3 H AR EXEE B RIS W 00 TH RGcAT PR 4565, AR e A AN R KR IS i)
gy, BT AT a# RIX 2 ) el , HXE RIAN A28 S B Sh pR 2 CELan B ON [EE ) BA A & Fh IME (A5
BRIBIEIER) .

£, A SQLARM A SRR H], X B SChrmt X B A ARAR AT B 5 34T 17 281
AVG(value) GROUP BY KEY HJ#fE. BIREZF I EAIR S, ELRsERE, XA R &b L
L FANIR AR 22 28 [ — N tik (Pooling) 1T #E, &7E 5.3 WIE4HNGH. A XA A FEEA
e FH VR B 22 I 28 HEZE Tensorflow i WE? B2 2T UK, BMAAEEE o, R
XA J5 8 5| FE A A AH H Keras £1.2% Tensorflow, PATRIALHERT .

import tensorflow as tf

# X BLIRBUE 7 RE T 5 B R AN L

mat input = tf.placeholder(tf.float32)

# MRYE tensorflow XETHE, BIERATAH—N KD oX 9o, HEAESE (BKIHYR 9 WEHZ,
ESEiE DA

op = tf.nn.avg pool (value=mat input, ksize=[1,9,9,1], strides=[1,9,9,1],
padding="'SAME"'")

# IHEER

with tf.Session() as sess:

# WIEatk

sess.run(tf.global variables initializer())

# BEIEEH®AN [(N(humber, BFIF#(B), H(height. R &E), wlwidth, AR %E),
C (channel, BtIEIEZD 1 Bk, [EISER

# BT ER 4R R, £5H. BitalEm 4R m L

res = (sess.run(op, feed dict={mat input: img jizhiQR[np.newaxis,

1,1, np.newaxis]}))

EELSER (K 3-8 Fix) -

sns.distplot (res.ravel())

0.008

0.006

0.004

0.002

0.000
=100 o 160 200 300

& 3-8 BEELRE
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X B E B ] BEAE 130 A4, 0] LA kmeans B3R FIXANRE, RiGiHiT0ds, HE
BN 3-9 fias:

from sklearn.cluster import KMeans

kmeans = KMeans (n _clusters=2, random state=0) .fit (res.ravel () .reshape(-1,1))
min (res.ravel () [kmeans.labels ==1])
minVal = min(res.ravel() [kmeans.labels ==1])

print (minVal)
# 122.77778
plt.imshow (res[0,:,:,0] > 122.78, cmap="gray")

BRI, 45 RAIPA A https://jizhi.im.

B E, AT MAERE . g POAZIER R, AW AR T EPMER B 4680 % AT H,
HEA Logo. XFHIEAL T, MiZulfHEBRXEEF R ? /EHX Bigft—f AR, HOK iRz
Fr BE T B PR 2

def AvgPool (img input, num out):

mat input = tf.placeholder (tf.float32)

k size = int(img input.shape[0]/num out)+1

op = tf.nn.avg pool (value=mat input, ksize=[1],9,9,1], strides=[1l, 9,

9, 1], padding='SAME")

with tf.Session() as sess:
sess.run(tf.global variables initializer())
res = (sess.run(op, feed dict={mat input: img input[np.

newaxis, :, :,np.newaxis]}))

bigger label = 1
kmeans = KMeans (n clusters=2, random state=0) .fit (res.ravel().

reshape(-1,1))
if kmeans.cluster centers [0] > kmeans.cluster centers [1]:

bigger label = 0

threshold = min(res.ravel () [kmeans.labels ==bigger label])

return res[0,:,:,0] > threshold

of
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iX B AR 2 B TensorFlow $ATHAAHE, RJE X455 R 1H4T Kmeans 7038, IR BME, 2
ITRAEMEH. MR LR, HXESRRENESR, R TEHE. BTRE
RN R AT HE o T B AL B 5 O IR B, HES R WE 3-10 (WREGE 4 E A () , £#
W%V K logo (), JEHR/NEERL 25X 25 JEEATFE) Fios:

# BB, BGR H#A RGB
img jizhiQR = cv2.imread("./jizhi ginding.png")
img jizhiQR = img jizhiQR[:,:,::-1]

¥ XEUSHA®

img jizhiQR gray = cv2.cvtColor (img jizhiQR, cv2.COLOR RGBZGRAY)
np totalRow = np.arange(img jizhiQR.shape[0])

idx rowUsed = np totalRow[img jizhiQR gray.mean(0) != 2553]

idx colUsed = np totalRow[img jizhiQR gray.mean(1l) != 255]

img jizhiQR rmBlank = img jizhiQR[idx rowUsed,:,:][:,1idx colUsed, :]

# ARG EES, WFE T AR, BERECHENE R AR EFERER B 255

img jizhiQR new = np.zeros([img jizhiQR rmBlank.shape[0], img JjizhiQR
rmBlank.shape[1l]])

idx black = (img jizhiQR rmBlank[:,:,0]<10)* (img jizhiQR
rmBlank([:,:,1]<10)*(img jizhiQR rmBlank[:,:,2]<10)

img jizhiQR new[idx black] = 255

# FH tensorflow WMALEREL, H4ESK/MEZDR] 29X 29
np 25 counts tf = AvgPool (img jizhiQR new, 29)

fig = plt.figure (figsize=(15,5))
axl = fig.add subplot (131)
ax2 = fig.add subplot (132)
ax3 = fig.add subplot(133)

axl.imshow (img JjizhiQR)
axZ2.imshow (img jizhiQR new)

ax3.imshow (np 25 counts tf)
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o8




£ 3F REES—REGRWMNEERIIR

3.3 £ OpenCV “#xXE” —ETEntEiHiE R ASFHIE

3.2 1 T B A A R B A TR 4R Rt AT — R BI#ERME, B35 X Logo. FEREARRSS.
AR — R AT B AT — Ee b R R A, EEanFeA] 3.1.1 39 B U) A SRINUBUE BR,
fi Ay 2 A2 -

ball = img[280:340, 330:390]

A AFEIXANAPR? XA LR R RATAIRE BB, & ibit &AL E 3R 8X 4 2 BRI
BH? XEEM—FPET OpenCV 1] “ERK” .

B, B2 TREANLMELNYE, MaRNAITFRAER CGinE 3-11 FiR) -

plt.imshow (ball)
XAEREA LTI R

o AMRERANEL.

e HEAFE+REE.

e HmTAFWLE, BrFFREZE.

WX =AM R RATREWwh € B Bg, JUA PRI M.
N LANMRE AL

o FHAMIEA RN IRH HiE —Hough T, & 3-11 MWREREBUERXE

o A& + B EWHMANT TRIE K

o HAZETEFFTE.

AT L FKRER/NEL B Fr A T 60 X 60 =3600 MEER, HH RGB HI4 A ] . 3X B R 2R 2
i FH3 1) seaborn ff] pairplot iR #E A RGB =F B m e, HERmE 3-12 fix:

fig = plt.figure (figsize=(10,10))
ax = fig.add subplot (332)

for r in ball.reshape(-1, 3):
ax.plot(r[1l], r[O0], '.', c=(r[0]/255., r[l1l]1/255., r[2]/255.) )

ax = fig.add subplot (333)
for r in ball.reshape (-1, 3):
ax.plot(r[2], r[0], '.', c=(r[0]1/255., r[l]1/255., r[2]/255.) )

ax = fig.add subplot (336)
for r in ball.reshape (-1, 3):
ax.plot(r[2], r[l], '.', c=(r([0]1/255., r[l]/255., r[2]/255.) )

for i,color in enumerate(['Red', "Green", "Blue"]):
ax = fig.add subplot(3,3,i*3+i+1)
ax.text (5,5, color)

ax.plot (0,0)
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ax.plot(10,10)
ax.set xlim (0, 10)
ax.set ylim(0, 10)

ax.axis ("off")

& 3-12 & 3-11 &% E- RGB I HiENR

e A 51K Ba AR ERIEIH, Ml ekt EieE. BA1HE T REMK R
H— DA X 7 R BR S BBy, XEFERME /M INAES, HEEEmE 3-13 s

fig = plt.figure (figsize=(15, 5))

axl = fig.add subplot (131)

ax2 = fig.add subplot (132)

ax3 = fig.add subplot (133)

axl.imshow( (ball[:,:,0]1>200) )

ax2.imshow( (ballf[:,:,0]1>130)+(ball[:,:,01<50) )

ax3.imshow( (ballf[:,:,0]1>130)+(ball[:,:,0]<50)+(ball[:,:,11<120) )

0 o 0

10

20

& 3-13 EFHAEHNNBRAN XK E#H T _EH (BERJEKAIXE)
1, RIEEEMN, BINCLKFEER 7 —NREDE. F—222, KiX—HN]HE 3%
sk e, Hgs B 3-14 Fhios.
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fig = plt.figure (figsize=(12, 5))
axl = fig.add subplot (121)
ax2 = fig.add subplot (122)

imgl = ((img[:,:,0]1>130)+(img[:,:,01<50)+(img[:,:,11<120)) .astype (np.uint8)
axl.imshow (img)

ax2.imshow (imgl)

100

150 ; s ) =

U

150

200 200

e )

el

250 250

300 300

0 100 200 300 400 500 400

& 3-14 f£ AN XS EKE RO X BT —EN (RERRKNXE)D

FHIER] WL, X #Eak ] 34T B —{E A A BRIE 2 LU A B0, ZB/BRIX H I T RIEH
JEAR, A& )G, RxX B R E R SRR (HE X BAES AR, KFAKE
Hd e LEEUREL: B, BRPEMRAE>EF a6, TEERERE, HRK, Bl aF R 2 WA,
PREIE ) HEIREE A, X SAK, HSERANIH SIS R

AT AEE S R0 S, BRATIX BRI OpenCV ##4T7—4HE M (erode) FHFE (dilute)
T8, il 3-15 (FE 3-14 KGR EBEAT 2 BERRM, BT 8 BEWMEE, ®EHT 3 HGEN
RO AT Pros. BRMUL, 7RO E R RO XEE B2 RE, BRERERE. 3t
ITRMEBEAEE, WmKERK, BEXKEAEZ, BIAOLPEROXE “WBER” 5 RGHETHRBEERE,
IR HEAKIR 25, WA e AR i T ABOR 10 B 2 AU & CURT AR, T4 e A AL 1)
T AR /N ) 5 U] AN IRV 2R

kernel = cv2.getStructuringElement (cv2.MORPH RECT, (3, 3))

img e = cvZ2.erode(imgl, kernel, iterations=2)
img de = cv2Z2.dilate(img e, kernel, iterations=8)
img ede = cv2.erode(img de, kernel, iterations=3)

fig = plt.figure (figsize=(15, 5))

axl = fig.add subplot (131)

ax2 = fig.add subplot (132)

ax3 = fig.add subplot (133)
axl.imshow (img e)

ax2.imshow (img de)

ax3.1lmshow (img ede)

axl.set title(u"first erode 2 pixels")
ax2.set title(u"then dilate 8 pixels")
ax3.set title(u"finally erode 3 pixels")
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first erode 2 pixels _ then dilate 8 pixels finally erode 3 pixels

.

% 3-15 {210, AR

iR, MEREE, BTRREHErHaEEEE R, mRB/MISR SN <8582
WARAEE P . BN, NEAHA REREME ERBATFTERMNAIK. WEXRAEZ, HH
OpenCV W B A2 R A SRR A AR R YR, MBI HZak. RIE T 2R X 5K B A rid
e UK, RBUAZ R Rt 2k B A v SRR, BUR an 2R — 5K R A [ 2 e R e mi
et WEERN O, MEAARCXXAat, NarA— P EoE, MERE%. 3]
A LA Sobel 570 A% EUR KB [A] . YhIal i HBIEEEEE, RERKF IR, 2SR . Sobel
Hre—13X3 Mz, &XWh:

-1 0 +1
Sobel_kernel, = \—2 0 +2
-1 0 +1
-1 -2 -1
Sobel kernel, = 10 0 0
+1 +2 +1

THEIRED T

Sobel, = Image * Sobel_kernel,
Sobei}, = Image * Sobef_kernei},

Opencv-python BT MACHS AN T -

sobelx = cv2.Sobel (img ede*255, cv2.CV_64F, 1, 0)
sobely = cv2.Sobel (img ede*255, cv2.CV_64F, 0, 1)

img sob = np.sqrt (sobelx**2+sobely**2) .astype (np.uint8)
plt.imshow (img sob)

HE 1 3-16 s,

50
100
150
200 0
250 i r___l
——— " '-—-"_
e
300 | ! = - |__ Ir I |Il \
L. o L ] 3
-— I--=. T %.r—:l--.

0 100 200 300 400 200

% 3-16 XJ[& 3-15 F45 R Sobel EFHH Hh S/ B
62




£ 3F REES—REGRWMNEERIIR

W B2 B2 T RERIA%, K OpenCV 18 46 Ml & #——cv2.HoughCircle,
F Hough 25 £& B B w0 (1) R e AR B o), anfE 3-17 Fraw.
gray = img sob

# EHSH canny HTidiging
canny = cv2.Canny(gray, 200, 300)

# IR P ST ERERIE, TRBEE

gray = cv2.medianBlur (gray, 5)

# BJ5H HoughCircle BREUKINIE YA, XH

np hc = cv2.HoughCircles (gray, cv2.HOUGH GRADIENT, dp=1, minDist=60,
paraml=200,
param2=10,
minRadius=20,

maxRadius=30)

¥ RARER

fig = plt.figure ()

ax = fig.add subplot(111)

ax.imshow (img sob, "gray")

img tmp = np hc

for i in range(np hc.shape[l]):

img tmp = cvZ2.circle(img, (np hc[0,i,0],np hc[0,1,1]), np hc[0,1i,2],

(255, 0, 0), 8)

plt.imshow (img tmp)

100
150
200
250

300

0 100 200 300 400 500

& 3-17 IR AE 3-14 HEKFRERNE

SIEEAVNIRGE

(1) Hough ZZ#n] ATE R WA R B LA A TE, AR IREE SR R ARAR ZRoRER LB |
EHRAR, RFALLIHATEA . WL MN S ER H I B R gmilEks (Ll |
PAKC A PRI (R .

63




R SRR ERADTEN]

(2) BEFEMT, Hough Z#A]IEHZMHEKERE L, B E—CHHE B 1) gray = img
sob A] LL/& gray = img gray. IXHEZPTLAIREX 4, RHEAYESH S EEEIRZRUETERY
&, GRS RZTM, ARmEARMEZZSES REEENSR, EEATRA K. WRE
B TR R AE a4, #EiE R, MEEREE - EBRERERF G, WEAERAR
B B fa) &, B8 N5 (8 S E0HT TR R

W

4 ETREFENEEZEIRRTIE

3.3 T4 1A A E A BB LR IR E, ERB P IREERIM E. XM RELRE
b Bk R T A TRNEEATH), FERZS A

AR 9| 15 AR 1A) 493K
CALSA S MR R B
o BBAIEFTIEIR, BHEEHROBERIEE, BALKIRA.

e WL, ANLTENAESELRRN AR SR 2SBRSMHBEAR PSR, £XEFERLT, A
TAM PRI KITH$0. N 7RI R, BEAEE RGN T3, B
Plas AN RARE AN TN, X—FE (tao) BF (Qw) , S4KWTF:

(D #X2R—EA, LA, ETFERREAR RSB, THHEE XIS feE sy
ERIZE 4] o

(2) WIESFEARTA B SITE =20, RFeEiE A ERANLERF 2 70 Ra3 21T U Zk.

(3) R ZREF B o R4 N FHTESTHIE b .

BATFEMX— B, RAXMIEAZOBAEARLRERUCEBR —F—2%, HEAER
BEMA R E DB R TRE |, HXEA®, &ETHREFZE XN EER,
BERF —3K 1200 X800 X3 K/ F, ATHER R 1000 MR T, 5 BHAT BT

XA E R R E RGBS T oK, MmABER R DE —PNREW LR, JLT
KEBRERE M RAZ L F, BREEASREE, BEELERINGMAZIER: IR, BRI
A8 —RZ2BP—MREANEBRBRSABAERKRIERRE, ZEFKITTREERKR, ZIMITR
AEIIERZ M, BMELSE A EYE. IRE. 1538, RN RBNEXKE NS [FHE,
X A TR A, R T IX— AR,

AT FRT XA B R B — T ] B python-opencv AbFEEME, Xt E R dH TR, ARG
M E—F /Pl kT BER oK. BAMEAZE S (Udacity) HI BB GKFZALH]—
ANTHEIH — 80 WEE R RL, 8 T #5800 13 W] LA A 238 E M udacity.cn
PL K FF IR IE https://github.com/udacity/CarND-Vehicle-Detection 73 & 56 % N & .

r
Y
e X
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TAVEEA TR FWARER — MT E I FEAEE, X EEERE GTT P KITTI #i4E
£, WiE T EHULIEEFRE N, BAIT.

# FEREEESEMLE

# 65.4MB https://s3.amazonaws.com/udacity-sdc/Vehicle Tracking/
vehicles.zip
# 54.9MB https://s3.amazonaws.com/udacity-sdc/Vehicle Tracking/non-

vehicles.zip

# MEYEE

import pandas as pd

import seaborn as sns

import numpy as np

import matplotlib.pyplot as plt

import sys

import cv2

import scipy.stats as stats

from tgdm import tgdm

import os

from sklearn.metrics import confusion matrix, auc, roc auc score
import matplotlib.pyplot as plt

import sklearn

from skimage.feature import hog

import pandas as pd

import os

from tgdm import tgdm

from sklearn.model selection import train test split
from sklearn.svm import LinearSVC, SVC

from sklearn.preprocessing import StandardScaler
import time

from scipy.ndimage.measurements import label
import numpy as np

import functools

import pickle
1 samp = !l1s ./dataset/*vehicles/*/*

M ClassDict = {"non-vehicles" : 0, "vehicles"™ : 1}
pd SampClass = pd.DataFrame ({
"Sample" : 1 samp,
"Class" : list (map (lambda x: M ClassDict[x], list (map(lambda x:
x.split("/")[2], 1 samp))))
Y[ ['"Sample', 'Class']]
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pd SampClass train,pd SampClass cv = train test split(pd SampClass,
test size=0.33, random state=42)

pd SampClass train.head()

BHER:
Sample Class
6490 J/dataset/non-vehicles/GTI/image2279.png 0
2736 /dataset/non-vehicles/Extras/extra3857.png 0
15541 Jdataset/vehicles/KITTI extracted/4374.png 1
1068 J/dataset/non-vehicles/Extras/extra223.png 0
3660 J/dataset/non-vehicles/Extras/extra4821.png 0

fig = plt.figure (figsize=(12, €))
for 1 in range(5):
image = cv2.imread(pd SampClass train['Sample'].iloc[i])
image = image[:,:,::-1]
ax = fig.add subplot(1l,5,1i+1)
ax.imshow (image)

ax.set title(pd SampClass train['Class'].iloc[i])

HEEBIE 3-18 Fir.

0 0
0 0 0 -
20 0 0. G
40
@ .
1 | |
0 2 50 0 25 50

& 3-18 ImTHER

PATHIE S5 A A LT 7IZ AR AR vE B A Bl S R 2 — > 264%, BLIX A5 B
Frre e .

3.4.1 BEIREHXALEXEHHTES N XIEEREFIER 75 B

X B s 7 3z H 5 B B S (Histogram of Oriented Gradients, HOG) SREZILA .
X —HEA] Loy AL R 2P 3% (http://www.learnopencv.com/histogram-of-oriented-gradients/) :

e RBifVa—i (Tik) .

o HHBKF x ARy F e A
o REHE, IHHEHEAKE.

o UK X IRIAT)I — AL,
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o REF4XR, B—iKEAREHER— N —HGFIES T,
o RINAIHFIE, T IFE TR ATE W &K BT %K.

Bitn, W ELRE A& 3-19 Pros /942 BIE A HOG Sk N, [EIRUAERER. &'
56, HOG SIEHIGIR AR MR A S, ToRAE (HERERULLA T ARGERD) AR
AR E: Hk, BRKE x. y FRARE ETRERRA, XEEAHDR] T 32X32 MR X,
X R AT R 2 B 4R . HR, XRS5 TN ARNE, BRI UK TIHE LS,
B RS VR ER JT MM, BIZ R AAIR AR TR B A K20, RN 22177 7t LA
RN IXHR X Ik N R B L6 1) i AR A B

Input iImage Histogram of Onented Gradients

& 3-19 HOG & &L (B 2k 8 skimage FI'E 77 3XHS)

BE—B P s 5 3O, RIS

fd, hog image = hog(image, orientations=8, pixels per cell=(le, 16),

cells per block=(1l, 1), visualize=True)

XEAE =0 LLARI 2%, Bl orientations. pixels per cell A M cells per block. X =/
EH & SCTa] B U BA AR

o pixels_per cell 48 % V/MEEAEA —ANMAARITF, X/AMEAR S, b ke W&z,
FAHOG 945 Rt ASHLE

® orientation £ 45 K FNREFH A F @8 EH, wREZWOH, 2 E. T. £. &;
R INFY, KB L, LA, TA. TAOHF G,

e cells per block Z 35—/ ~MA&F1&F N F @484, wREZ+TFIXGHFL, NESF
ZRATT @A HATRIL, FTURTEHETF.

SR )5 A fE B matplotlib AT EF — T ARISHME R, Wk 3-20 A,
fig = plt.figure (figsize=(20, 10))

img = cv2.imread("./dataset/vehicles/GTI Far/image0000.png")
img gray = cv2.cvtColor(img, cv2.COLOR BGR2GRAY)

for il,pix per cell in enumerate([6,8,10]):

for 12,cell per block in enumerate([2Z,3]):
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for i3,orient in enumerate([6,8,9]):

features, hog image = hog(img gray, pixels per cell=(pix
per cell,pix per cell),

cells per block=(cell per block,cell per block),
orientations=orient, visualise=True, feature vector=False

)

ax = fig.add subplot(3,6,1il1*6+12*3+i3+1)

ax.imshow (hog image, 'gray')

ax.set title("Pix%d C%d Ori%d" % (pix per cell, cell per

block, orient))

Pix6_C2_Ori6 Pix6_C2 Orig . Pix6_C2_Orio ) Pix6_C3_Ori6 Fixé_C3 Orig Pix6_C3_Ori9

P cz Glie M ! ris cz s . ! ) : ! Pie c3 Bis ™ . ! ris c3 s ™

‘ prio 2 Brie @ c"" piin c2 Brin E:’ oo c2 e * O picio o3 Wne ¢ pin c3 Bria @ ! oo 3 g &

0 2 40 ] o 20 40 0 o 20 40 o 0 .4 40 60 o 20 40 o0 o 20 40 G0

& 3-20 EAAREN HOG ZHIMTRAR FBETENER

X B g g H cell_per block =2, BRINKEERFTHRZ R HM T AT R, RE
orientations = 9 XM ALHIFFIERBES E L, BERXBERTEIR. &5, pix per cell = 8 HifdK
IEEF AT AIRFFERITEAR, B 6 13 2| F Mgt 22, HY 10 W43 2] K pAg it /b .

3.4.2 ¥ HOG TRz BEBIESHAF

X B E R AR A S IR LS B — > class, ZRJG7EIX B 5| F class #3E47T 4H M B E1E,
BRI IEAFEAESNE R PR X 275 NIX L X 5 52 BB S X, resize 2 64X 64, 1%
HOG 18, #iiriFEFRES.

AR, P PRERAYAEZEIIATHNAAG, AT I oK AR, X B ERIE
FREA 3 — L V1B I ZR AN I 4K

# XEREFEREFENRE, AEZEHE. WEFEZR, XHEA]A4REE7RN

1l colorSpace = [cvZ2.COLOR BGR2GRAY]
1 names = ["GRAY"]
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1 len = [1]

def get hog features(img, orient, pix per cell=8, cell per block=2,

vis=False, feature vec=True):

if vis == True:
features, hog image = hog(img, orientations=orient, pixels per
cell=(pix per cell, pix per cell),
cells per block=(cell per block, cell per block), transform
sgrt=True,
visualise=vis, feature vector=feature vec

)

return features, hog Iimage

else:
features = hog(img, orientations=orient,
pixels per cell=(pix per cell, pix per cell),
cells per block=(cell per block, cell per block),
transform sqgrt=True,

visualise=vis, feature vector=feature vec

return features

def get features(img, pix per cell=8,cell per block=2,orient=39,
getImage=False, inputFile=True, feature vec=True):
1 imgLayers = []
for c¢s 1n 1 colorSpace:
if inputFile:
1 imgLayers.append(cvZ.cvtColor (cvZ2.imread (img), cs))
else:

1 imgLayers.append(cvZ.cvtColor (img, cs))

1 hog features = []
1 images = []
for feature image in 1 imglLayers:
hog features = []
n channel =1
if len(feature image.shape) > 2:
n channel = feature image.shapel[Z2]
for channel in range (n channel) :
featureImg = feature image
if n channel > 2:

featureImg = feature image[:, :,channel]

vout,img = get hog features (featurelmg,

orient, pix per cell, cell per block,
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vis=True, feature vec=feature vec)
if getImage:
1 images.append (img)
#print (featurelImg.shape, vout.shape)

hog features.append(vout)
1 hog features.append(list (hog features) )

if getImage:
return 1 images
else:

return functools.reduce (lambda x,y: X+y, 1 hog features)

# xR e pgRsE . AL RRERER, 1R Hoc H, FEFEER
if os.path.isfile("./X train.npy") == 0:
1 X train = []
1 X test = []
for r in tgdm(pd SampClass train.iterrows()):
1 X train.append (
np.array (get features(r[l]['Sample'])) .ravel ()

)

for r in tgdm(pd SampClass cv.iterrows()):
1 X test.append (

np.array(get features(r[l]['Sample'])) .ravel()

)

X train = np.array(l X train)

X test = np.array(l X test)

np.save("./X train.npy", X train)

np.save ("./X test.npy", X test)
else:

X train = np.load("./X train.npy")

X test = np.load("./X test.npy")
y train = pd SampClass train['Class'].values
y test = pd SampClass cv['Class'].values

3.4.3 JI|ZiEE
SRR BT TH 1925 BE B FFE AR I 25 . IR0 58— 25 2 T8 T SR AT v AL A B

X scalerM = StandardScaler()

X trainT = X scalerM.fit transform(X train)
X testT = X scalerM.transform(X test)
X trainTs,y trainTs = sklearn.utils.shuffie (X trainT, y train)
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A sklearn HSZFFRIEAN RS TINZR. gs)E, BHEREBIERAIRIN:

svc = SVC(random state=0, C=1)

t=time.time ()

svc.fit (X trainTs, y trainTs)

t2 = time.time ()

print (round(t2-t, 2), 'Seconds to train SVC...")
#51.54 Seconds to train SVC...

IZRTER. % TR, R HRIBIERERHEAERIRN.

3.4.4 FINZEFRY 7 Ke7iE HAEFRIE A

T 46 X 7 2098 B 548 F train test split(pd SampClass, test size=0.33, random state=42), 437l
X ¥ ZrE LR IGAESR . HAd, 66% HIEFE#HK 7 NIlZrEE, HT E—F A%,
XH, KRR 33% fE VSRS R IO R IR L. AR =R

print ('Test Accuracy of SVC = ', round(svc.score (X testT, y test), 4))
BATE R

# out:

Test Accuracy of SVC = 0.9869

98% HIrRUERIERANER . BETRIETMEAFT SR

n predict = 10
print ('"My SVC predicts: ', svc.predict(X testT[0:n predict]))

BATER:

# out:
My SVC predicts: [1 1 1 00 O0O01 1 1]

print ('For these',n predict, 'labels: ', y test[0:n predict])
BATE R

# out:
For these 10 labels: [1 1 1 0 0 0 0 1 1 1]

IERRET AR, SRERZ TR IET . H&J5F AUC {H:

pred = svc.predict (X testT)
print ("AUC for Merge dataset = %1.2f,\n" % (roc auc score(pred, y test)))

BITER:

# out:
AUC for Merge dataset = 0.99,
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print (confusion matrix(pred, y test))

BITER:
# out:
[[2929 55]
[ 22 2855]]

KRR Z Ol ey, RPHTERIRCE 2 AT 2 5%, R2—PEATHRER. 2TX
MERIRE R T, 3 AT CAZER B3R F, resize B 64X 64, FEH S AT LA TR .

wa, BEAFETFHNE. ARFEESTERS], BHVGFATET s REEE,
A DL =Fh i8R

o FHRMEZNKIL, ARFET. ERAKESLR, SFRAARTEHERAGKE.
TE, RAEMBFINER.

o ARG EGAIZEM, KB R ERAVEIAN B RO EATIE, RANEFIHNEE.

o MEREAZML, LIREF IR A HRIE R Y EATRAE, FAEE f FHRIGGHF/E
WL,

ARESTAHEH MR, BISRHUR BAFIE, e Plas¥ ) rRds, WFFFEML. X
AR AR A WA VI B =

(1) “F” — EEHREAEAANR, TEFIHRDEE. 2, RadERS, mEXEE
REHAGM A, HEAANRZZTEE.

(2) “BRAe” —HEMNZ2INR —ITREROE R, HEGE R EEARER . BME
BE, Plas B8 g “NR” Kk F, A BER X R 40 fa B9 B At T A 2L il 2k

KNBEE—T, A2aZSGHENIERESERR “F” , MERMAT? —MEEER
JRRIE, ASRIPLES IR Z AP EH & RE ), JCHEXT BRI, THEVL AT LB )
—MER, HERERE—BRZEHABE =1 1"A—EFE, TEIEREASHN K, PIFAKEE
fEEX—HAKKR, FreAFATE H opency skimage 8 A7 R A #E WERIA . XK
HIRBER R IREUE K, RERHEIHIE B G4 7 IR

RN AR TIREREMER L, FIERBGE 2 A 2B AF IR, iHEL
PR A] DA BB o A SR EGE IERIE . FARHER IR AFAE. T R/IMVKI, MHEASRIE
BALFEFAR, THENA “F” 7. ATENERBSHE /1, IRMHFWEERL 17, aTELERRMNELGE
1. RRFEEZIEARDSEMA LEEHERF L —MEEZRREE.
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3.5 & kXM TT ik

[1] Getting Started with ImagesY. Getting Started with Images — OpenCV-Python Tutorials 1
documentation. Available at: http://opencv-python-tutroals.readthedocs.1i0/en/latest/py tutorials/py gui/
py image display/py image display.html.

[2] Histogram of Oriented Gradients. Histogram of Oriented Gradients — skimage v0.14dev
docs. Available at: http://scikit-image.org/docs/dev/auto _examples/features detection/plot hog.html.

[ 3] Hough Circle Transform. Hough Circle Transform — OpenCV 2 4.13.3 documentation. Available at:
http://docs.opencv.org/2.4/doc/tutorials/imgproc/imgtrans/hough circle/hough circle.html.

4] Mallick, S. Home. Learn OpenCV (2016). Available at: http://www.learnopencv.com/
histogram-of-oriented-gradients/.

L5] Sobel Derivatives. Sobel Derivatives OpenCV 2.4.13.3 documentation. Available at: http://
docs.opencv.org/2.4/doc/tutorials/imgproc/imgtrans/sobel derivatives/sobel derivatives.html.

L 6] Udacity. udacity/CarND-Vehicle-Detection. GitHub (2017). Available at: https://github.
com/ udacity/CarND-Vehicle-Detection.

[7] tfestimator Quickstart | TensorFlow. TensorFlow. Available at: https://www.tensorflow.

org/ get started/estimator.
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BEETFR—E AR 2 P 24 HE SR

WA 2. 3 AR, EEX THla7 I U AR BRAHEEAR SN 28 7 REH T
e NABENEIIE, BATRES G HREZFZIMERINE, RENREZNBREF
A “HI D IRIE” HIZEAMESR, S5 48 ande] A ] O ACRE SE B —HE 2R

4.1 MZEEEYFRE

%2 BIRBMEGNAEF I FIAR, BRE| TR IR R

(1) FEFWIEEN—H o, TPl EN 0, HREPR EAHEEEIXFE.

(2) g, ZHREHREE, MAFIEx, HHE oTx, FRAIMMER .
(3) HHEEFHINGES ZEBIHEE R v LR vy KIZEH.

(4) RIFEL—PHENEH 0.

(5) EH (2) ~ (4) #HFIK (iterations) .

XANHER, AT A fa] B O HE 2R RO -




F4E HKAFR—ERRERZREAESR

BMAE 4 DR [P W=

Input
(x)
0y

HE, EE2ZPMREG, ATEE, BXEAOxBABRET [x 1], T —N4EE, W
NN o, bELAEFHRT — MR o,
H R E a7 AR T AN LR

o MAIA. ATE LT kKRR T HEF_FHFF|FTNLRGEEL (MSELS vy ki fp
W, RE=ZF)
o MEIEAE, MEETHIFIARERTHEEFOT P EHE X o, bojidife,

XERRIRERR M 2 J5, BAVE —MEEE, B REA BB IXAMESIN R T, AN 38 piX i
BIANE iZ48E]IAE b=

)

i
iiT

¥)
BAE Z4E 0] ] Z a0 eEEL BHE

Input
(x)
BN BN BN N
)

Input
(x)

B XA
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RS SRR EMRANIEAN]

SR, PR A] A4k S B3, it #rRUAEZE . iX B, DA E PR 1 3848 B R “ FFBR” “ B
B” e Ko, “FFE” BARMRERT, BIATLIIZGZ N EEEIAER, M EEn—
ANMNEFEARTI — SR, REZMEBICEEE, i 70% FERAE S X MEARE T EA
TR, MIXAEE R T RIX A L. X BB EH &K B | BRI KA (Ensemble) 7772,
HIEE Z 550Kt ITAH S, BR— D Rdas. WAESR 9. 10 FB5E F B R @l SRS
ik T EIMEE., IHITEZRNES, A 2080 PAgk2e R f S (Hlas53) —
PERAN T . “BRE” BXAWINKE — SR ERIERE, 48miEid B8 R R sL
B—rREERIWPIFRT T X BB EET K BRI A ML F I, I HBEEMNRIREZR S RT,
A h = i 3R iE +sigmoid BUHEREL, #BAGGE AL +relu BUHEREL, Bt —P5EE [ HEl
KARIRE 7 BIER 2 A .

A F P — T FH R R RSk S I “ BB BARTEEERE. RATEREFEE, TiIRE
T Z AZ e [ B B

(D) FEVYIEEH—H o, RPN 0, JHREhR EAHETEIXFE.

(2) Mg, ZHREIHREFEMARE x, 8 oTx, H{RITMMER J.

(3) THHEEEVIZGEFEHE RIS R v LR y BIZET

(4) RHE E—PHIZEMNEF o

(5) X (2) ~ (4) HFIK (terations) .

RXEBEE B, BWUPAESs). HPEZDEELN T —EHE, BT, FROH L
R WP, EABHZHETF? il —HEF A LEHERI KRB NSHEFH, REFRU
—/MBPBIFI R, REXNE, EHT . MEBRRZHET, EA 5 RIKRE K R EOT X L
HrrFH? R, IERRZ 7R, BRAFHESECURESNE, BZILE, XNi%
EATp?

HFAE—E, XNMESHEERIFIETAETE. B - M2 <y HET
— R EEERRA, EE N 20t S E RS SR EAN LM aMgimA . TRHE
ERAHX—IEmMERL, MR TUESIKRERHESE? OK, LA TensorFlow KK — &
IR B 5 S HE SR TE AR X — R BR A= 1

4y

4.2 REFEIHES

LV FERKPIFEREFZIEREEMF 27 5N, TensorFlow 5 5% 2 ik. [A] B Caffe.
PyTorch. MXNet, CNTK It £ . XEERBZIHAMNE, HEBEF —LLESFME, 7
Gokula Krishnan Santhanam &5, KEIRE 2% SIHESRERE & DL A MO A

(1) & (Tensor) HIEIELH.
(2) ETKERSMERIE.

S
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(3) i+HKE (Computation Graph) .
(4) Hzhisr (Automatic Differentiation) 1.E..
(5) BLAS. cuBLAS. cuDNN 3R /B,

Horp, 5KE (Tensor) W] UIHEMNAEE4EE A — i —4EFAPARIEME (Vector)
“HERIBARMEREE (Matrix) , XEFHETEKE. A TKE, A NNPIERENE, WHGEITH
FIRME . FKERUFE RS, SHBRSELELHHES TEHRETER M IEEHE.

BN RER/NM AR T HEBREEM B PER . BARRUATELINESN KT, R
Je FH B3¢ a1 B ) 5 VA SE X PR B 47 o

4.3 ETREEBEANBIIKS

i W TensorFlow IXFERIRE FAMEZRFIANTT, W EH RKRERJUTRE. JLa8 AT TIXFER
YRk, AT DAPOE SC I T B B iR ) R AT LS. ISR ARVE N T R TensorFlow KI5 JRFE, WAJAE
AR ARG FE T . IXBEREHER —IRX 7.

wmENRZSERNHERF)IZGE, Z2 o 2VVIGENE . AEIIGIAERIR —8, 347
FRHE., NGEEHEMEE, MEFHIEZSEEFEHEZE. JISGEE ) EER L
S8 —HigETE, FEERPEE. XMMEELPREE, MARIEEE IE RERE,
AR, SRR TS LR R E R FE R IR ERIR, EHEZE. TR EZIR, {7350
HZH . XEPER|—EE, MAEMBIXAZE, WARIEIER . RFE#HFERET LLIEBIZEIT?

EREERE, IWMERTEEASEEAEBRSIE. EM&#FE—E—E&EHTLL T,
E—EMNBHIERIEANT —ERRA . RIAAEFHEEIE A AR SIENMNEERT, AWkt
RED MR E—NSHRIk B, RMNZE—ADRBERE] TR IX B SCHIE [A] . R [)4% 5.

HAEEREE. AERSle=(a+b)(b+1), Ha=2. b=1 i, #HITIEMIEHE, HLm
e/hFRIE, BIRa=2, b=l A, e=(a+b)(b+1) =3 X2=6. REMERHILIEHIGT—LE
1, BATE BT XN T EHEEH R FENG#HITRF.

HEKRBSFHTRRES RO, AR ANERREHIT KRR MR ERNE
. HSLEN A IEB—e /7T Bk 5. 1985 4F Rumelhart. Hinton Al Williams &
H R EEE, R T EE U ENCKFENEE ¥ ERREE K FRHESR.

I AL GBI AP D

BB RHATIERTE, HERXEFNMINER, e ITHE P, #HTFENZPESIE
BRSEHTIEFE. E 41 Frs, it c=a+ bIRHE, BT EiTEHc=1+2=3,
EHERI LR L., M E R SIS R KR SRR, KPR E 5 b G5
SRR, Kb, ERBSE 3 MBATe = c x d MTHE, RIMILR = Bl 254
TRERABITTE,
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REF SR AREBRNEN]

o RRFBEE TR BAFHR AR, MIER — P RRFAKFEN, EXH
e = (a+b)(b+ 1)HIHE FREXFFH:

de _ dedc
da  dcda

de Odedc dedd

__+__

b _ dcdb ' adob

@ e X e KT, @ e xfd RS,
de/dc=d =2 de/dd=c=3

D il ¥ c=a+b
c=23

@ il5 d=Db+1
d=2

@ c %} a R, @cﬁhi%i) @dﬁhﬁ%,)
de/db=1 dd/db=1

E 41 REMEFEEFEF—PTE—HREITESE (BB http://colah.github.io/posts/2015-08-Backprop/)

T T B ARt o A B, SRHIPI A AR AT LR oo oSBT, XA 7ES—
SRR C LM MR T, AIFRACEE A, 7K BB A b5 e I Rt T

PAT o BEANFEWE 4-2 Fis.

(@ RIEEREE (@ IR ERSE

de/dc = 2 de/dd = 3

(@ REEREE ( *EEIEIEJEE) (@ RIS
dc/da =1 dc/db =1 dec/db = 1

Y Y

® de /da = ® de /db =
. _ (de/dc)*(dc/db) +
(de/da(de/da) = 2 (de/dd)*(dd/db) = 5

& 4-2 REMEBEE _PIHTE—ITEE—PHHE (24 B http://colah.github.io/posts/2015-08-Backprop/)
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BAIE R WA H T ENEF RRZXAN R K SEAT LURE S Mt J 7R Ik, 3fRiA.
ZREFHRES) RPN R, PN REWATE, —MZIER ), BIRERAS 2R,
KFIA 1+1 J5Hd 2 n—MIUERFAE, CRHMEFHE, MHYEMMAERN 2. REHK
TS Fh LR R U AR I AN XS R, ELan ik 8 E /Y 1E Rt RS A\ KPP ECF A e . =[] i 2
IR A 7 — AN RE; IEAERER IE MR PR DA AEIN . IRIA) R (B E 1.

% TR, UL Torch #E SR B PRI N BIR AERE— T ] BARSEHL. 5125 Torch HIFI¥, &K N
Torch FIACAE LA S5/ LB a1 B, TensorFlow HITE L Torch EEBGTAL, 1H 425K 4H 0 B8 N &2 %%,
B 2L A AT A i A 2 & (http://www.cnblogs.com/ya062995/p/5773018 html) .

