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Graduate degree in Electrical Engineering
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Graduate Degree in Biomedical Engineering
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NumPy Array

A NumPYy array is an N-dimensional
homogeneous collection of “items” of
the same “kind”. The kind can be
any arbitrary structure and is
specified using the data-type.

-

H-l data-type i -

=

| header

ndarray
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_ SciPy [ Scientific Algorithms ]
SciPy

linalg stats Interpolate
cluster special maxentropy
[o) fftpack odr
ndimage sparse Integrate
signal optimize weave

NumPy [ Data Structure Core ]

fft random linalg
NDArray UFunc
multi-dimensional fast array
array object math operations
Python
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SciPy

Wiki
Documentation
Mailing Lists
Download
Installing SciPy
Topical Software
Cookbook
Developer Zone
Blogs
Conference

2009 =

=

Unique Visitors

1,073,799 .
2010 (first half)
687,814

SciPy -

(&5

Download

Getting Started Documentation Report Bugs

Scientific Tools for Python

Read the Blog

Login

C )&

ORGnmE S

8 1y v) ( 9”'_' keystone dental Q)

SciPy (pronounced "Sigh Pie") is open-source software for mathematics, science, and
engineering. It is also the name of 2 very popular conference on scientific programming
with Python. The SciPy library depends on NumPy, which provides convenient and fast

N-dimensional array manipulation. The SciPy library is bullt to work with NumPy arrays, and
provides many user-friendly and efficient numerical routines such as routines for numerical

Integration and optimization. Together, they run on all popular operating systems, are quick
to install, and are free of charge. NumPy and SciPy are easy to use, but powerful enough to
be depended upon by some of the world's leading sclentists and engineers. If you need to

manipulate numbers on a computer and display or publish the results, give SciPy a try!

SciPy is a community effort. We seek volunteers at all levels of ability to work on the

project, from coding and packaging to documentation, tutorials, recipes, and the web site,
Visit the Developer Zone if you are interested in helping out (or if you have bug reports).

SciPy 0.8.0rc3 released.
(2010-07-15) See the Download
page.

SciPy 0.7.2 released.
(2010-04-22) See the Download
pege.

NumPy 1.4.1 released,
(2010-04-22) See the Download
pege.

The EuroScipy conference was
he'd July 8-11 2010 in Paris,

SciPy 2010, the Python for
Scientific Computing Conference,

was held June 28 - July 3 in Austin,

Texas.

The European Seminar on
Coupled Problems (ESC02010)
will have a track on next
generation sclentific computing,
with a focus on Python.

Videos and slides from the 2009
Python in Science Conference
now availadle!

Python and Scientific Computing

. . St e S gyt

R

AERRRRRINY

——

SciPy optimization on Ubuntu Linux
NumPy and SciPy are two of many open-source packages for scientific computing that use

the Python programming language. This website, together with other subdomains of the

scipy.org domain, serves as a portal for all scientific computing with Python, not just NumPy and SciPy. The index under Topical

NumPy 1.4.0 release pulled.
(2010-2-8) Due to an unintended
ABI break the 1.4.0 release has

temporarily been pulied pendng 2

decision on how to handie the ABJ
Incompatibility.

NumPy 1.4.0 released.
(2009-12-27) See the Download

page.

Software in the navigation bar lists these domains and other destinations for scientific software using Python.
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In 2009

North America
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I
SciPy Unique Visits

Universities (.edu)

2009 2010 Locatlon 2009 2010

Labs (.gov)

MIT 2631 1448 NASA 1937 1060
Stanford 1374 1074 NOAA 412 317
Berkeley 1504 813 Sandia 236 236
Harvard 1493 768 LLNL 246 232
CalTech 1345 711 NIH 338 193
U Wash 954 701 L BL 295 190
Cornell 849 683 NIST 288 162
Cambridge 968 613 ENL 179 147
U Mich 708 560 USGS 190 116
Oxford 708 443 BNL 179 109
Total 49,857 33,068 Total 7,223 4,157
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Enthought’'s Business

Enthought

@ Potbio Scientific Computing Rigorous process
N D»ilstribution with Python analysis
Open source Software Engineering guslti(é;rlil(l)arary &
tools Best Practices PP

development

Domain-specific
applications & Custom classes Visualization design
libraries
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Enthought’'s Customers
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hree Classes of Users

NOVICE

Preprocess Seismic

Mute t0: 0.0~ )= ====5.0 0.251
Mute velocity: 0.0~ )= ===26000.0 1400.0
Power: -3.07 m——{ ===3.0 2.0
Beta: 1.0 S =1.0 0.0

NMO velocity: 500-0ﬂ/_\ A

==20000.0 2450.0

brine_properties

temp_press_linear

EXPERIENCED

watdth, oftempC, ... »x

> X

> X

gassmann_fluidsub

> X

oil_properties

EXPERT

|Q search for functions | Search
Settings
MName | ~
Add New Function
Add New Expressions
aki_richards

aki_richards_old
aki_richards_single
angle_mute
angle_mute_indices
apply_mute
ava_gather

backus average |
hackus_isotropic
backus_vertical
hias_for_vpsh_mod
hiot_coeff_phit
hiot_coeff_rhoh
hiot_coefficient
hiot_tsd

hiotc

hiotc_moduli
hiotc_poisson_bound
hiotc_voigt_bound
haorehole_fluids_hill
horehole_fluids_tsd

brine_density

brine_param

brine properties b
< >

vp. vs. rhob = ~

backus_average(x1. vp1
vs1, thob1, vp2, vs2, rhob2)

