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£H53A. Python TY.,
IPython : Interactive Python MEET, BRIFIIVY FS1 VU TED
XUsa8)Y T VIRIED C &,
- S Jf5T
— BRIV F%8(magic command)
» %who, %whos, %who_Is
* %reset
« %magic
— BRBINILTERR
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Jupyter Notebooké& [

Jupyter Notebook& (& TS50 ETEIK 7T ) r—30 T,
A—#A )% Linux, Win, Mac’ZEICA 2V AR—ILTEHEHIZ,
)E—FTHLEM T EMNTRETY

Home: http://jupyter.org/

Jupyter Notebook

The Jupyter Notebook is a web application that allows
you to create and share documents that contain live code,
equations, visualizations and explanatory text. Uses
include: data cleaning and transformation, numerical
simulation, statistical modeling, machine learning and

much more.



JupyterNotebook
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Language of choice

The Notebook has support for over 40
programming languages, including
those popular in Data Science such
as Python, R, Julia and Scala.

r—-r/.->
L
]

Share notebooks

Motebooks can be shared with others
using email, Dropbox, GitHub and the

Jupyter Notebook Viewer.

Interactive widgets

Code can produce nch output such as
images, videos, LaTeX, and
JavaScript. Interactive widgets can be
used to manipulate and visualize data
in realtime.

Evd T—2%
TEHENERS

Big data integration

Leverage big data tools, such as
Apache Spark, from Python, K and
Scala. Explore that same data with
pandas, scikit-learmn, ggplot2, dplyr,
elc.



Youtube from PyCon on Jupyter Notebook

Presentations by Fernando Perez

https://youtu.be/2NSbuKFYyvc

https://youtu.be/26wgEsg9Mcc
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Department of Physics Institute intranet

Institute for Astronomy

News & Events The Institute + Education Research Outreach

Astrowoche Statistical Methods in Cosmology and  Research Groups
Re-occurring courses at IfA Astrophysics [ HS2015 Warceila Caratte -
Extragalactic
Astronomie / H32015 i Astrophysics 2
Overview

Astrophysics | / H52014 Simon Lilly - Observational

Statistical methods play a vital role in modern cosmology and astrophysics Cosmalagy'9
Astrophysics | / H52015 studies. This course will give an overview of the statistical principles and Michael Meyer - Star and
: tools that are used in these fields. Topics covered will include basic Planet Formation =
Astrophysics [1/ F52016 probability theory, Bayesian inference, hypothesis testing, sampling and Risasicies Rakigs .
Astrophysics Iil / FS2016 o Cosmology
Astrophysics |1l / F$2015 Lectures by Dr. Adam Amara TRRT e oA

Exercises by Andrina Nicola -
Cosmological Structure Formation /

FS2013 _ ‘
Key Concepts Quick Links

Probabilities, Statistical Inference, Python programming. Home 3>
How to find us 2

Cosmological Probes / FS2014
Extrasolar Planets / FS2016

Gravitational Lenses of the Dark Contact +
About the course

strophysics-11mmi | | FS2015 People



Univ Southamptoni& & %

FEEG6002 Numerical Methods:
Intfroduction

Learning Outcomes
After studying the Numerical iMethods part of this module you should be able to:

+ Solve simple linear equations numerically using an iterative method.

+ Solve simple ODEs numerically using a Runge-Kutta method.

« Solve simple PDEs, such as the Laplace equation or the Heat equation in 1D or 2D, using the finite difference method.
+ Solve simple eigenvalue problems numerically.

+ Recognise the numerical metheds that are suitable for solving a given engineering problem.

Assessment

- Coursework due on Wednesday 6 January 2016
« Counts for 100% of the mark for this part of the module, and 50% of the total module mark.

Course notes and delivery

- PDF of lecture notes http:/Awww southampton ac uk/~feegsDD2/lecturenotes htmi
« Jupyter / IPython notebooks https /jupyter.org/:

= Useful for executing code live

= Keeps both theory, implementation, results and analysis in a single place

= You can easily modify and re-run

= (Can be exported to HTML or PDF

+ Snippets: hitp:/'www southampton ac. uk/~feegs002/snippetsinumerical_methods




JupyterHub

https://github.com/jupyterhub/jupyterhub

JupyterHub: A multi-user server for Jupyter
notebooks

Questions, comments? Visit our Google Group:
JupyterHub, a multi-user server, manages and proxies multiple instances of the single-user 1Python Jupyter notebook server.
Three actors:

+ multi-user Hub (tornado process)
= configurable hitp proxy (node-http-proxy)
« multiple single-user IPython notebook servers (Python/IPython/tornado)

Basic principles:

= Hub spawns proxy

+ Proxy forwards ~all requests to hub by default

= Hub handles login, and spawns single-user servers on demand

* Hub configures proxy to forward url prefixes to single-user servers



U. Colorado Computational Science and Engineering

https://github.com/ResearchComputing/Meetup-Fall-2013

University of Colorado Computational Science and

Engineering

Rlel ol Members Sponsors  FPhotos  Discussions Maore m

This is a University of Colorade sponsored group for anyone interested in high performance
computing.

Tutorials and topics for Fall 2015 can be found on our GitHub site:

https://github.com/ResearchComputing/Final_Tutorials

Join our talks online here: https://cuboulder.zoom.us/j/2901268687

Boulder, CO

Founded Feb 15, 2013 ‘.
Members 638 m Who do | know here? ‘

Group reviews =]

Join us and be the first to know Log in with Facebook to find out
Past Meahups By when new Meetups are scheduled By Srésting = Meetup e, you sgrs= oo the

Cur calendar =i



PythonD Ef#=. PyCon TODFEE

Youtube: Fernando Pérez, Keynote talk in PyCon 2014
https://youtu.be/2NSbuKFYyvc

Youtube: Fernando Pérez , “Python at your fingertips” PyCon 2012

https://youtu.be/26wgEsg9Mcc
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UCL Home

E-LEARNING DEVELOPMENT GRANTS

IT'S ALL ABOUT SHARING

 Search UCL

E-Learning Development
Grants

| |
| Search |

Recent Posts

Bringing personalised training
material to students into various
IEP undergraduate modules via
complex Moodle quizzes
Investigating IPython notebook
servers for teaching physics

Using Lecture Capture to flip the
classroom for students who
speak English as a foreign or
second language

Report on the project of Object-
Based teaching Greek and Latin
Department, UCL

Students make documentary
videos: archaeology and
beyond

Recent Comments

Investigating IPython notebook servers for
teaching physics

By Janina Dewitz, on 7 October 2015

Aim

To support first and third year Physics & Astronomy undergraduates in using ipython
notebooks to understand impertant concepts in their courses, and perform complex
calculations.