FATE Torch nn FERF)JRIY (https://github.com/torch/nn/blob/master/) . nn FREHLEFE | #Z&
2% (neural network, nn) K& MG, WIHEHFEMET. B, sigmoid BRESE. FRANTAKIILF
XMEEH S FHITA lua XXCAEA X PR EREL

# lua
function xxx:updateOutput (input)
input.THNN.xxx updateOutput (
input:cdata(),
self.output:cdata ()
)
return self.output

end

function xxx:updateGradInput (input, gradOutput)
input.THNN.xxxX updateGradInput (
input:cdata(),
gradOutput:cdata (),
self.gradInput:cdata (),
self.output:cdata()

)
return self.gradInput

end

XEHSEMAATHE VA TTERIEN, A ERAEIIEE. BRAATIRERIACHSTE /1ib/THNN/
generic H 3 (https:/github.com/torch/nn/tree/master/lib/THNN/generic) i C i 5 5LH, HAKLL
Sigmoid R ECHH .

HAENIE Sigmoid EREHITE XS

s(x) =
(x) 1+e™

(MERSIY b SryeE

// c
void THNN (Sigmoid updateOutput) ( THNNState
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RS SRR EMRANIEAN]

*state, THTensor
*input, THTensor

*output)

THTensor (resizeAs) (output, input);:;
TH TENSOR APPLYZ (real, output, real, input,
*output data = 1./(1.+ exp(- *input data));
) i
}

Sigmoid ERECR F ARk
s'(x) =s(x)(1—s(x))
FrbA, X B 7E SEE Y B A2 -

// c

void THNN (Sigmoid updateGradInput) (
THNNState *state,
THTensor *input,
THTensor *gradOutput,
THTensor *gradInput,
THTensor *output)

THNN CHECK NELEMENT (i1nput, gradOutput);
THTensor (resizeAs) (gradInput, output);
TH TENSOR APPLY3(real, gradInput, real, gradOutput, real, output,
real z = * output data;
*gradInput data = *gradOutput data * (1. - z) * z;
) i
}

7 &, 7E updateOutput Bf 2L ', output data 7F 5§ 5 /£ ill, input data 7 5§ 5 4 4 1E
updateGradInput B8 % #', gradInput data 7 5 5 A 141, gradOutput data £ 55 5 4 4. X H,
output = f(input) Xf M. & 1E 4% #E; input = foutput) X N /& [ [A] 1% 4% .

4.4 T8 B AR EFRE P LZAESR IR

AR R U] LB — > 2K1L TensorFlow HITHEHMESR, Wi Ui n] Apkid X —# 0. HREEH
PRACHIAESE, WRIMAHESR o = — S R A BRT, —E RS SEIaE Tl 2 B8 LR EE . Ik,
X EAE M _ER)— /D YRHESE Miniflow /46Y  (https:/github.com/BillZito/miniflow) = )% C»
PN 2255 SR T BLAR AR AN A SE IR FE AR 2 I 2 HE SR, AT SUESE 2 EH IS BIeBdE L2 B E 0 H
ERAIG . ZASNRUTHIRTE [F AR B Pk 350
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F—TRFE, FEEMERN ST B A RAZ LA, Miniflow BIFEFFEE£E 1 A X 15 B
NIt EEF BES 7T Hal g, Wk 4-1 Fias.

=4-1 ARCAHRSEIM G

D KM E
5k & (Tensor) 5 Fnumpy £
HT R ER & MERE {8 Fdnumpy
BLAS. cuBLAS. cuDNNZ:4f JE £, {& Bhnumpy £ IBLAS, A#EFHGPU
5 K& (Computation Graph) ARS8 i Kahn 5% SE R
Hzlfsr (Automatic Differentiation) T..H ARG E T 55 2ok S ) s2 R
BT RAJER 73R H Miniflow HESRFE BIX AR B — N4 PN 45 -
BAE A= EUS Sk 1Z4E[0] )R EN ] =
II;S" — 14 Linear <= Sigmoid <— Linear <> Sigmoid <—» MSE
t 1 T
Y f f 1
Var Var Var Var Input
(wl1_0) (b1_0) (W2_0) (b2_0) )

B AR 2 FIZHE R A B AL R A B .

4.4.1 BREHERS

H G — N Node, AJFHT NSRRI Input Linear Sigmoid SRR, X Hiz
H 1 &1 2. /) Python Class 4k

Node

: : ' :

Input Linear Sigmoid MSE

HAME, B85 1 Node 3K, XAHKFA forward backward BiF 7%, HEZXPMITIET
TEAT. TA1ET Node KL Input Linear IXLEFIRE], FFENWF forward A backward PIF 77
EETT MRS A ES .

import numpy as np

import matplotlib.pyplot as plt

Smatplotlib inline
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# python
class Node (object) :
def 1init (self, inbound nodes=[]):
self.inbound nodes = 1nbound nodes
self.value = None
self.outbound nodes = []

self.gradients = {}

for node 1in inbound_nodes:

node.outbound nodes.append (self)

def forward(self) :

raise NotImplementedError

def backward(self) :

raise NotImplementedError

class Input (Node) :
def init (self):
Node. 1init (self)

def forward(self) :

pass

def backward(self) :
self.gradients = {self: 0}
for n in self.outbound nodes:

self.gradients[self] += n.gradients|[self]

class Linear (Node) :
def 1init (self, X, W, Db):
Node. 1init (self, [X, W, Db])

def forward(self) :

X = self.inbound nodes[0] .value
W = self.inbound nodes[l].value
b = self.inbound nodes[2] .value

self.value = np.dot (X, W) + b

def backward(self) :
self.gradients = {n: np.zeros like(n.value) for n in self.
inbound nodes}
for n in self.outbound nodes:
grad cost = n.gradients[self]
self.gradients[self.inbound nodes[0]] += np.dot (grad cost,

self.inbound nodes[1l].value.T)
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self.gradients[self.inbound nodes[1l]] += np.dot (self.

inbound nodes[0] .value.T, grad cost)

self.gradients[self.inbound nodes[2]] += np.sum(grad cost,

axis=0, keepdims=False)

class Sigmoid (Node) :
def init (self, node):

Node. 1init (self, [node])

def sigmoid(self, Xx):
return 1. / (1. + np.exp(—-x))

def forward(self) :
input value = self.inbound nodes[0] .value

self.value = self. sigmoid(input wvalue)

def backward(self) :

self.gradients = {n: np.zeros like(n.value) for n in self.

inbound nodes}
for n in self.outbound nodes:
grad cost = n.gradients[self]
sigmoid = self.value

self.gradients[self.inbound nodes[0]] += sigmoid * (1 -

sigmoid) * grad cost

class MSE (Node) :
def init (self, y, a):
Node. 1init (self, [y, al)

def forward(self) :

y = self.inbound nodes[0].value.reshape (-1, 1)
a = self.inbound nodes[l].value.reshape (-1, 1)
self.m = self.inbound nodes[0].value.shape[0]

self.diff = v — a

self.value = np.mean (self.diff**2)

def backward(self) :

self.gradients[self.inbound nodes[0]] = (2 / self.m) * self.diff
self.gradients[self.inbound nodes[1l]] = (-2 / self.m) * self.diff

442 HEEZRS

BT GHE R, XEE GHERE, BEMBIFA, WERTEEPEA AP HER
TR B3, HVORK Y SR B R SR A 4 BB BT . e ATROBI Fop, B
P e BEESEAE (arb) BUR (b+1) HOGEEARIEHSR, LLRXEesE B4 FI KB 7.
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Z Ut — %, TensorFlow ] J#&SE, X CIEFRIFHLBABHIZENZERE 7, X8
H SR K4 5 Makefile, A [EH)Z @it Makefile & X T FRRFZ A PIMHEKB LR, FHixE
MFREFZAEl, TETHENTEFRERKBREEF R E. Lhr EHIEA RIRE ¥
HEZEER R IX AR, Torch FIPAT L E B 2 31& K, TensorFlow 2 T # A& K, X5 TensorFlow K
YEF Jeff Dean F5iH % 1 R EEH 1R KHIK R,

PATIX BAE 8 S B S AN 2 18 B 1 S0 B 48 Kahn HEAE N RE A, BLed
%¢ TensorFlow B & MER AR —E RILHE, BNMEBAEAN—T1 R, BR8] A B AK
RKEAENERIL, WE 4-3 Fras.

(B RF2KIJE: http://www.geeksforgeeks.org/topological-sorting/)
4-3 TREER ST L2 EFE—ENKBURF

EHEEES, JIMESRIFEEE KB SR, MM ETTEEE 1, S5 s 3
BRIk 4, TETCHEEIR 3, BLTHREEZAIZNF e 5. 2; X B A] PM$E A Kahn HiEE N
FERVE TR topological sort FRZED , MitHEEHH#HEF HEML 5->2->3->4->1 BITHEIRF .

# python
def topological sort(feed dict):
input nodes = [n for n in feed dict.keys()]
G = {}
nodes = [n for n in input nodes]
while len(nodes) > 0:
n = nodes.pop(0)
if n not in G:
G[n] = {'"in": set (), 'out': set ()}
for m in n.outbound nodes:
if m not in G:
G[m] = {'"in": set (), 'out': set ()}
G[n]['out'] .add (m)
G[m] ["in"] .add (n)

nodes.append (m)
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S = set (input nodes)
while len(S) > 0:
n = S.pop ()
if isinstance(n, Input):

n.value = feed dict[n]

L.append (n)
for m in n.outbound nodes:
G[n]['out'] .remove (m)
Gm]['"1in'] .remove (n)
if len(G[m]['in']) == O:
S.add (m)

return L

443 FERRBE

72 56 B BB A R PAT IR B BT N Ja, BAITF i@ AR it A7 IE R L &)
RF:
def forward and backward (graph) :

for n in graph:

n.forward ()

for n in graph[::-1]:

n.pbackward ()

B 56, HERE XA RRAT I -

graph = topological sort (feed dict)
HAIR, X AAEBRNTIRIAAT 1E RTHR = ) K=
forward and backward (graph)

e, RIS — TRENLEEEE T . FELELRE T BRF7E S 7 SR g, X BRI,
L E T . KB BAER, 7658 2 Boh FEORFTA 150 MREAKEIR, II4EHE EHHA,
EEHTRSBEASERUAZAR, EHz8e , REZREERZXNIRE. XEFHLAEHRE
PUBRE T FE TR LA B EE iR AS, TR 150 DA RIS T, ARITEEAR
KillZSELo

def sgd update (trainables, learning rate=le-2):

for £t in trainables:

t.value = t.value - learning rate * t.gradients[t]

B REAZIMER . A 2 TSR ETEE:
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from sklearn.utils import resample

from sklearn import datasets

Smatplotlib inline

data = datasets.load iris()

X = data.data

y = data.target

y [y ==2] = 1 # 0 for virginica, 1 for not virginica

print (X .shape, y .shape)
BATER:

# out:
(150,4), (150,)

PATRIERT IR B “ SR BOZ R T BRI, S RBEROR E SOXA 2 P 25 -

BAE 1Z45[E]JeRE] 23 EUR P 31 Ch =
I'g)“' — !+ Linear <> Sigmoid <— Linear <> Sigmoid <—{> MSE
t t T
Y Y 1 1
Var Var Var var Input
(W1.0) (b1 0) (v2_0) (b2_0) ®)
np.random. seed (0)
n features = X .shapel[l]

n_class = 1

n hidden = 3

X, y = Input(), Input/()
Wl, bl = Input(), Input()
W2, b2 = Input(), Input/()

11l = Linear (X, W1, bl)
sl = Sigmoid(11)

12 = Linear(sl, W2, bZ2)
tl = Sigmoid(12)

cost = MSE(y, tl)

4.4.4 J)IZIRE
BT RYBE S EAE, & LGS HEAT YIS
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# FEHVIGRICZBUE

Wl 0 = np.random.random(X .shape[l]*n hidden) .reshape([X .shapel[l], n_
hidden])

W2 0 = np.random.random(n hidden*n class) .reshape([n hidden, n class])
bl 0 = np.random.random(n hidden)
b2 0 = np.random.random(n class)

+ BRAETAET

feed dict = {
X: X Vi V »
Wl: Wl 0, bl: bl O,
W2: W2 0, b2: b2 0O

}

+ NEHESH

# XHBlZx 100 ¥ (eprochs) , &M 4 MEAER (batch_size) g5 150/4 K (steps_
per_eproch) , FAFE 0.1

epochs = 100

m = X .shape[0]

batch size = 4

steps per epoch = m // batch size

lr = 0.1

graph = topological sort (feed dict)
trainables = [Wl, bl, W2, b2]

1 Mat Wl = [W1l O]
1 Mat W2 = [W2 0]
1 loss = []

for i in range (epochs) :
loss = 0
for j in range (steps per epoch):
X batch, y batch = resample(X , y , n samples=batch size)
X.value = X batch

y.value = y batch

forward and backward (graph)
sgd update (trainables, 1r)

loss += graph[-1].value

1l loss.append(loss)
if 1 $ 10 == 9:
print ("Eproch %d, Loss = %1.5f" % (i, loss))
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BATE R

# out:

Eproch 9, Loss = 7.76529
Eproch 19, Loss = 8.26954
Eproch 29, Loss = 7.45415

Eproch 79, Loss = 7.32178
Eproch 89, Loss = 3.70127
Eproch 99, Loss = 1.19249

BRI Loss R ZEBE LR/, BBABR 0 3 45 R -5 B2 G R R Z AR ZR B D> . AT R
o — N EARTEOL, W 4-4 FioR.

plt.plot(l loss)

plt.title("Cross Entropy value")

plt.xlabel ("Eproch")
plt.xlabel ("Loss")

Cross Entropy value

-
=
-
-
=

Loss

& 4-4 HRETMNERSEELBENRE (yHD) BENGRRE ) SBINZEHREY )

fix Jr AR T B s (R 1 L, B 4-5 s

X.value = X

y.value = y

for n in graph:

n.forward ()

plt.plot (graph[-2].value.ravel())
plt.title("Predict for all 150 Iris data")
plt.xlabel ("Sample ID")

plt.ylabel ("Probability for not a virginica")
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Predict for all 150 Ins data
0.9 4

0.7 1

0.6 1
0.5 1
0.4 1

1 At

0.2 1

Probability for not a virginica

0 0 40 6 80 100 120 140
Sample ID

& 4-5 150 MEEWHAR (xH) EEE virginica 473845 R E

9217 556 2 FRBIMEER, S 100 MEARAL virginica FIBERIR S, 5LPRTEAHRT .

4.5 Sk M 7T HETE

[ 1] BillZito. BillZito/miniflow. GitHub (2017). Available at: https://github.com/BillZito/
miniflow.

[2] Calculus on Computational Graphs: Backpropagation. Calculus on Computational Graphs:
Backpropagation -- colah” s blog. Available at: http://colah.github.io/posts/2015-08-Backprop/.

[3] Rumelhart, D. E., Hinton, G. E. &amp; Williams, R. J. Learning representations by back-
propagating errors. Nature News (1986). Available at: http://www.nature.com/nature/journal/v323/
n6088/abs/323533a0.html?foxtrotcallback=true.

[4] Santhanam, G. K. The Anatomy of Deep Learning Frameworks — Gokula Krishnan
Santhanam — Medium. Medium (2017). Available at: https://medium.com/@gokul uf/the-anatomy-of-
deep-learning-frameworks-46e2a7af5e47.

[ 5] Topological Sorting. GeeksforGeeks (2017). Available at: http://www.geeksforgeeks.org/
topological-sorting/.

[6] yj0306. [tensorflow JEAG 74T ] Conv2d BARIZE (AiMTHE, KREFEETHE) .yj0306.
% 7 . Available at: http://www.cnblogs.com/ya062995/p/5773018.html.

[7] &S HLEE2 M. JER: R RSE AR, 2016.
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HESI A & —— R E 22 P 2R HE SR Y
RE T

MATEFIGE, BT IE N8 W a] {58 A R B 5 S HE SR OREAT F R R AL BE .

HEE— PR LRERANE. IAES 2 FAA TISEFIN —EZARE, SRluas
HIXl oy ZERII2dE. SRR RIS UL R W PRI S B e PE . 2RJE 50 3 Jrd T R AL
HRZEARTTER, SHETHE. 2TRSHFEARE, & TFRE—DNAWNFEERIEFESTT
IRAEHEIX LR, 5, 5B 4 TR 2 mREEEA 5| B H R IR B, KL
1 T B A 22 RN 28 BT



£5F HIAS

INE M EAESRAIRE T

NS5 ( BrEghE
(8B2E) \ ($£3=3.1-3.37)
v AR5
RS RISIELS (F3T347)
(%4E)
B> Pt
(3B6%)
%ﬁm&m A BB
g (5E5%)
HRAREEH
(%7%)

BATAT AHE— D HUR IR FE ML MGHESR, SaR AR EBARE, FIHREZEMEMEE, X
BT R pEIFAE . FEXANTRESF, WAV LCR B M RE R — =B

o WEHAZRHL—IITHBBAENEEATZE N L%
o AMATUIFRZXMMNLER —AE AN ZH LN IPZE W& LEH
o V%A N IZE A ——RNERIH AL

WAIFESE 4 F ¥4 T Input Linear Sigmoid MSE JUANofE, AEEH —/NFHERMHEMLL, T
L Re R b — AR R 283 — D A IR E A NG e ? AR TT LA, AT REE LR
T, RIEHIBERCAERFINLE .. X4 PUORBRRE N :

e WRE

»  Dense

» Activation

»  Dropout

»  Flatten
o BRE

» Conv2D

»  Cropping2D

»  ZeroPadding2D
o MALE

»  MaxPooling2D

»  AveragePooling2D

»  GlobalAveragePooling2D
e ENALE

» BatchNormalization
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RS SRR EMRANTEAN]

o R AEAE (Keras P EAREHS)
»  UpSampling2D

> BRE

»  SimpleRNN
» LSTM

» GRU

fEmmiE— T, XEE5Za—F, #ENERE 7 ERERE. REEHERFER. TINZ
B RAEHEGF AR ERfA#HRLE, 2 THSBWRALERSBEFER, HMANECLE
F51E TensorFlow HIHESR ot MR, FTRLE#EEH

=58, A B ZHEY, BAT] PLZ Keras X4 http://keras-cn.readthedocs.io/en/latest/ HHZ 7] .
FATIX B e — Lo R T R BRI

51 BRE

5.1.1 Dense

2 %RE (Dense) #iE% 4 HHIIRFM Linear 2, Bly= ox+b, iHHEPELLEINE. H
TREPEVARIRF L, RATAT LAE N ek 8 E, EErARMA S U L A, B aR 2 i
ZE

5.1.2 Activation

G R (Activation) 7ESE 4 B EIFEH I, B sigmoid . X8R, BIGEEAILH sigmoid
X—Ma, A thanh, ReLU. softplus, I 5-1 Fix.

— sigmoid
—thanh : :

= RelU |

= goftplus

5-1 BENMBUEERE (B FKIE: http://m.blog.csdn.net/article/details?id=52890463)
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Ho, ReLU EA[Re2iREF N AR EER —MEBUKRE, 7£ 2011 FHIXERDE. HA
AT WL, fHEE T EHARY thanh 5 sigmoid BRZY, ReLU AW I EERFFA: H—EBAEBR/MNEE—
NTFIR 0, HEBKE ReLU REIXAHUE LIR; K /& RelLU E7E 0 &b A7, B— L
BRI,

x,x >0
0,x<0

relu(x) = {i

By =x+ (x> ORMERS, HERR:
drelu(x)  (y=1,x>0
ox {y =0,x<0
REAGEEEE LR, KSEXTENSHEE, HUEZRBERE, EREME
Zrp, RXR—ANIEF EERN A — ssigmoid BUK E K S BIERE HI L XER =M 2 #1T 0 /Y,
RAETERM [-5, 5] XA =B —PMBANE, ZlaSIRZ EHEeMBEfiERERN, 1E
S@MMEﬁU#¢m$%ﬁ,%ﬁﬁ%%ﬁﬁ%%nﬁm%ﬁﬁRdUE:%Am%ﬁﬁﬁi
T OHPRE T EZERERMANRE, ZFRENHERATUELSZPH/IRE, NNLRLZE
FRZE N HR iR 22 R JZ 7] THUZ B 2055

2.1.3 Dropout

Ki& (Dropout) J& (WK 5-2) fRHIRIEIIZGEES, BIXKEHZHE G BEILEF—E
HH (rate) HIAMARZIC. XS 2 FEHRBIFIENMCHE S F— IENMC =S a
ZHILA— N REL KA EIRR R N T @R R RE0d &, RS LRI EE . SUEAR =8/
101X B4 A Dropout FEFLT A IERR, #MEFT 2RI 7 SERIEE, XM UHTPEE S .

(a) Standard Neural Net (b) After applying dropout

(E R 2kI&: Dropout: A Simple Way to Prevent Neural Networks from Overfitting)
5-2 KAENEAXRE
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5.1.4 Flatten

JETFE (Flatten) f5HI 28 S4EH)9kE (Tensor, W —4ERISEFE. =48/ 3D $EPEEE) ARk
— P —4E5KE ([A|E) . Flatten BB N TERREMEMERGIRET 7 U A EEZET T .

5.2 EHE

WRAES 2 ERIEE 2R

EZ IV ar 7 TRE, REFFUHAGTHET], TREXFEIA, tF FEVL A L PERFE LT —
TEF, HELE—RE, [AAH=12T s EFIE, I FZVRBETHEGHINTE UK
TR — 2 RTHI R o

EHEHRERNEHR, MiedaABEZ MR & —PRIUFME, Bttt —PES.
X— “REMHIIGR R A EAMHIIE X TUBAS” BRI A, £ GREF ) il —f L
PR5&HI SIS

5.2.1 Conv2D

X H P 2D KR 2 M NFIRZE — N A G LM E R EER . e — 4
W T HER#:

0 1 0
1 0 1
R — A HERE %
1 1 1 0 0
0 1 1 1 0
0 0 1 1 1
0 0 1 1 0
0 1 1 0 0

WMREXERHFZKA L, AEwmaaXE, WEET O RERITHE, HP%E 1. 2. 3.9
REREBRIERERE () RERINEGER Ch) WA 5-3 Fras.
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£55 HIAT

]'hl ]'llﬂl ]il 0 0 1 ]&1 ]!ﬂl 03(1 U
0 /1/1[1|0| |4 ol1j1/1]0] |4]3
I EE 0lof1]1]1
olof11]o0 olof1]1]0
O(1(1(0|0 0(1(1(0]|0
Convolved Convolved
Image Feature Image Feature
1(1/1/0]0, 1|{1|1|0]0
0l1]1j1]0) [4|3]4]| of1]|1][2|0]| [4]3]4
0fol1[1]1] ofo[1[1]1] [2[4]3
ofof1]|1]0 ojof1/1/0] [2]3]|4
0[1/1]|0]0 o[1]1]of0]
image Convolved Image Convolved
Feature Feature

& 5-3 BREARERENEE (BRFXKIE: kdnuggets)

T Keras f) Conv2d BRI £ 48 2 B %, TATH TensorFlow J&E(WIEREE — T KE 5-3
FHIELTE:

import tensorilow as tf

import numpy as np

X 1lnput = np.array ([
PRIE e 4 P
[0,1,1,1,0
[0,0,1,1,1
[0,0,1,1,0
[0,1,1,0,0

1,
1y
1,
1,
]
1, dtype=np.float32)

X kernel 1 = np.array ([
[1,0,1]1,
[0,1,0],
[1,0,1]

1, dtype=np.float32)

tf x input = tf.constant(np.reshape(x input, newshape=[1,5,5,1]))
tf x kernel 1 = tf.constant (np.reshape(x kernel 1, newshape=[3,3,1,1]))

yl = tf.nn.conv2d(tf x input, tf x kernel 1, strides=[1,1,1,1],
padding="VALID")
with tf.Session() as sess:
sess.run(tf.global variables initializer())

[yl cov] = sess.run([yl])

yl cov[0,:,:,0]
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REHS)

N ISEVNE

BATER:

# out:
arravyv([[ 4., 3., 4.1,
[ 2., 4., 3.1,
[ 2., 3., 4.1]1, dtype=iloat32)

nEAE A Keras, HIASEE XMW, 7] LLF 3| Keras 7] PLig B G HZ I KD B
HEABKZE KA tf.on.conv2d —FIR LR E G BIRE

Con

v2D (filters, kernel size, strides=(1l, 1), padding='valid', ...)

Hp:

*T

filters $8 &9 4 B BA B EH . BFANNNBTHAR R T E T —NMERE,
Bp filters =1, mERER SR T ERELER S BN, RAEARNERELR S Eind .
ETREF@ITREXFSAE LTFHER2)

kernel size #8869 EMEE KN, R—ANZ4ERKE, 5 ANKREERERIUT, LI,
strides 48 69 R A BAZEMANERRN, £ xy BN F @&E RS KPIST—RH.
padding 58 R R F A% . R & valid, W2 4ntg e, BP AN, 4o
RAZ same, WHEARBRALALANE 0, FFEPAL%, #4544 69 K FF input size

/ strides.
SRRIZE, BN MR M

B 1 RARERS Y, EREORELBAR (k@ 3X3 5mbd st ZaH 2
1, 2 0, XXFHELHEGLLEFIER G S A . Sobel FFHFL2HILAERE)
ik 2: BIABREA N MALE, WBFHEHYRGBAEY M = 3, AnMEARES
M AEE, Mk E—3% % mXn,

iR 3: TUAMED A EH A —4F, MEMBIL—NERZEGREUE, LA LS

1. XTFTERENB—MERAR—REREE

% F
17 A
BRR
IN.U -
5%

iR 1, REEZENFEREE, WREFZEE, N4 Keras AREEEIRATE & BFRZH
DUBE—NEHRHEMERLERES, BZELH AlexNet. HAXER 5 EEHZ, &
HI 5 (96 256 384 384 256) XN & AMH[E, WRX A ZHRZKSEE T ELIE
(AF; 3.3 TR Sobel HT) , REEEIRIMNALF, XLREE FRIEIRZE
RLZ WA e 2 B DURFE M M E Rl 4ot 2, XEERLTWR, B g A

EHREHE (E -4 FRIEED . HTE2ERZERAR), SRE R Keras BN FREEHZ
HKIBEEMAZEL T, HA TensorFlow HJKJE nn.conv2d BREUA H#4E.
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AlexNet Z5#4) F—ESIREN 96 1~ K/NWA 1 X1 WERZERIERK

params AlexNet FLOPs

| Conv 3x3s1, 256/ ReLU |
1.3M | ['Conv 3xas1, 384/ ReLU | | 112M

884K || Conv 3x3s1, 384 (ReLU |[149M

| Local Response Norm |
307K ' ['Conv 5xbs1, 256/ ReLU | '223M

| Local Response Norm |
35K | Conv 11x11s4.96/ReLU | 105M

(B F¥kE: AlexNet 2012 3 ImageNet Classification with Deep Convolutional Neural Networks)
& 5-4 AlexNet Z&5#4

2. XRTERZHNEMERAR—ERR AR

X F4ER 2, [EFELL AlexNet B TRESZEONFIRIRRE R, X EWE AlexNet ¥ A RGB
BB =Z, E—KEMFLL o6 fith 288 BJE, 2 _IRGH 288 Hakll 256, K5 —EEF T %,
BN EH P EERERYVGRS “BIE” . Lhr EERMEBFIWE —Z 8 3 X96=288 Mt 5,
2~ 288 F| 96 K1 &i%ERE, MIEREMAEMBZHRERZE, Lh B2 —MTHEEHEBNEIR
ZERMAT R, GHRERNIXFR SRORRE .

MR ER SRR, MESEDRMANmY, WRERESER, ERREGRRMAEEF
) s B LU AR FE R ) S 8. DL AlexNet 2 — B A1, IXAME R (224 X224 X 3) X (55 X 55X 96),
EEHRE R, HEIINGRZERNE UG, ST RESEEN AEE SRR EE X,
PR JEBO B RUEB T G TR 2 A B AR SL I, X PR A PR 07 B R L ] HY R AR AR T 51 T
M> ViaFHE. SRZEEMAR A, 7T AR PUE LS, BIGEFREAE A GA A WrHh 7E
FREEESEMER, AGHRA—E28, HIATES M ESAEERENLE T —E/8E,
MANE B2, Wl 5-5 Fis.

layer m-I hidden layer m

wl O

.
wiD

Figure 1: example of a convolutional layer

(B F3KiE: http://siliconmentor.blogspot.sg/2015/04/an-introduction-to-cnn.html)
5-5 TREMTRERAT 2&EEAS
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Hig V eREFIERZRMER. &7 TEEREX—rE, HEREEFAR 1X1
HRERHTANENRE TER—ZXMERNE A BRSEE, ARGREER. BFHELT,
mR IX 1 EREMABRRTREEE, ZMERHAAHEZS TSR R SR 7 —IKESE.

e R, AR IMCAIE . FHATR Z 8l BB EEER A B A, 88— — R — R
BUEGETE, XA T (1, 5, 5, 2] HTEFRAEERI, SFAZR N A EIE th
BATANEIRE N, BR T ZHTH) 3X3 FEEZAN, BATHEIIA— N ERZ:

0 1 0

EE T
b EEE FEREAL v2 cov

X kernel 2 = np.array (/[
(0,1,01,
[1,0,11,
[0,1,0]

1, dtype=np.float32)

tf x kernel 2 = tf.constant (np.reshape(x kernel 2, newshape=[3,3,1,1]1))
y2 = tf.nn.convZ2d(tf x input, tf x kernel 2, strides=[1,1,1,1],
padding="VALID")
with tf.Session () as sess:
sess.run(tf.global variables initializer())

[yl cov,y2 cov] = sess.run([yl, v21])

print (u" F—MEHRERKEER: )
print (yl cov[0,:,:,0])
print (u" & MR IEmER: )
print (y2 cov[0,:,:,0])

BHEER:

# out:

FMEBREERESR:
[[ 4. 3. 4.]

[ 2. 4. 3.]
[ 2. 3. 4.]]

woMERRAEER:
(L 2. 4. Z2.]

[ 2. 3. 4.]

[ 2. 3. Z2.]1]
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LW AR IN— T ER, ZEERERINZEE— GRS, BREREAERZ
Al —#F. P RAGSZATHAN R %, FHASERNERZATUEZHANEERA, HRRE
—Rit . KIHGEREMWAEZ 05 73545 R H & AR

# WMARN—TEEZE, BRASFRZH, XFEmAZEERINE 2
X input? = np.zeros([1,5,5,2])

X input2[0,:,:,0] = X input

X input2[0,:,:,1] = X input

# BIAZERERGINR 2, SRR ALEE RO RGN, (HixX BRI S — A 4ER
X kernel 3 = np.zeros([3,3,2,1])
X kernel 3[:,:,0,0] = x kernel 1

X kernel 3[:,:,1,0] = x kernel 2

tf x inputZ2 = tf.constant(x inputZ.astype (np.float32) )
tf x kernel 3 = tf.constant(x kernel 3.astype (np.float32) )

y3 = tf.nn.conv2d(tf x input2, tf x kernel 3, strides=[1,1,1,1],
padding="VALID")
with tf.Session() as sess:
sess.run(tf.global variables initializer())

[y3 cov] = sess.run([y3])

# ROX EEHR R A E 2 B A S P A R B AN
print (u" H—. B/ _MEREaEmE R EEMMN: ")

print ((yl cov+y2 cov) [0,:,:,0])

print (u" % — F_MEREZASERMAEHARAREESR: ")

print (y3 cov[0,:,:,0])

BHEER:

# out:
B B IPERZARMES R E AR
[[ 6. 7. 6.]

[ 4. 7. 7.]

[ 4. 6. 6.]]

B moMERERASEARMNEMRRBARRSER:

[[ 6. 7. 6.]
[ 4. 7. 7T.]
[ 4. 6. 6.]]

BNV NLEFZIGI0)5, H L2 X P E B4 R T ] SR . FRATTEE T K5 87 = KO Ha
H N B ANERE, BIEA R 4R N 2, R J5 70 A4 HIE R N\ fE A RIS EE
T HZ R R A A R R E R

X kernel 4 = np.zeros([3,3,2,2])

X kernel 4[:,:,0,0] = x kernel 1
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X kernel 4[:,:,1,0] = x kernel 1
X kernel 4[:,:,0,1] = x kernel 2
X kernel 4[:,:,1,1] = X kernel 2
X kernel 5 = np.zeros([3,3,2,2])

X kernel 5[:, :, = X kernel 1

X kernel 5[:, :,

0,0]

X kernel 5[:,:,0,1] = xXx kernel 1
1,0] = x kernel 2
1,1]

X kernel 5[:,:, = X kernel 2

tf X kernel 4 = tf.constant (x kernel 4.astype(np.float32))

tf x kernel 5 = tf.constant (x kernel 5.astype (np.float32))

y4 = tf.nn.conv2d(tf x input2, tf x kernel 4, strides=[1,1,1,1],
padding="VALID")

yo = tf.nn.conv2d(tf x input2, tf x kernel 5, strides=[1,1,1,1],
padding="VALID")

with tf.Session() as sess:

sess.run(tf.global variables initializer())

[y4 cov, y5 cov] = sess.run([y4, y51])

print (u" K EHMERGREZIER )
print (yv4 cov[0,:,:,0])
print (y4 cov[0,:,:,1])

print (u" WAERHMHBIERERNER ")
print (y5 cov[0,:,:,0])
print (yS> cov[0,:,:,1])

BREER.
# out:
it B A A EE R4 R
[[ 8 6. 8.1
[ 4 8 6. ]
[ 4. 6. 8.1]
[[ 4 8 4.]
[ 4 6 8.1
[ 4. 6. 4.]]
WANERMESERZIIZER:
[[ 6. 7. 6.]
[ 4. 7 7. ]
[ 4. 6 6.]]
[[ 6. 7. 6.]
[ 4. 7 7.1]
[ 4. © 6.]]
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ARG Z L ZEPIEEME . EHARGBARIE, SBUR 8P R 2 5 2 W
NMEREARFGRIOPE. WREHEZKMARGHEEMAR . £HA R RS, R
JE T 91 R0 A2 9 A N TE 34 25 R LR AR N2 AT

3. XTERZMNE =M RINR—PEVL ¥R T 2RE

PR @ 3, XHE R —SR R R . R RETY, WG E, AR
B, Wi E#EH np.random.random(n), {HRZMWRBEBIRIEK. FELLHMIEMRIEEZRIE, 1
I BEAL 5| NBIRTUG 7045 P is ) 7 22 T IERBAE B LUBOREE Fa /N, A0 AE TH 5 S 1) £ B e
FIIHE, HEFE-NSHNYImA T, R gfEfEyL s AR T EZRFRE . XERER
HIgat 7%, RaKA] AL Xavier HIEE4AL KT8 3L

5.2.2 Cropping2D

1X B Cropping2D Ht LU T EEMR T, B2 4 sk B A\ B B 38— AN B 2@ BB EeinZE
B S B TH ) S B 2R, F A5 Sk BRI A 4A B A R 2T LA Cropping2D BRI H #:1) #
ZBEEASTE, 1 5-6 s

Cropped image after passing through a Cropping2D layer

(E F3kiE: Udacity B 31Z % 1RFE https://www.udacity.com/drive)
% 5-6 {£ /A Cropping EEEIHEN XSt iTiE—504T

5.2.3 ZeroPadding2D

2.2.1 TRBFNSHE, $#EF padding S WE Z same, H##EBIALE <% 0, HifRk
B 2RSS T input / strides . 1X B ZeroPadding2D BI/EH & K& 4NE1L 24 L LR 0. 1 5-7
Fiiz, xS 32X32 X3 [ H #EAT ZeroPadding2D(padding=(2, 2)) #1F J5 I 45 5 .
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3I2x32x3
36

(Bl /F2kiE: Adit Deshpande % https://
adeshpande3.github.io/adeshpande3.

github.io/A-Beginner%27s-Guide-To-

ololojlo|lo|lo|lo|lo|lo|lo|lo|©
olo|lolololo|lojlao|lao|lalal|lo

ol|lo|lo|lo|lo|o|o|la|lajlo|lalo

o|lo|lo|lo|lo|o|o|la|la|lo|la|lSa

Understanding-Convolutional-Neural-

36 Networks-Part-2/)

A
¥

5-7 Padding =

5.3 M=

2.3.1 MaxPooling2D

W5 — P EER KA 1LX1 BPERZECERRERIE, SIRBIP KN 1, MAHBHIES
RedEEED, ERRTERRZEL, ARZEERIIRI.

Rl B KAk (MaxPooling) & —FiE /DAL T RIE K 7%  BL 2 X2 MaxPooling 941 .
B RZ —A 4 X4 FPEAFERE, WA 4 X4 BRI PRI ISR 2 X2 T30
B, REEA 2 X2 TREER— M AMEEAEER, HEARI—DM1T. WIS R, WE 5-8 Fis.

Single depth slice

Jl1]1]2]4
max pool with 2x2 filters
2 | 6|7 |8 and stride 2 6|8
3 | 2 B 3| 4
1 | 2 S
y

(B AXkIE: HriEfg CS231 1RFE (http://cs231n.github.io/convolutional-networks/) )
& 5-8 JRAMLE

2.3.2 AveragePooling2D

3yl (AveragePooling) S RKibbRML, AFEFIEZE—TMHEAE. —PNECFSE. W
FRE 5-8 H ) MaxPooling2D #t i AveragePooling2D, Z5R 1T :
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F5F HAHAES

TE50 3 T —4ERD IR 4ait, HEIR iR XM ITIE.

2.3.3 GlobalAveragePooling2D

2 F It (GlobalAveragePooling, GAP) i H/& 2 By 4545 F 2 fe 32 2 i 2 X 2 #life,
e X T RERE 15, AR R 1 0 B A AR R R 2 E

XNESHELNWLERAR AN T RE, IAETENEEAAEZ ), @R AN
EERMENgiIRE—/z, EIFNRUIREHEMNZEIZ (Flatten) + 2% #/Z (Dense)
ZH R E AT, W 5-9 Fis.

Fully Connected Layers Global Average Pooling
feature maps ’/__? output nodes feature maps output nodes

'® —>» 0
> fully connected, O
layers >r(‘)

\ O
concatenation

% 5-9 £F¥EHM (BR¥E: Network in Network)

o

averaging

A PR 31 T Bl W AL T B IR AN X KSR ERM S UL L &ERER S, HEXAN
EEA D RREE, MEMRZE A kX 1k NEEER, — T THZHKRANTSE mMXES
b AR L ERRE AT SRR 2, 53 RR B4 W48 5 30 A A7 B9 K/ J i 22
=T RRIE LRI g, Wik 5-10 Fras.

Inception-v4
80 - -
inceptiom =2 ‘ ‘ | ResNet-152
ResNet-50 0 ' VGG-16 VGG-19
735 ResNet-101
. ResNet-34
& 70 - ﬂ ResNet-18
=
s oo GooglLeNet
=] EMNet
§ 654 : . . . . . .
E,t' © BN-NIN
= 60 - &M 35M 65M a5sMm 125M 155M
BN-AlexNet
35 AlexNet
50 , ‘ 3 , v , v T
0 5 10 15 20 25 30 35 40

Operations [G-0ps]

& 5-10 BIWARE 5 ANFRNAE Topl 3K EFHZE (B HKE: Training ENet on ImageNet)
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FHEENRE, 2EXEHTSHEmME, EFSERENE— iU BIKREEREN T
I AR — S, EME T ISR BENMNSZEE . TEMA FHEZHEH
JRIREUFFIE, RS R IXE kX kK KPR, HERIEXE kXk KDNEHREZR—1ME,
VB NFFIEE & 7 RAR5E -

54 EMMLESITHA

BR 7 2RISR B ARG g A2 R-Fiib BB EE R E R g, PSS 2 ERIIFZS
EAE AN B 77 F1 5 4 2 BR 8RY 11 12 IEMALZ 41, 38 —Hp 77 30T BRI N 2% i 4805
FRTERE ML ME P IS IENY, XHEE B4 ENME (Batch Normalization) o

3%, BIEEWEaTEERERZ, BFEBIEE 2 H, 9. 11 5 R8I E 1 5%
ULFETZAEFFANIRFE, TR NREMAE MBS RER 1, 5810 T4k
RNN B, 7EJRABrEr HBIRHRETH 1E)IZ5 (U https://ypwhs.github.io/captcha/) , LALERARFIR
AR E SR E RS, AFEXPUINZR. M. ML EV)SE. RETTEEZLREALZ S,
BB s S W)L, A UAF4 R Deep learning — 5 HIEE 7 &

Batch Normalization

fiLIEN4E (Batch Normalization) #&HFIARZRZN 1 IEMZE ML) SRV E0EE . Eeinid
T EEERERN, ArERESEMEM TR, "t b+, Bh, el — 1N nzg. XA H
FE MG IR RS A IR B, (PR HEM A M ZE Ry, IR 7 1552 bR AT P 240 b
SV /S

fEIE AL JZ AT LR 5 B AT S B R BAE F R bR E 17570 A, XA optimizer 5 AJ AN
EAL . iR

ﬁﬁ%%ﬂj B, Y
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WRIE%FE, EMIENCERNZGEES, R HE TSRS 29E 77
ZREBLFRBARFIME. 7%, HREMGTHHERFIES 7T ZE BRSO IES A6, 4%
MEEENZE R AWER v 5 B BME, RArdE RS0 MR HITERE, miE vt

{E15R={ERI &, dropout 5 batch normalization PJ#f IE 4L F B, 7E TensorFlow K]l %k 5
RS, ¥R T AR . K, dropout FE I ZRE K ML ATE — & B 7 LM &
TG, RIS Dy 1 e B AT B SR B AN TR E 1%, R SON TR M & Jo BUE D> 12 K08 B o1 B
fE batch_normalization H, YIZRHrBXHIEE - F9{E . J7 2K A RRKAE R FE. 7= Al
THHERFI9E . AEZB —E WHNES A 2R, 1ok Ry~ FME, 77 Z Nk E Zardtix
TTHEIR RIS R

5.5 REME

B JE IR —RAER 2B KB R GIHE

Z IR ERS, TEBRMEMLE R, wiba] O — /XS FE. & KME,
FEARE R BIR/ADN, #MZRRILERERE. |-EZ, BREMEMLE P RBARIERENMAEFIT
= E A

SRR AR? RIMMEZET RATUHE “EbESE, oHPLE”, seil, AR
1T 7 B, ZoE 747, VIRF LRI HE A RN E . IMEERE AR EHRHERT,
e 5-11 fis.