Computes the elastic
properties of a mix of two

lithologies via Backus
Inputs

Fraction of first lithology

iz, zhzlz)

x1

f first lithclogy

-~

1from cp.rockphysics.converge.flu:
2from cp.rockphysics.converge.mods
3 from cp.rockphysics.converge.mods
4 from cp.rockphysics.converge.flu:
Sfrom cp.rockphysics.converge. lib
6from cp.rockphysics.converge.flu:
7from cp.rockphysics.converge.vol
8from nupy import ones
9
10 tgrad
11 pgrad =
12 oftenpC
13 watdth = 0.1
14 salw = 35001
15 ggrav = 0.5
16 xsh_scalar 0.5
17m 1 = 25
18 rhob_1 2
19m 2 = 3
20rhob_2 2.8
21 phit_scalar = 0.2
22 phi_crit = 0.4
23 pois_dry = 0.25
24 hillfac _scalar = 0.5
25 xsh = xsh_scalar*ones(len{(DEPTH)
26hillfac = hillfac_ scalar*ones(lel
27 phit = phit_scalar*ones(len(DEPT]
28 xss = last_minerall(xsh)
29my, rhoy = grain props_hill(xss,
30 tform, ppore = temp_press_linear:
3lrho_gas, k_gas = gas_properties(]
32rho_wat, k_wat = brine_propertie:
33 vp_wet, vs_wet, rhob_wet = modif:
34 drhob = rhob_wet-RHOZ
35vp = velocity from slowness(DT4P,
36dvp = vp_wet-vp
37 err = dvp*dvp+drhob*drhob

I
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o
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oo

oo
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I
Scripting Layer in Applications

Testing Framework Scripting Interface Data Display
Equipment Compliance Scientific Database Chaco Ul
Interface Tools Algorithms Access Plotting Elements

, mlj>:ig FL'»%_,A
T 2 W
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I
Scripting Layer in Applications

I - =

>>> # Create data objects :]
>>> voltage source = Agilent66000A()
>>> bert scope = BERTScope()
>>> # Sweep voltage and look at Bit Error Rate NG
>>> voltages = linspace(l, 2, 11) e
>>> error rates = [] ' : : :
>>> for voltage in voltages: e U S
error rate = bert scope.error rate() S AR MO U NS R
error rates.append(error rate) §
>>> error rates = array (error rates) | AR USROS SRR FUNT SO N
>>> # Plot the results 10 i o votage s s 2.0
>>> plot (voltages, error rates) =P o | |+|. |B@a]
| | |
Testing Framework Scripting Interface Data Display
Equipment Compliance Scientific Database Chaco Ui
Interface Tools Algorithms Access Plotting Elements

|
s e =
es o= ="“:;-:: ' ‘j

= £
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WA/

(e
|
W\



¥ MayaVi2

File Visualize Tools View Help

‘ MayaVi ‘ ~ | TVTK Scene 1 (3 |
= 5= TVTK Scene 1 EXMMZEZ® & &L a@
= YTK file (heart.vtk)

P Modules
M IsoSurface
[ ScalarCutPlane

4 MayaVi object editor |

A
File path: C:\Python25\Examplesimayavidataiheart. vtk —

Point scalars name: Iscalars

Point vectors name: |

= . Loéger Python ‘

Python 2.5.2 |EPD 2.5.2001| (release2S5S-maint:60919M, Feb 21 2008, 10:31:43) A
[M3C +.1310 32 bhit (Intel)] on win32

Type "help", "copyright', "credits" or "license" for more information. =

el

Point tensors name: |

Cell scalars name: |

Cell vectors name: |

Lol Lef Lef Led Lef Le]

Cell tensors name: |

£
<€

Reader: Reader

Rich Client App (Geophysics, Finance, Etc)

Scripting Interface Data Display

Equipment Compliance Scientific Database Chaco Ul
Interface Tools Algorithms Access Plotting Elements

fj@

-~
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VMA — Virtual Mixing Advisor

YMA - New Project *
Fle Edt Prefererces Took Hep

S New Progect
= P process |
B trocess step 1

~
-
W

Tuesday, October 12, 2010

process step 1 £

puts

[X|

¢ CFD may be an appropriste tool

Baffle angle (deg) 5.00 deg
Baffle configuration Custom
Number of baffles 4
Baffle offset {mm) 28.0 mm
Baffle width (mm) 85.0 nm
Dish type flat
Retrofit?

1 {mm) 2000 rres
Varable speed dnive? Yes

Z (mm) |1500 men
Equipment - Impeller 1

Cy {mm) 65.0 nm
D, (mm) 00 tren
15t blade angle (dex) §50deg
15t blade count 6,00
Type of frst mpeller pitched tiade burbine
Outputs

quipment ]

Dsh hewght (m)

15t std. motor percent (percent)

15t std. motor size {klowart)

2nd std. motor percent (pescent)

2nd std. motor s2e (kilowart)

S{mm)

Ve (liters)
V{ters)

2T
Equipment - Impeller 1
G /Dy

G T

D, /T

W'D

W7

0,000 m
0,013

0,500 kfowatt
0.542

0.750 kowatt
535 mm

137 Rars
710 Revs
0.750

0.0722
0.0325
0,450
0.1%
0.0600

Z'T is below the recommended lower limit.

Open N & new vndow

Short, fat tanks require a larger torque machine, and hence mcrease
capital cost Adust Zor Tsothmt ZT 2 0.90
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/ Heresies of Technical Computing
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Heresy #1

Computer memory will always be limited

Software
Complexity

Memory

(3 enTHOUGHT
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I
Heresy #1

* There will always be a larger problem than
can fit in available memory.

* While automatic memory management
can be useful --- programmer should be
able to get access to lower-level if
needed.