IPython notebooks

IPython is an interactive version of the language python, which is used extensively
throughout the world; it is also now taught to all first- and second-year students on the main
stream in Physics & Astronomy. The IPython Notebook, which has evolved into the Jupyter
notebook, is a web-based application that allows the user to mix code, text and visualisation.
See ipython.org and jupyter.org for more information about these technologies.

One key use in supporting learning in Physics is to make lecture notes interactive: rather
than having a static diagram or graph of a process, include some code to generate the graph
so that the student can adjust various parameters (corresponding to physical processes) and
see the results. This gives a new, intuitive understanding of complex physics problems.

The other key use envisaged was to enable complex problems in quantum mechanics to be
solved numerically. Standard approaches to teaching quantum mechanics rely on analytical
(pen-and-paper) solution of problems, but are limited to only a few examples which can be
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BV o A b—JL Emacs Ruby SEELHET

—AEMIIT Ruby, Python EWDERGUT FEBRFEICETZHE, BnEWSHEENGNET.
SEFEAPUT FEETHEDLENS, EESRGIE Julia ELWSSEEERTLET. Julia FRIZEEMETER TN, FLEN
RERICEEZBREBVET.

SRMHGTEREFIRENHZVNTIN, U5 0T Z<EVDT,. FMNLCEEL 2 £BDTBENETY.

¢ The Julia Language
julia

| BiemmEt @ =S

SICRIZFEIGTEDTT L, LA<EDNTWSSEICOVWTEREICHEALET.

RS EREE S VS OEIAS, MERF, SRR EFRSEHSETEATTY. NEOTTUTET < RITY
LRPRY FI—IBENEICAE — BRYICRBTENSVOT, MRCSEELTOREIROSNZITTEBDE
7.
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ERL., BaMICREESIEC C++ SSBOAMBENWCERZWTT., o, EAUEELOT. BULWJOJSAZED N
BAICIEC, C++ EEMEODNZONEETT.

LML, C, C++ SHREEEMAZETI. FELEDZVWEVWREFE RAYUTHSETY,
AU T FEEOF TR Python A RIFEMETE BV CEDNTVET,



Julia:Fortranlz: 855 E 4

High-Performance JIT Compiler

Julia’s LLVM-based just-in-time (JIT) compiler combined with the language’s design allow it to approach and often
match the performance of C. To get a sense of relative performance of Julia compared to other languages that can or
could be used for numerical and scientific computing, we've written a small set of micro-benchmarks in a variety of
languages: C, Fortran, Julia, Python, Matlab/Octave, R, JavaScript, Java, Lua, Go, and Mathematica. We encourage
you to skim the code to get a sense for how easy or difficult numerical programming in each language is. The
following micro-benchmark results were obtained on a single core (serial execution) on an Intel(R) Xeon(R) CPU E7-
8850 2.00GHz CPU with 1TB of 1067MHz DDR3 RAM, running Linux:

Mathe-
Fortran | Julia | Pvthon R Matlab | Octave % JavaSeript | Go | LualJIT | Java
matica
Fomirks V8 gsl-shell 3
gee5.1.1 | 0.4.0 | 3.4.3 329 015 4.0.0 10.2.0 go1.5 1.8.0_45
3.28.71.19 2.3.1
fib 0.70 2.11 77.76  [533.52 26.89  [9324.35 118.53 3.36 |1.86 171 1.21
parse_int 5.05 1.45 17.02 45.73 802.52  [9581.44 15.02 6.06  [1.20 5,77 3.35
quicksort 1.31 1.15 32.89  [264.54 4.92 [1866.01 43.23 2.7 [1.29 2.03 2.60
mandel .81 .79 15.32 53.16 7.58 451.81 5.13 0.66 [1.11 0.67 1.35
pi_sum 1.00 1.00 21.99 9.56 1.00 299.31 1.69 1.1 |1.e@ 1.00 1.00
rand_mat_stat 1.45 1.66 17.93 14.56 14.52 30.93 5.95 2.30 [2.96 3.27 3.92
rand_mat_mul 3.48 1.02 1.14 1.57 1.12 1.12 1.30 15.87  [1.42 1.16 2.36

Figure: benchmark times relative to C (smaller is better, C performance = 1.0).

PythonM >R : b /=Pythona—KIIFBIESh THL !
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https://www.ibm.com/developerworks/community/blogs/jfp/entry/Python__
Meets_Julia_Micro_Performance?lang=en

Let's summarize in a table where we are. We display the speedup we get between the oniginal Python code
and the optimized one. We also display the tools we used for each of the benchmark example used by the
Julia team.

Time in Julia |Python ython |Julia / Numpy |[Numba|Cython

micro riginal | Python

Optimized
seconds Optimized
Fibonacci |80 24 A 38 X
64 bits
Fib Bigint |12,717|1,470 J70 |87
quicksort 419 [306 7,700 |14 X X
Mandelbrot |196 |126 570 |16 X X
pisum 34,783|20,400 26 000(1.7 X
randmatmul |95,975|83,7000 |B3,700 (1.1 X
parse int 244 1472 290 |05 X X

randmatstat{14.544 |53 200 60,000(0.2 X




PythonZ B ETELEHIZIE

Let me conclude with a list of interesting articles discussing the tools | used and more:

+ How to optimize for speed A short optimization guide by scipy team. It also discusses memory profiling.

= A guide to analyzing Python performance. Short intro to various profilers.

« Numba vs. Cython: Take 2, Understanding the FFT Algorithm,
and Optimizing Python in the Real World: NumPy, Numba, and the NUFFT . Three interesting posts
from Jake Vanderplas. In the latter, he shows how Python plus Numba can yield code only 30% slower
than highly optimized Fortran code.