T

Convolution Deconvolution

(B R/ 3%JE: Learning Deconvolution Network for Semantic Segmentation)
5-11 ERERERIRE

FHAREBHRE, ATUETEHE + £ EBEEESHWESTETEE B HE Mg 551
o ERMEA+ARELE, B 5-12 7.

“tabby cat”

606 O
S e e SN 0] \ |

4 o©

& 5-12 EFER + e EEEHGTESES X
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o AEEBMELM, R ER+ REFE (Upsampling i$42) , 4@ 5-13 FrT.

convolutionalization

tabby cat heatmap

b,d'\’%@%“@

‘ol _ak_c©
Ve e i)

o0
(B R k& Fully Convolutional Networks for Semantic Segmentation)
& 5-13 &HTHR + RERLIAEBRD X + Ef

UpSampling2D

K 5-13 i G BUE R 7 _ER#E (Upsampling) fEEk, 1X/N[EFETE TensorFlow HY) Keras f5

Al DA E| . FHVEM MaxPooling2D FEAAM Kz, HLan:

UpSampling2D(size=(2, 2))

TR B KSR —f, BNERERRT .

BHE 7 REURHE, XMIXAMERRIEDR, 13282 KE TensorFlow fARSINE %>, H—1

3X3 /I, &2 1 ez, MmARIIT e E#IE:

X kernel 3 = np.array ([
[(1,1,171,
[(1,1,171,
[1,1,1]
1, dtype=np.float32)
tf x kernel 3 = tf.constant (np.reshape(x kernel 3, newshape=[3,3,1,1]))

yl trans = tf.nn.conv2d transpose(yl, tf x kernel 3, output

shape=[1,5,5,1], strides=[1,2,2,1], padding="SAME")

106

with tf.Session() as sess:
sess.run(tf.global variables initializer())

[yl cov tran] = sess.run([yl trans])

print (u" KEHEA ")
print (yl cov[0,:,:,0])
print (u" REHKEH ")

print (yl cov tran[0,:,:,0])




£ 55 AHET —RERENGAERNRETH

BHER:

# out:

FE A TN

[[ 4. 3. 4.]
[ 2. 4. 3.1
[ 2. 3. 4.]]

REFRRIH:

(r 4. 7. 3 7.  4.]
[ 6. 13. 7. 14. 7.]
[ 2. 6. 4. 7. 3.]
[ 4. 11. 7. 14. 7.]
[ 2 5. 3 7. 4.11

MEER, GRMEUBE—X5HEM, mPEBQULERINZAS. FEIF IR, 5
MANRERE B —F, HHAMRSREARN? HLXERERE T T — b 0 BIER1E,
ERITANGIE

- 0 3 0 4
0 0 0 0 0
2 0 4 0 3
0 0 0 0 0
2 0 3 0 4

B 3X3, &2 1 ieizas, Mndl 7 ReHRNER:

X input tran zero = np.array ([
[4,0,3,0,4]
[0,0,0,0,0]
[2,0,4,0,3],

[0,0,0,0,0],

]
)

r

r

[2,0,3,0,4
1, dtype=np.float32
tf input tran zero = tf.constant (np.reshape(x input tran zero,
newshape=[1,5,5,1]))
yl trans zero = tf.nn.conv2d(tf input tran zero, tf x kernel 3,

strides=[1,1,1,1], padding="SAME")

with tf.Session() as sess:
sess.run(tf.global variables initializer())

[yl cov tranZ] = sess.run([yl trans zero])

print (u" KEHRHH ")

print (yl cov tran2[0,:,:,0])
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BHER:

# out:

2 6 R

[[ 4. 7. 3. 7. 4.]
[ 6. 13. 7. 14. 7. ]
[ 2. 6. 4. 7. 3.]
[ 4. 11. 7. 14. 7. ]
[ 2. 5. 3. 7. 4.1]

TR T, RERBIER, HELRAREERET KaHExh 0, REXy KakE
L3 Gl PN
I RGP R RN KRR S5, JF HAgH ke KF| 9:

vyl trans = tf.nn.convZd transpose(yl, tf x kernel 3, output

shape=[1,9,9,1], strides=[1,4,4,1], padding="SAME")

with tf.Session () as sess:
sess.run(tf.global variables initializer())

[yl cov tran] = sess.run([yl trans])

print (u" REHEA ")
print (yl cov[0,:,:,0])
print (u" EHEH ")

print (yl cov tran[0,:,:,0])

BHER:

# out:

RN

([ 4. 3. 4.]
[ 2. 4. 3.]
[ 2. 3. 4.]]

& B i

[ I
[

T s T O L U Y v
T s N 7 7 ' i Y v

4
4
0
2
2.
2
0
2
2

T L T N L Y s =
o o o o o o o O O

3
3
0
4
4.
4
0
3
3

L S e T = R % B V¥
L S e Y e | T = B % B WV
o o o o o o o o O

]
]
]
]
. ]
]
]
]
. ]

o o o

]

LA L, XS RERERRERES RSB, R B4 0, 52— RIER,
R JE X KRS AR 2R
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wa, REBRRFAFES LEEZER AN L EERNASRE, LN ESeR=EMAE,
XEARR.

5.6 ﬂEM\J%

63 = (Recurrent Neural Networks, RNN) 4 H T4bBA L H B [a] R REGNZ, W0
EXHAE . BERNNTE, AHE 10 FHRERFURKE G ZEAT IR R n] . ALK SEAT
RFEATREL, EREXXERN, BRERE I EPRZNN6EE, HEb BT Rl 2T
BERFINE, BARARENFELFIMAEICHFEHERERE, WosmmEmRiIcBRBEERE, BE
BERFRZHE T, MEEREEAXNARE UEREZERNH 7, ATRREMRZEIERFRIC
5. ATELSLhr EAREARMAR “HAEAR” B, HRZXHFAEHANIZATREE, FAFHBINE,
RSB IHFAEE, Eacfic Pk T .

TE 2 2% 5 2 SR A R E R R AR E /Y B F Uk R BY. Keras W H B B B0 45
SimpleRNN. LSTM LA GRU =##.,

9.6.1 SimpleRNN

SimpleRNN J& RNN H &R . IRATTE 5.1 T5iiid 4% 8 2 2 3EAT 18 B 0 4 R 3fe s,
FrASEFr b SimpleRNN HVENAFIE “#is” ThEg, XM Esm “dEAR” , 8En—1_4
HETHPRES, BT ZE 0 50— BE A) s Hp & SRS A LE

R TIERRERE, K521 THASHRERNSE =MERANRE, RIAISHEBSHEYE,
REE, FNREMENE A RERESFIEEEE, N — BV is A, Bl
AWIWIE A P M7 Z2 2 H T IERBIEZINKRBE S /D, ERBERIFEREHEEL,
A& RNN AR ) h AR R s, SBIEAERE ST LR, B ERETERE, w18 5
Mz h+ JLIREGE JLHIRIVE L. FEXMIEOL T, BREEEIE. HARKRESEN™E, Fit
I H FHAE A SimpleRNN, FEfH A M 2R, @ 2L T iEA9AE LSTM Al GRU
PR F

5.6.2 LSTM

LSTM & 1 fi# R SimpleRNN B el @, & 7 —FiciZylml, @8 =T8I0k £ 5
EHITHNERITZE . LSTM FIHREWINE 5-14 B, B— N8R SR AN EHE, 250%F
Bi—/ LSTM #.yC. Fa]gXf . LSTM B IuiI1Z4L, BliciZ 80, HEHE tanh o 43 %72 tanh
sigmoid UG E (Z . 5.1.2 ) , A AR x fACRWNEHERIZZERE . + RN EURINEZ S
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s N |“\ 4 ™

Badmnt @ T > >

Calld
A Allag A
a|[o] [tesh] |0

— —> —»
k_l J T J J
&) ®) &)

(B R/ 3kJE: Colah {#Z% (http://colah.github.io/posts/2015-08-Understanding-LSTMs/) )
5-14 LSTM FrB & & 8T
R, BT sigmoid BUSEEL RZEIE M FIREIFZ 0 8L 1, FRIEMAZFLNE KT
5, AT PO AR LA B0E R B B T3 EP A -

o WAl (NAREF—ANE) : BMIATIIZS] L AT xt 6913 LREAGSICE ct, TIAEMF L
AN AR, HEHERTEE.

o WMEIT AR AEFHANE) « BEINEG E—AN8 8 &6 E T ct-1 69 R 2R\ S 7T
WILE A ct, FHAMARZRTR XA XK. RAAX, NHERGEEEHTIALEM Y
AEN S E E—Edct-l, AmB R TR ELWTEEF, BiA MEB T HEN L.

o kil (RABAEF=ZAE) : BB =8 HAT ct 8912 LA EL M E ht, BPXE
FIBFT ct-1 ¥ a9Rk 1 st dir i A A

A] LLZZF https://zhuanlan.zhihu.com/p/28297161 .

5.6.3 GRU
GRU & LSTM H—Fh {4, BAERNEH L MMETE:
o 4T LSTM &9 N1 A 517, RA ZH 1.
o LSHTIUREAct FREFETht, MHALZRESLT.
AT A -

o FEI: ATIEFW— 2 REET LT HATE xt6)Fen, BPEARE LA SRS A,
o FAHN: ATAERATRS LA xt, BFHITRELT HAHEREFIL.

A] LLZ35 https://zhuanlan.zhihu.com/p/28297161 .

5.7 &3 ik X M1 554

L 1] BUSERZEE caffe =% . fabulousli {2 . CSDN B % Available at: http://m.blog.
csdn.net/ fabulousli/article/details/52890463.
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(2] An Introduction to CNN: Carrying the Machine learning on its shoulders. Available at:
http://siliconmentor.blogspot.sg/2015/04/an-1ntroduction-to-cnn.html

[3] CS231n Convolutional Neural Networks for Visual Recognition. Available at: http://cs23 1n.
github.10/convolutional-networks/.

(4] Training ENet on ImageNet. Available at: https://culurciello.github.io/tech/2016/06/20 /
training-enet.html.

[5] = ki —5k B . — M LSTM/GRU [1#EHL#| . 51°F % £ . Available at: https:/
zhuanlan.zhihu.com/p/28297161.

6] BigMoyan. Keras: 2% J Python HJ iR & % > £ . Keras H 3L 3 4 . Available at: http://
keras-cn.readthedocs.io/en/latest/.

[ 71 Deshpande, A. A Beginner’s Guide To Understanding Convolutional Neural Networks Part 2.
A Beginner’ s Guide To Understanding Convolutional Neural Networks Part 2 — Adit Deshpande —
CS Undergrad at UCLA ( “19). Available at: https://adeshpande3.github.io/adeshpande3.github.io/
A-Beginner’ s-Guide-To-Understanding-Convolutional-Neural-Networks-Part-2/.

L8] Goodfellow, I. J., Bengio, Y. &amp; Courville, A. Deep learning. (The MIT Press, 2016).

L9] Ioffe, S. &amp; Szegedy, C. Batch Normalization: Accelerating Deep Network Training
by Reducing Internal Covariate Shift. [1502.03167] Batch Normalization: Accelerating Deep Network
Training by Reducing Internal Covariate Shift (2015). Available at: https://arxiv.org/abs/1502.03167.

L10] KDnuggets. KDnuggets Analytics Big Data Data Mining and Data Science. Available at:
http://www.kdnuggets.com/2016/11/intuitive-explanation-convolutional-neural-networks.html.

[11] Krizhevsky, A., Sutskever, I. &amp; Hinton, G. E. NIPS Proceedings B . ImageNet
Classification with Deep Convolutional Neural Networks (2016). Available at: https://papers.nips.cc/
paper/4824-1imagenet-classification-with-deep-convolutional-neural-networks.

[12] Lin, M., Chen, Q. &amp; Yan, S. Network In Network. [1312.4400] Network In Network
(2014). Available at: https://arxiv.org/abs/1312.4400 and http://docplayer.net/39678159-Network-in-
network.html.

[13] Self-Driving Car Engineer. Udacity Available at: https://www.udacity.com/drive.

[14] Shelhamer, E., Long, J. &amp; Darrell, T. Fully Convolutional Networks for Semantic
Segmentation. [1605.06211] Fully Convolutional Networks for Semantic Segmentation (2016).
Available at: https://arxiv.org/abs/1605.06211.

[15] Srivastava, N., Hinton, G., Krizhevsky, A., Sutskever, I. &amp; Salakhutdinov, R.
Dropout: A Simple Way to Prevent Neural Networks from Overfitting. Journal of Machine Learning
Research (2014). Available at: http://jmlr.org/papers/v15/srivastaval4a.html.
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i P 1 22 P £ 4E SR )
M\ I8

\>
fEl
W
)

MR e R ARG, R B T . AT LUR A XS SR A S
BRANRE, SEESRNIGIE. FL b, XJUFERE S GUERHT 2 LA ER A
At AR . AT UEH B R ARRIRE A I RS, 2B A P2 Bl T BISFIE .

XE R EHR 1. Plar e LS T E TR AXFR . XANRWAXHFRIAT 51595
TR A AR LA RAFIE A AR . WRGEREAT B TSk A I 2R, BB A aR A BB E 3T HUSFE
BNV ER P EARE X BARMERN ERER . RIS T EERZANFHERER, ZR
TUHEVAFERDRIRS, @EZ2EMNTFR. RN, LaPEEEITE, BRTEZH
B AR B ERX A ZRIFFELIAL, RARYI gt 28— KRR

REE 5 21 RN T SEI X AN E R BRI TR, 07 DU RS DA TR 77 T i A% -

o HAINFTA BIBHEBARITHSRETIK, HAIKKDEFE+TIUAZ] 100 3 AHR
Z ) (RFEETREZHGADT) .

o RIFANMARE—ALGI%, EHAH(T—F, REMNZERLAERGEANLG A .

o {#/ GPU FHATit HFR%& CPU, deik 47t Fak &,



F£6E DVEZR —RERAENBZERENBALIE

XA A “BABL” IERT . BATT MBI GIEEMENE RIS, BRERK
E—EERL. FEARERES, BARINERERRER MNEEEIEL#E, BEiibFrFaagA
BRMJILELE, LUBSHRBEE, &8 — K0T — XML 7 77 28t an [B R B 4
BIERI ) ge 5 e [, BEERE D, mTREREMAR G EEZ RS ECRRBEE,
AT —H GPU &SI ATHE RKE T CPU.

PRATEE TR ZE DRI IR an el R B2 2 S HE 2 iz e BB B R A8 FH 3 8o« SEfR TR,
PRAT T B R = ] AL

o FKEAMZMEIELHBGIAZEDELM? (EA¥ K L5A L)
o FEAVZ W LLIELR & N el TR ?
o FEAMZWNLIER YA ol THhAL? (EL¥LEHRA)

IX = A 1) B 43 1) %o N 3 TR B AR 22 PR 2% 1) B0 R A R I 28 AR By DL R IR A 42 X 4% 1) T e
ATt . AT E SRR — R EWEER Sy, B AT BTt R B A I 4 AHE SR i MR B

6.1 tEEBONGEIE

EE 3 ER L THER, MEETEIPIET LL=4E5K& (Tensor) W AEME, BP [ BMR
=, BURYE, RGB & |. MiREMEM &R 2R, WE—NU4ERITKE, 7ale [ &
Bms, FBEE, BR%E, RGBE ], HHPEBRESTEEE, REMHZ N RFRESEI
ZiklB A, REEN#THE, XRER&mSHEAR TE B2 —#E R PrE LK.

SRAMTRINN G EHE LL— 5k 5k B 7 BB A RAFEBE R B, anfaf seEl — AN ek £, &R —IR,
IR E R ERIE A (ML =32 AFD , RHFEARDI4EKE, REfE, HmERTRE
WP GEIRE M SR

— ANREA A gE AT, FRATMMEB) Python B4 RN 2% (generator) SRSCIN. A= RS HIFF M.,
X BRAVE HE T EEE PR —BOa:

BIE — 1 F 100 J7-1~ 70 F Y list, K GHHRARIF g TN, TR BT K 7% Z oy 1] B
Bl 103, A EZHICZE SR T E ERZE T Arel, 058 list 03 A] LI R
FREVETERE 1K, HSFEENTE B A LUEIGH I FE P A Bt F G 26 HT CZE ? X fERL AL G
STEBH list, M 77 E X BRI T/ 7F Python H, XFH—Z 15 H —i i1 ZHIPL#HIER A4 K 75

generaror.

[ .

B S, Pl ATANGFHEH—/RRT EAEZEEZ R A RTFEBER +
g5, BRET RN B IRANT . BATE ek — T farss— 4 5 5 R BUS N AE KR
R G e TR A AL E, AN
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def get image (path, shape=None) :
image = cvZ.lmread (path)
image = image[:,:, ::—-1]
if shape != None:
image = cvZ.resize (image, shape)

return image

1 img = []

for imagepath in 1 imagepath:
img = get image (imagepath)
1l img.append (img)

S A RGES, ARG A TR R AL E, AT IR, AR 32 5kIEI R EEA A7

from sklearn.utils import shuffie
def image generator (pd input, shape=(64,64), batch size=32):
num samples = pd input.shape[0]
while 1:
# EHREEE
pd input shuffle = shuffle (pd input)
for offset in range (0, num samples, batch size):
1 x = []
1y = 1]
for idx in range (batch size):

batch samples = pd input shuffie.iloc[offset:offset+ batch size]

try:
path = batch samples.iloc[idx]['Sample']
label = batch samples.iloc[idx] ['Class']
image = get image (path, shape)

1 x.append (image)
1 vy.append(label)
except:

pass

np Xx = np.array(l x)

np y = np.array(l vy)
yield shuffle (np x, np vy)

g = 1lmage generator (pd SampClass train)

1l image,l label = next(g)

SEPRMN A, Keras A A pligs, 7] LA E 218 FH Keras )4 #5400 . v & 5L bnfd FH L A2,
VB 1L data path FEISLHAN I (ZHaREE) , 706 E R SRR B3R 1) SAF
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train generator = train datagen.flow from directory(
'data path',
target size=(150, 150),
batch size=32,

class mode='binary"')

Keras 5 4Eiliay, WANTXHEALENEANE LORU, RN RZISYRET, "R A &K
R ML, B Keras H &M E MM RGN, RMENEARKLERAE
BB REREAERECE . fELbhREE R i, B2 0HET B ER R & Zi 7 UL # Y,
HZ2 Xt NEBFHFAET L EGE, #lan CT EF=EEEPE. Keras FIEREEAR T LLEEK
BRI 4esk ER U, EHIRmARAZE A, 2 CT MBI FERAEN, HE
HoB5— 1M ERE.

®Ja, AREANBINAR Keras EAFRI L, &R SHHBEA CPU #HTEIEMALE, X
FEAl BE A IE R CPU BIE AL E )R LT GPU RIBAN)IZREE . A T A ZA CPU #1T
UG TALE, —ARiERIMER, 2.0.8 A LA/ keras, 7E model fit generator ERELH, W] LA
& % workers=6. use multiprocessing=True, 24t [EBfEH 6 > CPU. {H 6 NS H1T EZ
AL EE (A 10.4.5 75 BL R XS W ALHS Lecture10/baiduyun_dl competition/round2/test fixedSize*.
ipynb) o fEMCFEAE b, AR EH— P I BUR U H R, W75 B0 24N BRSO 4T R 4a AL 2E
T N—A 3 H) 30 (4 TensorFlow K tfrecord X)) RINRESEE, A MEFIEE LA
P HIRAN R, XEAFFHNA,

6.2 i

ZEIY 58 (Data Augmentation) ] DAEAR SO0 Z4#E 254745 18 [B] B B8 A o I8 I 20408 S AT,
A ATE S0 S BN IE O T BB A Al vH B 1 o AR AR O

YN RAEMAF R ERL R P X B AT R R, WX IR R SR XERT
MAR®EEE, KEEERENHEE, N TFAREHMNE, A5 EEE ] LU IE
A — B — iR BB, BATREECR—T, WG NRXZRE, BAXF R
JHERLATBL; RIEM R R e iRk, HOAAANR T, HARX R 550 77725 A T L.

T FH I EHE 1 50 7 15 B4

o HKK4IHBA
o RIHHEA
o KFFIEAA

FAIAT PLiE I Keras FY) ImageDataGenerator S8 H #2528 (JLE 6-1)
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# A
1 imagepath = ['./dataset/vehicles/KITTI extracted/4374.png']
1 _img = []
for imagepath in 1 imagepath:
img = get image (imagepath)

1l img.append (img)

# BWEIFHIIRAE s
train datagen = ImageDataGenerator (
rescale=1.0/255,
shear range=0.2,
zoom range=0.2,
horizontal flip=True
)
train generator = train datagen.flow(np.array(l img))
fig = plt.figure (figsize=(7,7))
ax = fig.add subplot(3,3,1)
axXx.imshow(l img[0])
ax.set axis off()
ax.set title("Raw Image")
for 1 in range(8):
imgs = next(train generator)
ax = fig.add subplot(3,3,i+2)
ax.imshow (imgs[0])
ax.set axis off()

ax.set title ("Augmentation %d" % (i+1))

Raw Image Augmentation 1

Augmentation 2
% o =

Augmentation 3 Augmentation 4

Augmentation 5
E | '

Augmentation 6 Augmentation 7 Augmentation 8
X : , - :

& 6-1 MEskER (A LA #TEIEERNS
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F6E DPEZR—REMEMBERNBALE

WERFRKE—T, BAMEH T rescale Z8, RKHRABBRFRIEEMN int8 Fmid ) 0~255 45
/AINE O RN 1 Z A B 3R, XBEWAT U EIES A, B 2R53%, Al LA R i
TR R ERTE . BAR R R RE E— 3R At IENALE , X EdE 1T IEAS 0 A e
AR —F, KEHEMEHTEHIRRE, WRTIEGIARGEHERRE (WER >R 4
HAREIES MmN, SRmALZIEZ 0-255 FIBE) , A TIERE e, HtEFRA
Re ik EUEAE — MR/ TG B N PR B FE A i R R H IR R =S 1]

6.3 & kA M 7T Bk

L1] Wong, S. C., Gatt, A., Stamatescu, V. &amp; McDonnell, M. D. Understanding data
augmentation for classification: when to warp? [1609.08764] Understanding data augmentation for

classification: when to warp? (2016). Available at: https://arxiv.org/abs/1609.08764.

[2] A RNAS . Home B I 1) B 77 M3 . Available at: https:/www.liaoxuefeng.com/wiki/
0014316089557264a6b3489581449949df42a6d3a2e542c000/0014317799226173145¢ce40636141b6abce
8424e12b5tb27000.
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i oL # 23 P) 43 4B SR HY)
RE) 25

BAaBL—

A TR PR an e 458 A 2 T HCEARE T FEEERN U SR, IR 25T

AFRIREBRRE “BABWL7 , HRRFIFAMCGRZA B TRV, REH. E—
HiH, B FXENRERYIRREERES, FENEERTEENGSRNRS L, REEENE
RATLAE T AR X2 BB EOE, BEREPZS UL PLE# A TensorFlow. Keras S5HESRE
R SELhr b, AL KER 8]9S XN EFRIES, FFAERA T E R KENE
HIRZ AN BRI S

i AL KER JTARZ T NERRFRE R, RZBELT, BN 7T LT,
BH T PMEERRBANERZ JFiET, BEREAWS, HEREBERARASRT. TS —TF
RE o NEE RRINSH G, s R LE S TR IR R 2)H iR 3 I#BIZS
BRIV T, R L RECEL

EEEE T B ) S R 2T, N TPk B g A sl AR EE, Sefaxiiie
BARX AT N7 WWIRE A WE “BRPE7 , BFHNER) 7 KRR E LGP, M



FTE FBABU—REHRZMEEZRIIEEIZ

Rzl “kfx” , UEA—KEILNTame, mANGREBATREE S FHEMT4, &
e T E AL, AHXFFARESHITA 285, TR E Q%R 1. fH KR, InziER
R EENAE.

BATTERST B R U 4 -

o EARKIMEHNIKE, BRI KEH,

o HBAFMFMS, FERMAG, FRMEFAR. ERE—KkMKKSFH, 2FEAPFX
DNREL, P FARE S AT A T E T

o HBRPTEZMKRGAMIFS, KEMFIE, BLEENMHSIGHERL.

R ABRAERES, BFHPER GPU &iHE R, KIEMEFIE, BREIMTE
MEME R, FHit, ETPRENSHETHE. AENERBZIEZNEE, LIEREESE
PUEFF R 1—— “SRKIEDK”

BRI Z DEARNERT GPU BF—KaeR T2 oA, mRRRKES ML,
FEAREATUMMEJLE. BT, BRI EAE (batch_size) HIFEF, F3]RMWFHE
AMEMNE EF . X WEFIEREE S, FEREERE B SIS HTERE. 32,
XEIFENAAES . BAAEK, RERSIFTE. W02 Fgin] LLJC IR 38 in &k Il 251 =
AE. HE, AFNARETHEIEEETERTE, X T Resnet-50 B8, 52 [FE i+ 5H 8192
MEEAR, BERRAERSFEONNSGLEWE, SGREFHREERFEK Ricaeqd A=
HTHIEE, W Berkeley $ig t B /= 0 M B @& MW R 44 H 7% (Layer-wise Adaptive Rate Scaling,
LARS) , #ia] PLibftbE K/ KBIE K0 (a0 32KB) 1 A0 R 45 RAETA . 3L A D%l
ATPAR W, RMXERHX—R, REAN NiEEZFANRB]BRA TN AR AL FE TR
PR T R — RAN 7k, (HEXET7IRHAE 28,

&5, FHARTGRINEGRRFSE, RERIEREEREZ NGBS . &S
WZGRHIBRAL, B, ARRSEEAWE, FRARE, XilAK, HXIFAEWREMFHRE
#AEZNZk, GRAMSEILR, BAERSLEEARE FEESRMTT .

7.1 BEVLERE T

AR, AESZIN “MEHETE” , AfUEBN—BHAEZEELE, —5F—alLLE
FILtge Fib. BAX—m BN ZanfscEie? KA 4 i Python SEEL T — /N a] B 1Y)
PEVLRE =B FFF (Stochastic gradient descent, SGD) , XHEF [ —T. XHEFEVELE T FFER
=Rl
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WIN: 4] theta 7 2] & learning_rate

while: %> 7E:
MINZRERFE m DA, 1EA/DMEERA
FIRABCH FIREAS, BRI grad
B #1Z4{ theta = theta - learning_rate*grad

FAE AR SEI AT

def func sgd(theta, eproch, xi, yi, zi, learning rate):
for i1 in range (eproch) :
grad = get grad(xi, yi, zi, theta)

theta = theta-grad*learning rate

return theta

7.2 Tf=;

BARIBENLEEE R R — AR, SR ESE AR EEANREHEEZERK R (K
JEEABRE) — B T — N AEEE R, BURRIRIZEIR U E3RE, WE 7-1 Bras.

(B A KE: http://img.bendibao.com/shanghai/201110,/24,/20111024165641447.JPG)
7-1 FEVLEEE TRESHEIME, A U 2R ISEERNS

KRR S HESRMNEERT, HER EEAZ BRI E R T Al EZ A E, B CAEEHLES
FET R, SR 2 M T7 R B Rl s e A A
AT ERAGEIEH S ER SRR, BATZ R A ERAR IR
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fiN: Z% theta, “~>]3 learning rate, ZNEZE{ alpha, HIIHHEE v
while: %> 7E:

MINZREFE m DML, 1ERN/PEEREAR

FIABCH FIREAS, BRI grad

FE T E v = alpha*v - learning rate*grad

B ¥ 23] theta = theta + v

FAERARS LB T -

def func momentum(theta, eproch, xi, yi, zi, learning rate, alpha,
velocity) :
for i in range (eproch) :
grad = get grad(xi, yi, zi, theta)
velocity = alpha*velocity - grad*learning rate

theta = theta + velocity

return theta

7.3 BERYIEEE

BATEBRZEEFRSEEHFA T AR R ERBREMSE, MEEHRETIANT —13E.
XFESHEHN, MEREZRFREN, tambEzshERh. BEERE, X8 EH
IRV, — A IEPR R EY alpha, EXFFLPR LEEBIER, SEHEFREHE /N, RIE T “SeHRK
Ja RN KT BRI

LB BN 1 SEELZAN R, FRATTBE AT LATE = ) R 5| ANZh &, AT DLE #4252 S 2B KD,
{HZ)EIEAN T il learning rate XNSEEINAE 7R, A5 7 HALKIE S 2 alpha, B4
WS NI 17— BRI 24

KA 7 RiteiZ, §iAFiERERE AT DL ERERSRRGENFZIRNFIL X—HK
SIFEARE HIEN F ) R H k. BEMFARFIATIERIER, B/5H TH PID #2451 &
HET7 o

XTI, IR, BAr R dERFmETE 600°, REH — M nasi—4
felkds. TRAEA —MEHE, ERMMPERERIEO FibnA&ma, £ iR &
TROL R ibn#as 5 kN,  RrH P B prim B 2= AN 28 BN ATy 2 RN, (HURAHE
AR TR AR 2R . D E), FTRERLAS 1L/ 225 RS SR A B Anin R ZEE (e
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5| Proportional, P) , T EFERX —EZEEELZHE AR B4 (B9 Integral, 1) « AH
i 1A S 2 B AR LR (34 Derivative, D) o T &7 BL5| A—7> PID & %il88, X H PID ##|4%
& X e HAER A, H Python fiiAan T :

class PID(object) :
# pid p: HETRZE. WHRZ 600 &, BFE 500 &, p B2 100
# pid i: RiMRZE. p ERE LR REITZH.
# pid_d: ®EZMW. AW p FZERER p #EE.
def init (self, kp, ki, kd):
self.kp = kp
self.ki = ki
self.kd = kd
self.pid p = self.pid 1 = self.pid d = 0

def update error (self, error, sample time):
self.pid d = error — self.pid p
self.pid p = error

self.pid i += sample time

def get update(self):
return self.pid p * self.Kp + \
self.pid i * self.Ki + self.pid d * self.Kd

# #gait PID %48 , kp, ki, kd =N RVFEFEMRBELFREHAE, EREIHZEHIZOR

Pid heater = PID(kp=kp init, ki=ki init, kd=kd init)

+ XEAEE,  EH pip {H, BEMIERLE:
# 1. delta T ZHRFEMNIATPERNZERE , AASPEHF—K
Pid heater.update error(delta T, sample time=l)

¥ 2. PID HMEHEEMARBINER N
double heater value = Pid heater.get error():;
SRS EL AR I A BT SRR RS L FRTR %, ACA SR LA PID #2448 #) BAE KR
MR 2R, X BN H AdaGrad LA Adam PRFRFRETE.
(1) AdaGrad 57582 PID ) PL AT, BIH¥ETiRE. RitikE. RIHRERK,
e SRS %

iN: Z% theta, % >]% learning rate, /N5 %L delta
WERITAEET=0
while: % F:l' ﬂﬁ:

MR m A, {E N/ MIEERFA
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AR B BOREAS, fETHERE grad
EHEER B FAiAZE, r=r+gradx grad (& X3k, KR FHEMEM)
B #1Z4] theta = learning_rate x grad / (delta+sqrt(r))

HIR ARSI T -

def func adagrad(theta, eproch, xi, yi, zi, learning rate, delta):
r =0
for i in range (eproch) :
grad = get grad(xi, yi, zi, theta)
r += np.dot (grad, grad)
theta = theta - learning rate/(delta+np.sgrt(r)) * grad

return theta

(2) Adam H%:, FRIHFEFERE PID 9/ PIAI, AidXHE I BEER AdaGrad HiLk — 1T
H P ARE, EFEEERE T 2R —RE, EHAEIHAEME R —L.

iN: Z% theta, % >]% learning rate, /]N¥r%Y delta
F8 U E Z rhol rho2,
IERIKEL =0

while: 2 >JidfE:
MINZRIEHE m PMREAS, 1EN/DMEEREA
AMAECH BIREAS, A5 TR grad
t=1t+1
ST A W—Pr A1, s=rhol*s + (1-thol)*grad
BEHrA W —Pr AL, r=rho2*r + (1-tho2)*grad x grad
BIE—BkrFiRZE: s=s/(1-thol"t)
BZIE_rHimZE: r=r1/(1-tho2")
B #1Z4] theta = learning_ rate * s / (delta+sqrt(r))

ARSI T -

def func adam(theta, eproch, xi, yi, zi, learning rate, delta, rhol,

rho?2) :
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RS SRR ERADIEN]

for 1 in range (eproch) :
grad = get grad(xi, yi, zi, theta)
t = i+l
s = rhol * s + (l-rhol) * grad
r = rho2 * 2 + (l-rhoZ) * np.dot(grad, grad)
s hat = s / (l-rhol**t)

r hat = r / (1l-rho2**t)
theta = theta- learning_rate/(delta+np.sqrt(r_hat}} * s hat

return theta

Adam UAC &S FEXT aFf i, 18 — PR B 5E G AT LAV B learning rate=1e-3 )% )&, i
MR, FF 3~5 ) batch LNEZEEWSZER . RSN, #FEERFEIERE le4.
le-5 # &)1 Z5. RUEAYEL, MERBEYEZEEGEN 7 aEBYIEH (W xavier init) ,
WAE R BHATIREN (BBERL 255, SEFZRREIES M) , BERE, x/EHEE#R
MG, ULAEIREER SR>, — BARRINSL. loss /8 T R AT Lt — 2@l i 2 5.
N IE NI SE T E AT BRI, KT VI 252 MEBLHATRL G55

7.4 SCO R
X B2 8 LA MR R — A “TELLWEAR” « B 5EiIL scipy.interpolate.rbf FEAL A4
AN ERERE, WE 7-2 Fras.

import numpy as np

from scipy.interpolate import Rbf
import matplotlib.pyplot as plt
Smatplotlib inline

np.random.seed (1981)

X, Y, Z = np.random.random( (3, 10))
Xi, yi = np.mgrid[0:1:1003, 0:1:1007]
func = Rbf(x, vy, z, function='linear')

zl = —1*func(xi, vi)

fig, ax = plt.subplots/()

dy, dx = np.gradient(—-zi.T)

contours = ax.contour(xi, vyi, zil[:,::-1], linewidths=2)
ax.clabel (contours)

plt.show()
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£1E5 [BABL—REMEMEELRNRE)|Z

7-2 B AEMEFSEE

FATHI H 2 MERE — /RS, ATBIATH & Xias, EFRRERwE. &5
i, WLARIEHRIM BRI EE (zi) , PAESHE x y HTRBBER RN (dx, dy) « HXPHEME
BT 2 Xk as, BFEESRWM (WK 7-3) o EEX RS s 8o tL Z /T €
AR vzt R IBIHIA R A FTER R, TR RE 1) e B gz .

position init = np.array([0.7, 0.6])
velocity = np.array([-0.01, -0.01])
alpha = 0.5

learning rate = 0.05

eproch = 10000

delta = le-7

rhol = 0.9

rho2 = 0.999

def func sgd(theta, eproch, xi, yi, zi, learning rate):
1l posx = []
1 posy = []
for i in range (eproch):
grad = get grad(xi, yi, zi, theta)
theta = theta-grad*learning rate
1 posx.append(theta[0])
1 posy.append(l-theta[l])

return 1 posx, 1 posy

def func momentum(theta, eproch, xi, yi, zi, learning rate, alpha,
velocity) :
1 posx = []
1 _posy = []
for 1 in range (eproch):

grad = get grad(xi, yi, zi, theta)
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velocity =
theta = theta + velocity
1 posx.append (theta[0])

1 posy.append(l-thetall])

return 1 posx, 1 posy

alpha*velocity - grad*learning rate

def func adagrad(theta, eproch, xi, yi, zi, learning rate, delta):
1 posx = []
1 posy = []
r =0
for 1 in range (eproch) :
grad = get grad(xi, yi, zi, theta)
r += np.dot (grad, grad)
theta = theta- learning rate/(delta+np.sqgrt(r)) * grad
1 posx.append (thetal[0])
1 posy.append(l-thetall])
return 1 posx, 1 posy
def func adam(theta, eproch, xi, yi, zi, learning rate, delta, rhol,
rho?2) :
1 posx = []
1 posy = []
s =0
r =0
for i in range (eproch) :
grad = get grad(xi, yi, zi, theta)
t = i+1
s = rhol * s + (l-rhol) * grad
r = rho2 * 2 + (l-rhoZ) * np.dot(grad, grad)
s hat = s / (l-rhol**t)
r hat = r / (l-rho2**t)
theta = theta- learning_rate/(delta+np.5qrt(r_hat}) * s hat

1 posx.append (theta[0])
1 posy.append(l-thetal[l])

return 1 posx, 1 posy

1 posx gd,l posy gd = func sgd(

position init,

xXi, vyi, zi,

126

eproch,

learning rate)



1 posx momentum,l posy momentum =

ET1=E= BABU

func momentum (

position init, eproch,

xi, yi, zi, learning rate, alpha, velocity)
1 posx adagrad,l posy adagrad = func adagrad/(

position init, eproch,

xi, yi, zi, learning rate, delta)
1l posx adam,l posy adam = func adam(

position init, eproch,

xi, yi, zi, learning rate, delta, rhol, rho2)
fig, ax = plt.subplots()
contours = ax.contour(xi, yi, zi[:,::-1], linewidths=2)
ax.clabel (contours)
aXx.plot(l posx gd, 1 posy gd, ".", label="SGD")

ax.plot (1l posx momentum,

1 posy momentum, label="Momentum")

llg'"’

AR I AR AE R IR EY )

axXx.plot (1l posx adagrad, 1 posy adagrad, "y.", label="Adagrad")
ax.plot (1 posx adam, 1 posy adam, "c.", label="Adam")
ax.plot (1l posx gd[-1], 1l posy gd[-1], "ro")
aXx.plot (1 posx momentum[-1], 1 posy momentum[-1], "ro")
ax.plot (1 posx adagrad([-1], 1 posy adagrad[-1], "ro")
axX.plot(l posx adam[-1], 1l posy adam[-1], "ro")

ax.legend ()
plt.show()

& 7-3 ERAARNAAEIHFSLZERER

p— i‘h

"L [0.7, 0.6] Abdctn, fER] 0.05 B2 2, &5t 10 000 (RIEAR )G, TR REEHE AT b

e s, FFHBREE T oRr. XBREEEE WA E.

o MR BPREGER EAFARA GRIXE Y xR RE, A FEBT Z0) ?

e REARMBMATHL, BRAHAKA?
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REF

\

FHRNEEE WA L EME— T @A matplotlib FIESNAE, B LH| B R
PR, 1SRRI ATALE R

7.5 &k X 0T ik

L1] Goodfellow, I. J., Bengio, Y. Courville, A. Deep learning. (The MIT Press, 2016).
[2] Stochastic gradient descent. Wikipedia (2017). Available at: https://en.wikipedia.org/wiki/

Stochastic gradient descent#cite note-2.

[3] You, Y., Zhang, Z., Hsieh, C.-J. &amp; Demmel, J. 100-epoch ImageNet Training with
AlexNet in 24 Minutes. [1709.05011] 100-epoch ImageNet Training with AlexNet in 24 Minutes (2017).
Available at: https://arxiv.org/abs/1709.05011.

L4] HilE  REF MRS M) JE: By Tk HiARst, 2017.
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A F A — /> Keras 1 1B J7 R
%] Chttps://github.com/fchollet/keras/
blob/master/examples/ cifar10 cnn.py)
RETREGEE TN A BATHI 793K
% R & CIFAR-10 H4fE 46 X AN %
AT T 6 JITkK/NN32X32 HIF
B, Hrb 50000 FKAE A ZR4E.
10000 FRAE M IMALR, XL & J7 kT
ATRAZT A 10 AR, e 8-1 fia .