(3 entHoueHT
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Heresy #2

There will always be a hierarchy of
computer memory: fast -> slow

A
Smaller, LO: . , ,
faster, eg|ster CPU registers hold words retrieved from
and cache memory.
costlier L1/ On-chip L1
er byte
(Etora?;e) cache (SRAM) } L1 cache holds cache lines retrieved
; from the L2 cache.
devices :
Lo: Off-chip L2
cache (SF{AM) L2 cache holds cache lines
retrieved from memory.
L3 Main memory
(DRAM)
Larger, Main memory holds disk
slower, blocks retrieved from local
((;Zﬁﬁé) L4 Local secondary storage
devices Local disks hold files
retrieved from disks on
remote network servers.
L5: Remote secondary storage
v (distributed file systems, Web servers)

(3 entHougHT
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I
Heresy #2

» Single-memory model while powerful and
useful, interferes with the ability to write
programs that are optimal on modern
hardware.

* Hiding the network layer can be disastrous to
usability

* Different memory speeds require different
approaches to manage

(3 entHougHT



I
Heresy #3

There will be no magic concurrency
solution

(3 entHoueHT
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I
Heresy #3

* Python’s GIL can be a blessing

» Use appropriate tools for the job
— zeromg
— multiprocessing
— subprocess
— threaded libraries (LAPACK, BLAS, FFT, etc.)
— OpenMP in extensions

(3 entHoueHT
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Heresy #4

Rapid prototyping via interactive
programming leads to better results
than extensive up-front planning

(3 entHoueHT
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.
Heresy #4

 You rarely know exactly what you want the
finished software to do

* Initial iIdeas lead to further refinement

* Interactively developing pieces of code is a
form of test-driven development

* No hard data, but experience indicates it
results in fewer bugs and easier to maintain
software

(3 entHougHT



I
Heresy #5

Multi-platform rich client software will
always be relevant

Complex
to develop

M
SOLARIS
experience  Offline/Online
Tough to : stpport
deploy High
developer road
productivity
“DLL Hell” itz Networkh . |
: Easychange  dependency ©
ReEsponsive management a, g
0
_ Easy to Poor user < —
Device deploy experience '
Adaptability — 3 >

(3 enTHOUGHT
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I
Heresy #5

* In-browser applications are still complicated
and expensive to write well

» Data and |/O intensive applications still need
a local client

* Browser will not be the only rich client
running internet applications

(3 entHoueHT
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I
Heresy #6

Object-oriented programming is over-used

(3 enTHOUGHT
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I
Heresy #6

Paul Graham (a partner in Y combinator, and author
of Viaweb, the first web-based application):

the purpose of OOP 1s to act as a “herding
mechanism” which keeps mediocre
programmers in mediocre organizations
from *“doing too much damage”. This 1s at
the expense of slowing down productive
programmers who know how to use more
powerftul and more compact techniques.

(3 entHoueHT
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I
Heresy #7

The most important aspect of software
development will always be people

(3 entHoueHT
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I
Heresy #7

» Syntax matters

« Comments matter

* Unit testing matter

» Shared abstractions matter

« Communication matters
 DVCS matters

* Limitations of the human brain

* There will always be a level at which people
are putting together the final level.

(3 entHoueHT



I
Heresy #7

Programs should be written for people to read, and only incidentally for
machines to execute.

Structure and Interpretation of Computer Programs

Harold Abelson and Gerald Sussman

You need to have empathy not just for your users, but for your readers.
It's in your interest, because you'll be one of them. Many a hacker has
written a program only to find on returning to it six months later that
he has no idea how it works.

Hackers and Painters

Paul Graham

Debugging is twice as hard as writing the code in the first place.
Therefore, if you write the code as cleverly as possible, you are, by
definition, not smart enough to debug it.

Brian Kernighan

co-author of “The C Programming Language”

(3 entHoueHT
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.
Why Python?

“A programmer can be 5-10 times more
productive in Python than in Java.”

http://pythonconquerstheuniverse.wordpress.com/category/java-and-python/

Java Python

public class HelloWorld print "Hello, worldl"
{

public static void main (String[] args) print("Hello, world!") # Python version 3

{

System.out.println("Hello, world!");

}

}

(3 entHougHT
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o
What is Python?

ONE LINER

Python is an interpreted programming language that allows you to do almost anything
possible with a compiled language (C/C++/Fortran) without requiring all the complexity.

PYTHON HIGHLIGHTS

« Automatic garbage collection - “Batteries Included”

* Dynamic typing * Free

* Interpreted and interactive * Portable

* Object-oriented - Easy to Learn and Use

* Truly Modular

(3 entHougHT

Tuesday, October 12, 2010



Program Size and Programmer Efficiency

tcl
rexx
python
perl
Java

C++

Quantitative language study based on 80 programmers implementing the
same program. The program maps telephone numbers into strings of words
according to a given dictionary and a fixed digit-to-character encoding.

http://www.ipd.uka.de/~prechelt/Biblio/jccpprtTR.pdf

tel | 4 &
I LA rexx cHeTw T H .
o*ﬂ"—al o python o
04!3'0 & o perl H e
°e Jwﬁo oom.;"':-“ 8o ﬂ © ° Java 8 :t o 4‘000 g 0"0"';“”'";0""0
© H)o OC:-M--O- ﬁ 0 C++ Ol_' ofe -o-"’-:k ----- o _oi
o= === I C . l_..g..m--- I
I I I I I I [ I I I I I I
0 100 200 300 400 500 600 0 5 10 15 20 25
program length [statement LOC] total time for programming [hours]
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I
Language CPU/Memory

tcl JE: """"""" S o tcl - Ho ®E i,
£ ] [
python o Ro. @ e o python @rﬁ‘o o
perl o of ) B ek $ perl 00 o | o
Java Ve LO—GIQD o ® 500 o0 Java s 00 I—O*% o' —. . .
C++ —1. . LI . C++ & T H o
N e ) c | .-
| | | | | I | | | | |
4 16 64 256 1024 4096 0 20 40 60 80
run time for z1000 [seconds] memory consumption for z1000 [MB]
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(Very) Short comparison

