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Virtual Sample Library

» MBHEZFICE TS, ZRAAHMT DO EEZUE
HIZ1TD

» For managing multi-dimensional sample data in
material science.

InsTITUTE OF PHYSICS PUBLISHING MEASUREMENT SCIENCE AND TECHNOLOGY
Meas. Sci. Technol. 16 (2005) 285-291 doi: 10.1088/0957-0233/16/1/037

Object-oriented virtual sample library:
a container of multi-dimensional data for
acquisition, visualization and sharing

Shin-ichi Todoroki

Advanced Materials Laboratory, National Institute for Materials Science, Namiki 1-1,
Tsukuba, Ibaraki 305-0044, Japan

E-mail: todoroki.shin-ichif@nims.go.jp
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Ruby-Helix

(@) Ruby-Helix - Mozilla Fref
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Ruby—Helix

Masahide Kikkawa

Available online at www.sciencedirect.com

-2 < " Journal of
*.” ScienceDirect Structural
* Contents Biology
o Dverview. Journal of Structural Biology 157 (2007) 95-105 -
o About Rub\ / www.elsevier.com/locate/yjsbi
o MNaray
o Ruby—Helix tested Platform . . . . . . .
o Licenss Ruby-Helix: An implementation of helical image processing
o Authors based on object-oriented scripting language

o Reference

Zoltan Metlagel ®, Yayoi S. Kikkawa °, Masahide Kikkawa **

e Helical image analysis.
* Department of Cell Biology, University of Texas, Southwestern Medical Center, 3323 Harry Hines Boulevard, Dallas, TX 75390-%39 USA

o Brief hIStOW of helical reconstruction theow ® Department of Otolaryngology-Head and Neck Surgery, University of Texas, Southwestern Medical Center,
o Scan EM films or transfer CCD images. 5323 Harry Hines Boulevard, Dallas, TX 753%0-9039, USA
o Convert the scanned image into the MRC format. Received 4 April 2006; received in revised form 20 June 2006; accepted 5 July 2006

. . ;a1 - ine 2
o Determine the defocus level using ctfind3. Available online 15 August 2006

o Unkending [or straightening)
n nbend on Mac 05 X
o Unbending with bshow.

n Unbending with AVS. Helical image analysis in combination with electron microscopy has been used to study three-dimensional structures of various bio-
logical filaments or tubes, such as microtubules, actin filaments, and bacterial flagella. A number of packages have been developed to
carry out helical image analysis. Some biological specimens, however, have a symmetry break (seam) in their three-dimensional structure,

Abstract

o auto unbent

o Bootstra DD.I ng with rul?y schpts ) ) even though their subumits are mostly arranged in a helical manner. We refer to these objects as “asymmetric helices”. All the existing
o CUlanalysis — scenario 3 — semi—automated analysis packages are designed for helically symmetric specimens, and do not allow analysis of asymmetric helical objects, such as microtubules
» Parameter file 1 a0000total rb with seams. Here, we describe Ruby-Helix, a new set of programs llor the analysis of “helical” objects with or without a seam. Ruby-

Ps ter file 2- 20000 b Helix is built on top of the Ruby programming language and is the first implementation of asymmetric helical reconstruction for practical
- rameterne £ a : image analysis. It also allows easier and semi-automated analysis, performing iterative unbending and accurate determination of the
» Refinement strate repeat length. As a result, Ruby-Helix enables us to analyze motor-microtubule complexes with higher throughput to higher resolution.

o Mvers ging © 2006 Elsevier Inc. All rights reserved.
= What should be done” Keywords: Cryo-electron microscopy; Helical image analysis; Asymmetric helical reconstruction; Ruby-Helix
= How?
» OTF corection scheme
o 30 map visualization RubyKaigi2010  2010-8-29
n WWith AVS
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Ruby-Helix