CIFAR-10 ¥iB 4 3

airplane i..% r...ﬂm
automobile E..H‘H'.‘
bird 1 BY BN AL L
ct Ilﬁlllllﬁ-

deer

dog
frog

horse

ship

truck

d.ﬁl!liﬂ'l

& 8-1 CIFAR-10 £#E&HEM 10 32 K& H 3 N ASLFE



R T SRR EMRAAIEAN]

A 55 A2 {8 ] Keras MR E M M2 B RY, IR 5 55 T4 R I B3R B2 f 48 X 4% A A
XX B AT VISR, w5 H IR Tl i) 14 .
B o T — e Ei BAHE S, A numpy LA Keras HHIAH SR EL:

+ HuEL

from  future  import print function
import numpy as np

from keras.callbacks import TensorBoard

from keras.models import Sequential

from keras.optimizers import Adam

from keras.layers import Dense, Dropout, Activation, Flatten
from keras.layers import Conv2Z2D, MaxPoolZD

from keras.utils import np utils

from keras import backend as K

from keras.callbacks import ModelCheckpoint

from keras.preprocessing.image import ImageDataGenerator

from keras.datasets import cifarlO

from keras.backend.tensorflow backend import set session
import tensorflow as tf

config = tf.ConfigProto ()

config.gpu options.allow growth=True
set session(tf.Session (config=config))
np.random.seed (0)

# EXZE

batch size = 32

nb classes = 10

nb epoch = 50

img rows, img cols = 32, 32

nb filters = [32, 32, 64, 64]

pool size = (2, 2)

kernel size = (3, 3)

(X train, y train), (X test, y test) = cifarlO.locad data()
X train = X train.astype ("float32") / 255
X test = X test.astype("float32") / 255

y train = y train

y test = y test

input shape = (img rows, img cols, 3)
Y train = np utils.to categorical(y train, nb classes)
Y test = np utils.to categorical(y test, nb classes)

T ORRIER R X HR A 550 5 TIPSk al 32 2 B9 = B AR, XS IR 50 6 F2. 55 5 &,
BT ERINEITA, Tl
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£8F /NAFTI—RERARERAEMEZITT CIFAR-10 £33

o XNIFHNERHL—MEET ARSI EERINAALE,
o HHATUIFR| XA LR —F SFF BB IR EATE M4,
o I 4itAE MK AB—1EF AR ALAE )| AR R,

8.1 LilfEhs — BT MBOHEE BN R

AN TRE 2 T A s HY 3t A R AR

datagen = ImageDataGenerator (
featurewise center=False,
samplewise center=False,
featurewise std normalization=False,
samplewise std normalization=False,
zca whitening=False,
rotation range=0,
width shift range=0.1,
height shift range=0.1,
horizontal flip=True,

vertical flip=False)

datagen.fit (X train)

4

111
(TrtH
F
X

a2

k=3
>

.

8.2 #LERT—— R EMEHIEE

23 o) 4%

—N-

ATRE 25 T A 75 R A 42 R 245 -

model = Sequential ()

model .add (Conv2D (nb filters[0], kernel size, padding='same', input
shape=X train.shape[l:]))

model .add (Activation('relu'))

model.add (Conv2D(nb filters[l], kernel size))

model .add (Activation('relu'))

model .add (MaxPool2D (pool size=pool size))

model . add (Dropout (0.25) )

model.add (Conv2D(nb filters[2], kernel size, padding='same'))
model .add (Activation('relu'))

model .add (Conv2D(nb filters[3], kernel size))

model .add (Activation('relu'))

model .add (MaxPool2D (pool size=pool size))

model .add (Dropout (0.25) )
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model .add (Flatten())

model .add (Dense (512))

model .add (Activation('relu'))
model .add (Dropout (0.5))
model.add (Dense (nb _classes))

model .add (Activation('softmax'))

PR N 8-2 B,

¥

(None, 15, 15, 64)

conv2d_1_input: InputLayer

input:

(None, 32

.32, 3)

output:

(None, 32

.32,3)

conv2d 4: Conv2D

mput:

output

{None, 13, 13, 64)

L '

- o o input:
input: (None, 32,32, 3) activation_4: Activation
output:

output: | (None, 32,32 32) i

(None, 13,13, 64)
(None, 13,13, 64)

conv2d 1: Conv2D

i input:

(None, 13, 13, 64)

input: | (None,32,32,32) max_pooling2d_2: MaxPooling2D

output: (None, 6, 6. 64)

activation 1: Activation

output: | (None, 32, 32, 32) i

l input:

dropout_2: Dropout

(None, 6, 6. 64)

input: | (None, 32, 32, 32) output: | (None, 6, 6, 64)
conv2d 2: Conv2D
output: | (Nome, 30, 30, 32) i
mput: None, 6, 6_6d
i flatten 1: Flatten P ¢ — )
o o input: | (None, 30, 30, 32) output: | (None, 2304)
activation_2: Activation
output: | (None, 30,30, 32) l
imput: | (None, 2304)
dense 10: Denge N 2 12)
. put: .
_ . input: | (None, 30,30, 32) outpy (Nonc, :
max_pooling2d_1: MaxPooling2D -
output: | (None, 15,15, 32)
l o o mnput: | (None, 512)
activation_5: Activation
output: | (None, 512)
input: | (None, 15,15, 32)
dropout_1: Dropout
output: | (None, 15, 15,32)
input: | (None, 512)
dropout_3: Dropout
output: | (None, 512)
input: | (None, 15, 15,32)
conv2d 3: Conv2D
output: | (Nomne. 15. 15.64)
mput: | (None,512)
dense 11: Dense
i output: | (None, 1(0)
o o mput: | (None, 15, 15,64)
activation 3: Activation -
output: | (None, 15,15, 64) .
o o input: | (None. 10)
activation_6: Activation
output: | (None, 10)

& 8-2 MELFIIRMLE AK€ CIFAR-10 HIEE

—
—_—

8.3 TS —EAC ARSI IR A

I
i

AR AE A IR ARAC AR BRI SR A -
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adam = Adam(lr=0.0001)
model.compile (loss="'categorical crossentropy',
optimizer=adam,

metrics=['accuracy'])

wa, FURVIEREERY, I H vPAd B2 2 A 1 .
# SRy

best model = ModelCheckpoint ("cifarl0 best.h5", monitor='val loss',
verbose=0, save best only=True)

tb = TensorBoard(log dir="./logs")

model .fit generator (
datagen.flow (X train, Y train, batch size=batch size),
steps per epoch=X train.shape[0] // batch size,
epochs=nb epoch, verbose=l1,
validation data=(X test, Y test),
callbacks=[best model, tb])

+ BAIPE5
score = model.evaluate (X test, Y test, verbose=0)
+ g R

print ('Test score:', score[0])
print ("Accuracy: %.2f%%" % (score[1]*100))
print ("Compiled!")

CL_EACHS/E 2 A GPU W4T, 50 4™ epoch #, > epoch HW 12 # A, SitHE
1E 15 8P AN . 2 25 4> epoch J5, FeubfERIMEER R SEPIWETE 0.8 £4, mARHERZERLE
82.53%.

RIFAZ—MEEBIEFRE, NN IJ3WAH— S RE R 0 KRR ? iLIRANTITEA
PSRBT BRI N A NS, 8 SE AR AR B BF AR R — iR W T f i — AN BE A AR AR

8.4 & ik X M D1 §kTE

[ 1] CIFAR-10 - Object Recognition in Images | Kaggle Available at: https://www.kaggle.com/c/
cifar-10/data.

[ 2] Fchollet. fchollet/keras. GitHub Available at: https://github.com/fchollet/keras/blob/master/

examples/cifar10 cnn.py.
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% iR ——f A E
% SHEF R IHE

AR AREFZAPIEFLHB—IER: TBF . AERIEARTMEESE
55, Rl —iKERMmE RN . 9.1 FWhEHEE M EERIREME MR Z AR, 9.2
PREHIB AR, 93 TENMABRABEER, AREAR & HERE .

E RN, FATLL kaggle ER—ANEEFE — KA (https://www.kaggle.com/c/ dogs-
vs-cats-redux-kernels-edition) HJEFEHE NG, FRIRIR AT F T L8 5 > SCIN i LR 22 1Y 2840 R
73R. ZEEFRRME T 25000 FKEERIIZREE, WMs 5 —, LR 12500 5K, A RE LM

BATFehENLE —ER A, #E4T R AlAL

import os
import cv2
import random

import matplotlib.pyplot as plt

Smatplotlib inline



F9FE WBR —EATBZIRIERRE
tconfig InlineBackend.figure format = 'retina'

path = 'train'

os.listdir (path)
10))
filename 1n enumerate
4, i+1)

filenames
plt.figure (figsize=(12,
for 1,

plt.subplot (3,

plt.imshow(cv2.imread (os.path.join (path,

plt.title (filename)

He B inE 9-1 Fras.

(random.sample (filenames, 12)):

filename) ) [:, :,::=11)

100 100

200 200 4

300

100
100

200

300

0 cat.3912.jpg

dog.8302.jpg

dog.3870.jpg

500 0

1]

200

200

o 200 400

& 9-1 FEHLHkE H KA 1

2 SKIEf BRI, STIABREIFR AR NA—

He, #E 25 AT 2 jupyter notebook HHFAE ), BB 1L matplotlib £ K 7T H

s th EEBAFE IR Ao

AT LA R 4 BRI R —

e N, FEERAERIF AR . THE

, B2 RE . BRI ERER 7 RSN, A AR
BN ERMEMERZRA—T .

1TUNZR

Ei;ll gﬁiafﬂikifﬂi 1.()______1§EJ

| EFRHEZ MK EFEI

9.1.1 FAHIE

FA7E Linux BT PUE T 1s 74 #1 head iy 1R 5 2 M A B ZU4 48 train test ST & i) ST 44
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ls train | head

BHEER:

# out
cat.0.Jpg
cat.1l.jpg
cat.10.Jpg
cat.100.)pg
cat.1000. Jjpg
cat.10000.jpg
cat.10001.jpg
cat.10002.7pg
cat.10003.jpg
cat.10004.7pg

AT LE BIZHE R 2B XFERE N Z R cat. ¥ 5 jpg M dog. F¥5 .jpg,
A G —¥, FiF S RTEEZ& 0~12499.
T E#3E R GRS N, FRMTESE %S S g

import cv2
import numpy as np

from tgdm import tgdm

n = 25000
width = 128

X = np.zeros((n, width, width, 3), dtype=np.uint8)
y = np.zeros((n,), dtype=np.ulint8)

for i in tgdm(range (n/2)):

X[1i] = cv2.resize(cv2.imread('train/cat.%d.jpg' % i), (width,
width) )
X[i+n/2] = cv2.resize(cv2.imread('train/dog.%d.jpg' % i), (width,
width) )
vin/2:]1] =1

HT MR FEELEZE, RANLIGEITAE B #E ISR, R IRAT
F cv2.imread BBy, 25 H ov2.resize ¥ B R 48T E —FERI R/, XL TE AL T 2048 912 EL .

N 1 ERE Keras HIll%% APL, BATEME 7 —4> (o, width, width, 3) BJUYZERFE, 2RJE—
7k — K BN X FIX AL E, A ZEH Python JFA 5.
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0.1.2 A[#l4L
H T R EE R EFN, BB LREEE:

import random

import matplotlib.pyplot as plt

Fmatplotlib inline

%config InlineBackend.figure format = 'retina'

plt.figure (figsize= (12, 10))

for 1 in range(l2):
random index = random.randint (0, n-1)
plt.subplot (3, 4, i+l)
plt.imshow (X[random index][:,:,::-1])

plt.title(['cat’', 'dog'][yl[random index]])

HE BN 9-2 Fios.

cat cat

cat

&0

i o
. Al Cats

100 4] 50 100 0 50 100

80 80 80

100 4 100 1009

120 | 120
0 50 100 0

dog

100

1204 Afvon

& & B o

o]
=]

100

120

K 9-2 BEHLEKE KA 12 KBRS TR 0L

BATRTCLE R B2 448 R (128, 128) IR T .
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9.1.3 FENIZREMITIEE

BATEIE, MBEERIEE, MITETHEEM MRS TR RS, LEMEA 4 RN 1%
(Zi1EIZ%, HIb T BB —H 9 B ARG EEE .

X BEAFEESBENRE, KA kaggle A & 5t 2R T ¥F label HIIA%EE.

from sklearn.model selection import train test split
X train, X valid, y train, y valid = train test split(X, y, test

size=0.2)

ISR A ., fEH] 1 sklearn Y train_test split PR%Y.

Sy LLE I X train B 20000 NEEAS, X valid A 5000 PMEEAS, AR CLAEATEL T .

ERERBIZ AT, EEATRH— T VGG16 AL

VGG16 & —MRAMARE, ERFFIEIRIGER 2 AMEH 1 3 X3 fiefitz, Bl 2X2 Bt
WIE. EEZHIMRZ NN NG B B RE R0 BRI X 38, Al 4 vH 5 m] BARIIE,
PN BRIZ KN R 3X3 BB RET LA E RS 5X5 X, FRGER PR HE, DL
INAELEMERE 77, IXR VGG RFIBRI AL 0B, ERB/INEEZ, IRML, Wk 9-3 i,

VGG W4 FK H T Visual Geometry Group, X4 KM —ANSLE % . A& I8 SChR
IR F $%: Very Deep Convolutional Networks for Large-Scale Visual Recognition, 7= & & H T
KA B VA7) B AR 0 TR RS R A 22 T 4%

/
/

(E 2k B 183X Rethinking the Inception Architecture for Computer Vision)
% 9-3 ME 33X EREBEXFH TN

I, 2% VGG16 ) 5e 45 4 X R -
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img input = Input (shape=input shape)

# Block 1

x = Conv2D(e4, (3, 3), activation="relu', padding='same',
name="'blockl convl') (img input)

X = Conv2D(e4, (3, 3), activation="relu', padding='same',
name="'blockl conv2') (x)

X = MaxPoolingZD( (2, 2), strides=(2, 2), name='blockl pool') (x)

# Block 2

x = ConvZD(128, (3, 3), activation='relu', padding='same',
name="'block2 convl') (x)

x = ConvZD(128, (3, 3), activation='relu', padding='same',
name="'block2 conv2') (X)

X = MaxPooling2D((2, 2), strides=(2, 2), name='block2Z2 pool') (X)

# Block 3

x = Conv2D (256, (3, 3), activation='relu', padding='same',
name="block3 convl') (x)

x = Conv2D (256, (3, 3), activation='relu', padding='same',
name="'block3 conv2') (x)

x = Conv2D (256, (3, 3), activation='relu', padding='same',
name="'block3 conv3') (x)

X = MaxPooling2D((2, 2), strides=(2, 2), name='block3 pool') (x)

# Block 4

X = Conv2D(512, (3, 3), activation='relu', padding='same',
name="'block4 convl') (Xx)

X = Conv2D(512, (3, 3), activation='relu', padding='same',
name='block4 conv2') (X)

X = Conv2D(512, (3, 3), activation='relu', padding='same',
name='block4 conv3') (x)

X = MaxPooling2D( (2, 2), strides=(2, 2), name='blockd4d pool') (X)

# Block 5

x = Conv2D(512, (3, 3), activation='relu', padding='same',
name="'block5 convl') (x)

X = Conv2Z2D(512, (3, 3), activation='relu', padding='same',
name="'block5 conv2') (x)

X = Conv2Z2D(512, (3, 3), activation='relu', padding='same',
name="'block5 conv3') (x)

X = MaxPoolingZD( (2, 2), strides=(2, 2), name='blockbd pool') (x)

# Classification block

139




R SRR ERANIEAN]

Xx = Flatten (name="flatten') (x)

®x = Dense (4096, activation='relu', name='fcl') (x)

®Xx = Dense (4096, activation='relu', name='fc2') (x)

x = Dense(classes, activation='softmax', name='predictions') (x)
model = Model (inputs, x, name='vggle')

ZXHEHE: https://github.com/fchollet/keras/blob/master/keras/applications/vggl 6.py .

BAES 11 FEE T E AWM ERT VGG IRAM B E E R EERMaMag, HTERE
53l

9.1.4 #ZE{=HY

BT IRATBIEIEE R A 25000 5k &, 1T ImageNet A LB KK, RATE B B L,
DR BEAE #5 B AR R B i 24T T — 22

o  EBAZANHN 32 4L 2 6 n K5I, thde 32, 64, 128--ee-
e B AEJG &4 BatchNormalization & e ig 91| %
o EMEXMLHEERAL, KA GlobalAveragePooling2D 44 .

BT 3RATHY ) B 42K 8, [R5 23848 sigmoid WUEREL, Boi— & TT.
RIS T

from keras.layers import *

from keras.models import *

inputs = Input((width, width, 3))
X = 1inputs
for i, layer num in enumerate([2Z, 2, 3, 3, 3]):

for j in range(layer num) :

X = Conv2D(32*2**3i, 3, padding='same', activation='relu') (x)
x = BatchNormalization () (x)
®x = Activation('relu') (x)

X = MaxPoolingZD(2) (x)
X = GlobalAveragePooling2D () (x)
x = Dropout (0.5) (x)

X = Dense(l, activation='sigmoid') (x)

model = Model (inputs, x)
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ERIFRAILL S, 1EIATIRIEEMALERAT loss:

model .compile (optimizer="adam',
loss="binary crossentropy’',

metrics=["'accuracy'])

7.3 [WIRBRY, XT CNN 772K RENE, HEMFEH Adam Jitbas LT MBI ERINF 2 &
(Ir=0.001) SRMAFLTR & —Fh PRiE A WAL AL U TSR) “Big” » B TIRATAY IR - =70 2K A,
P BRI B sigmoid, FTLA loss 1% $% binary crossentropy. W EZ KM &, 2H 2 /0K
WEZ /DA TT, AR softmax E NEEEREL, 1 categorical crossentropy £ 4 loss.

9.1.5 =A%k
HELY )11 25 AR AR 7 B

h = model.fit (X train, y train, batch size=128, epochs=20,
validation data=(X valid, y wvalid))

RIS HE) h 28 T IRFEERIZRE P —ARFRE, W loss. #EFRERSE

AL HE 128 /EN batch_size, X NMELKAH, WRIREAIJLEAN GPU, —HEE KELT
TAVEILINGR T 20 X, mIERUESR RKBEAEIE R 00% LA ERIHERZ .

N7 BB BR B YI ZRB ROR, AT CAA T HO RS ] D 58 #H 2k

plt.figure (figsize=(10, 4))
plt.subplot(l, 2, 1)
plt.plot(h.history['loss"'])
plt.plot (h.history['val loss'])
plt.legend(['loss', 'val loss'])
plt.ylabel ('loss')

plt.xlabel ('epoch')

plt.subplot(l, 2, 2)

plt.plot (h.history|['acc'])
plt.plot (h.history['val acc'])
plt.legend(['acc', 'val acc'])
plt.ylabel ("acc')

plt.xlabel ('epoch')

HERWE 9-4 Bk,
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0.8 -

1-0 n e — —

— 0SS

—— val_loss

'i l 0.9 -

I

0.6 -

0.7 -

0.5 -

0.4 -

loss

0.3

0.2 1

0.1 ~ —— acc

- Val_acc

0.0 -

0 10 20 30 40 50 0 10 20 30 40 50
epoch epoch

& 9-4 HIRHREZME Y ZIIFEM loss F acc TR

PRAFEIGUE R b & e v 2 0.9224.,

0.1.6 B4

AT IX AR I UL E R R AR A &, AR S & 1R 308 kaggle B W & PPl AR
RFENASE EHIRILT .

0.2 JEMKER 2.0—{FFH ImageNet HIEE TS IEE

021 IFBF3]

IEBZEIIR—MEAEXHEAR, B EERNH— 5% E 58 RER K- B3 xRk &
AFIEIRSE, AR5 ZAiAHYS. E2 il AR AR G FIR .

HERATHE AT, AMTNZG—MEERE 2R ARIEE . #lar, WRA 4 3L NVIDIA
Titan Black &+, #B7E ImageNet ZUIELE L% — 1> VGGl6 28, A AHATEEW)IZFEZE
2~3 JE B TE] . IX R AEE IR (A IR PR IR HIME, S8Rl LRI A A S &Il 44 1 VGG16
BEAYRIRUE, R A H A B ST RRB .

£ ImageNet Z(#E 4L O ZRd RFIALE, FEEM AR LEGIRE — AR Hn & i (5
B ISR, BRIERES ImageNet Z 7 dE T KHIBIRLE, 85 1E 0L T YISk H RAE 7T LA AR
KANE 9-5.
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IR FE R DUX ERUEI a6, ANEFTHIMESS 7 Z R B R 84 A 7E ImageNet HIR
A H, SR GREOR —E = A BENII IR 2, BT AR RS 2 SR 30 R AR IE .

ImageNet

ImageNet ;22 & CRER—1EBREIESE, B VGG Z IR ILSVRC 2014 K%, ZHEFFE
PERZA 120 kB, HET 1000 128, BAEER &5 K. ImageNet HEURF AR R T
BERFEG, A 7 KAENEREESE, SIRMEMBARR[EMNEKR. £ 2015 FHE2 048K

T ANFAKF
ImageNet: A Large-Scale Hierarchical Image Database Delving Deep into Rectifiers: Surpassing

Human-Level Performance on ImageNet Classification

9.2.2 HIEFNALIE
VGG XX EE 3.1 IR TRALEE 2P IR & X«

During training, the input to our ConvNets is a fixed-size 224 X 224 RGB image. The only

preprocessing we do is subtracting the mean RGB value, computed on the training set, from each pixel.

BEEAW, ERARERIY (224, 224) KR/, TACETTERIREISGERE MR R S HIB
BRI EIME

K, B e EMABSE IR, FANFHRICWEBEON 224:  width = 224, R LS H
X AL R 5 -

def preprocess input (x):

return x - [103.939, 11e.779, 123.68]

9.2.3 {EiERAY
17, LT LU Z 5t ImageNet YIZ5H) VGG16 A% T,
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B /il VGG16 3REL—™ cnn_model:

from keras.applications import VGGle

cnn model = VGGleé (include top=False,
input shape=(width, width, 3),
welghts="'imagenet'")

for layer in cnn model.layers:

layer.trainable = False

X BB cnn model M1 — EEABIE T, BN EREA R FFE JLAN R 53 A LA HRE 5
GREH N
2 KA preprocess input FAEEEE ', 5 A con model $2HURFIE, m/EHEE 7K4:

inputs = Input((width, width, 3))

= 1inputs

= Lambda (preprocess input, name='preprocessing') (x)
= cnn model (X)

GlobalAveragePooling2D () (x)

= Dense (512, activation='relu') (x)

= Dropout (0.5) (x)

I T T T T
I

= Dense(l, activation='sigmoid') (x)

model = Model (inputs, x)
model .compile (optimizer="adam',
loss="binary crossentropy’',

metrics=["'accuracy'])

9.2.4 1EBIATHI1L
T BRI g5, W DU R AR AT AT A (L 9-6) -

from IPython.display import SVG

from keras.utils.vis utils import model to dot

SVG (model to dot (model, show shapes=True) .create (prog='dot',

format="'svg'))
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input: | (None, 224, 224, 3)
output: | (None, 224,224, 3)

l

input: | (None, 224,224, 3)
output: | (None, 224, 224, 3)

'

input: | (None, 224,224, 3)
output: | (None,7,7,512)

'

global_average_pooling2d_1: Global AveragePooling2D

'

input: | (None,512)
output: | (None, 512)

input_2: InputLayer

preprocessing: Lambda

vggl6: Model

input: | (None, 7,7,512)
output: (None, 512)

dense_1: Dense

input: | (None,512)
output: | (None, 512)

l

input: | (None, 512)
output: | (None, 1)

dropout_1: Dropout

dense_2: Dense

& 9-6 VGG R I

9.2.5 &&= HY
NGRS Fm—FE, EEMLHETFESZ, WE 9-7 fimx.

— loss 4 —— acc
0.16 - 0.995
—— val loss — val acc
D-14 N Dggu -
0.12
0.985 4
" 0.10 4 o
v [
Q9 o i
0.08 - 0.980
0.06 5 0.9?5 -
0.04 A
0.970 -
0.02 -
0 2 4 4] B 0 2 4 b B
epoch epoch

& 9-7 VGG R EN 2321280 loss F1 ace T R4,
BRI TE RS UEEE b B = E 2 2 0.9866.
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9.2.6 &3 %| kaggle 11
BRI, RIDRME, MALHET .

n = 12500
X test = np.zeros((n, width, width, 3), dtype=np.uint8)

for 1 in tgdm(range (n)) :
X test[i] = cv2.resize(cv2.imread("test/%d.jpg' % (i+l1l)), (width,
width) )

2R )5 A Zx4F RO AL R2EAT T -

Yy pred = model.predict (X test, batch size=128, verbose=l)

ZJE SN EN, BRI EFEBETFE (0.005,0.995) KTGEWN, BEHHET csv X4

import pandas as pd

df = pd.read csv('sample submission.csv')
df['label'] = y pred.clip(min=0.005, max=0.995)

df.to csv('pred.csv', index=None)

R’ 2| kaggle 5, BATATLAER] 0.06241 ARG, AT 134/1314, E&Z& 10% A6 7T .

9.3 WAL 3.0——(E A SHTIILIRELE &R IR

BAFniE, TBRFIARAFTECZHEHILTESHER, EREVIZHIEEIKIRSIREIR
Z B [A]7E cnn_model b, XEALER. AN T HERE, ATLLSEH con model Tl 1§ B4F1E,
HAEIFRE, KA TR0, XM E T EER EEE 3 PR, FETEER
PRI AFAE ittt — 22 A B T R N R E B F# ] -

POFEITRF I FZ R

o HASEL

o BEFIN%44EA (cnn model)

o FHIIEEMIFIE

o PEBEALEIESEXEZEA (model)
o Y|HARRE

N HEAT R DR
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9.3.1 HAHIEE
WAEHELIE A E AR —F, S/ Inception V3 Hl Xception 75 248 width 25~ 299.

import cv2
import numpy as np

from tgdm import tgdm

n = 25000
width = 224

X = np.zeros((n, width, width, 3), dtype=np.uint8)
y = np.zeros((n,), dtype=np.ulinti)

for i in tgdm(range (n/2)) :
X[i] = cv2.resize(cv2.imread('train/cat.%d.jpg"' % i), (width,

width) )
X[i+n/2] = cv2.resize(cv2.imread('train/dog.%d.jpg' % i), (width, width))

vin/2:]1] =1

9.3.2 {HHIEfBAYTIALIE ek 2
iﬁﬁE%ﬁ)r-ﬂ%M&%E%ﬂﬁh

from keras.layers import *
from keras.models import *
from keras.applications import *

from keras.optimizers import *

BETF#R, WHRE VGG16/ResNet50 7Y, 5l X /™ i 4b BH g %5 -

def preprocess input (x):

return x - [103.939, 116.779, 123.68]
15 & Inception V3 / Xception f28Y, g X/~ TRALFE PR £ -

from keras.applications.inception v3 import preprocess input

SR LA XA

from keras.applications.xception import preprocess input

9.3.3 FBEFHERIREF FHHHE

cnn_model HIGE IR H, W& 9-8 Fias.
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input: | (None, 299,299, 3)
output: | (None, 299, 299, 3)

input_2: InputLayer

input: | (None, 299, 299, 3)
output: | (None, 299, 299, 3)

preprocessing: Lambda

input: | (None, 299, 299, 3)
output; | (None, 10, 10, 2048)

l

global_average pooling2d_1: GlobalAveragePooling2D

xception: Model

input: | (None, 10, 10, 2048)
output: (None, 2048)

& 9-8 FFLEBUREITTHL

SEREATXT N ) FALEE, ARG R, B J5—1 GLobalAveragePooling2D FH4#11E Bl ¥ N4F1IE
M & . Xception FJARASHIT -

cnn model = Xception(include top=False, input shape=(width, width, 3),

weights='imagenet"')

inputs = Input((width, width, 3))

X = 1lnputs

x = Lambda (preprocess input, name='preprocessing') (x)
X = cnn_model (x)

x = GlobalAveragePooling2D() (x)

cnn model = Model (inputs, x)

features = cnn model.predict (X, batch size=128, verbose=1)

I Inception V3 I{# ResNet50, R 75 EAEHMUMT M AR R EI AT .

0.3.4 EBEMHIIGEIEESLFIER

A TRHERUR, IEARBRIMUDT TR [ om0
— R, ANFIBM LRIt #, — Dropout B it nput_o: Tnputtayer output: | (None, 2048)
SR, R AR R T, W 9-9 . l

input: | (None, 2048)
output: | (None, 2048)

l

input: | (None, 2048)
output: (None, 1)

dropout_4: Dropout

dense_4: Dense

9-9 M EaRET I
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(AR I
inputs = Input (features.shape[l:])
X = 1inputs

X = Dropout (0.5) (x)

x = Dense(l, activation='sigmoid') (x)

model = Model (inputs, x)

model .compile (optimizer="'adam',
loss='binary crossentropy',
metrics=["accuracy'])

h = model.fit (features, y, batch size=128, epochs=10, validation split=0.2)

X BAFH T validation_split 5k H #1114 20% FIKUEEE .
Xception B Zrih £ Wik 9-10 Fios.

0.14 - —— loss 0.995 - ’_\_\__}0
—— val_loss
0127 0.990
0.10 A
0.985 -
3 0.08 - !
N 0.980 -
0.06 -
0.975 A
0.04 4
m— dCC
0.02 - 0.970 1 —— val_acc
0 2 4 6 g 0 2 4 6 8
epoch epoch
& 9-10 Xception 1)l|Zki3 4% loss # acc T/ 1L
oAt AR Y K ] /N 5

9.3.5 M E L
RN =i F

n = 12500
X test = np.zeros((n, width, width, 3), dtype=np.uint8)

for 1 in tgdm(range(n)) :
X test[i] = cv2.resize(cv2.imread('test/%d.jpg' % (i+l)), (width, width))

SR )5 T LI SR -

features test = cnn model.predict (X test, batch size=128, verbose=l)
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ARl FH AR 2R T 0 X B A i A A
y pred = model.predict (features test, batch size=128)

s B csv XX

import pandas as pd

df = pd.read csv('sample submission.csv')
df['label'] = y pred.clip(min=0.005, max=0.395)

df.to csv('pred.csv', index=None)

9.4 BAHE

BATX FAEBLFHEATIER 3], IF HAG T 45 RIEZF] kaggle, LR

= A 7 W
VGGI6 0.06241
ResNet50 0.05045
Inception V3 0.04516
Xception 0.04469

M _ETRIZE A PLFE 2, Xception A Inception V3 B R & LLBAFHY, KL a] PLSe Rl & 1X
MR,

AR VAR TR, H SRR IR R R, AREPHEE &, ME I &EZET KRS
WZRELAETEL T s

R R S R S G RI IR G 2, AERABEPHAMETRR S, FU8REPHARERHR
XA R RARE, eI, Za&BRINE. N T e Eirthpha i,
A DR IE TR S, XA BIFRIRCR, 9% MERIE SR i/), 5B IE oK,
B a9 B RCR AR R i R

9.4.1 FREVHHE
T FEIREUSAE, W] LS H XA R

def get features (MODEL, data=X):
cnn model = MODEL (include top=False, input shape=(width, width, 3),

weights='imagenet')

inputs = Input((width, width, 3))
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X = l1nputs

X = Lambda (preprocess input, name='preprocessing') (x)

X = cnn_model (x)

xXx = GlobalAveragePooling2D() (x)

cnn model = Model (inputs, Xx)

features = cnn model.predict (data, batch size=64, verbose=1l)

return features

XFEUAT AT AR, AR5 (8 R BB N B HF Ak 120

inception features = get features (InceptionV3, X)

xXception features = get features (Xception, X)

features = np.concatenate([inception features, xception features],
axis=—1)

inception features [ shape /& (25000, 2048) , xception features [ shape . & (25000,
2048) , #4434 np.concatenate BREH 2, TREM ARG —N4EE LIS, shape B2 RL (25000,
4096) , W] LARRAE I PN T S AR B X £ P A O B

9.4.2 HIEFHAK
INRAEER G HERE, 7TLMER hopy B ERAE 9 hdfs #RE ok, DUE TR fE A -

import hbpy

with hbpy.File('features', 'w') as d:

d["'"features'] = features

B AR ] FL.

import hbpy

with hbpy.File('features', 'r') as d:

features = np.array(d['features'])

X BAEH np.array K E@EF #O8 numpy FERE, H BFEREGERANGTY, ZHIIZRHER

=R—L,

9.4.3 fJiEtRHl
PR AR 2 BT A E AR 24— R, XEBMANE T, Z£RmE 9-11 fix.
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input: | (None, 4096)

input_5: InputLayer
output: | (None, 4096)

input: | (None, 4096)
output: | (None, 4096)

'

input: | (None, 4096)
output: (None, 1)

dropout_1: Dropout

dense_1: Dense

9-11 MERE TR

I 2R 2R an B 9-12 B

0.08 - l0ss 0.995 -
—— val_|loss
0.07 -
0.990 ~
0.06 -
w 0,05 1 U
8 % 0.985 -
0.04
0.03 - 0.980 -
0.02 -
0.01 0.975 4
0 2 4 5] 8 0 2 4 6 8
epoch epoch

0-12 BUEAREEYYIZk loss #0 ace T[AL

90.4.4 £ & _EFnn

FE AR R BT AR B AL, R EMARMEERFERE T, FEE

FRIACHS

n = 12500
X test = np.zeros((n, width, width, 3), dtype=np.uint8)

for i in tgdm(range(n)) :
X test[i] = cv2.resize(cv2.imread('test/%d.jpg' % (i+l)), (width,
width))

inception features = get features(InceptionV3, X test)

xception features = get features (Xception, X test)
features test = np.concatenate([ilnception features, xception features],
axis=-1)
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y_pred = model.predict (features test, batch size=128)
import pandas as pd

df = pd.read csv('sample submission.csv')
df['label'] = y pred.clip(min=0.005, max=0.995)

df.to csv('pred.csv', index=None)

5 B 4

IXAMERITE kaggle BTHIZRTG T 0.04077 HI40 80, HETE 17/1314, KR 4R 1.2% HI/KF.
W RIEAE R SRR TSGR, T AR EUT LR 5 =

o (&R EIFHHTRI 4ARE F 454

o Y| 4ARA AT (fine-tune)
o EAMIEIEIRA R E S KB

o EWERATHEK, ERFFIA

o M E % ENLT HB kTG

FHEEEEME 9-13 B,

cat.8456.jpg

cat.4338.jpg ) 0 cat.7564.jpg

.I' o 50 -

20 o 100 -

| = catassistance| | Adopted
150 - 200 -
200 A . . : 250 -
0 100 200 300
0 100 200
dog.10747.jpg 0 dﬂﬂ-zﬁljg_ _

50 -

100

150 -

200

0 100
dog.5604.jpg 0 dog.9517 | pg

dog.4367.jpg 50

M_HOO'MAIL M camera shy

100

125

0 S0 100 150

& 9-13 FEE AT
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BERF—ERAFREMEME
HITILFIA A

A TR B A R — Sk A R RIS . B ERME M AN N EiEk o RamTT
ERER, REFEAGRMENZES SEARRE M T 7 2R R, AMYAE HERE IR F5F,
ATEEHATUIF], EREWMRIE £ T S SABE AN 775 -

10.1 {FHERHBEMZHITIREIRE S

AF7iE L Keras #E — MNMRAE G HEAE ML KR captcha kS . HTIRE S ML ML
AT ERKTHEE, HEBUEHE R REITATHE.
B AN BAT 7 BB — NSRS A Rl

captcha.



REF S BAREGRADIEN]

captcha

captcha #& — A R UERS ) Python FE, "B SCFFE KRS ANE ZIGURRS, FRAME FIH
= eANE R EUEAS I EE. Z00H FIHibE & https:/github.com/lepture/captcha.

ZEE IR T
pip install captcha
AT SLIG A (WAH 1.4 ) FEOLHERM T captcha 0.2.2 , X B IL% %

FATBCE K IR XA IR G 78, A — RIS A

from captcha. image import ImageCaptcha
import matplotlib.pyplot as plt
import numpy as np

import random

Smatplotlib inline

sconfig InlineBackend.figure format = 'retina'

import string
characters = string.digits + string.ascil uppercase

print (characters)
width, height, n len, n class = 170, 80, 4, len(characters)

generator = ImageCaptcha (width=width, height=height)
random str = ''.Jjoin([random.choice (characters) for j in range(4)])

img = generator.generate image (random str)

plt.imshow (img)
plt.title(random str)

HEER 4K 10-1 iz,

YHEI
0
*
i
20 1
*
40_
En-
#*
+ # ]
*I iI 1 1 1 1 *I I
0 20 40 60 80 100 120 140 160

10-1 captcha & A A
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10.1.1 ‘wREHIEERES

meEs 6 mAEMIAE—&, EISEREPERES, 7 CLEEER M 77 20R A i) 2R 53
—ME—KEAERJLAKE, RETHEIINZ: 7—FEE X —PMEEERS, REFH Gt
generator BREIFFIT YNGR, LARRAR AR (LRI 77 WA B &5 A I 2R 501 .

B AR IINZGH B RAHARS, MRTEZELFHS, ALL—KER, REZIX
gk B M AR ERATEERKEERDE, NIRRT LIF A CPU A& s, mHE
A — AN AT UG IR AE s, R m R BRI Z ALRE ST

BT EZAERKEREZ X My, XE2—#tEBF, yRXIMNEEFERSE, iR BRE R
AMEIEE R -

1. BIR 7R X
X BB ARAZ (batch size, height, width, 3) , FlUI—HbA AL 32 PREAR, ERHEEAN 170, &
FEH 80, AR RZ (32,80,170,3) , EE—ikEHRZ X[0].

2. FREFERE y

y RIFEAR & 4 4> (batch size, n class) , W15 ¥ # 5 numpy HI#& 2, W2 (n len, batch
size, n_class) , FlIn—HbAERRL 32 MFEA, WIUEMERIFRTA 36 #, KER 441, BAERIR
U 44 (32,360 , WATBAHE (4,32,36) .

def gen(batch size=32):
X = np.zeros((batch size, height, width, 3), dtype=np.uint8)
y = [np.zeros((batch size, n class), dtype=np.uint8) for i 1in
range (n_len) ]
generator = ImageCaptcha (width=width, height=height)
while True:
for i in range (batch size):
random str = ''.join([random.choice (characters) for J 1in
range (4) 1)
X[1] = generator.generate image (random str)
for j, ch in enumerate (random str) :
yljlri, =1 =0
v[jJl[i, characters.find(ch)] =1
yield X, vy

E TSR — AN AT AC PR AE B s BB, T TR A XA A s SR i L

10.1.2 ERERER

RS HAE AR A B, R EE A Python W E K next MEEIR] . FHIZ—PMHIF, —
AR 32 MR, RAEEARE—NEERE . BT label {£H T One-Hot 4wf%, Frllid s 2
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Xf label #EAT ##15, B eR BN numpy HAH, REH 36 MFHRABFRIME, Lhr X
LT N A TR, BRI KRT, SRR KNH 4 MR BN TR &

def decode(y, index=0):
Y = np.argmax (np.array(y), axis=2) [:, index]

return ''.join([characters[x] for x in vy])

X, vy = next(gen(l))
plt.imshow (X[0])
plt.title(decode(y))

10.1.3 1ERESFTIHRZE ML

from keras.models import *

from keras.layers import *

input tensor = Input((height, width, 3))
X = input tensor
for 1 in range(4):

X = Convolution2D(32*2**31, 3, activation="'relu') (x)
X = ConvolutionZ2D(32*2**37, 3, activation="'relu') (x)
X

= MaxPoolingZD(2) (x)

x = Flatten() (x)
X = Dropout(0.25) (x)

X = [Dense(n class, activation='softmax', name='c%d'%(i+1l)) (x) for i in
range (4) ]
model = Model (inputs=input tensor, outputs=x)

model.compile (loss="categorical crossentropy',
optimizer="adadelta',

metrics=["'accuracy'])

R G HR A ., FFERBUGE o A2 NS, — MBS H, ZEHEF R
VGG16 HIZ5H . 2 J5 K%t BU%FAE Flatten y—4E[A &, SRJ545I0 Dropout, /L& #E fid & A&,
WEERE 4 MR, BN RB[R 36 MMETT, Mt 36 N ERFRIE.