PYTHON JAVA

 Permissive philosophy « Strict protective rules intended to prevent
errors
« Simple syntax. « Complex syntax.
« Excels as “glue” between other * Designed as implementation language akir
languages such as C/C++/Fortran to C/C++
 Scriptible — allows expert users to  Not scriptable, although secondary options
extend the application natively. exists (Jython, Bean Shell, Rhino)

* No support for complex numbers

* Supports complex numbers natively - No native support for multi-dimensional

* Supports multi-dimensional arrays arrays
« Supports operator overloading * No support for operator overloading
1 + b * ¢ a.add(b.multiply(c))

(3 entHoueHT
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Output to a File Comparison

PYTHON

f = open(‘demo.txt’ ,'w’)
print >> £, “hello”, 42
f.close()

JAVA

import java.io.¥*;
public class HelloClient ({
public static void main(String args[]) {

String hi = "Hello World!";
int 1 = 42;
FileOutputStream f = new FileOutputStream("demo.txt") ;
PrintWriter pw = new PrintWriter (f);
pw.println (hi) ;
pw.println(Integer. toString(i)) ;
pw.close() ;

(3 entHoueHT
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Universe of Software Users

End User Research Research Scientist/ Computer
Scientist/Technician Scientist Programmer Architect
Only Uses Occasionally Research Cares (and
Features wants to modify Scientist knows) more
provided by Ul an application by day, about object
) to work ) programmer by hierarchies than
their way night. science
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Universe of Software Users

End User Research Research Scientist/ Computer
Scientist/Technician Scientist Programmer Architect
Only Uses Occasionally Research Cares (and
Features wants to modify Scientist knows) more
provided by Ul an application by day, about object
) to work ) programmer by hierarchies than
their way night. science
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Universe of Software Users

Desired “Degree of Difficulty” Curve

End User Research Research Scientist/ Computer
Scientist/Technician Scientist Programmer Architect
Only Uses Occasionally Research Cares (and
Features wants to modify Scientist knows) more
provided by Ul an application by day, about object
) to work ) programmer by hierarchies than
their way night. science
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August 16, 2007

The Forrester Wave™:
Dynamic Programming
Languages Q3 2007

by Michael Goulde and Jeffrey Hammond
with Mike Gilpin, John R. Rymer, and Katie Smillie

. Python represents the best combination of features, breadth of applicability, and

strong community.
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.
Who is Using Python?

WALL STREET GOOGLE

Banks and hedge funds rely on Python One of top three languages used at
for their high speed trading systems, Google along with C++ and Java.
data analysis, and visualization. Guido works there.

HOLLYWOOD YOUTUBE

Digital animation and special effects: Highly scalable web application for
 Industrial Light and Magic delivering video content.

* Imageworks

- Tippett Studios REDHAT

* Disney Anaconda, the Redhat Linux installer
* Dreamworks program, is written in Python.
PETROLEUM INDUSTRY PROCTER & GAMBLE
Geophysics and exploration tools: Fluid dynamics simulation tools.

e ConocoPnhillips

« Shell

(3 entHougHT

Tuesday, October 12, 2010



How we use Python?
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nthought Python Distribution (2.5.2001) -- http://code.enthought.com

Python 2.5.2 |EPD 2.5.2001| (releaseZ25-maint:60919M, Feb 21 2008, 10:31:43) [MSC
V. 131@ 32 bit (Intel)]
Type 'copyright", "credits" or "license" for more information.

IPython 0.8.1 -- An enhanced Interactlve Python.
-> Introduction to IPython’'s Features

Vmagic -> Informatlon about Python’s ’'magic’ % functions.
help -> Python’s own E system
object? -> Details about 5 ject’ 7obJect also works, 7?7 prints more.

Welcome to pylab, a matplotllb -based P¥thon environment.
For more information, type ’help(pylab

In [11: a = array([1,2,3,41)

In [2]: a + 10
OutlZ]: array([1l1l, 12, 13, 141)

In [31:

(3 entHoueHT
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Structured Arrays

Elements of array can be any

fixed-size data structure.

Name char[10]

Brad Jane John Fred
33 25 47 54
135.0 105.0 225.0 140.0
Henry George Brian Amy
29 61 32 27
154.0 202.0 137.0 187.0
Ron Susan Jennifer Jill
19 33 |18 54
188.0 135.0 88.0 145.0

Example

>>> from numpy import dtype, empty
# structured data format

>>> fmt =dtype ([ ("’ Ty ! ")
(* ', int),
(* ', float)])

>>> a = empty ((3,4), dtype=fmt)
>>> a.itemsize

22
>>> afl’ "1 = [[' "roeee ! "11]
>>> af[’ '] = [[33, ... , 54]]
>>> af[* 1] = [[135, ... , 145]]
>>> print a
[[(’ ', 33, 135.0)
(’ ', 54, 145.0)1]]

Tuesday, October 12, 2010
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Nested Datatype

1172581077060
1172581077091
1172581077123
1172581077153
1172581077184
1172581077215
1172581077245
1172581077276
1172581077306
1172581077339
1172581077370
1172581077402
1172581077432
1172581077463
1172581077497
1172581077547
1172581077599
1172581077650

11472EQAINTTTNN
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4108
4108
4108
4108
4108
4108
4108
4108
4108
4108
4108
4108
4108
4108
4108
4108
4108
4108

A41NO

0.715594
0.706876
0.698157
0.689423
0.680683
0.671956
0.663232
0.654511
0.645787
0.637058
0.628321
0.619599

0.61087
0.602148
0.593438
0.584696
0.575972
0.567244

N EEOE114

Position

-0.148407
-0.148407
-0.148407
-0.148407
-0.148407
-0.148407
-0.148407
-0.148407
-0.148407
-0.148407
-0.148407
-0.148407
-0.148407
-0.148407
-0.148407
-0.148407
-0.148407
-0.148407

N 14A0AN7

<
k'
5

- —A ey — —t — — —t — — —A — —a —h — —a —t — —a

CRRE -~ R -~ S~ — R S -~ S I S -

Gain

40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

AN

Samples (2048) ...