» EFIWEREENS. EMUNEGRED =ZRTEE

BEITH-oDTATS L

» Program set for Helical image analysis in combination

W
di

ith electron microscopy used to study three-

mensional structures of microtubules etc.
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Dynein and kinesin share an overlapping
microtubule-binding site
Naoko Mizuno'?, Shiori Toba?,
Masaki Edamatsu?, Junku Watai-Nishii’, THI NP =3 Y ey -
Nobutaka Hurukawa ‘I"uku Y Tuvushuma I_”%h b*ﬁﬁbt3ﬁx*ﬁm .
and Masahide Kikkawa'* 3-D structure constructed from the EM image
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Figure 3 Cryo-EM imqges of a DSH-microtubule complex. Cryo-

EM images (bar = 800 A) showing (A) a DSH-microtubule complex L.

and (B) an undecorated microtubule. (C, D) Computed diffraction RubyKaigi2010  2010-8-29
patterns of the images. | —

ask analyses were carried out using the newly developed Ruby-Helix
re. The
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Aerodynamics

» http://www.artcompsci.org/~makino/rikigaku/

» A book in dynamics for general readers
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Program and explanation

r@ File: .may.cp - Mozilla Firefox
I7AIUE) WEE) =RV BES) TvsHI—4(8) Y—ILUI) ~LF(H)

1.TEATHHEIS AR

1.1. JnJsLLfEs

A ELDRIIT COTETSAD, LA sl W TRERER TOUSAREALGD
TEEET DAL,

FAS: 24 FITTH, B3 OIS TEEILSTELEHTY B, LYHAT 003 LHLTH
FLao,

may-fig3.rb

reguire 'narray'
include Math
$g=-9.8

def dx(x,c)
d = NArray.float (4)
d[0]==[2]
d[1]==x[3]
vabs = sqgrt(x[2]1%*x[2]1+x[3]1%*x[3])
d[2]= —c*xu[2]*vabs
d[3]= -c*x[3]*vabs + Sg
d
end

def rkZ(x,c,dt)
d = dx(x,c)*0.5%dt
¥ += dx(x+d,c)*dt
x

end

def plotsolution (vx,vy,c,dt)
®x = NArray.fleoat (4)
x[0..3]1=[0,0,vx,vy]
prev=x[0..1]
reloc =[0] =[1]

[ESNIERE=

RETDEFTERDR
Result flight trajectory
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Thank you for using NArray




HERuby CT—2 &L=y ?

Why do we want to analyze data using Ruby
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T—RNBAFHEICLT=0Y

We want to make data processing easy

» IBZFFHEIZEEZT=1)

> write processing codes shortly

» TERZTI CREFEL =LY

> confirm processing result immediately
» AV RSV TATIEBRIESB L=

> manipulate interactively

21
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Requirement from scientific computing

y TOT S LBEITS — Ruby
° Programmable
» AVRTDTATIEELT — irb
° |nteractive execution
y T—ARECHIEEE — NArray

o Data Array Manipulation
» BIEETES14T3Y
o Library for Numerical Algorithms

» DT IRIRHERE

o Plotting Graphs
RubyKaigi2010  2010-8-29



Ruby/NArray

» S RITTHEESS
° Numerical N-dimensional Array

» http://narray.rubyforge.org
» http://eithub.com/masal6/narray

—

RubyKaigi2010  2010-8-29
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http://narray.rubyforge.org/
http://github.com/masa16/narray

)1)—A

Release
» 0.3.0—-1999
» 0.5.0-2000

» 0.5.9p7 — 2009 (current version)
» 0.7.0—20?? (next version, under development)

24



NArray®DET )L

» IDL (Interactive Data Language)
» Yorick
» Python Numeric

—
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NArray R E R (EFXE )

NArray constituent (basic part)

» rank

o RITE the number of dimension

» shape
- EEBIMDIRZ1 array shape
» type

- BEXRME! element type
» memory block

o T—REWRINT HAE)—T AV

26



AE)—=T0vY
Memory block

» Ruby Array :
o> VALUE *ptr; >

» NArray

o void *ptr’ 9 double[0]

value[0] value[1] value[2] value[3]
}
double[1] | double[2] | double[3]
int[2] | int[3]

o or int[0] | int[1]