10.1.4 #=BIA]H1L
1825 T Keras HAFHITAT WAL, BT LAEF LA SR AT MIAGBI RS B 540 (LI 10-2)
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F10=

. input: (WNone, 80, 170, 3)
input_1: InputLayer

output: | (None, 80, 170, 3)

i L: B0, 170, 3

conv2d 1: ConvZD e (None, . , 3)
- output: | (None, 78, 168, 32)

i L: . 78, 168, 32
convZd Z: ConvZD bt (None )
output: | (None, 76, 166, 32)

l

max_ pooling2d 1: MaxPooling2D

input;

(None, 76, 166, 32)

output:

(None, 38, 83, 32)

l

i t: N 3g, 83, 32
convZd 3: ConviD i (None, 38, 83, 32)
- output: | (None, 36, 81, 64)
conv2d 4: Conv2D input: | (None, 36, 81, 64)
- output: | (None, 34, 79, 64)

!

max_poolingZd_2: MaxPooling2D

input:

(None, 34, 79, 64)

output:

(Mone, 17, 39, 64)

l

input: (None, 17, 39, 64)

convad 5: ConvZD
- cutput: | (None, 15, 37, 128)
input: one, 15, 37, 128
conv2d 6: Conv2D P (None, 15, 37, )
output: | (None, 13, 35, 128)

l

max_pooling2d_3: MaxPooling2D

in

put: | (Neone, 13, 35, 128)

[#]0)

tput: | (None, 6, 17, 128)

l

input: (None, 6, 17, 128)

convZd_7: ConviD
output: | (None, 4, 15, 256)
input: (None, 4, 15, 256)

convZ2d 8 ConviD
- output: | (None, 2, 13, 256)

l

max_pooling2d 4: MaxPooling2D

inpuk:

(None, 2, 13, 256)

output:

(None, 1, 6, 256)

l

dropout 1: Dropout

fatten 1: Flatten input: | (None, 1, 6, 256)
output: (None, 1536)
input: | (Neone, 1536)

output:

(Mone, 1536)

L

>

BEWRT — £ iR E AL MLt

TXFIRA!

cl: Dense

input:

(Mone, 1536)

output:

(None, 36)

c2: Dense

input:

(None, 1336)

output: (None, 36G)

c3:

(Mone, 1536)
(None, 36)

input:

Dense cd: Dense

output:

input:

None, 1536)

output:

(MNone, 36)

& 10-2 ZHEERPLNERZ T

from keras.utils.visualize util import plot

from IPython.display import Image

plot (model, to file="model.png", show shapes=True)

Image ( 'model .png')
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i HL 7% 35 1 pydot FEAN graphviz FiE, 7ES 1 &A% T NVIDIA Docker #4Z f 535 i
O 2tk s, AU\ BB .
RATTUBFRE —ESFUEHHTRE (1.6,256) , CATEEMERRET .

10.1.5 JJI|ZRtEEY

R ALE P E 2P R Bl A A B —, E#¥ H model.fit generator BRZEI A, iX H )
IUESRAE A T ERER A R, BT EE R E i A s AR LA R, R E R KRR T
0. FE, XBMBEEICA L REEFER — FTEE. R/ R FRINSE E AR, [ LK
epochs fF 8 K, {H'E WK FER AR E. FE, XBEMEH T —/N/PNEI5, %0 workers =2
Z3ik Keras H3hSLI 2 24 pEdE, #2 Python BT AR SR AL

PRI R R A A 128%400=51200 MFEA, SSUERIEHMR 28 128%10=1280 A

h = model.fit generator(gen(l128), steps per epoch=400, epochs=20,
workers=4, pickle safe=True,

validation data=gen(128), wvalidation steps=10)

%k 20 AKLLJE, A PAE B Il 2R FE R loss Al ace BIZEE (AL 10-3)

plt.figure (figsize=(10, 4))
plt.subplot(l, 2, 1)
plt.plot(h.history['loss'])
plt.plot (h.history['val loss'])
plt.legend(["loss', 'val loss'])
plt.ylabel ('loss')

plt.xlabel ('epoch')

plt.ylim(0, 1)

plt.subplot(l, 2, 2)
for 1 in range (4) :

plt.plot (h.history['val c%d acc' % (i+1)])

plt.legend(['val c%d acc' % (i+l) for i in range(4)])
plt.ylabel ('acc')

plt.xlabel ('epoch'")

plt.ylim (0.9, 1)

EE, XEAEA pltylim R 17 y KR, MREESRK, TEFEHREEES.
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£10%E FERF—EARERZNZHTIFIRT

1.0 1.00
— loss
—— val loss
0.8 - 0.98 A
0.6 0.96 -
w
g 3
0.4 4 0.94 -
—— vwal_cl_acc
0.2 - 0.92 — wval €2 acc
— val_c3_acc
—— val_c4_acc
0.0 T T T . 0.90 — T T T
0 5 10 15 0 5 10 15
epoch epoch

& 10-3 ZHHEFRBRMNEHET loss T AR EN 858 ace TTR/L

10.1.6 HERBE DIRERE

PRAIFE I ZR i I ik R 2 Bon B — DA MR R, N 7o R SRR, ATUES
N THT PR BR

from tgdm import tgdm

def evaluate(batch size=128, steps=20):

batch acc = 0

generator = gen(batch size)

for i in tgdm(range (steps)) :
X, y = next (generator)
y pred = model.predict (X)
y pred = np.argmax(y pred, axis=-1)
y _true = np.argmax(y, axis=-1)
batch acc += np.equal(y true, y pred).all(axis=0) .mean()

return batch acc / steps

evaluate (model)

XBEHRBT — A tqdm FE, ER—NEEEAHE, HRRBEW L R, Bk, B
— 8 numpy TR EGIHHERE, X BEIFFENE R ERIR N, AR EXN . @diE, K
R S AR HER R 200 20 S ZRE R LLE R 97.8%, 4k41I| 2508 n] LUk 21 3 & [ HER 2.,
10.1.7 M E=EY

grsEriz Ja, Al BLRAD AR E (LE 10-4) -

X, v = next(gen(l2))
Yy pred = model.predict (X)
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plt.figure (figsize= (16, 8))

for 1 in range(1l2):
plt.subplot (3, 4, i+1)
plt.title('real: %s\npred:%s'%(decode(y, i), decode(y pred, i)))
plt.imshow (X[i])

real: QM56 real: B1UZ real: PINO real: 8Y03
pred:QM56 pred:B1UZ pred:PINO pred:8Y03
0 "' * o F 5 0 ] L F 0 3 =
20 1 > ** 20 - . . 20 1 y . 00
- re T . ' s @
40 - o o 40 - 40 . '
- ’ a
B0 a L. B0 1 | 60 |
i ‘ ¢ - L ] L LY ) i
0 50 100 150 0 50 100 150 0 50 100 150 0 50 100 150
real: MZ7K real: NEU9 real: 6TSV real: OD6)
pred:MZ7K pred:N8U9 pred:6TSV pred:0DgJ
0 > . °T; s N . 0T 73 ¢ . -
20 - 04 # 4 .y e 20 4 L’
40 o A A L ’ - A0 q# *
L 3 — 1" o
G0 o 604 * av vy 60 -
- l* T T 'I{ L] *l L L] L ¥ L ‘- T
(1] S0 100 150 [v] S0 100 150 1] 50 100 150 (1] 50 100 150
real: SDRK real: 2UKE real: AZFP real: Y899
o pred:5DRK 0 pred:2UKE pred:AZFP pred;Yg899
o "> ¥ - " E

# 4 " *
0 5lD lli'll'.'l 150 a 50 100 150 o 50 100 150 0 50 100 150

10-4 =BV HERTWN

10.1.8 =B S4h

RERIE) K /N2 16MB, HEEEFZEICA LI 1000 5K IFISFER 20 7, UREEEHN
T E PR XTI IR R B0 A m R U, B 2 10% FIHEF R E 2GS LM#E, BT/
100% R A F LR E — AN, B4 10% BHRRIFRAB R AN, SR, TmiRMRE
) 97%, CA T LIRS E 52 SR 7 X RIGUERD B8 K /N 524 R AT REAE R IX 4 £ HISERS 1
U B R AT B LA EIGIERY, A R 2GR LT,

10.2 {FRBEMHE WK HRE

ST IX R IREB ST, 8 —F7EEal UMER, IR ERHAE MG RRGIFEY. T
[ § f#—F a3 SRR 22 I 28 SRR X R B IENS . X FE A A B —FE, RA2&% n class
YN len(characters) +1, FERNFRERMN—N2 HKF T CTC Loss.

h-

from captcha.image import ImageCaptcha
import matplotlib.pyplot as plt

import numpy as np
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import random

$matplotlib inline

sconfig InlineBackend.figure format = 'retina'

import string
characters = string.digits + string.ascii uppercase

print (characters)
width, height, n len, n class = 170, 80, 4, len(characters)+l

generator = ImageCaptcha (width=width, height=height)
random str = ''.joln([random.choice (characters) for j in range(4)])

img = generator.generate image (random str)

plt.imshow (img)
plt.title(random str)

10.2.1 CTC Loss

XA loss f&— AN A A IF) loss, "B AT PATE R &0 7 7 (7 A 50 BARAL 8 I E LT
ERE RIS (warp-cte) , I 10-5 Fras.

P(__TH____E_—-_C__AAA__TT__-)
+
] P(THE—CAT—)
-+
AA T -
w LB T

-:ah,z

B q
" N

I
l ;‘Jm&lf |
& 10-5 AEIFRFSIX & [E— label ~E &

fE Keras H, CTC Loss DEWE [, H#kE X —RAEI AT . B+ 2 a3 s
P25, [RUEECGAZHRTHE A NMar, EATaEW LE L, HFHESEmsE R ff H .

o vy pred RARR GG, RIBBIAAH BN ITANAFHGME, BAXLZRAE THTITE
M, PIAEZ—NZEaFHNE.

o labels RENEA, RUWIANKT, FNEFAEFHOHT

e input length &=y pred 89K E, XEZEZ 15,

e label length & 7= labels #9 K /&, X2 & 4.

from keras import backend as K

def ctc lambda func(args) :
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Yy pred, labels, input length, label length = args
y pred = y pred[:, 2:, :]

return K.ctc batch cost(labels, y pred, input length, label length)

10.2.2 RAIZER

BATHIR B SR R X W), BBl R EMas LR E, B8l —eiERE
P, 1% BRI A S B — s IR R JE A A 22 M 4%, I GRU (Gated Recurrent Unit) , A]
DAFRAR A2 LSTM H)f&E4bhit. LSTM B1E 1997 FiCLp K AHR T, {52 GRU HF 2014 4
A HB. S, GRU MR LSTM Eif.

252 https://zhuanlan.zhihu.com/p/28297161

from keras.models import *
from keras.layers import *
from keras.optimizers import *

rnn_size = 128

input tensor = Input((width, height, 3))
X = input tensor

x = Lambda (lambda x:(x-127.5)/127.5) (%)
for 1 in range(3) :

for jJ in range(2):

X = Convolution2D(32*2**i, 3, kernel initializer="he uniform') (x)
x = BatchNormalization () (x)
®x = Activation('relu') (x)

x = MaxPoolingZD((2, 2)) (x)

conv_shape = X.get shape().as 1list()
rnn length = conv shape[l]
rnn _dimen = conv_ shape[2]*conv shape[3]

print (conv_shape, rnn length, rnn dimen)

X = Reshape (target shape=(rnn length, rnn dimen)) (x)
rnn length —= 2
X = Dense(rnn size, kernel initializer='he uniform') (X)
®x = BatchNormalization () (x)
X = Activation('relu') (x)
X = Dropout (0.2) (x)
gru 1 = GRU(rnn size, return sequences=True,
kernel initializer="'he uniform', name='grul') (x)
gru 1lb = GRU(rnn size, return sequences=True,

kernel initializer='he uniform',

go backwards=True, name='grul b') (x)

164




F10FE FBERF—ERREMRMEMNEZFH TR

X = add([gru 1, gru 1b])

gru 2 = GRU(rnn size, return sedquences=True,

kernel initializer='he uniform', name="'gru2') (x)

gru Z2b = GRU(rnn size, return sequences=True,
kernel initializer='he uniform',

go backwards=True, name='gruZ b') (x)

X = concatenate([gru 2, gru Zb])
X = Dropout (0.2) (x)
X = Dense(n class, activation="softmax") (x)

base model = Model (inputs=input tensor, outputs=x)

labels = Input (name='the labels', shape=[n len], dtype='float32")
input length = Input (name='input length', shape=[1l], dtype='inte4d')
label length = Input (name='label length', shape=[1l], dtype='inte4')
loss out = Lambda (ctc lambda func,

output shape=(1,),

name="ctc'

) ([x, labels, input length, label length])

model = Model (inputs=[input tensor, labels, input length, label length],
outputs=[loss out])
model .compile (
loss={'ctc': lambda y true, y pred: y pred},
optimizer="'adam'

)

M Input 2|5 J5 —> MaxPooling2D, & —MRRKIGIRMEM L, BN 5FE I FAREN
FHE, RATgEX o ANERFRF. B shape & [None, 17, 6, 128], XML THE—KEN
170, =N 80 KIRZEB MR (170, 80, 3) KA NN 17. N 6 I 128 4EFRFMERIFFAER (17, 6.
128) . ARJGIRATIEEIE reshape N (17, 768) , i EIEEFRFMEBAE—NEERE, FE4ER (17,
128) , tHELRMNEBIAR 17 FFME, S 128 MEE.

X128 NMEE A —FEBRRAEE 4. ERMBIESE, 2B)ER 17 DME R E R IR EA
#| GRU ¥, GRU R NFSARFFHIERMERNAHESMAEM 2 FR/F, BME R 7R/ Z0A R E W
AFH. XEAEH 17 XUA GRU, # /)& Dropout # —PMEEREZE, 1E A0 K& B EN AR

XA fE base_model 45, tHEZ2RANTEAIRIEE Y, A4 JSTHIRY labels. input length. label
length 1 loss out #R& N 1 far A ZH)EHE R TTH CTC Loss H.

10.2.3 =B AT{{L
AL EARES A |, X E R IEE OLE 10-6) .
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impat: | (Nome, 170, BIb, F)

mgan _ 1 InpunLayer
owlput: | (None, 170, 30, 3)
lambsada_1: Lambda inpua: | (None, 170, #0. 3)
- cuput: | (None, 1710, 80, 3)

oyl | Conv 2D

{Mone, 170, 80, 3)

(Mone, 168, 78, 32)

baich_pormalization_1: BaichMNormalizajon

(Nome, 168, 78, 32)

oulpad: | (Nome, 168, 78, 32)

l

mctivation_1: Activalion

it

{None. 168, T8, 32)

i

(Nome. 168, 78, 32)

l

i

(Mone, 168, T8, 32)

comy 2d_2: ConvZD

oLl

(Mone, 166, 76, 32)

l

buwich mwmalizaien 2 BachBormaloeat on

inr.ml: : (Mo, Lhb, T6H, 32)

output: | (Nane, 166, 76, 32)

mict vl ion 2 Activalion

gl ¢

(None, 166, 76, 32)

TR

(Mome, 166, 76, 32)

:

max_poolmg2d_1: MaxPooling2D

(None, 166, 76, 32)

oulpul: | (MNome, 83, 38, 31)

l

JEwpi ;

{Noue, 83, 38, 32)

conv2d_3 ConviD

ol

{None, 81, 36, 64)

l

_— ) mput: | (Mone, §1, 36, 6d)
barch_normalization_3: BarchNormalizatson
output: | (Mons, 81, 36, 64)
it | (None, 81, 36, 6d)
activation_3 Activil kon
oumpal: | (None, B1. 36, 64)
irmpl : Mo, B1, 36, 6d
convd_d: Conv2D i (orm, 87, 26, o }..
oamput: | (None, 79, 54, 64)

hatch mormalizaiem 4 BalchMNormalizatsmn

(Nome, 79, M, 64)

(None, 79, 34, 6l)

l

aciivaison_4: Activaiion

inpert:

(Nome, 79, 34, 64)

sl pasl:

(Mone, 70, 3, 6d)

mas_pooling2d_2: MaxPoolingZD

wpur: | (None, 79, M, &4)

oulput: | (Noae, 39, 17, &)

Y

cony 2d_6: Conv2D

mpul: | (Nane, 37, 15, 128)
activation_5: Activation
ol iMone, 37, 15, 128)
inpuar: | (Mone, 37, 15, 128)

o ;

(Noac, 35, 13, 128)

'

barch_normalizanion_6:; BatchiNormalization

inp;

(Mone, 35, 13, 128)

il :

(None, 35, 13, 128)

l

activalion_f Actival i

et ;

(MNaone, 35, 13, 128)

ourpui:

(Nome, 33, 13, 128)

l

max_pooling2d_% MaxPooling2D

pal: | (Mo, 35, 13,

128)

ek

(Mone, 17, B, 128)

l

et L 17,6, 128
nsdhape 1 Reshape (None F
owipat: | (None, 17, 768)
lpar: Mone, 17, TH8
dense_l: Dense o )
vulpul: | (Mone, 17, 128)

'

barch_ncemalization_7T: BachNormalizakon

input

(Nome. 17, 128)

oulpai:

(None. 17, 128)

activalion_7: Activation

(Nome, 17, 128)

(None., 17, 128)

input: | (Nane, 17, 128)
dropout 1z Dhreopeoud
owpat: | (None, 17, 128)
wypul: | (None, 17, 128 i | (Mone, 17, 128
grul: GRL L ) grul_b: GEL ko ¢ )
onrput: | (Maone, 17, 128) oulput: | (None, |17, 128)
i LT 128 .17, 128
add_1- Add |0 [(None ) (None il
el pat: (Mone, 17, 128)
mput: | (None, 17, 128) imput: | (None, 17, 128)
grul: GRU grl_lv GRU
oulpat: | (None, 17, 128) oulput: | (Mone, 17, 128)

™~

~

input; | [{Nane, 17, 128), (Rone, 17, 128)]
input: | (None, 3, 17, 64) concatenats_1: Concatenate
comv2d_5: ConvID OuE {Nome, 17, 256)
output: | (Mome, 37, 15, 128) l
[ | (Nane, 37, 15. 128 nput: | (Nome, 17, 256
hutch_nowmalization_5: Batchiormalist ion e | ﬂ“\-{il‘n: ! diropout _2: Dropout e - :
owiput: | (Nome, 37, 15, 128) oulpui: | (None, 17, 256)
mput: | (Mone, 17, 256) 1 | (MNone., 4) i = | (Mome, 1) input: | {Nane, 1)
dbenine 22 D ™ the labels: Tnpullayer e irigsid Jength: InplLayer o labsel lemnpthe: InpatLayer i
output; | (MNone, 17, 37) oufput: | (MNone, 4) (Mome, 1] outpait: | (None, 1)
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AIULEFIEBE E— MRS R THE, HELhF ERAZR VmMALEZ, bl 2511
Ko A MEREERHTT, BINWERFEMAN LT 1 ¥, XRENHELIKFEITT
AT LN, 1B A TE numpy H BN IXFEREAR (height, width, 3) , FAFEH 1
transpose PRECKE B ¥ N 7 (width, height, 3) BIF&I, XFEBLEEWIE X I BHE — 4R, 7
AN BRI N2

10.2.4 HIEERKES

RIERRIH A, T2 4 PR

e XZ—#BEA.

o yRENERIEE label, EAKEH n len,
e input length A FARA M B GKE, X2 15,
e label length & - labels 89K &, X2 £ 4.

w510 H — M\ & np.ones(batch_size), IX7& KN Keras 78| ZrAR T B {5 00 2050 A\ — 1>
X M—Ay, XREEEmA4NMNBEHFAN—NXT, FHERR L y®EZE loss BT, PrLAFE
{4 —™ batch_size & RFIZ I N LT 1 .

def gen(batch size=128):
X = np.zeros((batch size, width, height, 3), dtype=np.uint8)
y = np.zeros((batch size, n len), dtype=np.uint8)
generator = ImageCaptcha (width=width, height=height)
while True:
for 1 in range (batch size):
random str = ''.join([random.choice (characters)
for j in range(n len)])
X[i] = np.array(
generator.generate image (random str)
) .transpose(l, 0, 2)
y[i] = [characters.find(x) for x in random str]
yield [X, y, np.ones (batch size)*rnn length,

np.ones (batch size)*n len], np.ones (batch size)

A LA, R —IRAE Ay, BERMHEEANE (LE 10-7) -

(X vis, vy _vis, input_length vis, label length wvis), = next(gen(l))

print (X vis.shape, y vis, input length vis, label length vis)

plt.imshow (X vis[0] .transpose(l, 0, 2))

plt.title(''.join([characters[i] for i in y vis[0]]))

A LA RS 7T A A

(L, 170, 80, 3) [[29 4 21 21]] [ 15.1 [ 4.]
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c187
s
2 #*
+ +*
+
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+
4
+
#+ ¥ o
4
T |.* T f -* T -* T T |*_
0 20 40 60 80 100 120 140 160

& 10-7 A EEmER
X 5.

o X &9 shape Z (1,170,80,3) , #&A nikHE, shape #~Z (n, 170, 80,3) .

o yZlabel, TIAFR| ARG E KR Z T4LL, A 4 3% L @49 characters, label 2 [29 4
2121], h@EEH —ANERFE AL 2T AH n A label.

e input length R TAEA M ey KA, X ZR 15,

e label length & labels 49K &, X2 4,

10.2.5 TFfHREY

IR, @A RECRPPAEIRATHOBRY, 0 _EE PR bR aE—FE, RAEMIER, 45
MIER. XEANG, SRR RITHINGIIRAR, JFFEA—E W 4 MR, FrblinRiE 2| pr
AR FARAAE 4D HIRHE, AR T, —eftt. BEZ T 4 DFR0EER, HEET 4 7

def evaluate(batch size=128, steps=10):

batch acc = 0

generator = gen(batch size)

for 1 in range(steps):
[X test, y test, , 1, = next(generator)
y_pred = base model.predict (X_test)
shape = y pred[:,2:,:].shape
ctc decode = K.ctc decode(y pred[:,2:,:],

input length=np.ones (shape([0]) *shape[1l]

) [0][0]
out = K.get value(ctc decode) [:, :n len]
if out.shape[l] == n len:
batch acc += (y test == out).all(axis=1) .mean|()

return batch acc / steps
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10.2.6 {4 [E]E

% Keras S 6FF CTC MU H BT R 026, BHMEEE =X A EHEYK, S
15— PRI Zh 5 RIS (5 H SR B v T 2.

from keras.callbacks import *

class Evaluator (Callback) :
def init (self):

self.accs = []

def on epoch end(self, epoch, logs=None):
acc = evaluate (steps=20)*100
self.accs.append (acc)
print('"')
print ('acc: %$f£f%$%' % acc)

evaluator = Evaluator/()

10.2.7 IZrtEEY

FeiE 8 Adam(le-3) B F 4k 20 48, AR POERSEL, A5 LL Adam(le-4) B 2] R H
2k 20 8. X BEREFMRIIZE 400 /> step, WHELZ R 400%128=51200 MEA, WIEERER
F2 20%128=2048 MEEA,

h = model.fit generator (gen(128),
steps per epoch=400,
epochs=20,
callbacks=[evaluator],
validation data=gen(128),

validation steps=20

)

model .compile (
loss={'ctc': lambda y true, y pred: y pred},

optimizer=Adam(le—4)

)

h2 = model.fit generator (gen(128),
steps per epoch=400,
epochs=20,
callbacks=[evaluator],
validation data=gen (128),

validation steps=20
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TR, B loss A1 ace 1 HHZR B H % (LK 10-8) -

plt.figure (figsize= (10, 4))

plt.subplot(l, 2, 1)

plt.plot (h.history['loss'] + h2.history['loss'])
plt.plot (h.history['val loss'] + hZ.history['val loss'])
plt.legend(["'loss', 'val loss'])

plt.ylabel ('loss')

plt.xlabel ('epoch')

plt.ylim (0, 1)

plt.subplot(l, 2, 2)
plt.plot (evaluator.accs)
plt.ylabel ('acc')
plt.xlabel ('epoch')

1.0

— |oss 100 -
s yal_loss
0.8 - 95 -
90 -
0.6
v u 85 -
8 %
0.4 4 80 -
0.2 - 75 -
70 -+ /
D1D T T T T T T T T T T
0 10 20 30 40 0 10 20 30 40
epoch epoch

%] 10-8 CNN+GRU+CTC #&2Y%)I|Z13 2/ loss #M1 acc oJ #4L

WZx2] 20 AAHII R, BRELRILANT

Epoch 20/20

399/400 [============================>,] - ETA: 0s - loss: 0.1593
acc: 97.929688%
400/400 [==============================] - 1225 - loss: 0.1589 - val

loss: 0.1671

WIZRE] 40 ARHIES i, BEAIRBLINT .

Epoch 20/20

acc: 99.570312%

loss: 0.1130
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10.2.8 X tRAY
R ALY AR 4 R

(X vis, y vis, input length vis, label length vis), = next(gen(12))

y _pred = base model.predict (X vis)

shape = y pred[:,2:,:].shape

ctc _decode = K.ctc decode(y pred[:,2:,:], input length=np.ones (shape[0])~*
shape[1]) [0] [O]

out = K.get value(ctc decode) [:, :4]

plt.figure (figsize= (16, 8))
for 1 in range(l2):
plt.subplot (3, 4, i+1)
plt.imshow (X vis[i].transpose(l, 0, 2))
plt.title('pred:%s\nreal :%s' % (
''".jJoin([characters([x] for x in out[i]]),

''.join([characters[x] for x in y vis[i]]))

Ha5 1l 10-9 Fow.
pred:DS3U pred:ZZU8 pred:MZ9B pred:74PU
real :DS3U real :ZZU8 real :MZ9B real :74PU
0 - 0 . 0 - 7 0
. * a # : # . * * .
20 - # 20 = | 20 4 20 1
L] . a d ‘. ‘ ‘: -t
40 - 40 # T 40 1 s 40 v
¢ % . gy » - ]
60 - .| 601 . . { s04 ,* . 60
& &£ - a a * .
el - Ls + il & r # & i
o] 50 100 150 ] 50 100 150 0 50 100 150 a 50 100 150
pred:H51R pred:eHGM pred:FFY8 pred:ZZW)
real :HS1R real :6HGM real :FFY8 real :ZZW)
0 = — 0 — 7 0 7 0 - :
& o &
204 , et 204 Y 2 201 . ) : 20 Y . ’
L - * # " 1
40 # 40 > o 40 - ’ l a4’ L
# & i Lo - ) s a &+ | 2 L -l
601 & 2 60 - 60 - ' ’ 60 -
[ P' * 5 * . . o ¥
- ¥ g *
0 50 100 150 0 50 100 150 0 50 100 150 0 50 100 150
pred: AQBEX pred:TT|T pred:W1HW pred:OPO6
real :AQBX real :TT|T real :W1HW real :0PD6
0 - Q ; o > - 0 v T 0 r
o £ * . y # . r * [ ‘
20 - Qe 20 - . . 20 - . - ’ 20 -
’ -+
40 - N ’ 40 - L s 40 - ’ 40 .
| | . & » ’ | * a " a |
60 . . 60 . 60 . { 60 "
s : ’ ‘ i el ol * " i i l i
Q 5.!} 160 15|D 0 EIU ‘I(IIIEI 1'..%0 1] 5.0 160 1.%!] 0 5:0 1(.10 15ID

10-9 HREAIFIMIZE E T4y

10.2.9 FHRIFGEEY

AT A=K R R S w2, DA ERERE R RAERR L. & e m 1024 A,
F}H base_model HEAT TR, JRJ5 FBYFFHEAT cte AEMS, 55 FBIE] 4/ label I+ 5 HILEBEAT XS HE
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(X_vis, y_vis, input_length_vis, label_length _vis), = next (gen(10000))

Yy pred = base model.predict (X vis, verbose=l)

shape = y pred[:,2:,:].shape

ctc decode = K.ctc decode(y pred[:,2:,:], input length=np.
ones (shape[0]) *shape[1]) [0] [0]

out = K.get wvalue (ctc decode) [:, :4]
(y vis == out) .all(axis=1) .mean ()
BATER:

# 0.99460000000000004

T 45 R IE 99.46% HIHERZR, C&tb E—PMEARIEE T
X RN 5 I REAS AT e it

from collections import Counter
Counter(''.join([characters[i] for 1 iIn y visl[y vis != out]]))

Counter({'0': 37, 'O': 14, 'Q': 1, 'T': 1, '"wW': 11})

A] UR IR ALAE 0 A1 O HIMHERI RS R — /., HABHIEERE A 210l 05 O FiSE iR 3
SrEER, AT AR A RK— “0000'” FIENE, SR AR AT T -

characters? = characters + ' !

generator = ImageCaptcha (width=width, height=height)
random str = '0000'

X test = np.array(generator.generate image (random str))
X test = X test.transpose(l, 0, 2)

X test = np.expand dims (X test, 0)

y pred = base model.predict (X test)
shape = y pred[:,2:,:].shape
ctc decode = K.ctc decode(y pred[:,2:,:],
input length=np.ones (shape[0]) *shape[l]

) [0] [O]
out = K.get wvalue(ctc decode) [:, :4]
out = '"'.jolin([characters[x] for x in out[0]])

plt.imshow (X test[0].transpose(l, 0, 2))
plt.title('"pred:' + str(out))

argmax = np.argmax(y pred, axis=2) [0]

list(zip(argmax, ''.join([charactersZ2[x] for x in argmax])))

H R E 10-10 Fix.
A PLE 2B T 15 8 2 1R HERT
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10.3.1 [O)@ifmiA
RIREZFN B R R— OCR &, EIAHLERE R eI BUE B S B it 72

1. RS

WIFEEHE L — L5 10 755K 180*60 HIE Fr Fl—A™ labels.txt B SCA . kB EE—
M FiEEA, BEAAE: 3 BEE G A0~ MEBAKE) , 2 NsEFF (ATLE +. - %,
SalARFE I . R , 081 XHES (FESTTEER 0 XFEkE 1 %)

B A BI%FRM 0.png F] 99999 png, TFHIEUH —7 (RE 10-11) FEFIE R . XA labels.txt
BE10W 1T XA, BITXACEFSHKER XM ARLE AR ITHEER, AXAHHEERZ
&) 2S48 FF, BN 10-11 Xt B2 SCA AN R B :

5-6+2 1

2. VH fEFR

BRIV TR e R, HIZR A A BERIN. W, R, IerER —Ee®E8 M
CAZEK P8 52 H 4 RARIEH A= A N IEH .

BATA IR 1 = B 77 FIHERR R AE TP PR AE LA, I =M CTC Loss RFAEIRAL.

10.3.2 HIEERSE

MRYE HZK, label WE R =TEF WINRBEN. —XEEA#ES, RE\EFSHAN, H
A ReaRfE T ABSAR S, BIIRE S5 pa] LIS B &0 A s i ARS .
A s A G U AR g .

import string

import random

digits = string.digits
operators = "+-—-*!

characters = digits + operators + ' ()

def generate() :
seq = "'

k = random.randint (0, 2)

if k == 1:

seq += "' ('
seq += random.choice (digits)
seq += random.choice (operators)
if k == 2:

seq += " ('

174




F10FE FBERF—ERAREMRMEMNEZH TR

seq += random.choice (digits)
if k ==
seq += ")'
seq += random.choice (operators)
seq += random.choice (digits)
if k ==

seq += ")

return seq
FERFXEHEEME. 38, EAEFRSEE, .

import random

def generate() :

s = [u" {H{HOMLPOYY, "R OR0E Y, UM COBLLUR) 7
ds = u'0123456789'

os = u'+-*"
cs = [random.choice(ds) if x%2 == 0 else random.choice (os)
for x in range (5) ]

return random.choice(ts).format (*cs)

br T AERBRE AL, B/ —MEBERERNHOTHEVIZETE RS (B2 - ) #24H,
{HREFATEREH captcha FEA BB M EHAII S, FrLMEE [ captcha python FEH image.py
FIfX8S, T£ draw character ERECHIGIN T —HA) AW, WRERMS, BMAAT resize #fE, XF
AR =g i F

# https://github.com/lepture/captcha/blob/v0.2.2/captcha/image.py
# line 191-194
if ¢ I= "-":

im = im.resize( (w2, hZ2))

im = im.transform((w, h), Image.QUAD, data)

import string

import os

digits = string.digits

operators = "+-—-*1

characters = digits + operators + "() '

width, height, n len, n class = 180, 60, 7, len(characters) + 1
from captcha.image import ImageCaptcha

generator = ImageCaptcha (width=width, height=height,

font sizes=range (35, 56),
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fonts=["fonts/%s"'%$x for x in os.listdir('fonts') if ".tt' in x]

)

generator.generate image (' (1-2)-3")

K 10-12 B2 SRR AE A AE R B, 7T LR 2SS 2R A . BATHE A S B AR,
R 10-13 BB, RTULE RIS EE R T .

from image import ImageCaptcha
generator = ImageCaptcha (width=width, height=height,
font sizes=range (35, 56),
fonts=['fonts/%$s"'%$x for x in os.listdir('fonts') if '".tt" in x]

)

generator.generate image (' (1-2)-3")

*

» * o
: | * .‘: #*
f o / (1 2 ;. * *
— fﬁ ¢ o
I: . # i/ -
‘. # - ¢ ¥ -

&

& 10-12 FRARA AR 4 BHIE & 10-13 A4 R & R E

10.3.3 1=RBIZ5H)
FERY A AR RS N T -

from keras.layers import *
from keras.models import *
from make parallel import make parallel

rnn size = 128

input tensor = Input((width, height, 3))
X = input tensor

for i1 in range(3):

X = ConvzZD(32*2**i, (3, 3), kernel initializer='he normal') (x)
®x = BatchNormalization() (x)
X = Activation('relu') (x)
X = Conv2D(32*2**i, (3, 3), kernel initializer='he normal') (x)
X = BatchNormalization() (x)
x = Activation('relu') (x)
X = MaxPoolingZD(pool size= (2, 2)) (X)
conv_shape = X.get shape ()
X = Reshape (target shape=(int (conv shape[l]), int (conv shape[2]*conv

shape[3]))) (X)

X = Dense (128, kernel initializer='he normal') (x)
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X = BatchNormalization () (x)
X = Activation('relu') (x)
gru 1 = GRU(rnn size, return sequences=True,
kernel initializer='he normal', name='grul') (x)
gru 1lb = GRU(rnn size, return sequences=True, go backwards=True,

kernel initializer='he normal',
name="grul b'") (x)

grul merged = add([gru 1, gru 1b])

gru 2 = GRU(rnn size, return sequences=True, kernel initializer='he
normal', name='gru2') (grul merged)
gru 2b = GRU(rnn size, return sequences=True, go backwards=True,
kernel initializer='he normal',
name="gru2 b') (grul merged)
X = concatenate([gru 2, gru Zb])

x = Dropout(0.25) (x)

X = Dense(n class, kernel initializer='he normal', activation='softmax') (x)
base model = Model (input=input tensor, output=x)
base model2 = make parallel (base model, 4)

labels = Input (name='the labels', shape=[n len], dtype='float32")

input length = Input (name='input length', shape=(1l,), dtype='inte4d')
label length = Input(name='label length', shape=(1l,), dtype='inte4d')
loss out = Lambda (ctc lambda func, name='ctc') ([base model2Z.output,

labels, input length, label length])

model = Model (inputs=(input tensor, labels, input length, label length),
outputs=loss out)
model.compile (loss={"'ctc': lambda y true, y pred: y pred},

optimizer="adam')

BRAGHB 2SR XE—F, RELEEREZRINENZ | —8, FEHM T —8/hesh <
2 GPU llZx. MR IRMEAFIZHE R, AJLLH#E % base_model2 = make parallel(base_model,
4)Eﬁfﬁﬁ%:

from keras.layers.merge import Concatenate
from keras.layers.core import Lambda

from keras.models import Model
import tensorflow as tf

def make parallel (model, gpu count):
def get slice(data, idx, parts):
shape = tf.shape(data)
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size = tf.concat ([ shapel[:1] // parts, shape[l:] ],axis=0)
stride = tf.concat([ shapel[:1] // parts,
shapel[l:]1*0 ],

axis=0

start = stride * idx

return tf.slice(data, start, size)

outputs all = []
for 1 in range (len (model.outputs)) :

outputs all.append([])

# 81 cpu FEM—HEE, REHFESEFE—HIK (batch) BALSE
for i in range (gpu count):
with tf.device('/gpu:%d' % i) :
with tf.name scope('tower %d' % 1) as scope:
inputs = []
# 254 GPU VPRI ECAESS, srthrlE — bk B d A\ B
for x in model.inputs:
input shape = tuple(x.get shape().as 1list())[1l:]
slice n = Lambda (
get slice,
output shape=input shape,
arguments={'idx':1i, 'parts':gpu count}
) (x)

inputs.append(slice n)

outputs = model (inputs)
if not isinstance (outputs, list):

outputs = [outputs]

# REAR cPU Bl grss R
for 1 in range (len (outputs)) :

outputs all[l].append(outputs[1])

# cru B HAFE cru ML R, REIHBEA
with tf.device('/cpu:0"'):

merged = []

for outputs in outputs all:

merged.append (Concatenate (axis=0) (outputs) )

return Model (model.inputs, merged)

base model FJR]FRAL AN A 10-14 B,
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v

. . i , 40, 10, 128
i1 TnpuiLayer || Gone. 130, 60. 3) osch_normalization_: BaichNormalization |—orer | (one. 40, 10, 128)
B outpul: | (None, 180, 60, 3) output: | (None, 40, 10, 128)
: : i MNone, 40, 10, 128
conv2d_|: Conv2D et | (Fone, 190, 50, 3) activation_5: Activation - (one )
output: | (None, |78, 58, 32) output: | (None, 40, 10, 128)
i .| (None, 178, 58, 32 input: | (None, 40, 10, 128)
batch_normalization_1: BatchNormalization mput: | (one ) conyXd_f Conv2D
outpat: | (None, 178, 58, 32) output: | (None, 38, 8, 128)
nput: it Mone, 38, 8, 128
activation_1: Activalion | (None, 178, 58, 32) batch_normalization_6: BatchMormalization ( )
oulpul: | (None, 178, 58, 32) output: | (Mone, 38, 8, 128)
l .
— input: | (None, 38, 8, 12
conv2d P Conv2D mput:_{ (Nome, 178, 38, 3%) activation_6: Activalion o 128)
output: | (Mone, 176, 56, 32) output: | {(None, 38, 8, 124)
input: | (Mone, 176, 56, 32 . ) input: | (None, 38, 8, 128)
batch_normalization_2: BatchMormalization put: | ¢ ) max_pooling2d_3: MaxPooling2DD
output: | (Nooe, 176, 56, 32) ouipan: | (None, 19, 4, 128)
[ : me, 176, 56, 32 input: | (None, 19, 4, 128)
activation_2: Activation nput:_| (N ) reshape 1: Reshape
oumpat: | (None, 176, 56, 32) output: | (None, 19, 512)
input: MNope, 176, 56, 32 ingoiai: s, 19, 512)
max_pooling2d 1@ MaxPooling2D —_ @loos, 176, ) dense_1: Dense - (%
output: | (None, $8, 28, 32) cutput: | (None, 19, 128)

l l

i : B8, 28. 3 imput: | (None, 19, 128
comv2d_3: ConvaD |—rput:_| (None, 38, 28, 32) batch_normalization_7: BatchNormalization )
output: | (None, 86, 26, 64) output: | (None, 19, 128)
i : one, 86, 26, 6d - o mput: | (None, 19, 128)
baich_normalization_3: BaichMormalization . il R ) activation_7: Activation - -
owput: | (None, 86, 26, 64) oulpul: | (None, 19, 128)
mpui: | (None, 86, 26, 64 inpat; Mone, 19, 128 i one, 19, 128
activation_3: Activation (Hone ’ grul: GRU i )| grlpe gru e | ™ )
output: | (None, 86, 26, 64) oulpal: | (None, 19, 128) outpul: | (None, 19, 128)
i . , &6, 26, &l impant: (None, 19, 128). (None, 19, 128)
conv2d_4: Conv2D o (Hone ukial add_1: Add e [ !
oulpul: | (None, 84, 24, 64) UL {None, 19, 128)
input: MNone, 54, 24, 64 input; | (MNone, 19, 128) inpul; o, 19, 128
batch_pormalization_4: BatchNormalizatson : ) gul: GRU #ul_be GRU o o )
output: | (None, 84, 24, 64) aulpat: | (Mone, 19, 128) output: | (Nome, 19, 128)
[ i | (None, 84, 24, 64 i Mone, 19, 128), (None, 19, 128
wctivid ion_d: Actival ion pw Tiom ) concalenate |: Concatenate i Ao ) (one .
output: | (None, 84, 24, 64) ourpur: (None, 19, 256)
pooling2d 2 MaxPooling2D mput: | (None, 84, 24, 64) dropout_1: Dropout imput: | (Mone, 19, 256)
max in : Max i _l:
N N owlpat: | (None, 42, 12, 64) output: | (Nooe. 19, 256)
mypui: None, 42, 12. 64 inpLn: e, 19, 256)
conv 2d_%: Conv2D Lo ) dense_2: Dense - (&
output: | (Mone, 40, 10, 128) ouipud: | (None, 19, 17)

% 10-14 base _model T#{L

model AL TNE] 10-15,
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AT LR BRI S5 4 4y, FE 4N BFR EIMTIHHE, REEHER,

LOSS, iyl ez,
AL LR LG, Y3 evaluate BREL, FINTEIRIESE L8082 100% RAZ T,

FrLl R 5E val loss BialLL 7. EL

%105 E@b\%—ﬁﬁﬁfxﬁﬁ%m%ﬁ I%Ty\%lj

THHE&ER CTC

SRR LR Z AL G, RIERLERASRER T,

gk s, BRI E %M adam Z1T 1 50 48, AKX 10 J#E4A, A LUE BARZAYAE 10 AL G

EACEWSL.