561

7

49
-55
-719
-1503
-2731
-3493
-3255
-2303
-1495
-955
-875
-491
167
1007
1261
1537

11NE

1467
591
-367
-953
-1149
-683
-281
-159
247
-101
-553
-1491
-3009
-3681
-3501
-2613
-2155
-2633

27TNA4

997
423
-565
-1151
-491
661
2327
3277
3145
2079
571
-1207
-2987
-4193
-4573
-4463
-4299
-4945

414720

52

14¢
291
38(
38¢
243
107
-2£

“
-

-17¢
-25(
-303
-33¢
-367

AN



Nested Datatype

dt = dtype([('time', uinté4),
('size', uint32),
('position', [('az', float32),
('el', float32),
('region type', uint8),
('region ID', uintlé)]),
('gain', np.uint8),

('samples', np.intl6, 2048)])

data = np.fromfile(f, dtype=dt)

53
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Structured Arrays

Name Time Value Example
char[12] int64 float32
>>> import numpy as np
MSFT profit 10 6.20 >>> fmt =np.dtype ([(‘name’, ‘S127),

o (' ', np.int64),
GOOG_profit 12 -1.08 (! ", np.float32)])
MSFT_profit |18 8.40 >>> vals = [(' ', 10, 6.20),

_ (' ', 12, -1.08),
INTC_profit 25 -0.20

. . . (' {, 1000385, -1.05)

. . . (' ', 1000390, 5.60)]
GOOG_profit 1000325 3.20 >>> arr = np.array(vals, dtype=fmt)

# or
GOOG_proﬁt 1000350 450 >>> arr = np.fromfile('db.dat’', dtype=fmt)
# or
INTC_profit 1000385 -1.05 >>> arr = np.memmap( 'db.dat’, dtype=fmt,
mode='c')
MSFT _profit 1000390 5.60
MSFT_profit 10 6.20 GOOG_ profit 12 -1.08 e e o INTC_ profit 1000385 -1.05 MSFT_profit 1000390 5.60

(3 entHougHT
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.
Memory Mapped Example

yd

image:
2D NumPy array
shape: 5,5

dtype: uintlé

# Create a “memory mapped array where
# the array data is stored in a file on
# disk instead of in main memory.
>>> from numpy import memmap
>>> image =(‘some file.dat’,
dtype = uintleé,
mode= ‘r+',

some_file.dat

<header> 110111..

<data> 0110000001
0010010111011000
1101001001000100
1111010101000010
0010111000101011
00011110101011..

mode= (5,5),

offset = header size)
# Standard array methods work.

>>> mean_value = image.mean()

# Standard math operations work.

# The resulting scaled image *is¥*
# stored in main memory. It is a

# standard numpy array.

>>> scaled_image = image * .5

Tuesday, October 12, 2010
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SciPy [scientific algorithms]

linalg
cluster
IO
ndimage

signal

stats
special
fftpack
sparse

optimize

Interpolate
maxentropy
odr
integrate

weave

NumPy [data structure core]

NDArray
multi-dimensional
array object

fft

random linalg

UFunc
fast array
math operations

Tuesday, October 12, 2010
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Static Plotting w
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Enthought Tool Suite

Traits

Trail_ a
frair b
Trait ¢

&

=

Subclassi
Trait d Subclass2
Trait ¢ Trait 1

&

' Subclass3
Trait g
Trait h

Chaco
Enable

Kiva

Envisage gisualizatioy,

(3 enTHOUGHT
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Chaco: Interactive Graphics

Il Some contour plots =10 x|

Varying contour lines

\\\\\\

Il C:.Program Files\Windows NT'Pinball’, SOUND1.\WAY

.............................................................................................................................................................

| l||| | Il' '
! ! & CoPEG - Pressure Application [ BETA ] - [CoPEG - rvel - Pressure]
T Fle ook Yew Wedow e

L .
New Propct Open Prossct Save Propot

-100 -V

- —— SNV SR S——— RINIUINTVIUIRINUINTRIN. SV

Time (s)

200 } } } } } } }
2.38 24 242 245 247 25 2

Time (s)

(3 entHougHT
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VoW el8]

W e W B

= TVIK Scene 1

8enNne Edit madule manager: Modules

Scalar LUT - vector LUT  ModuleManager

LUT Mamager  Title  Labels

Lut mode ¥1GrBu
Show scalar bar:
Reverse lut _
Number of calors: 256 .
Number of labels O'f‘.ﬁ ol
Shadow:

Use default name: ¥
Data name: scalars

Use default range: W

Data range

Tuesday, October 12, 2010

XXX NZ

o)
i’ »

Y Mayavipipe - 0| x

B TVTK Scene 1
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Multiple Plug-ins. One Application

(3 entHougHT
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Envisage Application Framework Goals