RubyKaigi2010  2010-8-29




ZERODE

Element types

» BN
> BYTE (8bit)
> SINT (16bit)
> INT (32bit)

y IFEI LA
> SFLOAT (32bit)

o FLOAT
> = DFLOAT (64bit)

» BHRH

o SCOMPLEX (64bit)
> COMPLEX
o = DCOMPLEX (128bit)

» RubyA TSIk
- ROBJECT

RubyKaigi2010  2010-8-29
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NArray types

y IR Tl EILRM D H

> Current version has Built-in types only

» RhR Next version
o BT RI ZEMEIEE
- Append-able types

—

RubyKaigi2010  2010-8-29
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Shape

» shape = [4] » shape =[4,4,4]
> 1RITELS > 3RITHELF
° one-dimensional array o three-dimensional array

al0] | a[1] | a[2] | a[3]

» shape = [4,4]
o 2R ITEE

° two-dimensional array

a[0,0,0] | a[1,0,0] | a[2,0,0] | a(3,0,0]

al0,1,0] | a[1,1,0] | a[2,1,0] | a[3,1,0]

a[0,0] | a[1,0] | a[2,0] | a[3,0]
al0,1] | a[1,1] | a[2,1] | a[3,1]
al0,2] | a[1,2] | a[2,2] | a[3,2]

al0,2,0] | a[1,2,0] | a[2,2,0] | a[3,2,0]

al0,3,0] | a[1,3,0] | a[2,3,0] | a[3,3,0]

al0,3] | a[1,3] | a[2,3] | a[3,3]

THITLORITTEITEGS
Different from Matrix dimension

RubyKaigi2010  2010-8-29 30



SZRTT—IDIRF

Order of Multi-dimensional data

» afi,J] F—ANEEET BIES
N . d
> Em;ki’n(i)ﬁ‘libﬂﬁl%) contiguous order

o Left dimension(i) is contiguous

o Fortran-order a[0,0] a[l,O] a[zlo] a[3,0]

° Row-major order

al0,1] | a[1,1] | a[2,1] | a[3,1]

If a.shape == [m,n] then al0,2] | a[1,2] | a[2,2] | a[3,2]

afi,J] == a[i+J*m]

al0,3] | a[1,3] | a[2,3] | a[3,3]

» a[j]1[1i] & reverse order
» ZIRTIIZEEFE

o This will be changed for the next version.

RubyKaigi2010  2010-8-29



NArray D 4 R,

Creating NArray
NArray.float (3,2) NArray[[1,2,3],[4,5,6]]
=> NArray.float(3,2): => NArray.int(3,2):
( [ 0.0, 0.0, 0.0 ], [ [ 1, 2, 3 1,
[ 0.0, 0.0, 0.0 ] 1] [ 4, 5, 6 ] ]

NArray.float(3,2).indgen! NArray[l..10]

=> NArray.float(3,2): => NArray.int(10):

[ [ 0.0, 1.0, 2.0 7, [ 1, 2, 3, 4, 5, 6, 7, 8,
[ 3.0, 4.0, 5.0 ] ] 9, 10 1]

RubyKaigi2010  2010-8-29



BEANDASAR
Slice of NArray

»al[l]
- BRSHR
o reference by element

ralfl..2]
- SR
> reference by range
raffl,31]
o ATV RELHISHR
> reference by index array

—

al0]

a[l]

al2]

a[3]

a[0]

a[1]

al2]

a[3]

al[0]

a[l]

al2]

a[3]

RubyKaigi2010  2010-8-29
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]
Operations
) REERCE

o QOperation is element-wise

*
oo /s a*b
» ;E

Operations
- MALER
- arithmetic operations

k o Xk
‘ +I-I ) IA)I

- RFERER

* math operations
* NMath module

a[0]*b[0]

a[1]*b[1] | a[2]*b[2]

a[3]*b[3]