HAR 30 AL HIA — KR, (HR2) 30K 5, BB C&iaETE 100% iR

& 10-16 B

MNET,

0.010

0.008 -

0.006

loss

0.004 -

0.002 -

0.000

— loss
— val_loss
0 10 20 30 40 50

10.3.4 ZERAIML
X EN A R AT T AT, ATUCE B R 2B s ek, ARET,. W

10-17 Fr7so

(4*3)*6=72

epoch

& 10-16 Y ZxLFE loss TT A4,

(5-7)+7=5

6+0+7=13

5+(7-5)=7

o [ e T3 [ = ] = b | O &
20 - 20 - . 20 f° so,| 20 . .
10 ) I 40 ! L . 40 S, : | Y AL

o 150 0 50 100 150 o 50 100 150 o 150
7-6- E 5 9-5+0=4 (1*414+1=5 [3 81+4=08
0T - 05— > o —1 - o
20 - 20 - ) . , 2| ‘g 4*1* | 20 ;
40 1 404, * L 40 - * - ’ s 40
100 150 0 50 100 150 0 50 : 150 0 50 100 150
7-(8* 3!— 17 T (1+4)= 35 (9-8)*3=3 T+7+7=21

0 7] ] 1] P {‘& . 0%
TR TV E RS e
a0 1 # ELE RN 440 -y A0 1 i #

L L
o 50 100 150 o s0 100 150
0-(9+1)=-1 6-(9+4)=-7 4*44+7=18 0+4+4=8

i R 0 i) o o ¥ L
“'9%*’-1\' “'G-UIHN *”'4*?4—2 x4
R A . T 40 - 40 4 a0

0 % w0 1% 0 5 s 100 150

E 10-17 HRBITFIMNILE

S LIk
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TR Docker LG IRAZZ|LLEA G H, L+ )la8migtr, BAVER| T58FEM 14, W
& 10-18 FTs.

B—RLtE
ETRE: EfTEI
FREEEE: 0.99980 MoAM: 2017-7-11 181519
EEAW =2 FERAM: 2017-7-10 22:0413

fEBHhl: http://yangpeiwen.bj.bcebos.com/baiduZ.zip?authorization=bce-auth-

v1%2F25565d4c67ae486e86cbB3f071b799fd% 2F2017-07-10T14%3A04% JA0EZ% 2F -
1% 2Fhost%2Fecf872cc8662c47281d 3244 Madedeb46141d1881F4606cd566b0eedbbf3s7

B_REtE
ETRE: BT
AR 1.00000 Mo AM: 2017-7-13 01:20:27
RERW: B LEAM: 2017-7-13 01:11:59

L84kt :  hitp://yangpeiwen.bj.bcebos.com/baidu.zip?authorization=bce—auth-

vI%2F25565d4c67ae486e86cb63f0T1b728fd%2F2017-07-12T16%3A58% 3A4 7L % 2F-
1% 2Fhost%2F91850d7affo3elcf2f716330d20bb5821416cde022680431250061d3a2a11b03

10-18 TEXEREE

10.3.5 B4

PIFEE AR R0, BRI R R X AN, ZEEhiE D8RI K, KYIZEN
ERFE 20 /35K, EXNHoasE RN R GEER] 0.999925 kST, AT SUE T ik
R E R BRI, RONGEE, B2 MRS RS,

1 FMAEE R

Y B EaE L, RIWA S/ kTt 5, tin [629,2271,6579,17416,71857,77
631, 95303,102187,117422,142660,183693] 5, X HL LA 117422.png N4 (ALK 10-19)

& 10-19 AR 3B ZH &8 o DA FFRIFEA

A UEHRREREATEANHXANE, HELE - EEGLAFE, % EIHkRE R EL
M3 COLE 10-20) -

IMAGE DIR = 'image contest level 1 wvalidate'

index = 117422

img = cv2.imread('%s/%d.png' % (IMAGE DIR, index))
gray = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)

h = cv2.equalizeHist (gray)
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o] LE R E 10-20 s &,

0

20

q_u-

1]

0 20 40 {=14] 80 100 120 140

result

160

0

20 =

40 +

T T T T T T ¥
0 20 40 a0 80 100 120 140

T
160

20

40 -

1] 20 40 &0 80 100 120 140

10-20 2 5 RHBCUEMERT RN

160

R, ik ER oA A RS B 45 R, XA 142660 MEEAR (LK 10-21) .

+

+

I-l'

E 10-21 RETEPIARFER

XA A e AR I BUG & /MR FEAE, BT EARIFEER T AT T —4> Docker 15 2 7>
PAAE, A A NIE BT

10.4 R 3

T m“*a AN

T

WERS GORFE)

EE I

ARG VR A 4 Y VR 532 S TEFR DR FE I (1 pir AT R

10.4.1 |o)S5#AR
AVREEEN B IRA T RR—/ OCR FIE, @A H 2 ol B B S0 1 ot 72

1. BIE&E

RBHHEE —ILEE 10 TTRE FRI— labels.txt FIXCA . BRERFBE—MFEHE
A, BERAHER:

(1) B RKADAEE .

(2) B R R SR IX AR~ ER T .
(3) AP EE ZATEE =T,

(4) AAREE WM BTNz 52 TR RR—DMEE 2 X — MR A,

ZATHEFEANE R AN — N E A s (5 BfEhkes N x, Jivinsg,

* R
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(5) BRERPANX, BEAN—INF. NWFRAWAF (MFEES) : BAN, H
W2 KRR, FREGAE B ESHIEN, RN,

(6) WNEEAREBIEINE. Wik, ®ik. 98 H5. HPEFEAE0ET, )
TN E, B EmeEa)EE.

(7)) FH SRR BRAFRA, —PRXER, rEESR. K AFRITAR
Z A S S o BT H A R, BRI SO E, RS RZREANEEL 0.01, YANIEH.

(8) HEA™ label SLHHA# ] UTES 4wl .

PFEREH I E 10-22 Fise

SNV

Y 4598
ﬂ(/‘k"‘lﬁf%i’:*;—'é—pﬁ'& 207

10-22 REFELESG

VIZEREAME, Rifg ZR ARSI A, RFRHFEALRE R, mEELTHEBRLH,
SR 7 He N B 22 X 2% R 3T i B S B SCAS PP SR A o

2. P fEfR

BRIV fEdR R R R, VIR BEHINEESREHE, IfeHsi R — e 288, FrelE
KFH 5EH 4 RE LT A 2 H € N IEWH.

RFRIBFIB T ARE 5 M, FHSARSFENMIE, UAk—ESFEN—T7TE, AT
LGS RIRE ZiE th 64 A7 RBFTRER ASHITEE, I E HELL TR R E R S XA 75|
B, MFreREER.

BATA PR T 2 EH B 7 FIEGRRIE AT ETRAELLSL, B CTC Loss RPFAERRAL

104.2 HIEERSE

1. EX
RIEMIBIERIR R A RG2S, oA B

T =42072; Y| =86:( JI| -(97510%45921))* i /35864

FEIXANR T, “UR =42072; P11 =86;” #EFR AR, “(HI-(97510%45921))* i /35864”
WARANRIEN, BEXAMREIERNAI,  “+ - * /7 WRABEFRF.
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2. 34
B RPN FHAPREGT T 41t Wl 10-23 iz,

250000

200000

150000

100000

50000

a

4 7 3 5 & 9 & 1 2 0 ; = ) { - 4 + * A &® 4 3 & # # ¥ #H 8 # F 7 & @ + 1 F I 2 4 I & CEE A
& 10-23 WFHH#ITHIT

AR FIFFHOARA EE, 0 HIMARE AT AMK, HRH R HBIREEA
— 8, SLEMER X 2 ER iRV ), 0 ARt BLEE AL, P BABERAZMK

S MES HA KR, XEFAGMREXTE - IESM—I05. EHAIHK
Fe 1.65807, PRtw] LS H —ANBUE 0N AMEE AT EE B 1:2.

IBHEAT B RBER AR R, By RLA] DASERT e AT 1 B RE LR

a5 IR IE 1.36505, St ¥ — ME5 HIAIFTH Al Ge:

=r"l=F1 AFl

(1+1)+1+1
1+ (1+1)+1
1+1+(1+1)
(1+1+1)+1
1+ (1+1+1)

((1+1)+1)+1
(1+(1+1))+1

1+ ((1+1)+1)
1+ (1+(1+1))

(1+1)+(1+1)
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—3LH 11 Ml e, RBHSHREESTHE S HIRSMZER] LIS H 2*5/11.0+5/11.0=1.3636,
PRl 4 5 108 A T LA TR BE ALY .

HXXRRT “A” FHILT WK, BERG, HAEMREAREE. FOCFEE TN M)
“EBAMN, EFZKKLER, FREEAEE W HGEN, RINBREE” , B LA AT CAHERT
e iZ IR ERERE ALY .

3. NG

FXHEEFBMER, ‘R BmEMME,
3511 AR UL FEAUER

5 BAAERLE AN

1/3 R BR—ANRILX,, 2/3 BER 2 ABAKX.
i HAF | KBRS B I —K, PX AL,

iE HAF +-* AU, EARZ 1/3.

5 BAALTE B A [0, 100000].

10.4.3 HIETIAIE

BT EEREGZE 9 E XK, BEEMAR CNN 245 90% LI FRIXEZEE R, Hik#HE
BTG AT AL EE, FHBTHEA AP S . BTk, FHAEGERR=1F, FRRREH
ZRMERAPHEE R, XERTAAREEZEE /N (900%80=72000 vs 600%270=162000)

XEFEMEH TUTIUMHEAR, REFEARKEEANBFES 3 EERBAEBEANTHEAREAE

LAE

HRER
AA B
ALK
Vi Ee
bt |- %14
AR E K

A F4E

S B

http://docs.opencv.org/master/df/d9d/tutorial py colorspaces.html

http://docs.opencv.org/master/d5/daf/tutorial py histogram equalization.html

http://docs.opencv.org/master/d4/dl3/tutorial py filtering.html

http://docs.opencv.org/master/d9%9/del/tutorial py morphological ops.html

http://docs.opencv.org/master/d7/d4d/tutorial py thresholding.html

http://docs.opencv.org/master/d4/d73/tutorial py contours begin.html

http://docs.opencv.org/master/dd/d49/tutorial py contour features.html
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B AT YD R X IR HL, #AES TR T

def plot (index) :
img = ch.imread('%s/%d.png'%(IMﬁGE_DIR, index) )
gray = cv2.cvtColor (img, cv2Z.COLOR BGR2ZGRAY)

eq = cvZ2.equalizeHist (gray)

b = cvZ.medianBlur (eq, 9)

m, n = img.shapel[:2]

b2 = cv2.resize(b, (n//4, m//4))

ml = cvZ.morphologyEx(bZ, cv2Z.MORPH OPEN, np.ones((7, 40)))
m2 = cvZ.morphologyEx(ml, cvZ.MORPH CLOSE, np.ones((4, 4)))
, bw = cvZ2.threshold(m2, 127, 255, cv2.THRESH BINARY INV)

bw = cvZ2.resize (bw, (n, m))

r = img.copy ()
img2, ctrs, hier = cv2Z.findContours (bw, cvZ.RETR EXTERNAL,
cvZ.CHAIN APPROX SIMPLE)
for ctr in ctrs:
X, Y, W, h = cvZ.boundingRect (ctr)
cv2.rectangle(r, (x, v), (x+w, y+h), (0, 255, 0), 10)

1. Kb

3 RmEE (B 1024 £ EANED J5, BRRRBEKER, REEHAVIZERET R
HgRmEBRRXT LA, SRR 10-24 IEF AR eq. X B Mg rbrE, Frili ZEHTIER, X
PAEH 7 ERE, ERIR ISR ML, MBI RIER 10-24 A LA blur.

2. BEAR

PAE R RO AR, MAEEFRARR (B TERIEEFRDD , Prilfi 28X
L fPiERER K. XBEHAXNERIET 4 BHRGH, SR ZE 1024 £ FAR) ml. REFEH
—FIUET MIE BRI ERRIER TR . BIONVER) M A ER, N AR EiER, PrLliksE (7,
400 K/ IEHE, N TEFEALEREES, IAMEH (4, 49 HAEE, THEERNESRAT
&l 10-24 H A ) m2.

3. REXIHIEEN

EFH G A, gia] DX BB E AR EREE T, RS S B BB =145 54,
RIGEFAREEREEIIEER (x,y,w, h) , SEMFEXER. R GRS ERETRE
FEELE, 2460 TE 10-24 4 F AR rect.
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) LY b ,
RE SR AREGANEN
REF > | 1]
raw im blur
0 _ .g . 0 . = 0
104 - . _ 100 22 W o _ w0d e
wd = - 00 200 -
_ - . : w78 - iy
3007 3004 e - . ) 300 - )
: ' (0 M e : DR DRI
400 o - S . 400 - . Lo ] 400 -
. 2 R c . e Lo i
v o - ) ) : F 5 ‘H\\'“'*;...____ oot -___Fﬂ.ﬂ""
500 - | eeds = A 500 - NI P e 500 -
6001 ' o0 e 600 -
700 - L ) 700 - L . ] 700 -
B0 =Y T T BO0 L L T 00 T T T
0 200 400 600 800 0 200 400 500 800 0 200 400 600 00
mi m2 rect
0 o 0 —
zsL' 25 - [ —
2 501 200 -
| 3 I —
751 1 300 -
I —— e 1
100 - 100 1 400 - .
125 125 - 5004
150 - 150 600
175 1754 700 1
T T T = T T 300 T —t T
0 50 100 150 0 50 100 150 0 200 400 600 200
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4. 13

T2 B T ARKHG kernel EATUERE, 2035 HURAG BR A H MG, DR B3k B 7 8 47
— N ) B

# A=A

d = 20

d2 = 5
imgs = []
sizes = []

for i, ctr in enumerate(ctrs):
X, Y, w, h = cv2.boundingRect (ctr)
roi = img[max (0, y-d):min(m, y+h+d),max(0, x-d) :min(n, x+w+d) ]

P, 9, _ = roi.shape

x = b[max (0, y-d):min(m, yt+h+d),max(0, x-d):min(n, x+w+d)]
X = cvZ2.morphologyEx (x, cvZ2.MORPH CLOSE, np.ones((3, 3)))
, x = cv2.threshold(x, 127, 255, cv2.THRESH BINARY INV)
, X, = cvZ.findContours (x, cv2.RETR EXTERNAL,

cv2.CHAIN APPROX SIMPLE

X, ¥, w, h = cv2.boundingRect (np.vstack(x))
roi2 = roi[max(0, y-d2):min(p, y+h+d2),
max (0, x-d2) :min (g, x+w+d2) ]
imgs.append(roi?2)

sizes.append(roi2.shape)
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# EE=ANNAR

sizes =

img2 = np.zeros(

np.array(sizes)
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(sizes[:,0] .max (),
sizes[:,1l] .sum()+2* (len(sizes)-1),
3), dtype=np.uint8
)
x =0
for a in imgs[::-1]:
w = a.shape[l]
img2[:a.shape[0], x:x+w] = a

X = w + 2

E 10-26 Fras & BRI B

\f": :}i‘\’]\‘{; \?C \'(\(J[l \‘x“j | . A 9L 5% % 2 )

& 10-26 BfEFAER

6. HITIAIE (ILE 10-27)

o R B #:48 ] Python [f] for JE¥ 21217, Hag S H—MZW CPU MM ZE, AT w2 FH
CPU, &£ 31T AT 7 iEil ) CPU HAEHEIEIT. N T e s A F I,
tqdm IX/NEERE SR EE

p = Pool(1l2)

n = 100000

if name == ' main ':
rs = []

for r in tgdm(p.imap unordered(f, range(n)), total=n):

rs.append(r)

In [3]:  %%time

try:
P
except:
p = Pool(12)

n = 100000
if name == ' main ':
rs = []

for r in tgqdm(p.imap unordered(f, range(n)), total=n):
rs.append(r

100% | | 100000/100000 [18:40<00:00, 89.28it/s]
| |

CPU times: user 17.1 s, sys: 2.79 s, total: 19.9 s
Wall time: 18min 40s

& 10-27 FTANEEE
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7. INGG
XEHENEZERRAAE KT (B 10-28) , REEE.

pd.plotting.scatter matrix(df, alpha=0.1, figsize=(14,8), diagonal='kde');

g & g 8 3 3 g =
n

a0 <
= 2.5
3.0

2000
250 <
500

'y ¥ w h

10-28 E AT

H i x, y RoORARITLIG AR, w, h RINAXMITENE, n, m BREETEME, rRor
BINAR BATATULNFFER], x, y BAHZRMAE, BEHEE — S5 E RS 2
) x #&K (38 1000 B EAT ReE A HIAE 1200) .

w A R, REBAIESSA, Mh WAEENE, XEEALRXEHRANM=1
I Z 5.

m, n RA AR, BRI LA E = R ZEETLER, m #EUE Z M [400, 500, 600, 700,
800, 900, 1000] A BEALIEELF, n f&M [800, 1600, 2400, 3200, 4000] = HLHL ] .

Counter (df['m'])
Counter ({400: 14233,

500: 14414,
600: 14332,
700: 14304,
800: 14293,

900: 14299,
1000: 14125})

Counter(df['n'])

Counter ({800: 19872, 1600: 19937, 2400: 20128, 3200: 19975, 4000:
200881})
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10.4.4 fEBRIZEH

H T {X X base model #1T 122 cte #r H % Bl 2 87 RUACHS BP A, (R X B R i
& base model, FHZHS:

def ctc lambda func(args):
Yy pred, labels, input length, label length = args
y pred = y pred[:, 2:, :]
return K.ctc batch cost (labels, y pred, input length, label length)

rnn_size = 128

lZ_rate = le-5

input tensor = Input((width, height, 3))
X = input tensor
for i, n cnn in enumerate([3, 4, 6]):
for j in range(n cnn):
X = Conv2D(32*2**i, (3, 3), padding='same', kernel

initializer="he uniform',

kernel regularizer=12 (12 rate)) (x)
X = BatchNormalization (gamma regularizer=12 (12 rate), beta
regularizer=12 (12 rate)) (x)
®x = Activation('relu') (x)

X = MaxPoolingZD( (2, 2)) (x)

# X = AveragePooling2D( (1, 2)) (x)

cnn _model = Model (input tensor, x, name='cnn')

input tensor = Input((width, height, 3))

X = cnn model (input tensor)

conv_shape = X.get shape().as 1list()
rnn length = conv shape[1l]

rnn dimen = conv_ shape[3]*conv shape[2]

print conv_ shape, rnn length, rnn dimen

X = Reshape (target shape=(rnn length, rnn dimen)) (X)

rnn_ length —= 2

rnn imp = 0

X = Dense(rnn size, kernel initializer='he uniform', kernel
regularizer=12 (12 rate), bias regularizer=12(l2 rate)) (X)
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X = BatchNormalization (gamma regularizer=12 (12 rate), beta
regularizer=12 (12 rate)) (X)
X = Activation('relu') (x)

# x = Dropout (0.2) (x)

gru 1 = GRU(rnn size, implementation=rnn imp, return sequences=True,
name="'grul') (x)

gru 1lb = GRU(rnn size, implementation=rnn imp, return sequences=True,
go backwards=True, name='grul b'") (Xx)

grul merged = add([gru 1, gru 1b])

gru 2 = GRU(rnn size, implementation=rnn imp, return sequences=True,
name="'gru2') (grul merged)

gru 2b = GRU(rnn size, implementation=rnn imp, return sequences=True,
go backwards=True, name='gruZ b') (grul merged)

X = concatenate([gru 2, gru 2Zb])

# X = Dropout (0.2) (x)

X = Dense(n class, activation='softmax', kernel regularizer=12 (12 rate),
bias regularizer=12 (12 rate)) (x)

rnn out = x

base model = Model (input tensor, X)

EA L Z IRBIAISIEAR LG, K cnn FTEA—> model, XFHFBRRISREIEIRZ

A B RIXAER): B —KE, ARAEIEE con S H (112,10, 128) FI4FEE. Hp,
112 g2 AR mn FFHIKE, 10 fRRRE RS MER&EERN 10 8%, ®K/am (10, 128) K
FRAES FEA 1280, ARG — N EREF4ER] 128 4, BRI T (112, 128) HIFHE, AR
RNN 1, ZidPEX A GRU firth 112 M FRIER, &J/5H CTC LOSS AR, MiE 3|
RESE ERR IR /PP 2 AL, i 10-29 Fios.

1. CNN

FECNN 1, it F B KFIBKE N6 D F/F CEF A fE N 100000 , FrLL &
2%9+3*6+4+4+2=46, XIF CTC K, WIFMARTERAKE 2 EHFS, A sellisids tLses
ZHTE#EEGE] 50 £4, REXTESLFRRE, BATHERRKEEN IR, Briliisisk
ReBREZ, FEFEBNEHENTFIKE, XEH Python2 Z A& 2HE, FNEHA Decode i
UTF-8 f)if, — P H=PFT.

CNN HZ5 M BRI E IR — R, SO8 ¥ 2R - B4 . BT EiRED
3. 4 6 )JE, KILFRZ N 346 4544,
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194

. 4: Tamal. input: | (None, 900, 81, 3)
input_4: InputLayer
P P Y output: | (None, 900. 81, 3)
input: (None, 900, 81, 3)

cnn: Model

output:

(None, 112, 10, 128)

'

mput: | (None, 112, 10, 128)
reshape_2: Reshape
output: (None, 112, 1280)
input: | (None. 112, 1280)
dense_3: Dense
output: | (None, 112, 128)
A J
o o mput: | (None, 112, 128)
batch_normalization_28: BatchNormalization
output: | (None, 112, 128)

'

o o input: | (None, 112, 128)
activation_28: Activation
output: | (None, 112, 128)
input: | (None, 112, 128) mput: | (None, 112, 128)
grul: GRU grul_b: GRU
output: [ (None, 112, 128) output: | (None, 112, 128)
input: None, 112, 128). (None, 112, 128
add_2: Add 4 K i )
output: (None, 112, 128)
input: | (None, 112, 128) mput: | (None, 112, 128)
gru2: GRU gru2_b: GRU
output: [ (None, 112, 128) output: | (None, 112, 128)

/

concatenate 2: Concatenate

input:

[(None, 112, 128), (None, 112, 128)]

output:

(None, 112, 256)

'

dense 4: Dense

input:

(None, 112, 256)

output:

(None, 112, 45)

10-29 RBVE AT
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2. GRU

Nt aERTEA M2 ? X BEAE— N2 mEF T “DIRFTH, JFRFIRFAE—
REFCLAMEE” , HJFRZXAEE, 4 RKNIXERFERELR .

NIRZE R BE— B RIS R, =Bk £ 3 ARKIREAFRFRR, Fs AESpfs
2% 22 R B SCRERS IR KIR T BI R R AER 2R  FE TR IR, IR JIAN T R A £ OUR R I

AE—ARANBEAX—E L “F L =8F 7 IHFGHBX.

AT —RA2AAEIET

5L B RAEEAN .

—REH =X

AR T —EAT Lo

I RAH —ABIAX, AAREXT ) F L—ZRBAE X 8+ Lo

W RAANRAR, BEAREHAT, REAXARE AR, PATABTRMAX Y F L
FEERAXG T L, FAAST F LHBIFEGHE.

3. HittZH
FHECZ BIMIZR RO A, X BT | — 230

padding & % same, AR TAFIFAEE 693 E R, xR 5H.

¥hT 12 EM4L, loss loss TR F KT, PREARERTFEIST G2 434 a2k
FEH) kemel, BN &#) gamma #= beta, VAR 2154 & 4 weights = bias)

BB E ) he uniform, HORLZATHF.

%427 dropout, RFEFratefT, {22 R IER AR, HiZAERTEGHEL.
%2 id GRU #9 implementation % 2, B E 24 Z R F i GRU #9i2 E, (22 M-Fik
B A4k B A 0, 128 CPU kiB47, FIAXKEIRT .

2 IENEISEEREZSE T Xception 8 5.3 TR RIS

Weight decay: The Inception V3 model uses a welight decay (L2 regularization)

rate of 4e-5, which has been carefully tuned for performance on ImageNet. We

found this rate to be guite suboptimal for Xception and instead settled for

le-5.

10.4.5 S )&%

AT RBIEZHEE, REEMEKZAEET, EH 7 —FIRE SR A, SRR
PERIE A SCREALPRIR R A, ARG R A . X B 1A 350*256=89600 M+ A RAE AL,
M ZJE#) 10240 MEARITIAESE, E&F —RELFNKDHEERT .

FAZIERI AR, SEPUEEARNER, RexBHh XS ABREANEERRFHS. KA
FHPE] key ZTFFHY, FTUAEFHRARFRIE list, FIRZHFHI.
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from collections import defaultdict

cn_imgs = defaultdict(list)
cn labels = defaultdict(list)
ss _imgs = []

ss labels = []

for 1 in tgdm(range(nl)) :
ss = df[0][i] .decode("utf—-8") .split('; ")
m = len(ss)-1
ss labels.append(ss[-1])
ss_imgs.append(cv2.imread('crop split2/%d %d.png'%$(i, 0)).
transpose(1l, 0, 2))
for ] in range (m) :
cn labels[ss[]j][0]].append(ss([]J])
cn_imgs[ss[j][D]].append{ch.imread('crop_splitZ/%d_%d.png'%(i,
m—j)) .transpose(l, 0, 2))

PRI A pls, IXH 4K | Keras HHJ Sequence 2K:

from keras.utils import Sequence

class SGen (Sequence) :
def init (self, batch size):
self.batch size = batch size
self.X gen = np.zeros((batch size, width, height, 3), dtype=np.
uintsg)
self.y gen = np.zeros((batch size, n len), dtype=np.uint8)
self.input length = np.ones(batch size)*rnn length

self.label length = np.ones (batch size) *38

def len (self):

return 350*256 // self.batch size

def getitem (self, 1idx):
self.X gen[:] = 0

for 1 in range (self.batch size):

try:
random index = random.randint (0, nl-1)
cls = []
ss = ss labels[random index]

cs = re.ﬁndall(ur'[\u4e00—\u9ﬂf]',df[0][random;index].
decode ("utf-8") .split(';")[-11)
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random. shuffle (cs)
x = 0
for ¢ in cs:

random index2 = random.randint (0, len(cn

labels[c])—-1)

cls.append(cn labels[c] [random index2])

img = cn imgs[c] [random indexZ]
w, h, = img.shape
self.X gen[i, xXx:x+w, :(h] = img

¥ += w+2

img = ss imgs[random index]
w, h, = img.shape
self.X gen[i, xX:x+w, :(h] = img

cls.append(ss)

random str = u';'.join(cls)
self.y gen[i, :1len(random str)] = [characters.find(x) for
X 1n random str]
self.y gen[i,len(random str):] = n class-1
self.label length[i] = len(random str)
except:
pass

return [self.X gen, self.y gen, self.input length, self.label
length], np.ones(self.batch size)

BRI — P 3RIE, AEHIENREXERBERAHS S BN “(P: BEHE4
PRV EMR, &2 gt R 77 X — 3R P81 .

Fltm, BENLEL T —A> “85882*( ] /76020-37023)- &7 , AR5 MBLHIRAE X HBEHLE—,
AT A X BEALE —A, BhEE kst aers 2 10-30.

& 10-30 HIRER WAL

UERERIEREARE, HE2FAEWER RG]

10.4.6 =EEYIIZR

YR FRRE A2 Je H Adam() BRI BT 22 5] 28 1e-3 PRIEWL SN 50 /X, 2R /5 H Adam(le-4) 2817 50 1,
15 B —ANEER loss, #Ja H Adam(le-5) 7l 50 48, H—ACERFARUE, F+ B ISR HEH
ZiziTHE. B 10-31 AL 0.9977 2R _EH B EIZE R,
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10
= 0,9977

— full train
— (.9976

0.8 ~

0.6 1

loss

0.4 1

0.2 1

G.D 1 L) L) 1 1 1 L] ¥
a 20 40 60 80 100 120 140
epoch

& 10-31 Y%L FE loss T

MR, 2R S E I 1e-3 IE I FRAIIZR 20 18, ARG le-d F1 1e-5 A F Lk 2 Ik, Tl

SRIOTESE loss B AR IO4% BAREEUIZE, WRE 1031 LGNS, RAEER, ERARR
R
2 RIS TS, AREANE, WENGEERS.

10.4.7 FiMZ5 R

GRS IREAS, 4R8J5 F base_model BEAT T . X FRIR T, BWIATER T .

X = np.zeros((n, width, height, channels), dtype=np.uint8)

for 1 in tgdm(range(n)) :
img = cvZ2.imread('crop split2 test/%d.png'%i) .transpose(l, 0, 2)
a, b, = img.shape

X[i, :a, :b] = img

base model = load model('model 346 split2 3 %s.h5' % z)

base modelZ2 = make parallel (base model, 4)

y pred = base model2.predict (X, batch size=500, verbose=1)
out = K.get value(K.ctc decode(y pred[:,2:], input length=np.ones(y

pred.shape[0]) *rnn length) [0] [0]) [:, :n len]

198
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ss = map (decode, out)
vals = []

errs = []

errsid = []
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for 1 in tgdm(range (100000)) :
val = '!
try:
a = ss[i] .split(';")
s = a[—-1]
for x in al[:-1]:
X, C = X.split('=")
s = s.replace(x, ct+'.0")
val = '"$.2f" % eval (s)
except:
# disp3 (1)
errs.append(ss[i])
errsid.append (i)

ss[1] = "'
vals.append (val)

with open('result %s.txt' % z, 'w') as f:
f.write('\n'.join(map(' '.join, list(zip(ss, wvals)))).

encode ("utf-8"))

print len(errs)

print l-len(errs)/100000.
BHEER.

# output
22
0.99978

Hrh i B AR R IR 5, R RIA A FIBRE X B oARE N EE, REEEA
python eval f§E|45H, HEAHKRMERETME . X4 0.9977 BRI AT HZERIAR T 099978, L
T ANFEARY RF 22 MEAARRE. B[, Lhr L2 F — S ARRETE, By &
SRR RS, Blan 5 A 6 BiRE IR ERIX, FEHFH TNV, SBNRAHHANESE.

104.8 #RAVEREME

RS REE AR R, XA RS RETIXESGT, BAEETNER, REHiHx
EIREHI G R BN A],  HSE R ) B A 35R

import glob
import numpy as np

from collections import Counter

def fun(x) :
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c = Counter (x)
c['" '] =0
return c.most common () [0] [0]
ss = [open(fname, 'r'").read().split('\n') for fname in glob.

glob ('result model*.txt') ]
s = np.array(ss).T
with open('result.txt', 'w') as f:

f.write('\n'.join (map(fun, s)))

i L1 loss BIFFHI =/ MRBIGERE S, a3l 1 0.99868 HIMIASRALN .

10.4.9 Hth=

1. A EKEFIRA

FE LESENIFaa OB ik, 220Dk BRI 38 i B None, a2 A e KINHEE, H2dlT
ToixfE B reshape W jH)&H, XANTTREEET .

2. 51713 5l

ZET Al BBV L A R, B E AR IE AR 537, 8RS8 B
KGR, WREEZR—ENHERR, M3 —F 0K JTRZPMTRE.

3. E A=

BRATZRE S —NEfkS, HEEHTMEHFANEGZERT, F+H SRR RREE A 2
ERIHERRE R B MERRK, Bakdk, FrlRaEHRANEH.

B 10-32 FEE—ANREFWER, J5 S MRAERBERT, MUERRMNMFZRETH
%, SSWAR—F, MoaRNMFEXKREET.

& 10-32 £ pEad N ER
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4. B fth CNN #HBpY 2R

T 3R, A== 1d FH ResNet. DenseNet & #t CNN, REFHHAT IS, (H 2 X
RIAR GBI, ERELZIRNE, BT val loss —EHIERE), Jf H i &R HIRUR M
ARG H RKKZEZR, LA THREZREZL TR, &H 7 R ResNet B 2428 (LA 10-
33) HIAEE.

1.0 U 1 ——

1 (!

0.2 1

U.U T T T T T T T T
0 20 40 &0 a0 100 120 140
epoch

& 10-33 & 2445 599)|| 33 #F loss TT WAL,

5. %# GRU A LSTM

fE b 38 i Jm 22 GRU B #4 LSTM, B34 R+ 2RX U (ILE 10-34) , {Hi2
RRZ P EEHEFBEARUMTRE (28 7TJUVEEAR, TR , Z Fr e ured 2 5] w5y
R, BMREAZ, FHHEBEASEERK. B EXDMNFIKEHFEFRK, GRU M
LSTM 2 AN K.

1.0

— L5TM

0.8 -

0.6 1

loss

0.4 -

0.2 1

udﬂ L} T T I T ] T T
W] 20 40 60 20 100 120 142
epoch

% 10-34 GRU #l1 LSTM I %:1 4% loss A/ 4144
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10.4.10 /25

1. X1 B RY/E

AT H 75 BER AN — 88 .

o NIEBMAEG

> REFI) 5EGRBAEIERIEL A,

VAL R BAFE AR,

> ORTRA| T AMEIEAD & px 2R VAT RARIG 0%, 3G Aol AF REK

o ARAMRAL

> hofTARIEIR B 4% ST AR
> AT Fakidins,

o ARA)| %

FEAER & 3] AL L2 iE 4K,

2t

RULE M AT AL, S CNN 24008 Y /A BAR A 5 .

> AERF S BRI ER, VGAER .
> S E AR, TR — R B ASIE SRR % /s GPU #47HE.

2. BEBER

FEMAEE B — 95170.png FEASIR ME4r#], 0B 10-35 Az,

raw img
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& 10-35 95170.png F¥A

FONERFRE T, RAERDIFIHR, WIREIEAR ETED .
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1004 Sees

200

300

700

200

100 +

200 4

300

F00 7

200

TR
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L2

" A r.._ * .
B | f\? .‘*f-:l_—:——_l

& 10-36 VIE|HFE AL

R EIFIAURESY, KRI T # TR T4, & 10-37 .

true ;B=76798;(H/89908*54862)*58582*44773
pred:E=46798;(E/89908*54862)*58582*44773

s B2 WSRO B 44177

00 BOOD

o 100

& 10-37 T E TR

AT LLE B —A> “77 BiRE I E—2%TRE, RESDMEAEERBR N “47 7, B2
ARFNAILEFER S, X2 CNN MAZERXA], BMEREBSEEBREKEET .

3. AJHEHY B

R 2 AR 5 IR, AT ASREUIE 73 o /R R4S Xt 5 A0 6 iR, BAR BE 2 A ) 1 R SCHT R 51,
ARG I B

HOE LRI TALEE, BCUn TN IR, Al LUE R 2k, VIR LA
—&, A DRI ml SRR S

fi AR R, e inSE 380188 TP A AR 2 ) attention #HY, 5EFEH OCR MHKHIILIL,
EREZHEMBEER, HWEHEREITRUSHIREE RSN BR TR .

10.5 Sk K& N 71 %1%

(1] =WkEif—ikE: —JFBEM LSTM/GRU [ T#EALH] . %01°F &4~ . Available at: https://
zhuanlan.zhihu.com/p/28297161.

[2] OpenCV: Histograms - 2: Histogram Equalization. Available at: http://docs.opencv.org/
master/dS/daf/tutorial py histogram equalization.html.

[3] OpenCV: Changing Colorspaces. Available at: http://docs.opencv.org/master/df/d9d/
tutorial_py colorspaces.html.

[4] OpenCV: Morphological Transformations. Available at: http://docs.opencv.org/master/d9/
d61/tutorial py morphological ops.html.

[5] OpenCV: Smoothing Images. Available at: http://docs.opencv.org/master/d4/d13/ tutorial
py filtering.html.
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L6] OpenCV: Contour Features. Available at: http://docs.opencv.org/master/dd/d49/ tutorial
py contour features.html.

[ 7] OpenCV: Image Thresholding. Available at: http://docs.opencv.org/master/d7/d4d/ tutorial
py_thresholding.html.

[ 8] Amodei, D. et al. Deep Speech 2: End-to-End Speech Recognition in English and Mandarin.
[1512.02595] Deep Speech 2: End-to-End Speech Recognition in English and Mandarin (2015).
Available at: https://arxiv.org/abs/1512.02595.

9] Contour Approximation Method. OpenCV: Contours : Getting Started. Available at: http://
docs.opencv.org/master/d4/d73/tutorial py contours begin.html.

[10] Fchollet. fchollet/keras. GitHub. Available at: https://github.com/fchollet/keras/blob/
master/ examples/image ocr.py.

[11] Lepture. lepture/captcha. GitHub (2017). Available at: https://github.com/lepture/captcha.

[12] baidu-research. baidu-research/warp-ctc. GitHub (2017). Available at: https://github.com/

baidu-research/warp-ctc.

L13] captcha. {8 FHIRREE 5 21 R ## captcha JuERY . K0°F& 4= . Available at: https://zhuanlan.
zhihu.com/p/26078299.
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RIAEE—FEHEERWEZ
g5 BIIEY) P RIEA LR

XHE R BT AN RS 5 A 6 IRFIEERHaMat (FCND , REIRE Y] F
IR o R AE A S X BB XS 560 KRRV AT 2], /BT MERITIEG R, XA
R UENSBIZH TR, BAREEAR TIEE.

1.1 5k

FEAR HBUB AL R EY) v ATR 7| PR FRM) FEFE - (www.datadreams.org/ race-race-3.
html) . EA#MAW T,

1.1.1 FOIZE

REEER BREREY A BREHREEE, SR AN TEERDOR, FRFEEE,
RIS B B D) BE, AW B D) A BB A e . RIREE SRR BRI Y fe



AT SRR ERANEN]

WIS R, "I BRAN AR, hEIEALIT . S3E T FEEE, EAMIEREE,
e R LS H A PFI ARE, e i A AT .

11.1.2 HEmr

VIFEER B R ., NEM HE Je, BORMREE 20X, EFK/INA 2048 X2048 125K,
LU FREHE N RARY) B B o X3, tff /. BEFEA RSN SR . YIFRIEE 100 MEAR
Bl G Ay NREERE . S84 AFERERE) » 3Lt 1000 sRFFRTI N B, VIZGELE 700 7€, MREZ
& 300 3k.

11.1.3 IEFRTE
PR FEBERIRIE OUEIFE + AE) A TR, FHH%&E E R X . JHiG

45 DL L riEEIE N AEWE 11-1 Fras.
JRIEEIE FrRoEEEE

T
rﬂ

~ (]
=

B 111 REEIESTOTEIE

1.2 2R

BT fZ LB RINOER D&, HEFEEHEERMEmMa (FCND , fEH wmE
11-2 P HI 2R
XTI FEAIZ E, A LT8R

o HHSHFERSG, TUFEK—KERHFSH % KB R #ATEA D 4.

e BHTRAT0KEALE, #EZRGBHEA, REBAFZIFTHMAKRTHZE, UBRRE
RE| G RRREFIBTR B T RM), XEFHEIANEBF].

o HAKZTAM, ThEAIMEARAL, FREREFRETIFINIDR ENL.

o HMAKZTAM, FEIATHIBEE.
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Pooll Pool2 Pool3 Poold Pools Predictl Deconvl Deconv2 Deconvd Softmax

|

' Conv + ReLu ' Max Pooling ' Prediction ' Deconv Softmax

Predict3

6

(B FkiE: PCA-aided Fully Convolutional Networks for Semantic Segmentation of Multi-channel fMRI)
B 11-2 2ERMAEMERM

SPFaE— A, HEBRMNPINEEGELELEEZ EREA T —RET A KB A K/
HEEEAMER X EAMMERARRZHERE, LECLEVIFIA 2048 X2048 H)/NE T T
X B, RILE SR 2048 X2048 By A B Al 256 X256 o HEEREE 2, Bk GPU
& 10GB BAFRIEOL T, SR ANE R F ERIE P/ R E] . B, X B RA 4k 508 B A
FRVNER T, BESMAERR RS 256 X256, BIRSHREZENSG. LEHNEES
RFHHABRGFES. B FREZHVLE, TUEERE F#IT k&S, REZREA, ™
RS Tl ER 8 N s 2 S S TR IS = O s [ P20 i U

P58 M, ATLLEE VGG16 A imageNet f)I| 2545 iz Bix B, 7EHER L,
H— BRI ERE .