 “Humane” Interface Tools built-in
» Easy Deployment

 Extensible
» Scriptable

@ Interactive TVT

OH @ %8
Project Explorer | Templates FIPESBUTC_™ -roubdividec_cofumn.p
B Home 1'''This script generates a simple column (shalel/sand/shale2/shale3) allowin¢a
#-2 Global Scripts 2 vp and thickness to vary in the sand layer. It then makes the column the
=8 Ne"ép‘mlecm — 3 active column in envisage.
= Columns Ve
= =] New Column ! ;
# Environment .
=[5 Ocean 6 # Major.pa:kage imp. . .
# [ Stacked Sand/Shale 7 from scipy import arange, array, compress, equal, not_equal, PyObject
#[= Proava Classic GOM 8
= [ 4X-Layer 9# Enthought library imports.
-5 New Column _1 Ocsar 10 from enthought.envisage.application import application
#-3 Fluids 11 from enthought.units.unit manager import unit manager
#-2 Wavelets 1% - -
#- Cases 9 cp 14 B
& Woridlows 13 # CP library imports.
5-8 Logs 14 from cp.log import Log, Log & Cross Plot
rom cp.layer import Column
= [# sample 15 £: p.lay: i t Col h 4l
& depth Stacked Sand/Shale 16 from cp.layer.marker import| Edt Hep §sl
[ cali 17 from cp.monte_carlo import Cross plot of dts vs vsh
%] dbml E 40 Eanam idoot 3iilhod o 800
[ at 3 it mp
[ dts ¢
& gr
[X] phit rdeep (ohmm)  gr(gapi) xsh
[X] rdeep depth (m) 02 2000 0 200 0
[X] thob 3000
Kro — 3100 —
%:"W Proava Classi| | 4,0, _| £
[ vsh — 3300 — 2
[X] xsh — 3400 — °
#-2 Observed Values
£ Scripts [~ 3500 ;
— 3600 —
3700 —
— 3800 —
— 3900 —
— 4000 —
ProAVA2 Output | Python 04 06 08 1
& Simulations Level I I —4100— vsh (fractional)
+ 1 Default Simulation % DEBUG — 4200— Shitsriisajroloomill[Rehhitogoles
% DEBUG — 4300 —
3 DEBUG
3 DEBUG [ 4400
i INFO — 4500 —
3 DEBUG — 4600 —
% DEBUG = .
Y o CE) Il Object Model Editor
i INFO — 4800 —
¥ DEBUG — 4900 —
3 DEBUG
¥ INFO <

Parallel In Parallel Out

ENTHOUGHT
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Enthought Python Distribution (EPD)

3D data vis numerics

-
-
2D Plot ..
e~ . B T
utput: | xvs ti - » »
% T
s,
-
-
%
GUI linear algebra
S00 Ms-daA!a file L . b 005 I T m
ki
R J 54 ? -
s .
{ Gere |- < & SOLARIS

parallel execution statistical analysis

ol B |

ORM 2D data vis

(3 enTHOUGHT
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Software Application Layers

Domain Specific GUI Applications
Semiconductor, Fluid Dynamics, Seismic Modeling, Financial, etc.

ETS (App construction)
Traits, Chaco, Envisage, Mayavi, etc.

SciPy (Scientific Algorithms) 3rd Party Libraries
wxPython
NumPy (Array Mathematics) VTK, etc.

(3 entHoueHT

Tuesday, October 12, 2010



Fluid Characterization -- Micro-rheology

- Enthought Microrheology Lab - [Cluster Selection - 1-post Tmin]

"1 Eile EnsemblefCluster Plot Tools View Window Help = | & X
Y ' 2 %
MNew Project Open Project Save Project  Import Ensemble
Project I HE | & |l @
q,’] Demo Praject Tracers in 1-post 1min MSD for Tracers in 1-post 1min
+ (] scripts 0 3

+ 1-gellan low shear June 14-04
1-post 1min

50 &=

100 F

150 ¥

Log MSD (um*2)

200
237.804 - 4 I L I L
0 100 200 300 0 0.5 1 1.5 2 25
Log tau (sec)
Mame: |l-Dost 1min Temperature (C): (20.0 MSD for Tracers in 1-post 1min
20 . at1.01 seconds
Color: Tracer Radius {um): (0.25 : : :
Dyn. ¥isc. 0.324 Time Interval (sec): [r 175 pooseeees oo oo pooeeees oo 1 IS oo
r H H H H H H H
5 W2 Tracers: 118 5
L s Rt SR e TR | R
10 | Frames | Clusters | pyn. visc. | R2 A 125 p """"" A pr P I P
124 0 o =l £ : ; S o A ;
2 40 0 0.00321 g o A e I 0 R R T A
3 131 0 0.176 0,993 5 : ; : : : :
4 4 0 L A I ) B e R
5 2 0 H H H . H H H
6 2 0 ] S RN N S N BB R I U R A
7 300 0 0155 0959 . . . g ' ‘ .
8 10 o |\ 0 1 FWm ss5k...... U e B N I I S IR I U I I I
9 300 0 0.178  0.991 25F : g g : 5 §
i? ;0 g 0 | : i |—] il I
1> 2 n v -3.25 -3 275 25 225 2 175 15 125 -1

Log MSD (um*2)

ENTHOUGHT
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VMS - Virtual Mixing System

* Design Drawings
 Computational Fluid Dynamics
* Parallel Simulation

» Data Visualization

- VMS
File Tools View Window Help
(2 {a
Save Workspace Project
MNavigator I

(& Workspace
—-[#] Yertical PBT Cylindrical Dished Mixing Tank Mode
= (_::ﬁ Tank
- 2 Fluid Definition
- I» Fluid Boundaries
A Cylindrical Wall
¢ Dished Bottom
= g, Solids
- % Baffle Array

) Baffle
= (_::f Dip Tubes
£ Tube 1
¥ Tube 2
¥ ;_If Impellers
+ % Raotating Reference Frame Array
--[#] Paravisc Cylindrical Dished Mixing Tank Model
= gf Tank
+ 2 Fluid Definition
- (5] SMX Mixer Model
¥ gﬁ Mixer

(3 enTHOUGHT
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VMA — Virtual Mixing Advisor

YMA - New Project *
Fle Edt Prefererces Took Hep

S New Progect
= P process |
B trocess step 1

~
-
W

Tuesday, October 12, 2010

process step 1 £

puts

[X|

¢ CFD may be an appropriste tool

Baffle angle (deg) 5.00 deg
Baffle configuration Custom
Number of baffles 4
Baffle offset {mm) 28.0 mm
Baffle width (mm) 85.0 nm
Dish type flat
Retrofit?