RubyKaigi2010  2010-8-29

34



NArray speed

v

Float Array with 10° elements
Ruby 1.9.2 :

v

(0...n).map{|i| a[il*b[i]}

o elapsed time : 180 ms
NArray with Ruby 1.9.2:
a*b

o elapsed time : 6.4 ms

v

v

>

NArray is ~ 28 times faster 28f& LY
8 times less characters 8fZ55<ZEI(+5

RubyKaigi2010  2010-8-29
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Mandelbrot calculation speed

. NArraylZ XA 1EREM £

g Speedup by NArray —RIENArayDH 1k
S [ZHYFET

8 50 //

& 40

ﬂE /

e 20 ——Speedup by NArray
H 10

[

B 0

¥ 0.Ee+00 2.E+05 4.E+05 6.E+05 8.E+05 1.E+06

T—3H AL X datasize
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NArray (3 E<A LY
NArray is not fast

» NArrayDAE) 7oA » REOPCT—FTIF~

» Memory access for NArray » Actual PC architechture

fast

NArray’s
Bottleneck

KRR LYY

L1 cache

I Memory

\ L2 cache

slow

RubyKaigi2010  2010-8-29 37



SOHICHEMICHAETER

More complicated architecture

Main Memory

Network

RubyKaigi2010  2010-8-29
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38 14 1 FiT
Right tool for the right place

» Ruby and NArray
o A—RZEZXI LY Easy to write code

- B SDIRMK Hide complexity
- T—XTUFvDi:ELY different architecture
s T—RDNEH data distribution

39



MFRRICLELEBSHEE

Requirement from scientific computing

y TOT S LBEITS — Ruby
° Programmable
» AVRTDTATIEELT — irb
° |nteractive execution
y T—RECHIERE — NArray
o Data Array Manipulation
» BEFTES14T3) — Ruby/GSL, etc.
o Library for Numerical Algorithms
» J ST RIRIERE -?

o Plotting Graphs
RubyKaigi2010  2010-8-29
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YA\l ) ful il
| have not talked about
» NArray®D & HEBE

> NArray functions

» NArrayD{ELVA
> NArray usage

» RhRNArray

o Next version of NArray

Ao AE BB ARSI & 0D b

o Comparison with other numerical arrays, e.g. Numpy
» Python MEZRNEBFTERIZGEYDDOHLHHE

> Python is becoming major in Science field.

RubyKaigi2010  2010-8-29
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My current research

HFER
Masahiro Tanaka
TR K=

University of Tsukuba




SR TLDOF A
Distributed Systems
D—970—NT 57

4 *4?7_:—’)"@553 Workflow graph
) = @D ) ] e

o Scientific data processing

y LT —070—THD
° is a complicated workflow.

y J—970—RB EEINBE
° |t needs definition language

» MakefilelZ&kDHEEB A IEE

> Use of Makefile has been proposed

o e.g. GXP make

RubyKaigi2010 2010- 43
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Pwrake — if 51| 43 §{Rake |

Parallel distributed Rake \Pwrake/
» RakelZ&L4T—V70—Eh#iRE /Z’ﬁ
\Process

» We propose defining workflows Rake
> MakedkYEEiR AMEF LY
> More descriptive power than Make

» RakeD i 51| 73 BXHLE5R EL T, Pwrake (LA 9) %
I

» We are developing Pwrake, a Parallel workflow
extension for Rake

o http://github.com/masal6/pwrake

N

\Process/

Procesg/

44


http://github.com/masa16/pwrake

F & Summary

» NArrayZ fE > T=FEl 25 E D HIZ DL THT

> Examples of Scientific computing using NArray

» NArray&EZ D572 9T

<

> NArray and its features

i 51| 28R — 02 0—E 1T AT LPwrake

o Parallel Distributed Workflow System Pwrake

RubyKaigi2010  2010-8-29
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CHEHYMNESITTUVELT:
Thank you !
4 f%ﬁﬁ

» Questions?
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