XFE=, FINENLEE, RN 2 E&EE KL, EFIAN 12 ENE, 7&FEEF
BRI R R E AR R B A Nt 2

PR, BT REY AW KSR AR, [ L5 N ier: L& /NEFE 485, E
T REAE XIRAE B . TEA . A/ NBRLSERFIE S IE R XA Fr X, (Rt B g 1 sa i) A2
AEINEE S, NEEFIE,

11.3 AL R

HTXEH 7 NAETELIMPI DRt S E 4, AHEBR BT —FBIRFHAT (Sequencial) HY
ey, IXHEEAEE[EH Keras 2SR . sZfr b, AN EA L EEEHERER tfon S, I
B A TensorFlow (v1.1.0) | tflayers BLERASE R HIE 77 E .

B g 5 MEE — Bt — MEREIE . MESR DL AR L.
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1.3.1 HEZEHIE

HESHBEH BRI E DR, HRWTAIE svg ERIRERE. B, svg BIiniE, &
EERE TR X, SERMERYIZRd IS, 7B A Ml st b X . IR, svg & —FPR

2, FARUFERERIEAFMR, 7520 R SO .

ST HE—r, T svg X2 RIX B bR X 84 F 17 3% @ <polygon fill=” none” points=
“537.742 ... 537,7427 stroke=" #f8691c” stroke-width=" 5" /> XFERIER. BMNZIRIEE
TORRERE, ZEA Al RS HNE2E none, A LAMAREE, #ELfill=" #FFFFFF. &, #x
EXEHAREEANY, ExtfmBafEr, WHERZUEXEINBGaiRENER. T

s iX BLUA] DA RS A F 1 ) 2Rk A B e e

svgjmde::re.mﬂﬂr"'fﬂli"(hﬁﬂNm&ﬂ""', ""'ill="#FFFFFEF"''', svg code)

svg code = re.sub(r'"'"'stroke=" (\w+|None)"'''", '""'stroke="#FFFFFE"'"'",

svg code)
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IRIEXTEE — i, BHBEMUE svg 45 R UL png BIRS SARAF T oR:

svgZpng (bytestring=svg code, write to="out.png")

STERREA T

def

def

get image (path, shape):

{£H opencv EEER

:param path LN AL E ST

:param shape it BE{&E K/

:return image A [H,W,C] ) rGB R, i EE

mwn

image = cvZ.limread (path)
image = image[:,:,::—1]
if shape != None:
image = cv2Z.resize (image, shape)

return image

svg process (svg file, shape):

RN X HARERIRERE svg REHISCHPRIE, FREBAERE, FiRA
:param svg file i N\~ B B B R
:param shape e HH & R/

:return x CAIK FEFERE TG, A L ofed 20 At X AR v ) 465 2R
image dir = os.path.dirname (svg file)
image prefix = os.path.basename (svg file) .split (".svg") [0]



FNE NIEE —EEREERHREMESEREY F PHREER

if not os.path.isfile("%$s/%s.png" % (image dir, image prefix)) :

with open(svg file, "r"™) as f in:
svg code = f in.readlines|()
svg code = "".joln(svg code[l:])
Svg code = re.sub(r'"''fill="(\w+|None)"''",
""MI11="#FFFFFF""''', svg code)
Svg code = re.sub(r'"''stroke=" (\w+|None)""'"',
''"'"stroke="#FFFFFF"'"'', svg code)

svg2png (bytestring=svg code, write to="%s/%s.png" % (image

dir, image prefix))

img = get image ("%s/%s.png" % (image dir, image prefix), shape)

return cv2.cvtColor (img, cv2Z.COLOR BGR2ZGRAY)

X ER BB B E A R B EIEYE. HAFEIERES ERREH Keras RIILAREL, WIEZE 7
7 CIFAR10 PAR SR 9 T Ak b HARHAS —FF .

HE, BROIFER T, FTATE Keras API J5, &I keras.preprocessing.image HJiX/ s,
Z I % A B ImageDataGenerator iX A~ B8 #0% HH B & — N ERFERE, Ahin— AN MR R bR 2s .
MPATFEZR R —DBEEFEME, LR — P& FERFRE . 4882 BbaERRE. Al (V2.0.4 BO
XTI RETE Keras HIFRBEW HR L. P LATR 25 — 0] LL[E] B e 5% 5 2 B R UL A b R
HIER 2L

Bt iE
LTI B2, Keras API BRI A HIEKLIZXNIEE, HLEE 7 XXEPA At A
ImageDataGenerator [&] B 22 #t B MPRE X HI R F . BAT S, B2 HMASE0H RIR) A Rids
ER R —&ERILAT, SNARSH R APATHREI .. EEESREHNRBEZE, FEhk
525 Keras TH “TiEE ORI —M IE” B, K Keras B 7 XHESG H | XFERITTE:

data gen args = dict (featurewise center=True,
featurewise std normalization=True,
rotation range=930.,
width shift range=0.1,
height shift range=0.1,
zoom range=0.2)

image datagen = ImageDataGenerator (**data gen args)

mask datagen = ImageDataGenerator (**data gen args)

# Provide the same seed and keyword arguments to the fit and flow methods
seed = 1
image datagen.fit (images, augment=True, seed=seed)

mask datagen.fit (masks, augment=True, seed=seed)
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image generator = image datagen.flow from directory(
'data/images"',
class mode=None,

seed=seed)

mask generator = mask datagen.flow from directory (

'data/masks’',
class mode=None,

seed=seed)

# combine generators into one which yields image and masks

train generator = zip(image generator, mask generator)

model .fit generator (
train generator,
steps per epoch=2000,
epochs=50)

Pl T RETN A, RFEFLLZpEEAIMEL,  SEbriz oAl BA=5 RS 48 A 5 1] #. 1) Keras B

LI ZXANTHREW T EAIRE, XEXMABTIERZ, B Keras T HE 1T B BRI 2. keras.
preprocessing.image iX ™ & Bt fif T https://github.com/fchollet/keras/blob/2.0.4/keras/ preprocessing/
image.py, FERMAMNMSL, BAERIFRKIGIHKER, KA A SRR T Keras Wi 7E—7K &
Fro SEBL BB Fe . 4T, ki 3E e 1) B ) eA0E SERAE 1 — K I R AT R RE R A

HEIZE 8 &, FARATXS CIFAR-10 HfE i A BLARHY -

from keras.preprocessing.limage import ImageDataGenerator

datagen = ImageDataGenerator(...)

datagen.fit (X train)

T & 7£ ImageDataGenerator & H1 i fit 75 ¥&# — 2 € 7 ] augment, LA random transform
THEFTERINLE -

# 649-654, fit

if augment:

ax = np.zeros (tuple([rounds * xXx.shape[0]] + list(x.shape)[1l:]),
dtype=K.floatx () )

for r in range (rounds) :
for 1 in range(x.shape[0]) :

ax[i + r * xXx.shape[0]] = self.random transform(x[i])
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X = ax

theta = np.pi / 180 * np.random.uniform(-self.rotation range, self.

rotation range)

zX, zy = np.random.uniform(self.zoom range[0], self.zoom range[l], 2)

# 566-570 random transform

if theta != 0:
rotation matrix = np.array([[np.cos(theta), —-np.sin(theta), 0],
[np.sin(theta), np.cos(theta), 0],
[0, O, 111)
transform matrix = rotation matrix

# 584-588 random transform

if zx !'= 1 or zy != 1:
zoom matrix = np.array([[zx, O, 0],
[0, zy, O],
[0, O, 111)
transform matrix = zoom matrix if transform matrix is None else

np.dot (transform matrix, zoom matrix)

# 593-594 random transform
X = apply transform(x, transform matrix, 1Img channel axis,fill mode=self.

fill mode, cval=self.cval)

BATRI, Keras XECHLHIIZIRZ, HARMNE XRITEEN, RIEI204 (Uniform)
PENLAER— N IRE A ganitt, SEmidid — KA 3 X3 I #FERE (transform matrix) SR3K
Tt 4. BEGE apply transform H¥CSTIN MR . 4K

A2 TATH HOE 8RB, BURRIE € LR iEs: . 4anGu, FLAERRE A, 4tk )s,
iE T A2 RS R B, 0 S0 R A A B R B N P 7E S A\ B B A AR E X AR E R A B AR
P4 F -

def apply transform(x,
transform matrix,
channel axis=0,
fill mode='constant',

cval=0.) :

™

BEAT BRI . RS T -

https://github.com/fchollet/keras/blob/master/keras/preprocessing/image.py

s Param X %A%Eﬁ%%@@ﬁ%
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:param transform matrix EG e =5

:param channel axis B— 1 EEAREGEN%S. ¥ [N, H,W,C], NEEE
S, PILLRE o

:param fill mode H 78 H T e iE s A 22 I 3.
fﬂﬁi{'canstant', 'nearest', 'reflect', 'wrap'}

:param cval MERE "constant ' 3H7E, MEFHMESHLAAE

:return x Eﬁ%ﬁﬂﬁ@{%

X = np.rollaxis(x, channel axis, 0)

final affine matrix = transform matrix[:2, :2]

final offset = transform matrix[:2, 2]

# XPEIEREAS, [FREREY)A BAEE X bR B
if cval is False:
cha imgl = scipy.ndimage.interpolation.affine transform (
x[0], final affine matrix, final offset,

order=0, mode=fill mode, cval=False

cha imgZ = scipy.ndimage.interpolation.affine transform
x[1], final affine matrix, final offset,
order=0, mode=fill mode, cwval=True

channel images = [cha imgl, cha iImgZ2]

# XTARAEREA, AFERE X EAnE B A

else:
channel images = [scipy.ndimage.interpolation.affine transform(

X channel,
final affine matrix,
final offset,
order=0,
mode=fill mode,
cval=cval) for x channel in Xx]

X = np.stack(channel images, axis=0)

X = np.rollaxis(x, 0, channel axis + 1)

return x

def picture argument (image input, image gt, rotate, zoom):

™

STRIARPREY)F, EATheR . 48R IER RGBSR, HANRET R . 4880k ERIARE
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H1E

:param 1mage Iinput
:param image gt
:param rotate
:param zoom
:return

BhRE

mnmn

theta =

rotation_matrix =

transform_matrix =
ZX, ZYV =

zoom_matrix =

transform matrix =

h, w =

transform_matrix =

transform matrix,

image input =

image gt =

return image input,

image input, image gt

np.array ([ [np.cos (theta),

np.random.uniform(l—zoom,

np.array([[zx, 0O,

np.dot (transform matrix,

image input.shapel[0],

apply transform(image input,

apply transform(image gt,

NIEE —EAEEHRMEMNE S EREY] A R HIEHR

A RPRE D) A ER

fan \ B9 ER U R e FE ARy X 2R P

i BB IEAT e % 1 IE DA EE Ve

xF EHRBEAT AR A E HITBUR 48/ B 4 B

Jieks . U KR ELYI R BB, BARSH B AT RERE X

np.pi / 180 * np.random.uniform(-rotate, rotate)

01,
0T,

—np.sin(theta),
sin(theta), np.cos(theta),
111)

[np.
(0, O,

rotation_matrix

l+zoom, 2)

01,
(0, zy, O],
[0, 0, 111)

zoom matrix)

image input.shapel[l]

transform matrix offset center (

h, w

transform matrix, 2,

fill mode="constant", cval=255)

transform matrix, 2,

fill mode="constant", cval=False)

image gt

KI)H Al 72 T RARFIX LS pR B 3 AR Rl - I TUISREEAS ., IR A F{EA & H KL A
KIE, X EAEAE AR BRI AL batch_gen AMETIN—/Z, XFEHL AT A4S P ALRE A BE 2 70 B — B AR

def gen batch func(l sample,

™

image shape) :

ERRASREL, BARRAZRR, BARH - RAERES, RHETHROREY A B A PR M HRE X

pRERE A

:param 1 sample

:param Iimage shape

:return batch gen

ook L9 AE X S8k B

mn

W A\ B Y A BB A4 8K,

N HITREY) A BUEBAE . /FCN/image/merge HETF

Xt B B ER V) e X AR EIEE . /FCN/labels H3XF
fan t B A RS

W th A AR, BRI IRAERRES, it E TR EY) A E A B
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def batch gen(batch size, augmentation=True) :
random. shuffie (1 sample)
for batch i in range (0, len(l sample), batch size):
1 images = []
1 gt images = []
for sample in 1 sample[batch i:batch i+batch size]:
gt image file = "./FCN/labels/%s.svg" % (sample)
image file = "./FCN/image/merge/%s.tiff" % (sample)
if os.path.isfile (gt image file):
gt image raw = svg process (gt image file,

shape=image shape

else:
gt image raw = np.zeros (
[image shape[0], image shape[l]]
)
image = get image (image file, shape=image shape)

gt image = gt image raw>100

gt image = gt image.reshape (*gt image.shape, 1)
gt imageZ = np.bitwise not (gt image)
gt out = np.concatenate (

(gt _image, gt image2), axis=2

i1f augmentation:
rotation = 180
zoom = 0.2
image,gt out = picture argument (

image, gt out, rotation, zoom

1 images.append (image)

1 gt images.append (gt out)
yield np.array(l images), np.array(l gt images)

return batch gen

11.3.2 #iEfEH

R A R Y B B AN T4

(1) B—#4 2 S A ImageNet B VGG16 BRI, i B4 5 B8 6 F B 75 Hhhk (9
ckpt # R AVRLRY, BT E S AW SR pb AR, JEE ckpt PSS EUEE N pb X
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R RO BN pb B RN B 5, ckpt AR B, BEEKEX, &
BAEARE H e AR Z5 R, B AR pb 0. 1 .pb #% AT LR 77 B RO AR, o A] LLiE
—Pil1d TensorFlow H freeze graph Djfg, RSB A pb M. JWATXHEAN T EHEH, HE T
e G 1 vggl 6.pb XA

def load vgg(sess, vgg path):

men

#H A vecle TAYIGAER, REIFAIET vecle YIGEHEFRHLMLL (FCN) R ERIFEZE.

:param sess: TensorFlow Session

:param vgg path: vgglé BRI T EER AT . BRLE A pb ¥ AE1E
TEHhk: https://s3-us-west-1.amazonaws.com/udacity-

selfdrivingcar/vgg.zip

:return image input, keep prob, layer3 out, layer4 out, layer/ out

REEAIET vecle ZrEFHIRMAEML (FCN) BT HIFE 2R E

mwmen

vgg tag = 'wvggle'

vgg input tensor name = 'image input:0'

vgg keep prob tensor name = 'keep prob:0'
vgg layer3 out tensor name = 'layer3 out:0'
vgg layer4 out tensor name = 'layer4 out:0'
vgg layer/ out tensor name = 'layer7 out:0'

tf.saved model.loader.load(sess, [vgg tag], vgg path)

graph = tf.get default graph()

input image = graph.get tensor by name(vgg input tensor name)

keep prob = graph.get tensor by name (vgg keep prob tensor name)
vgg layer3 out = graph.get tensor by name(vgg layer3 out tensor name)
vgg layer4 out = graph.get tensor by name (vgg layer4 out tensor name)

vgg layer7] out = graph.get tensor by name (vgg layer’/ out tensor name)

return input image, keep prob, vgg layer3 out, vgg layer4 out, vgg

layer’7 out

() B REVGGle AR Eu b, WEESEHMHA ML, X B R fully
convolutional networks for semantic segmentation 1X fs 3 B 245 € HIM 2 450, EREWEBRER. X
EREEENR, HEASZHFESHMAIMGEN, RIES 5 ENHEHERN, RBIGHERY]
miid e, BESHEERERINEZ, MWK ARN T E, SBEEELRREZHE, Rit
W gL, TN ER TR . N XBERFFEFESHNSHEYGL, XET
A 1 xavier initializer(). F/RP] LUK GIR#ZIE L tfslice i H REAKEE S, @il tf summary.
image() B Fid3%, XFBLA LATE tensorboard HE WHERZKIGE K. IRES ) BANE GEFE,
WANSE “KF7 , (HEPR EIFAE AR, B SRR EAT AL, =4 7 IRHEEIR
EZ=DEENSS
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def layers(vgg layer3 out, wvgg layer4 out, vgg layer/ out, num classes):

mn

BT load vgg R[FEIH) veele BMAIFEER, RitEHERHEML (FoN) BE
:param vgg layer/7 out: TF Tensor for VGG Layer 3 output
:param vgg layer4 out: TF Tensor for VGG Layer 4 output
:param vgg layer3 out: TF Tensor for VGG Layer 7 output

:param num classes: w7 RHIMREHE . XEZMEXIE / FFME XEH) — 72K
:return: EHRMEMEHEE (FeN) B%HHZ5 R
with tf.name scope ("32xUpsampled"™) as scope:
conv/ 1x1l = tf.layers.convad(
vgg layer’7 out, num classes, 1,
padding='same', name="32x 1xl1 conv",
kernel reqgularizer=tf.contrib.layers.l2 regularizer(g 12),

kernel initializer=tf.contrib.layers.xavier initializer /()

conv/ 2x = tf.layers.conv2d transpose (
conv/ 1x1, num classes, 4,
strides=2, padding='same', name="32X conv_ trans upsample”,
kernel reqgularizer=tf.contrib.layers.1lZ regularizer(g 12),

kernel initializer=tf.contrib.layers.xavier initializer()

with tf.name scope ("lexUpsampled") as scope:
convd 1x1 = tf.layers.conv2d(
vgg layer4 out, num classes, 1,
padding="same', name="16x 1x1 conv",
kernel regularizer=tf.contrib.layers.lZ regularizer(g 12),
kernel initializer=tf.contrib.layers.xavier initializer /()
)
conv_mergel = tf.add(conv4 1xl1, conv/ 2x,

name="16x combined with skip"

convd 2x = tf.layers.conv2d transpose (
conv_mergel, num classes, 4,
strides=2, padding='same' , name="16x conv_ trans upsample”,
kernel reqgularizer=tf.contrib.layers.l2Z regularizer(g 12),

kernel initializer=tf.contrib.layers.xavier initializer /()

with tf.name scope ("8xUpsampled") as scope:
conv3 1x1 = tf.layers.conv2d(
vgg layer3 out, num classes, 1,

padding="same', name="8x 1x1 conv",

216




FNE DIEEA—EBEEHSRBENEDEIHFRET F HHEER

kernel regularizer=tf.contrib.layers.l2 regularizer (g 12),
kernel initializer=tf.contrib.layers.xavier initializer ()
)
conv_merge2 = tf.add(conv3 1x1, conv4d 2x,

name="8x combined with skip"

conv3 8x = tf.layers.conv2d transpose (

conv_merge2, num classes, 16,
strides=8, padding='same', name="8x conv_trans upsample",
kernel regularizer=tf.contrib.layers.1l2 regularizer(g 12),

kernel initializer=tf.contrib.layers.xavier initializer ()

conv_image 0 = tf.slice(conv3 8%, [0,0,0,0], [-1,-1,-1,1])
tf.summary.image ("conv3 8x results 0", conv_image 0)

return conv3 8x

tf.summary.image "FHIZE R, e 2T LB tensorboard #EAT I ARAY, Z5RISUE 11-3.

conv3_8x_results_0/image/0
model/.
step 8400 (Wed Sep 27 2017 01:15:02 GMT+0800 (CST))

& 11-3 ISR

11.3.3 RBML{L

A HE, AR, ZaiERNMEER IR, Hisp /R m] a2 ks 8 B R R Xt . il
AEENEBRENMBRAE B2 E, B2 R g2 P8 - MR RE T XA
Hbp ol LA ORRACER, B RE P a2 -

entropy val = tf.nn.softmax cross entropy with logits(

labels=true label, logits=pred label
)

cross _entropy loss = tf.reduce sum(entropy val)
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RNEF

S RARERBNIEAN]

A, ERFHERESEERT, wmilF P XERTEARD, JFESIALEN, Pibdda

B ABRATT Y H AR ZE N — 2%, WU E/S A] 662 Ukt B i 8 — MBI N A A 0 X O 264k |

RAlRefE B> B/AAKSE, BrIEZE0d 218 BOY Bk fid 0 &

o EANFRRHIENR, 5

AR A2 -

+ WEKREREHENZE

reg losses = tf.get collection(tf.GraphKeys.REGULARIZATION LOSSES)
# SR HARREL WA S8R T MMARAL B iR

loss = cross entropy loss + sum(reg losses)

b 1 HCE XK BB, A ESEIXIELIRKfetr— F1{H. HLIERERE X T:

Evaluation of Cancerous Region Segmentation:
Precision=(|TP|)/ (|TP|+|FP|)
Recall=(|TP|)/ (|TP|+|FN]|)

Fl Score=(2-Precision'Recall)/ (Precision+Reall)
e TP: True Positive, #4K A& TR ERIR, {2459 KEH,

e FP: False Positive, #4X A B THEETRXIR, 1249 K41%.
® TFN: False Negative, #4 %A B TIFE TR, {25 £4%.

TRREETREN, BMNE5— P FUERNFEI 1 — ML TR PR I 57
P GXFPMALERIT 26 2 Ba a3 AUC fB) -

argmax p = tf.argmax(pred label, 1)
argmax y = tf.argmax(true label, 1)
TP = tf.count nonzero( argmax p * argmax vV, dtype=tf.float32)
TN = tf.count nonzero((argmax p-1)* (argmax y-1), dtype=tf.float32)
FP = tf.count nonzero( argmax p * (argmax y-1), dtype=tf.float32)

FN = tf.count nonzero((argmax p-1)* argmax y, dtype=tf.float32)
precision = TP / (TP+FP)

recall = TP / (TP+FN)

fl = 2 * precision * recall / (precision + recall)

FEERAARLWT

— I I

def optimize(nn last layer, correct label, learning rate, num classes,

batch size, split idx):

men

ESXURBFAL Hir (GRRRED , wENE

:param nn last layer: EHERMPEMNEHREA (FeN) RIS R
:param correct label: WRELY) RN MR R R JEEE X AR
:param learning rate: I i By N

:param num classes: T2 RHIFREH . X BERRAE X / ARRAE X ) — 2R

:return pred label: PRERY) Xt N SRS T ) e A (X S
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:return
:return
:return
: return

™ ¥

pred label =

FNE NIEE —EREERHALEMESEREY F PHREER

training op: A28

cross entropy loss A X N ok Bk

£1 LEFRAERIPROTfEPS £1 H
learning rate?2 B VI ZRIXEOEZ P T e 1) 5 >3 R H R/

tf.reshape (

nn last layer, [-1, num classes], name="predicted label"

)

true label =

tf.reshape (

correct label, [-1l, num classes], name="true label"™

with tf.

name scope ("fl score™):

argmax p = tf.argmax(pred label, 1)

argmax y = tf.argmax(true label, 1)

TP = tf.count nonzero(
argmax p * argmax vy, dtype=tf.float32
)
TN = tf.count nonzero(

(argmax p-1) * (argmax y-1), dtype=tf.float3Z2

FP =

tf.count nonzero(

argmax p * (argmax y-1), dtype=tf.float32

FN = tf.count nonzero(
(argmax p-1)* argmax vy, dtype=tf.float32
)
precision = TP / (TP+FP)
recall = TP / (TP+FN)
fl = 2 * precision * recall / (precision + recall)
with tf.name scope("cross entropy loss"):
entropy val = tf.nn.softmax cross entropy with logits(

labels=true label, logits=pred label

Cros

reg

tf.

loss

s entropy loss = tf.reduce sum(entropy val)
losses = tf.get collection(

GraphKeys .REGULARIZATION LOSSES

= cross _entropy loss + sum(reg losses)

with tf.name scope("train"):

batch = tf.Variable (0, tf.float32)
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learning rateZ = tf.train.exponential decay(
learning rate, # Base learning rate.
batch * batch size, # Current index into the dataset.
split idx, # Decay step.
0.95, # Decay rate.

staircase=True

# AMEH learning rate decay RESHITE, EHiEH learning rate

foptimizer = tf.train.AdamOptimizer (learning rate)
optimizer = tf.train.AdamOptimizer (learning rate2)
training op = optimizer.minimize (loss, global step=batch)

return pred label, training op, cross entropy loss, fl, learning rateZ

optimizer BRE/FH T illZr 5, ZREUMA T A BREMAMP SR UL EELER, &RE 73T
SRR RIMAIPFOT LA L f1 185D , SJaixX B MEESHRI. X THIESE,
[F) ] LS B A AR AL T IR uE SR R TR &5 R UL SRR SR SR A R, HEAIAF{EXN IR
BEATVRUT, AT AR SR SRUAEE R, BRI B UE SR B PP T V57T PSS

def validation(nn_last layer, correct_label, num classes) :

men

FARA B A NGRS (80%, 560 1) ZJa, X F 20% FISGUERFEAHAT — IR UEERTE,
R IOARRUAE BT A A b H)R B

:param nn_ last layer: 2EPMEMEET (Fen) B S R
:param correct label: JRERY) XN R AR A 8 RE X AR T
:param num classes: T E I RHIMEREH . XEEZREXE / dEREEX
BH) 53R
:return cross entropy loss cv ﬁﬁ,ﬁ{ﬁ%@ﬁ ( gﬁlﬂfﬁézﬁ )
:return fl cv HERAME RPN TER £1 H ( BuERA)
pred label = tf.reshape(nn last layer, [-1, num classes],

name="predicted label cv"
)
true label = tf.reshape (correct label, [-1l, num classes],

namez"true_lahel_cv"

with tf.name scope("fl score cv"):
argmax p = tf.argmax(pred label, 1)
argmax y = tf.argmax(true label, 1)

TP = tf.count nonzero(
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argmax p * argmax vy, dtype=tf.float32

TN = tf.count nonzero(

(argmax p-1) * (argmax y-1), dtype=tf.float32

FP = tf.count nonzero(

argmax p * (argmax y-1), dtype=tf.float3Z

FN = tf.count nonzero(
(argmax p-1)* argmax vy, dtype=tf.float32
)
precision = TP / (TP+FP)
recall = TP / (TP+FN)
fl cv = 2 * precision * recall / (precision + recall)

with tf.name scope("cross entropy loss cv"):

entropy val = tf.nn.softmax cross entropy with logits(

labels=true label, logits=pred label
cross entropy loss cv = tf.reduce sum(entropy val)

return cross entropy loss cv, fl cv

WATAT TR BRI, R BHE— M F e SR TR MR XA WA
FE5E 8 FHJ Keras fRAH, KA modelfit —47mi5Ek J - EHRXEFHLE R A, HuFAT®E
SRHEVECHE FAEF WH R, R EARSEE 12 BN JE IR k. Kt Bik 2
BZH5UAT, K-

e %/ eproch V| %.

e #/~eproch ¥, AKX batch size NMEAR, HATAER Y| LHALSEL,

o FI RV GeG X IEVAR fl1 1, B A tensorboard H &L F#F.

e ZA—/ eproch #9)|%4), ARIERAI| AARE 69 RIL (S0M /A1) .

PRSI ATE

def train nn(sess, epochs, batch size, get batches train,
get batches cv, train op, cross entropy loss,
cross entropy loss cv, fl1l, fl cv,1lr, input image,

correct label, keep prob, learning rate):

™

ICEZRTHIER, IgRE X2 RmE M s

:param sess: TEF Session
:param epochs: VIR &
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:param batch size: IR K/

:param get batches train: REN SR B AR A Rlias, A gen batch
func (batch size)

:param get batches cv: IREVIS UE SR A s, [ 5T gen batch
func (batch size)

:param train op: WERE R F e 1,
ﬁﬁ‘f/hﬁﬁi cross entropy loss+12Z loss %fjvﬁh

:param cross entropy loss: A X IBARR R (VIZREEAS )

:param cross entropy loss cv: A BT R R B ( AEFEAR )

:param f£1: LLFRAE RIVEOTfEAR £1 1B (SRS )

:param fl cv: LESRRLE VPO TaAs £1 1B (RIEREA )

:param input image: ERie N2 iy NG

:param correct label: TRERY) XS RLH . AER R AE X AR

:param keep prob: VGG RE S

:param learning rate: WIGEA T 2 K/

men

#save training results for every eproch

saver = tf.train.Saver()

model dir = './usingNonAug models 12 norm ExpDecay 1lr %1.2e
12 %1.2e el0 batch %d' % (g 1lr, g 12, g batch size)

log dir = "./usingNonAug logs 12 norm ExpDecay 1lr %1.2e 12 %1.2e
el0 batch %d" % (g l1lr, g 12, g batch size)

cv_dir = "./usingNonAug cv ExpDecay lr %1.2e 12 %1.2e el0 batch
$d.csv" % (g lr, g 12, g batch size)

if not os.path.isdir (model dir):

os.mkdir (model dir)

if not os.path.isdir(log dir):
os.mkdir (log dir)

f out = open(cv dir, "w")

f out.write ("Eproch,cv CrossEntropy loss,cv Fl \n")

summary writer = tf.summary.FileWriter (

log dir, graph=tf.get default graph ()

sess.run(tf.global variables initializer())
tf.summary.scalar ("train loss", cross entropy loss)
tf.summary.scalar("train f1", f1)

merged summary op = tf.summary.merge all ()

global iteration idx = 0

for 1 in range (epochs) :
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print ("Epoch %d" % 1i)
i1 = 0
for batch image,batch label in get batches train(batch size,
augmentation=True) :
ii +=1
global iteration idx += 1
train op ,cross entropy loss ,summary str,fl ,1r =\
sess.run
[train op, cross entropy loss,
merged summary op, fl1, 1r],
feed dict={
input image: batch image,
correct label: batch label,
learning rate : g 1r,

keep prob : 0.5
1)
summary writer.add summary (
summary str,
global iteration idx
)
print ("Eproch %d, Iteration %d, loss = %1.5f, fl1 = %1.5f, 1r

= %1.5f" % (i, ii, cross entropy loss , fl1 , 1r ))

# Save the model every eproch
1 f1 cv = []

1l loss cv = []

for batch image,batch label in get batches cv(batch size,
augmentation=False) :
cross entropy loss , fl = sess.run(
[cross entropy loss cv, fl cv],
feed dict={
input image: batch image,
correct label: batch label,
keep prob : 0.5
)
1 loss cv.append(cross entropy loss )

1 f1 cv.append(fl )

np loss cv = np.array(l loss cv)
np f1 cv = np.array(l fl cv)
f_out.write("%d,%l.5f,%1.5f\n" % (i, np.nanmean(np loss cv),

np.nanmean (np fl cv)))
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print ("Validation, Eproch %d, loss = $%$1.5f, fl1 = %1.5f" % (i,
np.nanmean (np loss cv), np.nanmean(np fl cv)))
tf.train.write graph(sess.graph def, model dir,
'eproch %d loss' % (1), as text=False)

saver.save (sess, '%s/eproch_%d_less' % (model dir, 1i))

ZI, BMIATRRIEREIGE TR T . TSR ERE, & L —LBhENTE,
SRR AT BLER B RS R -

def main/|() :
image shape = (256, 256)
num classes = 2

random. seed (0)

mn

REUTA 800 ¥EHIFE A TR

LA 8 : 2 EEBIR o BT R A B0 I 255 DA K B E 4R

EEXEN T HEST, CemRBEYABRASG—WEE ./FCN/image/merge/ XK H
1 sample = os.listdir("./FCN/image/merge/")

1 sample = [ s.split(".tiff") [0] for s in 1 sample]
random. shuffie (1 sample)

cv_ratio = 0.8

split idx = int(len(l sample) *cv ratio)

1 sample train = 1 sample[0O:split idx]

1l sample cv = 1 sample[split 1dx:]
get batches train = gen batch func(l sample train, 1mage shape)
get batches cv = gen batch func(l sample cv, image shape)

™

BT HH 1068 £ARBHF. XHEHRE tensorflow A—XHEHRERIIAEERF

™

config = tf.ConfigProto ()

config.gpu options.allow growth = True

with tf.Session (config=config) as sess:

config = tf.ConfigProto ()

BRI 2R . WEERAERS, LR SALFRT

vgg path = "./FCN/vgg/" # T# pb #iNH vecle A ESE B &

get batches fn = gen batch func(l sample, image shape)

epochs = 30
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batch size = g batch size
correct label = tf.placeholder (

tf.int32, [None, None, None, num classes]

learning rate = tf.placeholder (tf.float32)

mernmn

fE e IR, @A, MUEA B, Bt TR RIZk

mernmn

input image, keep prob, vgg layer3 out, vgg layer4 out, \
vgg layer7 out = load vgg(sess, vgg path)

nn last layer = layers(vgg layer3 out,
vgg layer4 out,
vgg layer’] out,

num;classes

pred label, training op, cross entropy loss, fl, 1lr = \
optimize (nn last layer, correct label, learning rate,
num classes, batch size, split idx
)
cross entropy loss cv, fl cv = \

validation(nn last layer, correct label, num classes)

train nn(sess, epochs, batch size, get batches train,
get batches cv, training op, cross entropy loss,
cross entropy loss cv, fl, fl cv, 1lr, input image,

correct label, keep prob, learning rate)

1.4 RFHIT

B JE1E unfenpy 1, R ZE . IEMMLSZ L LREIREAE K/AMER argy HEEZS%1, XFEB0
Al LLEE Linux AR H 3 S M EHAH &
FE s A N 25

'head runfcn.sh

SHRWT:

python runfcn.py le-3 le-2 2
python runfcn.py le—-4 le-2 2
python runfcn.py le-5 le-2 2
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python
python
python
python
python
python
python

runfcn

runfcn

runfcn

runfcn.

-PY

runfcn.

Py

-PY

runfcn.

PY

-PY

runfcn.

Py
PY

le-3
le—4
le-5
le—-3
le-4
le-5
le—-3

le-2
le-2
le-2
le-2
le-2
le-2
le-6

o 0 O O = =

HAAHFENSTMHSHAS, AlUUEdHEEPITIHA, g8, 460 RZSE0I2x0)
AL 7 Tl ORAF T 2R

!sh runfcn.sh

11.5 {RBIGER AL

11.5.1 MEERHE
AR 7 B 3 14 5R

import re

import os
import cv2
import pandas as pd
import numpy as np
import matplotlib.pyplot as plt

from sklearn.model selection import train test split

from sklearn.utils import shuffie

from cairosvg import svgZpng

import matplotlib.pyplot as plt

import random

from tgdm import tgdm

import tensorflow as tf

from keras.preprocessing.image import transform matrix offset center
import scipy

import scipy.ndimage as ndi
from runfcn import *

Smatplotlib inline

11.5.2 1EFWUEEFH %S TN ek 2

lgridf2r, EAISei&ig 8:2 HItLfl e X Flgri UL L SAES, X BT Al RACH 7528
XA E N, EEFRUERTRISRUT, 2SS .
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image shape = (256, 256)
num classes = 2

random. seed (0)

1 sample = !1s ./FCN/image/merge/*tiff
1 sample = [ s.split("/"™)[-1].split(".tiff") [0] for s in 1 sample]

random. shuffie (1 sample)

cv_ratio = 0.8

split idx = int(len(l sample) *cv ratio)

get batches train = gen batch func(l sample[0O:split idx], image shape)
get batches cv = gen batch func(l sample[split idx:], 1image shape)

def predict using raw model (1 image file, model file, batch size, split idx):
vgg path = "./FCN/vgg/"
num classes = 2
tf.reset default graph/()
with tf.Session() as sess:
correct label = tf.placeholder(tf.int32,

[None, None, None, num classes]

learning rate = tf.placeholder (tf.float32)

input image, keep prob, wvgg layer3 out, vgg layer4 out,\
vgg layer’] out = load vgg(sess, vgg path)

nn last layer = layers(vgg layer3 out, vgg layer4 out,

vgg layer] out, num classes

logits, training op, cross entropy loss, fl, 1lr = \
optimize (nn last layer, correct label, learning rate,

num classes, batch size, split idx

saver = tf.train.Saver()
saver.restore (sess, model file)
1 street im = []
for image file in tgdm(l image file) :
result file = "S$s.region.png"” % (image file.split (".tiff") [0])
image raw = scipy.misc.imread(image file)
image raw shape = image raw.shape[0:2]
image = scipy.misc.imresize (image raw, I1image shape)
im softmax = sess.run(
[Ef.nn.softmax (logits) ],
{keep prob: 1.0, input image: [image]}
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im softmax = im softmax[0][:, 1].reshape(

image shape[0], image shapel[l]

segmentation = (im softmax < 0.5) .reshape (
image shape[0], 1mage shape[l], 1
)

mask = np.dot (segmentation,

np.array([[0, 255, 0, 12711)

mask = scipy.misc.imresize (mask, image raw shape)
mask = scipy.misc.toimage (mask, mode="RGBA")
street im = scipy.misc.tolmage (image raw)

street im.paste (mask, box=None, mask=mask)

1 street im.append(street im)

gray = np.array((im softmax < 0.5)*255, dtype=np.uintsg)
gray = cv2.resize(gray, image raw shape)

cvZ2.imwrite (result file, gray)

return l_street_im

11.5.3 #R#E tensorborad AR {L4E RiEFEHFIFRIIRE!

ExCHE, £ runfen.py HRFEI R, RS E UL LALREGE K/MEN argy RS, &
I, ATLNZGRZAHSE, NP IFHREMH—HSEH, IHSET MR, [TLLHAN
e AR Y

AR 2 i ]+ HY H o B 2 B — AR ? K S A] BA{#E H tensorborad X 45 R #E4T 7] #L4K
tensorborad ZTEM IS HIMFE FH 5 =Ran .

e = 3| hitp://localhost:8888/ , #£ &4 £ A &) new, 42 Terminal.
b &hﬂ‘_é{] lgﬁ &%% EI: b #ﬁ)\':

+ (%
tensorboard --logdir [ A#K 1]:[tensorborad ¥ 11, [ &F%8 21 : [tensorborad X
¥k 27 ...

# X FERATIX BB R AR R

tensorboard --logdir 1lr 1le3 12 leZ b Z2:usingNonAug logs 12 norm
lr 1.00e-03 12 1.00e-02 el0 batch 2,**,1r 1leb 12 lee b 4:usingNonAug logs
12 norm 1r 1.00e-05 12 1.00e-06 el0 batch 4
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e 3T http://localhost:8888/ , S FA2A T MR AnEK

ZRINT:

HEFINZR KR E loss RIZE R, W 11-4 Fras. FRATTAIE learningRate=1e-4, IE N4k
£ 12=1e-2, tEIE A/ batch size=2 HIFM T, FEERLE I ZREHE  HI90R KB/

train_loss

G.000e+5
5.000e+5 -
4.000a+5 -
3.000e+5 -
2.000e45
1.000e4+5

0.00

—
0.000 3.000K G000k

Hame Smoothed Walue Step  Time Relative

r_1e3_12_1e2_b_2/

B 11-4 B58T, BRNGERPREAERBERBEENGEZLRER

[, 7E learningRate=1e-4. IENJ{LH %X 12=1e-2. HLELHE K/ batch size=2 FITEM T,
RAENSGETET 11 Fo&em, WE 11-5 fias.

train_f1
1.00 -
0.900
0.800
0.700

0.600

0.000 2000k 4000k G6.000K S.000K

Relative

43 Zh 1ém 495

E 115 E58F, BEYIGEREF A1 EREBEIIGEISREE

229




RS SRR EMRAAIEAN]

A ERIERFPIAG R, FAFEAKNZ—HASBRI ST

%$%bash

for 1 in '"ls usingNonAug cv 1lr 1.00e-0*csv'

do echo $i && tail -n 1 $i

done | paste - - | grep -v Fl1 | sed 's/,/\t/g' | sort —-nk 3

usingNonAug cv 1lr 1.00e-04 12 1.00e-02 el0 batch 2.csv 29 33924.51562
0.93591 usingNonAug cv _1lr 1.00e-04 12 1.00e-06 el0 batch 2.csv 29
34027.92578 0.93794 usingNonAug cv 1lr 1.00e-03 12 1.00e-06 el0 batch Z.csv
29 37747.60547 0.93466 usingNonAug cv 1lr 1.00e-05 12 1.00e-02 el0 batch 2.
csv 29 40629.83594 0.93062 usingNonAug cv 1lr 1.00e-05 12 1.00e-06 el0
batch 2Z2.csv 29 41357.10547 0.93023 usingNonAug cv 1r 1.00e-03 12 1.00e-02
el0 batch Z.csv 29 44756.12891 0.93455 usingNonAug cv 1r 1.00e-03
12 1.00e-02 el0 batch 4.csv 29 70589.04688 0.93778 usingNonAug cv
1r 1.00e-04 12 1.00e-02 el0 batch 4.csv 29 72766.392969 0.393526 usingNonAug
cv 1lr 1.00e-04 12 1.00e-06 el0 batch 4.csv 29 75052.12500 0.953443
usingNonAug cv 1r 1.00e-03 12 1.00e-06 el0 batch 4.csv 29 78452.396094
0.93639 usingNonAug cv_1r 1.00e-05 12 1.00e-02 el0 batch 4.csv 29
97774.84375 0.91497 usingNonAug cv _1r 1.00e-05 12 1.00e-06 el0 batch 4.csv
29 115415.34375 0.88782 usingNonAug cv _1r 1.00e-03 12 1.00e-02 el0 batch 8.
csv 29 149054.15625 0.93808 usingNonAug cv _1lr 1.00e-04 12 1.00e-02 el0
batch 8.csv 29 156687.70312 0.93564 usingNonAug cv 1r 1.00e-05 12 1.00e-02
el0 batch 8.csv 29 374531.71875 0.66432

11.5.4 2R EREEFEIR

T Z RIS R, B#EMH Adam(le-4) BISEHBATEEYIZR. FRANTF SR 7 S F BT FK,
SARRKMM[{ELY. EE, XH Adam BT HEMNFIFRHMAE, WRI\F 7 FROFE. K
B, MaEREXEMHT le-4 FFAFER, LHRIUAERES, X7 REAWEABDE, "E
learning rate decay HJ L EHHA . XHEEEEHTHNS, ZEAJUEZRE TIHIERNNMHE
NSRS OR L L DN

LhRRRMBFF ST, IMA—MEHERBF AR T EREUE, FRARGT RS

%$%bash

tail usingNonAug cv_ExpDecay lr 1.00e-04 12 1.00e-02 el0 batch 2.csv \
usingNonAug cv 1lr 1.00e-04 12 1.00e-02 el0 batch Z.csv

==> usingNonAug cv_ ExpDecay lr 1.00e-04 12 1.00e-02 el0 batch 2.csv <==

20,36099.92188,0.93504

21,35943.85156,0.93427

22,39463.47266,0.92656

23,36184.65625,0.93661

24,35735.08594,0.93603
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25,35674.34766,0.93512
26,40937.39062,0.91563
27,37334.96094,0.93343
28,35837.04688,0.93899
29,35439.44141,0.93295

==> usingNonAug cv 1r 1.00e-04 12 1.00e-02 el0 batch Z.csv <==

20, 35261.
.35547,0.