1 {mm) 2000 rres
Varable speed dnive? Yes

Z (mm) |1500 men
Equipment - Impeller 1

Cy {mm) 65.0 nm
D, (mm) 00 tren
15t blade angle (dex) §50deg
15t blade count 6,00
Type of frst mpeller pitched tiade burbine
Outputs

quipment ]

Dsh hewght (m)

15t std. motor percent (percent)

15t std. motor size {klowart)

2nd std. motor percent (pescent)

2nd std. motor s2e (kilowart)

S{mm)

Ve (liters)
V{ters)

2T
Equipment - Impeller 1
G /Dy

G T

D, /T

W'D

W7

0,000 m
0,013

0,500 kfowatt
0.542

0.750 kowatt
535 mm

137 Rars
710 Revs
0.750

0.0722
0.0325
0,450
0.1%
0.0600

Z'T is below the recommended lower limit.

Open N & new vndow

Short, fat tanks require a larger torque machine, and hence mcrease
capital cost Adust Zor Tsothmt ZT 2 0.90
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OIll & Gas

Stochastic Seismic Analysis

& Conoco Phillips Lab 1.0 EEX)

File View Tools Scripting Window Help

] AR
Project Explore | Templates | m m np... - [O]
[ Home ~

+ 3 Global Seripts

Output | Python |

=[] UKCS_Quad-4202
-fé"fg‘im‘ olumn model logs in pro KCS_Quad-42-02: Proava2 Application [- [B]x]
= [ 3layer model
4l Envionment column_vs (km/s) column_vp (km/s) column_rhob (g/cc)
\% vs depth (M) column tops 0 25 1 5 column_gather 14 28
K —v
4] thab @D -
4] vsh |-
4] vs_shale £
14] vp_shale
4] vp_sand — 200
14] thob_shale
1{] rhob_sand
4] vs_sand = =0
# [ Ocean 8
[ Overburden ° L 400
[ shalel z e
#1 [ Massive Sand E T
w5 shale2 § — 500 %
# Flids
= Wavelets
1 Rk o i
# (2 Cases
& Waorkllows — 700
= Logs - 3
= [# ba22_wi
B a2z e v 800 L
shale1 >
ProAVA 2 | 3 3
= Simulations 90 1 .
BB Heyer Massive Sand| 2. 2.
i results (generated Fri Dct 28 1 — 1000 = - > B ]
shale2 =
—1100—  shalet
)
e P_sand ———— b
— 1200—|
shale2
|

Select display items

Average | Stochastc |

depth (m): 1237 | column_gather: 2.500 [18.49] | column_gather: 3.500 [18 Shift-drag to zoom | Ctrl-T toggles cursor mode | CtriD toggles data toolt

EG -- Cross Section View -- alpaca-

Add Pseudo-well | Change NCT |

Cross section data: [m

(6000,
veudp-1

A: |192.568618774

TVD

B: |-2.3493734134Be-005

Pressure (ppg) NCT (us/fl)
8 2 210 G0

— 1000 —
— 2000 —
— 3000 —
— 4000 —
— 5000 —
— 6000 —
— 7000 —
— 8000 —
— 9000 —
— 10000 —
— 11000 —
— 12000 —
— 13000 —
— 14000 —
— 15000 —

T T TTT

Depth (feet)

ps=udo-2

Pressure (ppg)

ConocoPhillips @ Shell

Pore Pressure Analysis

— 16000 —
— 17000 —
— 18000 —
— 19000 —

Electromagnetic Analysis

Calibrate towline

Dataset Towline Frequency Calibration Type: With reference data
=) Blocke_jambatu () Blocke_synthetic D Tx01m () Tx04m 0025 0125 Offset selection
% Tx02m () Tx05 90.75 0 2.25 .
Reference Dataset SN 2 IR 2 2 Minimum Offset: 550.0
0 Tx03m

) Blocke_jambatu

VPl | wis mage |

Position type: | CMP

=) Blocke_synthetic

Attribute:  d_mag

Geographic axis:  auto

Maximum Offset: 1250.0
Offset Side: _both

Color min: 378774383955  Color max: -63476997526  Colormap: th_model.cmap ( Browse.
[ v-Plot
s
1} L]
o] \ \ \ ! \
]
g s
\ L ‘
| f
| | ' §
2000+ ¥ % | % # |
! LY I L] \ go
f WY, ! 5
L ! f) § =
% 300 1 'ﬂ. % " I 1 Zos
™ f | ] . =
] 11 | % g
3
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Apply Calibration

Seismic Visualization

B0 sliaiayiScaneyl

P IIXYYZZ®| 8 &L
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Army Research Labs (ARL)

« Electromagnetics Simulation * Fine grained Parallelism (MPI| based)

» Python/C/Fortan90 * Desktop Application
 Cluster Execution

I Tempo Editor E‘@

Fie Run Help

6 sphere_33129 A | 155mm_real t72_450MHZ |
Q) sphere_33129_hs
&) sphere_34416_hs 't72_450MHZ' Mesh