= Enhancing Performance in pandas documentation. A useful guide on how to make pandas code faster.

- Faster code via static typing and Using Cython with NumPy in Cython documentation.

=+ Numba vs Cython: How to Choose . Title says it all.

- Python is Not C: Take Two.
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® Git/GithublZ DUV T : KobelLectureJun2016GitGithub.ipynb
H B Codemap&Techacademy®D I A4S £z T i
® JupyterNotebook APH: KobelLecturelun2016Jupyter.ipynb
H B [pythonD7R— L\, Cookpad B & A . KEK Obinad A D Web
® EAFREA A5 Kobelecturelun2016FaceDetection.ipynb
H B b3 B S A DGithub (enakai00/jupyter_gcp) M5
® =+ 1= AF9: Kobelecturelun2016FaceDetection.ipynb
HHEL Univ College London®Dr.Janina DewitzD & & EFH D
® NAXHETFEZE X KobelectureNakaiBeyesInference.ipynb
H B8 b3 B S A DGithub/enakai00/jupyter_mldse HVis
® LIGOAEHLT=E SR DERHT: KobeLectureJun2016GW150914.ipynb
H B https://losc.ligo.org/s/events/GW150914/GW150914 tutorial.html



Jupyter Notebook® R

Kirill PomogajkonotRRAT14 5 & FhITH T 55
JupyterNotebook T, RIEMLETOT S LERFREZT 5D ISHEEE:

® [t messes with your version control
® Code can only be run in chunks

® [t’s difficult to keep track

® Code often ends up very fragmented
® The output is incomplete

® Potential security risks?

LHOL. HLLVEEZEREZIZIX. Jupyter Notebook A3 {EF
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® Docker&;EFHT S <= EvIT—4
® |)E—FTJupyter NotebookZx{ED <= BEXEDS
® PythonLISV D EEE
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Jupyter Notebook MDA

201606 F 1 HEE
F—: ARVINERAT 31 O S a0

“FSh7-Webd Y-

FO45 L0 -5 BB, LEI D Z W v BO LN E AL MIFEA. AFEEIN/TF0Y S LE -S| IF — ST
tha, fLICBHEEE. FfiEIC. Thoed 00— Fd 2l amatEmNBEVET (- T, Gt GitHublZ, i« | o TI37as%,
—ILTHY, Gt GitHUbl DLW THl- TH ey, EEH VLT, AEFiES T, 11—/ BEEY — LD GitD {TiE
Tl R | SFERRL Ty A, BT OS T A5RERE O —L T, §HBAL. £, IR, GitHubl 22U v T EHER | SFEEW
T. o550, FLFOodEeEsEIlL L.

« [Git. Github§%BA1 : https://blog codemap jp/git-github]
- [Git. Github5HEA2: hitp-/itechacademy jp/magazine/6235]
Git &I&

Git{Fb) &3, =g BRI T oDy — LD ZETE, B AT 0 51 0% TIeS. VA0 EEER) CETE EH
TanEEU T L RIAIL, [RED DT 71D EDERDEIEELIZDD 2 421 A FEOHESBNTEN T 2013, Xhsdhn
2 | Mo fe 28T L G ZO L ZIEIER T Codanie = ILT AT LREDREETEON TSy — LD —2Td , 45
B DR ES D O—FLTESFE 7 13, R R 3@ E A LL, Gite @ IemEDMNVEIERL THWwENRY T, —
AR PIRREOGENT, LITOLDI 9 F9 , T30S0 BFRET OV OO =405 GOV e O &S EIFET . TOHFRICH
hdaAIB1E. ZOXRTOGIHFD U EFURDVH D B R ) (0—0bUR s D ol —LE . ZOERI3 20—
HEIFNET ., I7AFRLTFDL 2 TEW FT .

$git clone git//github com/schacon/grit git



043 LORAREE, 2O0—uicO—RIL R TITOET . SR FFFg8 o0 oLy TESTiTEET . FUORL e I3
FURARDNEALS, V—AOEFEELET, GITIIINFDzwh dMFA T FET . TLT, O—HIL R UTORESTE TLIZS, &
BURVRII T/ —A0—FEEEL T RELET . ChEFwia E0 T  FE T, CCETO 70— EDiRYIEL TIT a0
WEF ., O—HITiTo2ER Iz LETH, TORICA T IR CBRLTELLENRYET . TR0 a7 AEETL T, 524
TEZTIEZTRFRLET,

$git add * py
tgit add README
FLTLTODOv A T3z LET .

$git commit -m "JA o READLET"

Github&lE

GitHub(F-u+ V)13, GDEHEAERHALT. fHRPO A 2 BB HOERGFOS FLO-F PTF (7 - RE. AF T2
EOTERLINILIZD 7Y - ADEFTY, ORI GitHubit AL D5t - THEESN TEY. {BA - EER T ER TF]
AT LI TEET, GitHubl TERESN- LR U 13, B T ~TARMEnETH. Bty 25T 282 f5FLc1—

F ST GEATTEINT T N — LR b VR T T & DD TEEF L, FEE A TORBEE TR — L T{NAEF FafgE
BifiEte T BETIIT AV FICEa TR B =D —2 T T E T, IO FRRO 7 Ovz S % —FLICiEESh
i E Fa, Ll GithubTaFE N T s T—FE, 879 0—FLTE- TV 3T . Jupyter NotebookD B Z L6, H{DIES,
GithubtoHi- T ET,

Github@{EL v ED—EPE, LITFISELES , 22 TI3RasberryPiT. Jupyter Notebook Server®&iAd DI LiBEaO—Fas, T4
YA—FTERLDNTao T ET B IFRI TN BB T A —ILTERLIIC, TEICGHERSN T ET .