21,34241

22,41248.
. 74609, 0.

23,36137

24,35158.
.26562,0.

25,35176

26,39708.
.44531,0.

27,35172

28, 36062.
.51562,0.

29,33924

11.6 FEFRE

18359,0.

08203,0.

97656,0.

64844,0.

39062,0.

93672
93779
93692
93574
93502
93528
91887
93328
94078
93591

U GVIES

= LRV R

R X —HSE)I SRR R FfERIESE B, BRE RN

1 image file = [

"./FCN/image/merge/%$s.tiff" % x for x in 1 sample[split idx:]

]

1 label file = [

"./FCN/labels/%s.png" % x for x in 1 sample[split idx:]

select_model =

1.00e-02 el0 batch 2/eproch 29 loss"

1 im =

1 image file,

"./usingNonAug models 12 norm ExpDecay lr 1.00e-04 12

predict using raw model (

model file=select model,

batch size=g batch size,

split idx=split idx

)

XTUAESRET 64 NMFEAATHM . XERF —1T 4 AR, BIFEAPKE A, HoAilsk
EE R R AR TR e X 5, A2 P B DX R SR E X I AR TE

fig = plt.figure (figsize=(20,20))
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for idx in range(32)
axl = fig.add subplot (8,8,2*idx+1)
ax2 = fig.add subplot(8,8,2*idx+2)

img predict = 1 im[idx]

try:

img groundtruth scipy.misc.limread(l label file[idx])
except:

img groundtruth = np.zeros like(l im[idx])+255

axl.imshow (img predict)

ax2.imshow (img groundtruth(:,:,0], "Greys")
axl.set axis off()

ax2.set axis off()

axl.set title(l sample[split idx:][idx].split(".2048")[0])

2017-06-10_ _'lB 07.42. nl:lpl 16 45813 21148 normall ndpi16.11324 27145 Mormalé.ndpi 17.34921 28363 017-06-10_ ldl 15 56. rldpl lE 32522 28074

s o

M17-06-10_15. 11 DE ndpl IE dlSld 31061  2017-06-10_14.36. 03 rldpl 1634247 18467

»%
‘or 4,

_...T ) i

rl:lrrna_l.i.ridpi. 17.36330 12885

1
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fig = plt.figure (figsize=(20,20))

for idx in range(32):
axl = fig.add subplot (8,8,2*1idx+1)
ax2 = fig.add subplot(8,8,2*idx+2)
idx += 32

img predict = 1 im[idx]

try:

img groundtruth scipy.misc.imread(l label file[idx])
except:

img groundtruth = np.zeros like(l im[idx])+255

axl.imshow (img predict)
ax2.imshow (img groundtruth([:,:,0], "Greys")
axl.set axis off()

ax2.set axis off()

axl.set title(l sample[split idx:] [idx].split("2048") [0])

2017-06-10_15 56. 3-‘1 ndpl 16.27855_20636. Mormal5 ndpi 16 18733_34019. 201 7-06-10_ 13 4? 26 ndpl 1748562 18186, 2017-06-10_15.11 ﬂﬁ.m:lpl 16 315-?99 30479

2017-06-10 13, D3 411. ndpi. IE 3195ﬂ TGO,

e

i
f.-.'-:"--.;*"_,-.- e .
Spehiiey af e
Gl
it Hﬁ_‘.r wﬂmr -1

F\""'Jﬂxw Nf‘.iauf “Hy

2017-06-10 14 56.14.ndpi. 16.23392_37214. 2017-06-10_ ll‘l 49.45. ndpl 16. 39465 15515, 2017-06-10_16.17. 5'9 ndpl 16.25066_18339. 2017-06-10_ 15 19 23, I'||:||:|l 1628681 29311,
EE ﬂmﬂrgggﬂ ﬁg g e .

I'Iurmald ndpl 15 HEEI 10949,

mrmallZ ndpl lE '.n‘ﬂdf:l 241?6
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AR W, X ER TSR 5K LA ARS B R R A LB R iRt LASE,  HAm O
FEELRMBMAE. XM, il DR SE AN EE, WREY) A — M IiE, Rait
— PR ERG T FRXEIMIA.

1.7 SR N 71 51

[1] Data Dream JFEEED] iR 7] AT 3§ . Available at: http:/www.datadreams.org/race-data-3.
html.

[2] Shelhamer, E., Long, J. &amp; Darrell, T. Fully Convolutional Networks for Semantic
Segmentation. [1605.06211] Fully Convolutional Networks for Semantic Segmentation (2016).
Available at: https://arxiv.org/abs/1605.06211.

[3] Tai, L., Ye, H., Ye, Q. &amp; Liu, M. PCA-aided Fully Convolutional Networks for
Semantic Segmentation of Multi-channel fMRI. [1610.01732] PCA-aided Fully Convolutional
Networks for Semantic Segmentation of Multi-channel fMRI (2017). Available at: https://arxiv.org/
abs/1610.01732.
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REF 2] App

AT R HIAE— 7] LATE iPhone EAHISRAR LR M M%), F H Al MM MLt <ER X
W) — N AR -

12.1 CAM a[#l1t

BHoEmE B — T 5.3.3 Wi e RFiE (GlobalAveragePooling, GAP) HJAHK A1
HE. GAP BFHEGIRMHAENBH&E —E, H T4, F/H GAP /= R] DI K Hh FF R RFIE
HM4EE, FEEXESHA2TEZ, kE IFHERBEEGERE, ZF IFHENMVERFE, BN
R, NALERBAEUR, BrblMER GAP ZERIFE4ESIRBL

JAEZEXT GAP E#tT VT BFEEf M, LIS ER S HINACFY, BERE GAP EHIX
NREIBE, WE 12-1 fios.
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Figure 2. Class Activation Mapping: the predicted class score is mapped back to the previous convolutional layer 1o generate the class
activation maps (CAMs). The CAM highlights the class-specific discriminative regions.

& 12-1 CAM TR {L Y RIE

X ELEETS 2] — CAM (Class Activation Mapping) A/ #R40E, iR R . &R,
AUERE—EEREERIN—E.
Z 5% http://cnnlocalization.csail.mit.edu/

12.2 EH 5 EAERF CAM AJ (L= B

AT BTSRRI, 5 X N 0 2R 48 A A HE CAM ] AL B 1

A

12.2.1 BANHESE
HNBIRE AL -

import cv2
import numpy as np

from tgdm import tgdm

n = 25000
width = 224
X = np.zeros((n, width, width, 3), dtype=np.uint8)
y = np.zeros((n, 2), dtype=np.uint8)
for 1 in tgdm(range(n/2)) :
X[1i] = cv2.resize(cv2.imread('train/cat.%d.jpg' % i), (width,
width) )
X[i+n/2] = cv2.resize(cv2.imread('train/dog.%d.jpg' % i), (width,
width) )
vi:n/2, 0] =1
y[ln/2:, 1] =
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X B 5 2 BT KA R — R TR y B T I EE, BT Ei0 M mAg Rk [1, 0],
Fgmispk [0, 1], A BEEH X432 T CAM AT AL .

MR ZE—/NMEATT sigmoid it =402, B RS0 M ABUE IR, XTEERSRUE, JHM
Hi T mEEZEMN, HEFEFHANEE, SRS softmax FIERE, XA D HA
AR T, FAWREHEIEL T, softmax 2 J5 B AMELEM R4 H XK,

12.2.2 2BUFHE
PREUVRSAE ARSI R -

from keras.layers import *

from keras.models import *

from keras.applications import *
from keras.optimizers import *

from keras.reqgularizers import *
def preprocess input (x) :

return x - [103.939, 116.779, 123.68]

def get features (MODEL, data=X):
cnn model = MODEL (include top=False, input shape=(width, width, 3),

welghts="'imagenet')

inputs = Input((width, width, 3))

X = 1inputs
X = Lambda (preprocess input, name='preprocessing') (x)
X = cnn_model (x)

x = GlobalAveragePooling2D{() (x)

cnn model = Model (inputs, X)

features = cnn model.predict (data, batch size=64, verbose=l)

return features

features = get features (ResNet>0, X)

X BAF £ 1S ImageNet i)l k) ResNet50 $&EURFIE .

12.2.3 EEMINNG 5 2E
PE A 25 KBRS I T

inputs = Input (features.shapel[l:])
X = 1inputs

X = Dropout (0.5) (x)
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X = Dense (2, activation='softmax', kernel regularizer=12(le-4), bias
regularizer=12(le—4)) (x)
model = Model (inputs, X, name='prediction')
model .compile (optimizer="adam',
loss="binary crossentropy’',
metrics=["'accuracy'])
h = model .fit (features, y, batch size=128, epochs=10, validation split=0.2)
# Epoch 10/10 loss: 0.0336 - acc: 0.9889 - wval loss: 0.0453 - val acc: 0.9856

RXABRARR ] 8, HEBE—DEERS RS, R)5H adam RACERIIZRBULT 1. &
RITESR 10 ARHIER, R AT LA E] 98.5% LA E.

12.2.4 F5Z 7 RREHF CAM =8
B S SR A I 25 A A ) A B -

welghts = model.get weights () [0O]

MEFHEBRAIR, BEFEIX—R, HHJ Keras B 7R MALA) ResNet50 i g —EwAH —1 (7,
7 i E, HEREMESHRERNRGEYE, mALTEENEEEEES 1R, BIEE
R _ERER— 1R cnn model, FEIEE CAM &R,

FEX AR ) SOE B AT I I RIS (i, 7T PLERAR N RGN 1 X1 BRIA
bias FJHB)ZE .

TREZEFEE T, HFEMH GlobalAveragePooling2D 31T F 1), 25 FHNIA VIl 2k ¥ model &
— FBAAF T o

cnn _model = ResNetb50 (include top=False,
input shape=(width, width, 3),
welights="'imagenet'

)

cnn _model = Model (cnn model.input, cnn model.layers[-2].output,

name="resnetb0")

inputs = Input((width, width, 3))

X = 1nputs

X = cnn model (x)

cam = Conv2D(2, 1, use bias=False, name='cam') (X)
model cam = Model (inputs, cam)

X = GlobalAveragePoolingZD (name="'gap') (x)

X = model (x)

model clf = Model (inputs, Xx)
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N AUE 1 B % 75 2T weights AN (2048, 2) reshape fi (1, 1, 2048, 2) , R J5 & A\ 3
model cam &5 —1 1 X1 HHER,

model cam.layers[-1].set weights([weights.reshape((1, 1, 2048, 2))])

A UL R rT AL & 12-2 B

In [12]: SVG(model to dot(model cam, show shapes=True).create(prog="dot', format='svg'))

Out[12]: input: | (None, 224,224, 3)

output: | (None, 224, 224, 3)

l

input: | (None, 224,224, 3)

input_5: InputLayer

resnet50: Model
output: | (None,7,7,2048)
input: one, 7,7, 2048
cam: Conv2D L " )
output: (Mone, 7,7,2)

In [13]: S5VG(model to dot(model clf, show shapes=True).create(prog="dot', format='svg'})

Rt . input: | (None, 224,224, 3)
input_5: InputLayer
output: | (None, 224,224, 3)

l

input: | (None, 224,224, 3)
output: | (None, 7, 7, 2048)

l

gap: GlobalAveragePooling2D

'

input: | (None, 2048)
output: {(None, 2)

& 12-2 CAM #EVF1Sr K8 NS+ T WAL,

resnet50: Model

input: | (None, 7,7, 2048)
output: (None, 2048)

prediction: Model

12.2.5 AI#RALMI

BATTAT LRI R WA $8 22 10 PR 2 2 5K mT #0AK, B 56 model_clf Tl X 5K By & Jid 24
EEREAR: BNEMEK, B ARME, RATBUERI# A, HEiE prediction[0, 0].

4R J5 F model cam #iH 5K CAM A AR4L &, AR A %0 Y shape &2 (1, 7, 7, 2), HJ PATRj &2
Hi A caml0, :, :, 1 if prediction < 0.5 else 0] KFEUE MR CAM .

ZJERATHAT — AR, SR A AR E N 1710, DA CAM B ) B{E Y5 FEl R EZE -5~30,
SFRMERL R 6, A& JLIRVEEE, BRUL 10 2T AL RCR LU B aF BB, 8 5 K 0E R 1) 7
0~1 Z 8], FF¥FeH N Uint8 (KA#E P RIAA T E Uint8 10 .

%t CAM K144 teff B OpenCV ) BRI £ LA K i -
ik (LA 12-13) , FA1ESFE T COLORMAP_

JET HIFEE & 12-3 JET Bifa &

ZZ 5 H2: http://docs.opencv.org/trunk/d3/d50/group imgproc  colormap.html.
5% o WA heatmap MIFESR & b, TR AR ATAACROR B (L& 12-4) .
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import matplotlib.pyplot as plt
import random
gmatplotlib inline

%config InlineBackend.figure format = 'retina'

# FSLEYHEAT T
index = 13734
img = X[index]
prediction = model clf.predict(np.expand dims (img, Q))

prediction = prediction[0, O]

cam = model cam.predict(np.expand dims (img, 0))

cam = cam([0, :, :, 1 if prediction < 0.5 else 0]

+ HE caM HITEHE

cam /= 10

cam[cam < 0] = 0

cam[cam > 1] = 1

cam = cvZ2.resize(cam, (224, 224))

cam = np.uint8 (255*cam)

# JeRt
heatmap = cv2.applyColorMap (cam, cv2.COLORMAP JET)

# EREE L
out = cv2.addWeighted(img, 0.8, heatmap, 0.4, 0)

# R
plt.axis ('off'")
plt.imshow(out[:,:,::-1])

12-4 &f1T CAM L E
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12.2.6 {REFEE
PR AR ARG T -

model clf.save('model clf.hb'")

model cam.save ('model cam.h5'")

12.2.7 S mimodel #2804

7E10S 11 #, T PLE 84 A Keras AR, W7 EAHE FHE R B # P Core ML Tools
¥ Keras UL HDF5 #% 3077l BB A 35 3 3 82458 F B mlmodel #% =CEP AT .

Z % % B https://developer.apple.com/documentation/coreml/converting_trained models_to

core ml,
B E—SBERZA, I RGB MW, wEMA /WK% T. TASE, Rtk
(R ity

from coremltools.converters.keras import convert

coreml model = convert('model clf.h5',
blue bias=103.939,
green bias=116.779,
red bias=123.68,
input names=['image'],
image input names='image',

output names='prediction'

coreml model.author = 'YPW'

coreml model.short description = 'Dogs vs Cats'

coreml model.license = 'MIT'

coreml model.input description['image'] = 'A 224x224 Image.'

coreml model.output description['prediction'] = 'The probability of Dog
and Cat.'

coreml model.save('model clf.mlmodel')

SRJG A& CAM HRAY.

coreml_model = convert('model_cam. h5', blue_bias=103.939, green bias=116.779,
red bias=123.68, input names=['image'],
image input names='image', output

names="'cam')

coreml model.author = 'YPW'

coreml model.short description = 'Dogs vs Cats'

coreml model.license = 'MIT'

coreml model.input description['image'] = 'A 224x224 TImage.'
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coreml model.output description['cam'] = 'The cam Image.'

coreml model.save ('model cam.mlmodel')

12.3 HE%wE App

KRGS —1 App, BIE A UE A OpenCV i H $RAR & 3B E F B App, X8
e P ARE S IBRAERER. BAIETE, RENRATE, R/EcETE.

1231 GIETEE
o T ) B 20 R

€001 T Xcode 9, 3%E#% Create a new Xcode project £T, 22— NI, WE 12-5 ffix.

Welcome to Xcode

Varsion 2.0 (S$8235)

‘ﬁ Get started with a playground
Explore new ideas quickly and easily. /
,\] Create a new Xcode project

L) Create an app for iPhone, iPad, Mac, Apple Watch or Apple TV,

Mo Recent Projects

| .
Clone an existing project
Start working on something from an SCM repository.

Show this window when Xcode launches Open another project...

12-5 %+ Create a new Xcode project 23 L 7%

CI002 73 THERE % FF Single View App, $AJS H# Next 3240, & 12-6 Ak,

Choose a template for your new project:

m watchOS w05 mac0S5  Cross-platform & Filter
Application
{ 1] © \ lf -'I i
¥ AR ] -
LN r o A b -
Game Augmented Document Based Master-Detall App
Reality App App
| { b il DI:I ™ i~ "
|~_1- 00 x ‘ el=y Q
Page-Based App Tabbed App Sticker Pack App iMessage App
Framework & Library
=) (&) LY
g e
Cocoa Touch Cocoa Touch Metal Library
Framework Static Library
Cancel previovs (D

12-6 i%FE Single View App
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B HNIEERHATES (1 CAM) , AE%EEF A Objective-C EZHITH LR, EH
ZE{EH OpenCV, TEBAIEF Swift, & 12-7 fizx.

Choose options for your new project:

Product Name: CAM |
Team: Peiwen Yang ]
Organization Name: #5153 |
Organization Identifier: | com.yangpeiwen |
Bundle Identifier: com.yangpeiwen.CAM
Language: Objective-C <
| Use Core Data
" Include Unit Tests
" Include Ul Tests
Cancel Previous Next
. e
& 12-7 AT RZINERES
& b «. » —_—
EHLHMEET, XARRER, DE 12-8 FiE.
| N ] [ 3 ] ¢ CARL ) g iPhans & Plus Cand: Ready | Today at 01:28 = & {_}. 1 =l :l]
B EZ Q & @ & o B =< > Bow O @
¥ D GAM ] e cAus Ceneral Capabiities Rezource Tags I Build Settings Build Phases Duild Fules lgentity and Type
w [ cane Marme CAM
h' AppDelegate.h = Identity
A Delacate.m Locatlom  ADSolute
= Flp bt kA wecdanra] B
L U:-ﬁni::mh Dlaplay Narne Full Path [UasrajewDeaktop/11, 84T
m viewGaniroller.m N a——E—TREED
= Muinmurybuurd Burdle Identifier mm.:.‘angpanmn.ﬁﬁm 'IP‘PMM ﬂpmj n
B Aesets wconsets versien L0 =
. Laurnch3creen staryboard Build 1 Frofect Boeument
S i pliat " “ Projct Format | ¥eode B0-compatibe |
m mair.m Crgenizaion BRSH R
¥ L0 Producis ¥ Signing Cless Prefin
B antomatically manage elgning
¥eode will create snd update profiles, apo Da. and Text Settings
certificabes. Inslent Luing  Spaces B
Team  Peiwen Yang H Widths al s 4 | "
—~ Tak ImdEni
Prowisioning Profle Xeode Maraged Froflle (0 e

Signing Certificate  iPhone Developer: Peiwen Yang [BHEISRCXWD)

¥ Deployment Infa

Depdosrrert Targel

Devices Uriverasl
kain Intarface  Man

Dvice Oriercation & Portrait
Upside Dawn

" Landscapa Laft
" Landscape Right

Status Her Style  Default

"I Hiche statis bar
HEqIJTE'S Pull screen

¥ App lcone and Launch Imagas

App lcons Source  Applcon

12-8 XAHFIELR

Mo Matches
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1232 BLET3E

& NORITAGEC B TRE, 75 22NN 2 SO S A IR A0 7E Info HH AR INFRAR SR BUPR B UG 2844
AL BRSO B REHA LR LSS

1. AN EE S
AN EESTAF B 2D RN -

EI01 BT OpenCV 1 i0S AL HIFNEXH, SAEH#HN OpenCV (opencv2.framework) Z|
TRADNXHFZIRSR, E 12-9 Fix.

> /% CAM ) @l iPhone 8 Plus
B0 8 = Q A © = o B BB Bs
v & cam ] /A cAM 5

v '_ccau
h App[}alegate,h‘- ¥ Identity

m| AppDelegate.m

h| ViewController.h

m| ViewController.m

+| Main.storyboard

[ Assets.xcassets

¢! LaunchScreen.storyboard

&l Info.plist M

m| main.m
¥ Signing

P .7 Products

& 12-9 ¥% opencv2.framework #8 N\ Z %3k H

€X102 = Finish 3AASERGRM, WA 12-10 Bk,

Choose options for adding these files:

Destination: |+ Copy items if needed

Added folders: | | Create groups
* Create folder references

Add to targets: v A CAM

Cancel Finish

& 12-10 5 Finish =70

2. IR EE
K124 OpenCV A $&& & ST EEAR L HE 77— 2E, B LR ZEHIMKBIUE, of LA
CAM — Build Phases — Link Binary With Libraries %30 1 it B #4810 2, & 12-11 Fras.
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B8 & cam
] & cam2 General Capabilities Resource Tags Info Build Settings Build Phases Build Rules
+ ®

b Target Dependencies (0 items)

b Compile Sources (3 items) P
¥ Link Binary With Libraries (4 items) x

Mame atatus

) CoreMedia framework Required 2

&8 AVFoundation.framework Required 2

58 AssetsLibrary framework Required 2

58 opencv2. framework Required

+ Drag to reorder framework

b Copy Bundle Resources (3 items) by

12-11 SEFEZR NI

T A0 AT R -

® AssetsLibrary
® AVFoundation
® (CoreMedia

3. 7£ Info FRIRANIR R KA PR

KA N HR 2l & ko N, OS BB LTELIH I EE, A7 #HH
HPRZERE O, FERMEG LB, 7£ Info # # Supported interface orientations £~ | ¥
N Privacy - Camera Usage Description eI, A)55 E#RRiE, W 12-12 froxs.

¥ Custom iOS Target Properties
Key Type Value
b Required device capabilities A Array (1 item)
Bundle identifier 2 String $(PRODUCT_BUNDLE_IDENTIFIER)
InfoDictionary version & String 6.0
Main storyboard file base name o String Main
Bundle version o~ String 1
Launch screen interface file base name & String LaunchScreen
Executable file & String $(EXECUTABLE_NAME)
Application requires iPhone environm... 2  Boolean YES o
Bundle versions string, short ¢ String 1.0
b Supported interface orientations o Array (1 itern)
Bundle OS Type code o String APPL
rivacy - Camera Usage Description & @& String O REREKNR
Localization native development region 7  String $(DEVELOPMENT_LANGUAGE) >
b Supported interface orientations (iPad) 2  Array (4 items)
Bundle name A String $(PRODUCT_NAME)

& 12-12 EBEHLAR

4. EEE A

N T X CH, FEN ViewController.m 314 1) 5 4% 44 1& 20 N ViewController.mm, 1 &
12-13 Fli7R.
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v E CAM M
¥ | CAM
b 5= opencv2.framework
1 AppDelegate.h
m AppDelegate.m
h ViewController.h

h ViewController.mm
'+ Main.storyboard
| Assets.xcassets

| LaunchScreen.storyboard
= Info.plist M
m main.m

» . | Products

» . Frameworks

12-13 2% %

5. KM ER L
7E ViewController.h SCAHF A 80 W B 1) Sk SCA -

#import <opencv2/videoio/cap ios.h>
#import <opencv2/imgcodecs/ios.h>
#import <opencv2/highgui/highgui.hpp>
#import <opencv2/imgproc/imgproc.hpp>

6. BLEFEIEFHURIERL

B 4t 7 ViewControllerh 3 4 ™ HJ UlViewController 5 [H # i — 1~ & &
<CvVideoCameraDelegate>, U1 12-14 FiiR.

1/

2 [/ VviewController.h

3 // CAM

L/

§ // Created by #5883 on 2017/18/4.

6 // Copyright @ 20174 ##83. All rights reserved.
71

B

9 #import <UIKit/UIKit.h>

10 #import <opencvi/videoio/cap_ies.h>

11  #import <opencv2/imgcodecs/ios.h:>

12  #import <opencv2/highgui/highgui.hpp>

13  #import <opencv2/imgproc/imgproc.hpp>

14

15 (@interface ViewController : UIViewController <CvVideoCameraDelegate>
16

17

18 (@end

19

20

& 12-14 ZAINZEFE <CvwideoCameraDelegate >

SR IG5 1E ViewController.mm ¥ I e 24«

- (void)processImage: (cv::Mat &)input img {
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AL B BB R EUIR, Bt XA BREBORME N E A, o] DAAE XA B2 S
5B EAEFY .
FATIE 75 EEAE viewDidLoad & EHH AN I IR HR 1R Sk B4R

CvVideoCamera * camera;
- (void)viewDidLoad {
[super viewDidLoad];
/1 Wlante s 2k
camera = [[CvVideoCamera alloc] init];
camera.defaultAVCaptureDevicePosition = AVCaptureDevicePositionBack;
camera.defaultAVCaptureSessionPreset = AVCaptureSessionPresetl92
0x1080;
camera.defaultAVCaptureVideoOrientation = AVCaptureVideoOrientationP
ortrait;
camera.default¥FPS = 30;
camera.grayscaleMode = false;

camera.delegate = self;

[camera start];

7. #%11 UllmageView #| Main.storyboard

N T Re BB, 7FEZFE Main.storyboard H#8IlI—> UllmageView, 28 J51HZERIN &,
VU EAEIE 12-15 FrasALE .

Layout Margins = Default
Preserve Superview Margins
l @ = ] Follow Readable Width
Szfe Area Relative Margins
lI] l J] T Safe Area Layout Guide
Constraints
A
all This Size Class
= 1:1 Ratio to: Image view  Edit
m i
Trailing Space to: Edit
|ﬁ| Leading Space to: Edit
Top Space to: .
Edit
Equals: 20
showing 4 of 4
Content Hugging Priority
¥ GEI " Horizontal | 251 -2

12-15 WEEHFOVE

WEEAREELY 11, LB R ARROR, R — R R, 85 fe) 5
REE F B
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T ok 75 28 UllmageView 888 2| f2 7, B 4%
B A7 b AP A 1R Bl (Show the Assistant editor)
) 2 B 12-16 Bros B 1, 2R )5 R AE Cul 8%
UllmageView #2401 & 12-17 Fra~fIf7 & .

B 12-16 FIFFiEEIRERS

UllmageView

1
2 ff ViewController.m
3 /) CaM
[ ‘:' I.l ll & ff
5 // Created by #183 on 2017/108/4.
& [// Copyright ® 20175F %83, All rights reserved.
70
B
9 #import "ViewCentroller.h"
10
11 @interface ViewController ()

1 Insert Outlet or Outlet Collection
13 @end D
14

15 @implementation ViewController

16

17 CvWideoCamera * camera;
4 = (void)viewDidLoad {

19 [super viewDidLoad];

20 /1B eE e

b3l camera = [[CvvideoCamera alloc] initl;

] camera.defaultAvVCaptureDevicePosition =
AVCaptureDevicePositionBack;

23 camera.defaultAvCaptureSessionPreset =
AVCaptureSessionPreset3sZx2e8;

24 camera.defaultAVCaptureVideoOrientation =

AVCaptureVideoOrientationPortrait;
camera.defaultFPS = 38;
camera.grayscaleMode = false:;
camera.delegate = self:

12-17 #8350 UllmageView BJ4E A B

T RN FR imageView, FUECINE UL #3486 17, K 12-18 .

[ O ® B

UllmageView

"

// ViewController.m

//  CAM

I

// Created by #IH3C on 2017/1@/4.

// Copyright @ 2817% %83 . All rights reserved.

I

#import "ViewContraller.h"

(interface ViewController ()
Pproperty (weak, nonatomic) IBOutlet UIImageView
simageView;

—_—
@—-:am--:v-wrww—*

13

14  Qend

15

16 @implementation ViewController
17

18 CvVideoCamera * camera;

19 = {(void)viewDidLoad {

20 [super viewDidLoadl;

21 /1A

22 camera = [[CvVideoCamera allec] init];

23 camera.defaultAvVCaptureDevicePosition =
AVCaptureDevicePositionBack;

24 camera.defaultAVCaptureSessionPreset =
AVCaptureSessionPreset352x288;

25 camera.deTaultAVCaptureVideoOrientation =
AVCaptureVideoOrientationPortrait:

24 camera.defaultFPS = 38;

27 camera.graysceleMode = false;

28 camera.delegate = self;

29 %
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12.3.3 ML T3

FATA] DA — A 18 S B S B ER 4% =k App, 7E Main.storyboard i & —> ImageView, H
TRRFEBRLE F, RJSTE processimage PREH 4a 5 o~ B A BUARS

- (void)processImage: (cv::Mat &) input img {
cv::cvtColor (input img, input img, CV_BGR2ZRGB) ;
dispatch async(dispatch get main queue (), *{

_imageView.image = MatToUIImage (input img) ;
b);
}

B—a)ALZ AN OpenCV I E4 /& BGR, i0S Wi /& RGB, K7 Bk 1T##,
B oA BB REERIEEEAETLESTHAT, AR UL ASHH.

12.3.4 B1TIEERF
¥ FEHL S BEE:, #EERES&NRGFEN (TULERIESFHFENN YPW) , R5H8E

» I IRE T, W E, B 12-19 Fs.
A LZEFHL BB BB LR M mEE, & 12-20 Fix.

ol PEES = 22:52 @ 7 93 100% 0

00 ) A cam ) | yPw
B z Q AN © = o B |HE
v B cAM M| o
v CAM 109
’12-19 FFH 5 B & 12-20 BBRKABPIE M
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124 FHREFEIER

AATAE 12.3 TR TFER RGN b, A8 2Z 80 5t A 250 55 48 Sk 90 21 i) AR EAT 284 03
%K, FHHHAT CAM Al ZBITARL T 30, T L AS TS B 77 B4 CAY https://github.com/Jinglue/
DL4Img/blob/master/notebook/Lecturel2.ipynb.

12.4.1 BEEIANE| TIEF

Target Membership
R 3\ 3 TAREh R P R T

® /A CAM
€TI0 HEEEALNHTREHSED, RESHHER M, B
B EEH Target Membership i CAM, @1& 12-21 fi7s. A 12-21 ¥EARBRINE I E
€102  7E3 ST AAERY ST

#import "model clf.h"

#import "model cam.h"

WRX— ik, HREREEEIEHIS AR TEY.

12.4.2 HEERBEL R

H T FRATH E 2 id OpenCV i A #48 S3REUH), SRELE ) B #% =02 cviMat, {HZ2HR
A% N2 BN CVPixelBufferRef, [l 55— NG ph %

- (CVPixelBufferRef)pixelBufferFromCGImage: (CGImageRef) image
{
NSDictionary *options = @{ (id) kCVPixelBufferCGImageCompatibilityKey: QYES,
(id) kCVPixelBufferCGBitmapContextCompatibilityKey: QYES};
CVPixelBufferRef pxbuffer = NULL;
size t width = CGImageGetWidth (image) ;
height = CGImageGetHeight (image);
CVReturn status = CVPixelBufferCreate (kCFAllocatorDefault,
width, height, kCVPixelFormatType 32ARGB,
(__bridge CFDictionaryRef) options, &pxbuffer
) ;
NSParameterAssert (status == kCVReturnSuccess && pxbuffer != NULL);

CVPixelBufferLockBaseAddress (pxbuffer, 0);

vold *pxdata = CVPixelBufferGetBaseAddress (pxbuffer) ;
NSParameterAssert (pxdata != NULL);

CGColorSpaceRef rgbColorSpace = CGColorSpaceCreateDeviceRGB() ;
CGContextRef context = CGBitmapContextCreate (
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pxdata, width, height, 8, 4*width,
rgbColorSpace, kCGImageAlphaNoneSkipFirst
) 7

NSParameterAssert (context) ;

CGContextDrawImage (context, CGRectMake (0, 0, width, height), image):;
CGColorSpaceRelease (rgbColorSpace) ;

CGContextRelease (context) ;
CVPixelBufferUnlockBaseAddress (pxbuffer, 0);

return pxbuffer;

}

XA BB AT LUK CGImage ¥ #: 4 CVPixelBufferRef, K B #: 4t 2 K. @i
processImage BRI HL ] cv::Mat ¥ NFIE Fr, Fi#Id OpenCV H 7 B MatToUIImage R £ ¥ #t
& Ullmage K%Y, Ullmage % IR & 5 ¥ #:  CGImage #%3, 8 7% & image.CGImage, %A
Je & pixelBufferFromCGImage 5 2| CVPixelBufferRef &3\,

1. B mERAIETGF

HFERAEEER, FitbOmABERTHEER. BeRTamMTA, —MH2VIEH
A A FRERZAM. BERuMaiEZw &, M 16:9 fi3) 1:1 B EZEECK, Frelide
RIF W LA —&, EFERVIFIBAERHITTE.

/1 FeHBEBNIE T

cv::cvtColor (input img, input img, CV_ BGR2ZRGB) ;

input img = input img(cv::Rect(0, 0, input img.cols, input img.cols));
cv::Mat smallImage;

cv::resize (input img, smallImage, cv::Size (224, 224));

UITmage * image = MatToUIImage (smallImage) ;

2. FRBH T

N (224,224,3) WIEF LG, BUAT LA A BB BSEAT T 1 .

B Jof Ullmage ¥5#: 5 CVPixelBufferRef, 25 H #2158 /) predictionFromImage BRI %Y
XfFaokds (clf) MIMHRAISR, EREBE —MEMLF. CAM BEF M2 — M, &7
B — DA Be i OpenCV BIBRZUGHATALEE

ARASUTT -

CVPixelBufferRef bufferRef = [self pixelBufferFromCGImage:image.CGImage];
float prediction = [clf predictionFromImage :bufferRef error:nil].

prediction[0] .floatValue;
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MLMultiArray * featuremap = [cam predictionFromImage:bufferRef

error:nil] .cam;
CVPixelBufferRelease (bufferRef) ;

12.4.3 5CHE CAM A[#R 4L

PR SRR SEE b TR R RALIAR Y C++ B B Se 4 MLMultiArray Z$% 3 cvi:Mat 2%,
SRIGEETEE, B, FMEERLE, 4R CAM LB, Jed M 0~1 mEtF 85 ~ 20—
AN FE.

1. 3% MLMultiArray #t 5 Mat

BAEME—A (7,7 KB, %RJ5 M featuremap HHUE . 7] LML RI R & 2], B %0 H
shape 72 (2,7, 7), WK 12-22 fi7~.

B < QCAM> CAM ) m model_cam.mimodel

¥ Machine Learning Model

Name model_cam
Type Neural Network
Size 94.4 MB
Author YPW
Description Dogs vs Cats

License MIT
¥ Model Class

model_cam ©

Automatically generated Objective-C model class

¥ Model Evaluation Parameters

Name Type Descripticn
¥ inputs

image Image (Color 224 x 224) A 224%x224 Image.
¥ outputs

cam MultiArray (Double 2 x 7 x 7) The cam Image.

& 12-22 CAM EREPERER

R, WL X R4S, a2, siEGE—1 CAM B, T [i*7+], 5 UBEE =1,
THRAE [49+i*T+].

cv::Mat img cam(7, 7, CV 32F);
for(int 1 = 0; 1 < 7; 1i++4)
{
for(int j = 0; j < 7; j++){
if (prediction > 0.5) {

img cam.row (i) .col(j) = featuremap[i*7+]].floatValue;
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else

img cam.row(i).col(j) = featuremap[49+1i*7+]j] .floatValue;

2. 3% cam WITEE

0 5 Z BT B Python AR 2 — M4, JE4ail, HRHIFE 0 ~ 1 KEEN, BKBIRNIR
Bl — R RST, oAl uint8 #% 2.

A— B AR AZ, 8BRS AR (224, 224), T/ (1080, 1080), HEIZ AN TitE A E
PP

int width = input img.rows;
img cam /= 10;

img cam.setTo (0, img cam < 0);
img cam.setTo(l, img cam > 1);

cv::resize(img cam, img cam, cv::Size(width, width));

cv::Mat img camZ;
img camZ2 = img cam * 255;

img cam?Z.convertTo (img cam2, CV_8U);

3. ¥ eEmmE/RE L

XA ) Z 5t 5 2 BT/ Python AARS —4F:
/! B

cv::Mat heatmap (width, width, CV_ 8UC3);

cv::applyColorMap (img camZ, heatmap, cv::COLORMAP JET);
cv::cvtColor (heatmap, heatmap, CV_BGRZRGB) ;

// ERE E

cv::Mat outImage (width, width, CV_ 8UC3);

cv::addWeighted (input img, 0.8, heatmap, 0.4, 0, outImage):;

4. B REIRFMXF

& E KR B RTE Label b, #E )7 E~7E imageView b . X B 75 ZE Main.storyboard H
HEH —> Label ZIF IR, RIFEEEIIDH . H0ETLIE BIL R KM, W 12-23 Fx.
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W< > B R)BR)E 0 view) Litabel < A > |8 < > @ Aut.atic) w ViewControllermm » [ label < 2 > + X O @ @ & B ©
Y Width Height
3 4/ ViewController.m
s /) CAM Arrange  Position View n
Lo Leyout Margins Default =
0O ® 5 // Crested by BN on 2017/10/4. . ~
¢ /{ Copyright e 2017F #HiEX. All rights Teserved. N - IO R
. + " Follow Readable Width
3 1+ ) Safe Area Relative Margins
% #import "ViewController.h' " Safe Area Layout Guide
:? Constraints
12 @interface YiewController ()
® (property {(weak, nonatomic) IBOutlet UIImageView
*image¥iew;
© cGproperty (weak, nonatomic) IBOutlet UILabel *label;
1§
16 [end Al
17
e 18 @implementation ViewController Width Equals: 200 Edit
1%
0 CvVideoCamera # camera; 5
. | B e
7 = (void)viewDidLoad {
23 [super wviewDidLoadl; Alian Canter X tc: | Vi Edit
" /) . EB ign er mage View
5 camera = [[Cv¥ideoCamera alloc] init]; Showing 3af 3
T camera.detaultAVCaptureDevicePosition = :
AVCaptureDevicePositionBack; Lol b e
7 camera.defaultAVCaptureSessionPreset = Herizontal 251 it
AVCaptureSessionPresetlP2Bx1R28;
28 camera.defaultAVCaptureVideoOrientation = B {1 @ &=
AVCaptureVideoOrientationPortrait;
camera.defaultFPS = 28;
camera.grayscaleMode = ralse;
camera.delegate = salf;
] View as:iPhene8(.C -R) -~ I =T o [camera start); - 3 s =
12-23 A 1—> Label
NSString * resultString;
if (prediction < 0.5){
resultString = [NSString stringWithFormat:@" FIHI#EE. 3.2f",
l-prediction];
else(
resultString = [NSString stringWithFormat:@" JEHI#EZR. s.2f",

prediction];

}

dispatch async(dispatch get main queue (), ~{

_label.text = resultString;

_imageView.image

});

12.4.4 #HBIYR

MatToUIImage (outImage) ;

FATAT LA BRI 0 O A6 2 A A1 DA B i 1) R EE R A i i — U HI R 04 0.99,

BURIREE, wE 12-24 .
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& 12-24 BRBHME
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[1] OpenCV: ColorMaps in OpenCV. Available at: http://docs.opencv.org/trunk/d3/d50/
group imgproc colormap.html.

[2] Converting Trained Models to Core ML. Converting Trained Models to Core ML | Apple
Developer Documentation. Available at: https://developer.apple.com/documentation/coreml/converting
trained models to core ml.

[3] Learning Deep Features for Discriminative Localization. CNN Discriminative Localization
and Saliency - MIT. Available at: http://cnnlocalization.csail.mit.edu/.

[4] Using AVAssetWriter to create a movie from images is not working as expected on a 3GS
device. iphone - Using AVAssetWriter to create a movie from images is not working as expected on
a 3GS device - Stack Overflow. Available at: https://stackoverflow.com/questions/5681927/using-
avassetwriter-to-create-a-movie-from-images-is-not-working-as-expected-on.

[5] Ypwhs. ypwhs/dogs vs_cats. GitHub. Available at: https://github.com/ypwhs/dogs_vs cats/
blob/master/transfer learning.ipynb.
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