Q) sphere_39390
9 sphere_39390_hs

B Tempo Editor
File Run Help

& sphere_4488 =) MySimulations 155mm_real | t72_450MHZ | Resuits 0_0_100 |

&) sphere_4483_hs i g Servers '0 0 100' Soluti
= olution

9 sphere_45 Trace m—

= (@ C:\wikiem_projectiem_projectwraf
#- 2 Materials
-2 Meshes
(£ NewSimulation
= &) SampleSimulation

9 sphere_48582_hs
9 sphere_5328_hs
9 sphere_57795_hs
9 sphere_6402_hs

Carrents (A/m12);

0100317

9 sphere_6459 Air
I].lll Results
Q) sphere_70275_hs X
SampleSource
9 sphere_7542_hs Q@ smalluxo

) Sources
[S5] {i C:\wrk\em_projectimesh_files

9 sphere_8628_hs
9 sphere_86640_hs
9 sphere_9966_hs

Q 7212087
Q 172_150MHZ
Q@ 172_300MHZ .a,mras
Q) 172.31935 - -
~Mesh Statistics (lengths in meters):
Q 72_450MHZ H osswers
@ 7246131 Number of mesh edges: [46131 | Average edge length: [0.{
Q tankiso Minimum edge length: [0.0186461 | Maximum edge length: [0.] o
QD treetptd - Mesh Opacity: Radiation:Vertical=Vertical(dB)
& trihedral10kdn =402 =39.9 =3il.6 =273 =250, =]6.7. =145 =102
Q) tihedrall0ks : : : ' : : ' :
& trihedral10kup ~Translate (distance in meters): Polarity: Object Opacity: " Radiation:
& tihedral40kdn x: |0.o y: |o_o z: 0.0 ﬁ\/e,ﬁcau\/emca. ~| (|Mesh ] — ‘ [ Show radiation
QD trihedral40kfs ;
trihedral40kup — .
? | . &) Close | Window | Save I = u | =] ﬂl MI —
- FEFT 4

(2 ENTHOUGHT
N
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High Speed Signal

Integrity Testing

“® TAIPAN - HSSI Automation Tool
File Jobs Database Debug Query VYiew Tools Help

Job Queue | Instrument Bench ‘ IPython ‘

Stop Queue

“freescale"

]

View: INn filter ﬂ Results: All 8 items
State Device Kernel Run Time Progress
1 running 8547E.200.002 tests 0:03:23 40% (2/5) temperature=50.0 - Sweeping (732.000000 kHz)
2 waiting 8545E.110.001 Example v1.0  0:00:00 0% (0/48) -
5 waiting 8545E.110.001 Examplev1.0  0:00:00 0% (0/48) -
4 waiting 8545E.110.001 Example v1.0  0:00:00 0% (0/48) -
& waiting 8545E.110.001 | Example v1.0  0:00:00 0% (0/48) -
] waiting 8545E.110.001 Example v1.0  0:00:00 0% (0/48) -
7 waiting 8545E.110.001 Examplev1.0  0:00:00 0% (0/48) -
a wnitine QEARE 11N NN1 | Fyvamnla vt 0 A:00-AN nos My
Job1 & job_1 - frequency_response €3
Name: testS | Device
1 Lab number: 8547E.200.002
2 from math import loglO DUT Properties: FF
3 import time
Mimport nupy | Iteration Variables
8 Name Values
00,250,500, 750, 100.0 20
7 ('temperature', [0.0, 25.0, 50.0, 75.0, 100.0]; Al | WD, 2510, EU, el 1.
81
9 instrunents = ['sg', 'dmm’, 'temp controller']
10
11 def run(monitor,bench,config):
12 wonitor.status( "Setting up run...")
ilz] bench.sg.output = False
14 bench.sg.unit_power = "V
alis) hench.sg.power = 1.0 175 1
16 bench.temp_controller.set_temp_and_wait{config
17 timeout=20)
18 nuw_sawples = S0
19 frequencies = nunpy. logspace(logl0(10.0e3) ,log:
20 responses = nunpy.zeros{num_samples)
21
22 wonitor.partial result(name="driver freguency"
23 monitor.partial_result(name="response", value=) e 15+
24 encl
25 monitor.add plot('freguency response', ['drive. Jariable name Instrument name
26
27 for k,freq in enumerate{freguencies): (EMEREENE foo
28 monitor.status( "Sweeping ($£f kHz)" % round sq baz
29 bench.syg.frequency = freg dmm wobble
30 bench.sg.output = True
zal time.sleep(l) 125 4
32 responses[k] = bench.dmn.neasure_voltage_a
33 monitor.partial_result{name="driver fregue;
34 monitor.partial_ result{name="response", va.
35
36 bench.sg.output = False
37 # Note: the use of monitor.result(...) here ha:
38 # The code runs, but I haven't checked that the
39 monitor.status( "Reporting Results...") 4
40 monitor.result{name="dri ver freguency",value=f) 3 1.0e5
- e T =

20e5

305

4.0e5

5.0e5

6.0e5

semiconductor

X
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ental Surgery Planning

ra,\m

[ EasyGuide

|}

T3 | - A - | ~ ”
) OO S e A

Render Method | Quality D3|

3D Volume View Control

Tissue+Bone Bone+ Teeth Teeth

Window

e P

Level

Clipping

__ Enable Clipping __ Plane Flip

(*) Sagittal () Axial

£
A g

() Coronal

2D View Control

Brightness
Contrast

eoes)

__! Color Map Color Presets

Panoramic Section

®) Section () X-ray
Nerve Pathway
T] __ Edit Nerve

Diameter 2.0 mm

Implant

Notation: Universal

ID: e | Position Locked
Manufacturer: Keystone_Denta
Product Name: Cenesis_Straight
Length: 5
Diameter:

Abutment: No abutment
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