In [2]1:

import webbrowser

uri = 'h

= ttps + "github.com/kleinee/jns
webbrowser.open {url)
True

L O—FFET OV O CEhLIZY, 3L T OV O S _EIFTEWSSICIE, GithubD 7 DD b D BnEEY 9 . el
GitHUDZF A =, FCITF R A D R TEET,

- github.com/"'

s
T

+ 1
rl)

webbrewsér.&;en[u
True
GitHub TORAFEE I B 2. FFRI SR VRERRL 39 . 2 TI3FFRI SRR VBERREL Ta L2 5. GitHubl 2O 4 /L7

5, 7 PO T+ New repository |77 5275 21w AL T A FEL 25, RS UORESR AL T, [Create repository | #8900, ZhT
R AR UDMER TE Lz, ELTYE RSV ES0—"1d 41213 fEREL 2R R ) DURLEDIY — LT, e Ow b %

=TT,
$qit clone git://github com/xxxiyyy git

N TUE—R R RO =0, O—hJLUR A USYERZNE T . FLTHESSET LSRRI, LITFO LS I5
alLET,

$qit push origin master



GithubV /R ) s EEEJupyter NotebookZEM 4 &M HES

Github® 7R U iaiE R Jupyter Noteboole® &8 d Z s 2L 3TE . ZhI I3 Thinder] STFIE AL DR EA 2 F =LA T
|37l 2TH L L =3 ATHT 2BV DT, AFODEF L LTI, STt s, sl TasEAl,

url = "http/" + 'mybinder.org’ webbrowser.open(url)

B

» EEIIZELVINDTE. HZAT. JIb—7%1F-T. Jupyter Notebook@ EF=ERFFEEO T, GithubloZwia L TR ER
A,
- T3 AL GithubD R b EE Jupyter Notebook= &b 2 £ 9, [hinder] & 2 F—ILL T, L TS,
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Jupyter Notebook M#A4t
201656 A T HE
T—< :IPython&Jupyter Notebook|ZDULNTHO SR

ApIE i -urlk L) -

ASR BT EEROWNE. &SDHICTHRORNEL. HBSTE T —2IE| L F 150N CBFED A B EE LTI E
9. CHOEEICFEASENESIER P EEL Bl TOEELOFEAEERRETTEIS TE NI EFER G A IZ B B
FT .. TNEFHIL TonaDh EEFEL TS FEROETRIE| T9 . —#880| CMNotebook | IFIEN T ET . —Hsld, 57
B & - T —BNIBDGHNI S TEEDaN, FSUY LT 1 27780 EREE I eEIT A0 HETY . E
Fi TS iz Notebook ) DEE# c—28%, IPython notebook ™4 . IPythonl3, BT RO R TEAFONTE A2 F-S5a.
Pythorve, #1558 T T9 &F BRI o IL(ShelfTF . #7 =L 2 0202 o L Ov A GEMERF T . T 2IET S

D HIBEFRR LT =T TS LD CLzDA, IPython NotebookTd , O—FO | ST I4 b0, v —21=THIT. Tex
P =7 DIEREL 9, Notebookl I XML 3 —=+ T Tipynbl DIAEF TiREFESNE T, LT, pdf. htmPdd, L2l AU o
ZHT CEATIRET T,

- [IPython®#— L4 : hitp:Mipython.org/]
- [BH IPython Notebook: http://itechlife cookpad com/entry/write-once-share-anywhare]
- [KEK Obina IPython Notebookia4i : hitp://ceridev kek jpitrac/EpicsUsersJP/raw-

attachmentwiki'misc/ipynote/ipynote cERL pub. pdf]




IPython Notebook/Jupyter Notebook& (3 -

IPythonl Z13. SEEFIRead-Evaluate-Print Loopi&- T, LITOLFIERREDVISNTLET,

- EvaluateB g L7z 7Ot (kernel) L TS

- _FOEEFR. IPythonld, #—37 )1, Qt console, Notebook's XD OS5 7 - BIE T TR o 1
- Ffz. IPython NotebookT13. Python. Ruby. R. Julig®dd, H{OSEHIEATT

o M= TGS TN AY IR, IPythonD i, Tomado(web server). jQuery, MathJax?s & Tdh 2

« |Pythor’a X (DkemneEEISN AL, T 74 )LF Tl 38— localhost: 8888 Tlistend %

- BRI ELEIRETH 2

FETAOTOF O TJupyter NotebookZ 419 5
import webbrowser

arl = 'hitp://'" + "techlife.coockpad.com/fentry/write—conce—share—anywhare'

webbrowser.open (url)

Jupyter notebookDFLNVAEEBIZEEHTRET

- Eibcel)IFEND AN GIE, FILE DL HT 2T, WEEA NS Markdown] &2 OO0 5 LO—EFE A NS CodePaBE
)

- EESDEITD, FEETAEDORETES

- J—FIFShift+Enter TRITOIRET. {AIEHIEEL THEITY L0 OTHE

- wEELi TN, REED) 0T B, CirilssE AT A

- Matplotlib®importd 228 T. BAESIFLISEHC 2 TEE
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- Label Detection Tutorial

- Face Detection Tutorizl

Google Cloud Vision APPEFIFT 272D 2, ZFRIICGCP (Google Cloud Platform) D 1 — 1 —E#3 5L TH LTS, (DD —F
DAL, 60 B0 $300E BB T CENTIRET T L)

DL e A TE 3

GCPMAPI ManagerT. Cloud Vision APPEREN EL7ZE. [REEEERI DAz a—a ¥ 27172 [ Compute Engine default
service account) DF R ok F—FJSONER, TH 2 O—FLET . #F 2 O—-FLic 774 )%, 27 -7 1LE%Vision API Project-
5912afb0bd62 json| “E LT, Jupyterzir s FIFE 74 LA —| TELTHELS . JupyterDBEmEDH LI CEE7 70— FOR 5%
LT, ZodO-—FLTHEZEET,

SAFS—Fa—IEm - LET,

fmatpletlib inline

import matpletlib.pyplot as plt
import baset&d

import httplib2

import o3
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In 2}z

from PIL import Image
from PIL import ImageDraw

from googleapiclient impeort discovery
from pauthiZclient.client import GoogleCredentials

T EFFO—FLIzFRND A F—T7 1 IEFHL T, AP —E 2O S—aF U O 08 LFH .

os.environ["GOOGLE APPLICATION CREDENTIALS"] = '"Vision RAPI Project-2312afiblbdti.json’
DISCOVERY URL—"https://{api}.googleapis.com/Sdiscovery/reat?version={apiVerasion}"
credentialas = GoogleCredentials.get application default()
service = discovery.build('vision', 'vl', credentials=credentisls,
discoveryServiceUrl=DISCOVERY URL)

S SERTE2EE D71 IEWebh S 7 O-FLET,
CoTIE. =0 Web~ —U TARSN T SEEEEE S 20— FL T ET,
Ef§D35 |[FmlE Z55TY . htip//www lawson.co jp/campaign/akb/
lcurl http://www.lawson.co.jpfcampaign/akb/img/mv.png > samplell.png
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In [&]: | def get labels(photo file):

with open(photo file, 'rkb") as image:
image content = base&d.bfdencode (image.read())
service reguest = service.images().annctate (body={
'requests’s [{
'image’:

'content': image content.decode('UTE-B8")

eatures [{
"type' LABEL, DETECTIONT
'"maxResults": 5
]
+]

¥
response = service reguest.execute ()
retarn respeonse [ "responses'] [0] ['labellnnotaticons' )

FITET T O—FLIZEGDZ~VERSL T . ZbE 20 3 DO IR 5 E () 2o D& L ET .

In [7]:|labels = get lebels|('samplell.png')
for label in labels:
print {“%=3 : %24d%%" ¥ (label['descripticon'], label ['Bcore']¥*100))
person : 94%

team : BO%
class : T8%

professicon @ T2%

At (person)MEHETHY . F—Li(team) 1205 A (class) DESEESLLWGENHET TN EY . 3/ FUREFELTLHADT, {£F
£ (profession) CHETL T ET .



In [8]: | labels = gei labels(T"Butsurif.jpg™)
for label in labels:
print {("%=3 : %24d%%" % (label]'description'], label['score'}*100})

social ‘group : 98%
perzon : ‘94%
people : B7%

class : 78%
community = 68B%

A iperson) DEE THDEFRHEL TV EF . TLTHIR T DT, JEFT(community YD EEEFBIL T ET,

BB EZHTHIY TN
BRI RIS T AL ET

In- [§]: | def get feceas(photo file):

with ocpen(photo file, 'zb') a=s image:
image content = base&d.bfdencode (image.read())
service request = service.images{).annotate (body={

"requeats': [{

"image': {

'eontent':  image content.decode("UOTF-8")

be

'"featurea': [{
'type! & YFACE DETECTION",
'"maxResults"s 100
1]
]
1)
response = service reguest.executel]

return response['responses'l[0]["'facelnnotations']
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In [10]: def highlight faces(photo file, responce):
im = Image.open{photo file)
draw = ImageDraw.Draw(im)
for face in faces:
if face['joyLikelihood'] — '"VERY LIEELY':
coler = "$££B8E8"
el=e:
coler = '#00££00°
box = [(w.geb{'x’, 0.0}, voget(Ty"; 0.0)) Eor v in face['fdBocundingPoly!]l["vertices']]
draw.line{box + [box[0]], width=5, fill=color)
return im

S FIEETEL TAET.

In [11]: | feces = get faces('sampleOl.png')
highlight faces('sampleOl.png', faces)

5 e o I
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-hittps:/llosec.ligo.org/sievents/GW150914/GW150914 tutorial.htmi-

Welcomel This ipython notebook (or associated python script GW150914_tutorial py ) will go through some typical signal
processing tasks on strain time-series data associated with the LIGO GW150914 data release from the LIGC Open Science
Center (LOSC):

« https:/losc ligo.orpeventsiGW150914/

= View the tutorial as a web page - https:/flosc ligo.org/s/events/GW150914/GW150814_tutorial. hitmif

= Download the tutorial as a python script - https:/osc ligo.org/s/events/GWAS0S1 4/GW150914 _tutorial pyf

- Download the tutorial as iPython MNotebook - hitps.//losc ligo org/sfevents/GW150914/GW150914 _tutornal ipynb/

To begin, download the ipython notebook, readligo.py, and the data files listed below, into a directory / folder, then run it. Or you
can run the python script GW150914 tutorial py. You will need the python packages: numpy, scipy, matplotlib, h5py.

On Windows, or if you prefer, you can use a python development environment such as Anaconda (https (www continuum. io/why-

anaconda) or Enthought Canopy (hitps.//www enthought com/productsicanopy/).

CQuestions, comments, suggestions, corrections, etc: email losc@ligo.caliech.edu

v20160208b

Intro to signal processing
This tutorial assumes that You know p‘y‘thﬂﬂ well enough_

If you know how to use "ipython notebook”, use the GVW150914 _tutorial.ipynb file. Else, you can use the GW150914 _tutorial py
script.

This tutorial assumes that you know a bit about signal processing of digital time series data (or want to leamn!). This includes
power spectral densities, spectrograms, digital filtering, whitening, audio manipulation. This is a vast and complex set of topics,
but we will cover many of the basics in this tutorial.

If you are a beginner, here are some resources from the web:

= http i/ 101science comddsp htm
= https:fgecrgemdallas wordpress. com/2014/05/1 4/wavelets-4-dummies-signal-processing-fourier-transforms-and-
heisenberg/




Download the data

- Download the data files from LOSC:
- We will use the hdf5 files, both H1 and L1, with durations of 32 and 4096 seconds around GW150914, sampled at 16384
and 4096 Hz -
= hitps:/losc ligo crafs/events/GW150914/H-H1 L OSC_4 W1-1126259446-32 hdfs
= https:i/lesc ligo.org/sievents/iGW150914/L-11_LOSC_4 V1-1126259446-32 hdf5
= hittps://losc ligo.orgfsievents/GW150914/H-H1 LOSC_ 16 W1-1126259446-32 hdf
= https://losc ligo or/sievents/GW15091 141 11 L OSC 16 V11126259446 32 hdis
= hitps:iflosc ligo.org/s/events/GW1 50 4/GW150814 4 NR_waveform bd
- Download the python functions to read the data; htips./flosc ligo ora/s/sample code/readligo.py
= From a unix/mac-osx command ling, you can use wget; for example,
= wget hiips./losc ligo.org/slevents/GW150914/H-H1_LOSC_4 V1-1126257414-4096 hdf5
« Put these files in your current directory / folder. Don't mix any other LOSC data files in this directory, or readligo.py may
get confused.

Here,

« "H-H1" means that the data come from the LIGC Hanford Observatory site and the LIGO "H1" datector;
= the "4" means the strain time-series data are (down-)sampled from 16354 Hz to 4096 Hz;
« the "W1" means version 1 of this data release;
= "1126257414-4096" means the data staris at GPS time 1126257414 (Mon Sep 14 09:16:37 GMT 2015), duration 4096
seconds;
= NOTE: GPS time is number of seconds since Jan 6, 1950 GMT_ See
http:/Mvaww oc. nips. eduw/oc2902wigpsitimsys html or hitps:/flosc ligo.ora/aps/
= the filetype "ndfz" means the data are in hdfS format hitps:/fwww hdigroup org/HDES!

Mote that the the 4096 second long files at 16384 Hz sampling rate are f2irly big files (125 MB). You won't need them for this
tutorial:

= hitps./ilosc ligo.org/sfevenis/GW1H09144H-HT_LOSC_4 W1-1126257414-4096 .hdiS

= hitps:/fiosc.ligo.org/sfevents/GW150814/L-11 LOSC 4 V1-1126257414-4096.hdfS

= hitps./flosc ligo.org/sfevents/GW150914/H-H1_LOSC_16 W1-1126257414-4096 .hdfS
= hitps:/flosc.ligo.org/sfevents/GW150814/L-11 LOSC 16 V1-1126257414-4096 hdf5
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import numpy as uop

from scipy import signal

from scipy.interpolate import interpld
from scipy.signal import butter, f£filtfilt, iirdesign, zpkZtf, freg:z

# the ipython magic below must be commented ount in the .py file, since 1t doesn't verk.
fmatpletlib inline
%config InlineBackend.figure format = 'retina’

import matplotlib.pyplot as plt
import matplotlib.mlabh as mlab
import h3py

import readligo as rl

NOTE that in general, LIGO strain time seres data has gaps (filled with NaNs) when the detectors are not taking valid {"science
guality") data. Analyzing these data requires the user to loop over "segments” of valid data stretches. In
hitps Jlosc ligo oro/segments/ we provide example code to do this.

However, the 4096 seconds of released data around GW150914 is one unbroken segment, with no gaps. So for now, we will
read it all in and treat it as one valid data segment, ignoring the extra complexity mentioned above.

This won't work for other LOSC data releases! See htips (losc lige org/segments! for a more general way to find valid data
segments in LOSC data.




In[5ys

Cut 5] -

# Ioad LIGO data frem a single file

¥ First from HI

fa #l = "B-Hl ToSC 4 Vi=1126258446—232.hdf5"

strain H], time HY, chan dict H]l = rl.leoaddata(fn H1, "H1')

F = |
Lhen Irom Li

LOosC 4

Yi-1126250446—32 . hdfs’

# =mampling rats

fa =-40%a

# both Hl and LI will have the same time vecteor, so
time = time HL

§ the time sampls interval (onifermly sampled!)

dt = timefl] — £imef{0]

Adding a numerical relativity template

Mow let's also read in a theoretical (numerical refativity) template, generated with parameters favored by the output from the
GW150914 parameter estimation (see the GW150914 detection paper, hitps_{/dce ligo org/P150914/public ).

This MR template corresponds to the signal expected from a pair of black holes with masses of around 36 and 29 solar masses,
merging into a single black hole of 62 solar masses, at a distance of around 410 Mpc.

You can fetch the template time series from the following URL, and put it in your working directory / folder:

= hitps:{flosc ligo.orgisfevents/GW1S50914/GW150914_4. NR_wavefommn. txt

np.genfromtxt ("GW130914 4 ¥R waveform.txt")

[ -6:2040410%=-01,
[ -6.201558968e-01,
[ -6.19815828e—-01,

=1.86912777e-22],
=1:1FB2T78T8e-22]"
=1 . 6B5B8ZeT36—-22]7,

array| [

= w oy

[ 5.488885%8e-02,

5.51330004=-02,
5.53771410=-02;

3.584907297e-28],
3.87826155e-28],
4.05305738e-26]11])



a

In [8]: |# read 1n the NR templstcs
NRtime, MR Hl = np.genfromtxt({'GW150814 4 WR waveform.txt').transpose()

First look at the data from H1 and L1

H
I-|]
[
H
fa
n
ke
1]
cr

A By o T ]

seem to work for

¥ scientific netdtion:
# np.set printoptlons (precision=4£)
print ' time Hl: len, mim, mean, max = *;
len(time H1), time Hl.mim(), time Hl.mean{), time Hl.max()
print "strain Hl: len, min, mean, max = ';
len(strain H1), strain Hl.min|(),strain Hl.mean{},strain Hl.max()
print 'strain Ll: len, min, mean, max = ', %
len(strain L1), strain Ll.min{),strain Ll.mean{),strain L1.max()
#What's in chan dict? See https://lesc.ligo.org/archive/dataset /GH1504914
bits = chan dict H1['DATA']
print "H1 DATA: Ien, min, mean, max — ', len(bits), bits.min(),bits.mean(),bits.max|()
bits = chan dict HI['EBC CAT1"]
print "Hl ‘CBC CATLl: len, min, mean, max = ", leni{bits), bits.min()},bitsimean() bits.max()
bits = chan dict H1["CBC CAT2"]
print "Hl CBC CATZ:; len, min, mean, max = ', lenfbits), bits.min(),bits.mean() bits.max()
bits = chan dict L1['DATA"]
print 'Ll DATA: len, min, mean, max — ', len(bits), bits.min() ,bits.mean(),bit=s.max{)
bits = chan dict L1['CBC CAT1"]
print 'Ll CBC CAT1: len;, min, mean; max = |, lenibits), bits.min(),;bits.mean(),;bits.max()
bits = chan dict L1['CBC CATI"]
print 'Ll CBC CATZ: len, min, mean, max = ", leni{bits), bits.min(},bits.mean() bits.max()

print "In both H] and L1, all ‘32 seconds of data are present (DATA=1), '

T — n

print "and all pasa data guality (CBC CATI=] and CEC CATZ=1].

time Hl: len, min, mean, max = 131072 11262508446.0 1126250462.0 112625947H.0
strain Hl: len, min, mean, max = 131072 -T7.11996338708%e-19 B.T3279704057e-23 7.71483633765e-
19
gstrain Ll: len, min, mean, max = 131072 -2.6788B08%9173e-18 -1.BZ870745818%=—-18 —7,69286177024e
=14
H1 DATA: len, min, mean, max = 32 1 1.0 1
Hl CBC CATI1: len, min, mean, max = 232 1 1.0 1




5 onds aro .
tevent = 1126259462.422 # Mon Sep 14 09:50:45 oMT 2015
deltat = 5. # seconds arcund the event
# 1ndex into the strain time series for this time interval:
indxt = np.where((time H1 »>= tewvent-deltat]) & (time H]l < tevent+deltat})

plt.figured)

plt.plot (time HI[indxt]-tevent,strain Hl[indxt],"'r’,label="HI atrain')
plt.plot (time Li[indxt]-tevent,strain Ll[indxt],"'g',label="LI strain')
plt.xlsbel('time (3) since '"+str(tewvent))}

plt.ylabel ("strain')

plt.legend(loc="lower right')

plt.title('Advanced LIGD strain data near GW1505914")

g |

plt.savefig('GW150014 strain.png’)

1ple=18 Advanced LIGO strain data near GW150914
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The data are dominated by low frequency noise; there is no way to see a signal here, without some signal processing.

There are very low frequency oscillations that are putting the mean of the L1 strain at -2.0e-18 at the time around this event, so it
appears offset from the H1 strain. These low frequency oscillations are essentially ignored in LIGO data analysis (see
bandpassing, below).

We will be "whitening” the data. below.



In [9]

Data in the Fourier domain - ASDs

Plotting these data in the Fourier domain gives us an idea of the frequency content of the data. A way to visualize the frequency
content of the data is to plot the amplitude spectral density, ASD.

The ASDs are the square root of the power spectral densities (PSDs), which are averages of the square of the fast fourier
transforms (FFTs) of the data.

They are an estimate of the "strain-equivalent noise" of the detectors versus frequency, which limit the ability of the detectors to
identify GW signals.

They are in units of strain/it{Hz). So, if you want to know the root-mean-square (rms) strain noise in a frequency band, integrate
(sum) the squares of the ASD over that band, then take the square-root.

There's a signal in these datal For the moment, let's ignore that, and assume it's all noise.

# number of semple for the fast fourier transform:

NFET = 1*fs=s

fmin = 10

fmax = 24000

Pxx Hl, fregs = mlab:psd(strain Hl, Fs = fs, NFFT = NFFT)

Bxx Tl, freqs = mlab.psd(strain L1, Fa = f£a, NFFT = NFFT]

7 il nse interpolations the ASDs computed above for whitening:
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# plot the ASDs:

plt.figure()

plt.logleog(fregs, np.sgrt{Pxx H1),'r',label="Hl strain')
plt.leglog{freqs, np.sgrt{Pxx L1),"g',label="Ll strain')
plt.axis([fmin, Tmax, le—24, 1le-19])

plt.grid('on')

plt.ylabel (*A5D (strain/rtHz)")

plt.xlabel ("Freg (Hz)")

plt.legend (loc="upper «center")

plt.title('Advanced LIGD strain data near GW150914')
plt.zavefig('ewl50914 n5Ds.png')



- Advanced LIGOD strain data near GW150914
:‘\\ — H1 strain
— L1 strain
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MOTE that we only plot the data between fmin = 10 Hz and fmax = 2000 Hz.

Below fmin, the data are not properly calibrated. That's OK, because the noise is so high below fmin that LIGO cannot sense
gravitational wave strain from astrophysical sources in that band.

The sample rate is fs = 4096 Hz {212 Hz), so the data cannot capture frequency content above the Nyquist frequency = 15/2 =
2048 Hz. That's OK, becauss GW150214 only has detectable frequency content in the range 20 Hz - 300 Hz.

You can see strong spectral lines in the data; they are all of instrumental origin. Some are engineered into the detectors (mirmor
suspension resonances at ~500 Hz and harmonics, calibration lines, control dither lines, etc) and some (60 Hz and harmonics)
are unwanted. We'll return to these, later.

You can't see the signal in this plot, since it is relatively weak and less than a second long, while this plot averages over 32
seconds of data. So this plot is entirely dominated by instrumental noise.

Later on in this tutorial, we'll look at the data sampled at the full 16354 Hz (2"14 Hz).



In

[10]:

Whitening

From the ASD above, we can see that the data are very strongly "colored" - noise fluctuations are much larger at low and high
frequencies and near spectral lines, reaching a roughly flat ("white”) minimum in the band around 80 to 300 Hz.

We can "whiten" the data (dividing it by the noise amplitude spectrum, in the fourier domain), suppressing the extra noise at low
frequencies and at the spectral lines, to better see the weak signals in the most sensitive band.

Whitening is always one of the first steps in astrophysical data analysis (searches, parameter estimation). Whitening requires no
prior knowledge of spectral lines, etc; only the data are needed.

The resulting time series is no longer in units of strain; now in units of "sigmas” away from the mean.

#§ function teo writen data
def whiten(strain, interp psd, dt}):
Nt. = len(strain)
fregs = op.tit.rfftfreg{MNt, di)
# vhitsning: transform to £ domain livide by asd, then transform back,
# taking cars to get normal
hf = np.fft.rfft{strain)
white hf = hf / (np.sgrt{interp psd(fregs) [dt/2.))
white ht = np-fft.irfft{white hf, n=Nt)
return white ht

# nowv whiten t£he data from Hl and L1, and alse the NR templats
strain H]l whiten = whiten{strain Hl,psd HI,dt)
strain Tl whiten = whiten{strain Tl,p=sd Il,dt)

NR H] whiten = whiten(NR Hl,p=sd H],dt)

Mow plot the whitened strain data, along with the best-fit numerical relativity (NR) template.

To get rid of remaining high frequency noise, we will also bandpass the data (see bandpassing, below).



In [11]1: | # Fe nesd to supprsss the high fregqnencies with scome bandpassing:
bb, sb = butter(4, [Z0.%*2_/ffs, 300.%2_/f=], btype='band')
strain H]l whitenbp = filtfilt(bb, ab, strain H1 whiten)
strain L1 whitenbp = £iltfilt(bb, &b, strain L]l whiten)

NR Hl whitenbp = £iltfilt(bb, ab, NR Hl whiten)

ftar whitening:
by 7 m=, and invert. See the GW1508914 detection paper for why!
-ap.roll (strain Ll whitenbp, inG(0.007%fs)]

plt.figure()

plt.plot (Eime-tevent, strain Hl whitenbp, 'r',label="Hl strain')
plt.plot (time-tevent, strain L1 shift, "g',label="Ll strain')
plt.plot (NRtime+0.002, MR H1 whitenbp, 'k', label="matched NR waveform')
Iplt.xlim([-0.1,0.05])

plt.ylim{[-4,4])

plt.xlabel ('time (=5) =since "43hr{tevent))
plt.ylabel{'whitented atrain')

plt.legend{loc="lower left")

iplt.title('hdvanced LIGD WHITENED strain data near GW1500147)
plt.savefig('GW150814 strain whitened.png")

4 Advanced LIGO WHITENED strain data near GW150914

whitented strain

H1 strain

| — L1 strain
— matched NR waveform

_4 i i i i y
=010 -008 -008 -0.04 002 000 0,02 0,04
time (5] since 1126259462 .42



import matpletlib.pyplot as pl
import numpy as np

N.B. requires a normalisation factor, norm.
fac = np.pi*n/width
return norm*ap.sin{fac*=x)

num x peints = 101
x = np.linspace(0.0,width, num x points)
dx = width/ (num x points - 1}

integrate fun
W

Integrats
sum = 0.0

sl
=}
H
=

in range{size x):
sum = sum + F1[i]*£Z2[i]
sum — sum*dx




out[11: (0, 11)
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Do these make sense 7 You should ask yourself if they match the boundary conditions, and if they fit with your expectations of
the physical properties of the system.

We should now be confident that our function is correct (it's always worth checking this somehow, whether through plotting the
output or a simple test). So we will create arrays to store the first ten basis states, properly normalised. | have chosen ten for no
particular reason - we could use fewer or more states.
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Matrix representation

What about the rest of the Hamiltonian matrix, i.e. the numbers {qb,,lﬁﬂcfam} ? We'll calculate these using two loops, and output
the resuits. | will use two approaches: a formatted print written in the loop,. and the internal numpy printing for arrays (though this
requires some changes to the options to make it look nice),

Hmat = np.eye(num basis)
print "Output of the Hamiltonian matrix elements as we calculate them"
# Loop over basis functions phi p (the bra in the matrix element)
for n im range(num basis):
# Leop over basis functions phi m (the ket Iin the matrix =slemsnt)
for m in range (pum basis):
-

# Act with F oo phi m dnd store in H phi m

H phi m = -0.5%d2basis array[m]

# Creste matrix slement by integrsting

H mn = integrate functions(basis array[n].H phi m, num ®x points,dx)

Hmat[m,n] = H mn

# The commz at the epnd prints witheut a npew lineys the 38.3F formats the number

print "RB.3£" % H mn,

This pripnt pots in a new line vhen we have finished locping over @
print
print
print "Neow the numpy ocutput with formatting"
print

=2

§ Ameother way to ontput 1= this;, though 1t's commented qguot to avoid clutier
np.set printeoptions(precisieon=3,linewidth=100,suppress=True)
print Hmat

OQutput of the Hamiltonian matrix elementz as we calculate them

4.035 —0. 000 0.000 =0.000 0.000 0.000 0.000 —0. 000 0.000 —0. 000
=0.000 10 F30 0.a060 -0.000 —=0.6800 =0.000 0.000 0.000 -0.000 —0.000
0.000 0.000 44,413 0.000 0. 000 0.000 =0.000 -0.000 0.000 0.000
=f.000 —0.000 0.000 F8S857 =0.000 =0. 000 —G.000 —-0.800 —0.000 =0. 000
4.000 —0.000 —-0.400 0.000 123,370 0.0400 O.000 0.000 —-0.000 —0.000
4.000 0.000 0.000 —0.000 0,000 177.653 0.000 —-0.000 0. 000 G.000
4.000 0.000 -0.000 =0.040 G.0090 —-0.000G. 241.805 -0.000 0.000 —0. 000
-0.000 0.000 -0.000 -0.000 0.000 =0.000 -0.000 315.827 —0. 000 0.000
0.000 —0.000 0.000 =0.000 —0. 000 0.000 0.000 -0.000 398.718 0.000
-0.000 —0. 000 0.000 =0.000 —0. 0600 0.000 —0.000 0.000 0.000 403.480



# Define a coefficient array
coeff array = np.zeros{num basisg)
coeff array[0] 1

- I-J

coeff array[2] = 2.0
coeff array[3] =1.0
# Prepare to make psi and its second derivative
psi = np.zeros({num X points)
dZpsi = np.zeros(num x points)
for i in rﬁnge{num_bgsisj:
p2i = psitcoeff arraylil*basis array[il
d2p=i = diZ2psitcoeff arrayl[i]l*dZbasis array[i]
# Now wve will nommelise psi and apply the sams facter to dipsi
integral = integrate functions(psi,psi,num x points,dx)

psi = psifnp.sgrt{inteqral)
d2psi = d2psifnp.sqgrt{integral)
# Plot psi3

pl.plot(x,psi)

#f Evaluate the snergy from <psi|H|psi> - with ne potential we just have
# the kinstic energy term. We set hbar =m = 1, so K& = 0.3 d°2 Hfdx"2

print "Energy bumerically is: ",integrate functions(psi,Hpsi,num x points,dx)
§ Find the energy from ¥
energy pai = 0
for 1 in range {num basis):

energy psi = energy psi + coeff array[i]*coeff array[il*energy[il/integral
print "Energy analytically ia: ",enerqgy psi

he sum owver coefficient

Energy numerically ia: 43.5907527715
Enerqy analytically i=s: 43.35907527715
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