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What is X-ray Server (http://x-server.gmca.aps.anl.gov)?

Goals:

-explore simplest ways to share scientific software with community using WWW
- “do it yourself approach” (no extra layer of software engineers)

- be able to monitor usage, correct errors and prevent misuse

- avoid porting to multiple platforms and maintaining multiple versions

- users always access the latest version

- easy feedback from users and establishing collaborations

- shared X-ray parameters DB extendable by users

Technology:

- http interface (CGI wrappers) to unchanged scientific software

History:

- public project launched in 1997

- access to seven X-ray diffraction and scattering simulation routines
- close to 400,000 usages and about 5,500 users

- progress reported @ NOBUGS 2002, 2004, 2006.
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Software available through X-ray Server

This site has been online since 1997 and has served 384,225 x-ray jobs

B g ui;tiie Weh S || GID_SL on the Web calculates x-ray diffraction curves of strained crystals and 237,963
= _ || multilayers for any Bragg-case diffraction with scans around arbitrary axis. It jobs

- Dyanici vy et o sand sl g : : . . e
i supsianoss it suand greng maeeangs || replaces Takagi-Taupin equations for extremely asymmetric and grazing incidence
— — | diffraction.

XO0h interpolates dielectric susceptibilities x, and x, for some crystals and other 97,959
materials in wide range of x-ray wavelengths with the option to compare data from jobs
different databases.

X0Oh-search is a tool to search for Bragg planes under various conditions.

TER_SL on the Web TER_SL on the Web calculates x-ray specular reflection and standing waves from 21,729
i Rt R R s multll_ayers with mt_erface roughness and transition layers. It uses a new recursive jobs
e TRyt algorithm converging faster than the recursions by Parratt.

TRDS _SL on the Web calculates x-ray diffuse scattering from interface 14,769
roughness. It implements several different models of roughness and can simulate jobs
effects of skew roughness transfer, dependence of interface-interface roughness
correlations on lateral size of roughness and x-ray scattering from atomic steps.

on MAG _SL on the Web calculates x-ray resonant specular reflection from magnetic 8,960

e g multilayers with interface roughness and transition layers. It can also supply jobs
i '?_??gj;g:‘;%ﬂ?g““ wavefields for calculations of diffuse scattering from magnetic roughness.

BRL on the Web BRL on the Web applies a novel algorithm to calculate multiple Bragg diffraction of 2,845

x-rays including the cases of x-ray waves grazing along the crystal surface and jobs

WSETTIOERENIETED WO | Bragg angles at 90 degr.

Based on ~17 research papers
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How it works and what is the effort (NOBUGS’2006 slide)
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Evolution of X-Ray Server
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Developed for a paper
Stepanov et.al. Phys. Rev. B, 57, (1998)

X-Ray Server
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Why client-side fitting

¥-rays: * Wavelength(l) J { Energy(keV) =|1.540562
Crystal: |3iC-4H =l @ |zoh data (0.5-z.54) [+

Bragyg BReflection: ID— ID— IT

Geometry specified bhy: Iangle of Bragg planes to surface ['+' for gl->gh) LI i

Substrate da/ a=ID o

Sigma=|0.

i

Scan: from [-14000

[~ watch Progress

to [+2000.

» Line=| Cu-Kal vl "’é‘)

Wt

Folarizat ion=| Nixed = l
[Jh=|1.

Value:ID.

Idegr. ;I

Isec. ;I Scan points:l‘ml Invert axis: | Plot argu.ment,:l incidence angle LI
Approximations: alpha_max%l.E+8 * | xh| i?
Submit Query |(single click, please!

Top layer profile ({op
period=

tional):

Submit Query |(same "Submit" action as sbove; single click, please!

iB= SiEnEe EegEs EEElss . e EEEiEEs . mEs EEElsEs rE=E e d = = =
end period

£=800 da/a = 0.00045 wh= 0.971610767 -~
£=800 da/a = 0.00045128 wh= 0.97153615

£=800 da/fa = 0.00045128 wh= 0.97153615

£=300 dafa = 0.00043512 wh= 0.971312334

£=800 dafa = 0.0004564 wh= 0.37123774

£=800 dafa = 0.00049024 wh= 0.971013993

£=300 dafa = 0.00045403 wh= 0.970790297

£=800 dafa = 0.0004992Z wh= 0.97049211%&

£=800 dafa = 0.0005056 wh= 0.970119519

£=300 dafa = 0.000513238 wh= 0.989672591

£=800 dafa = 0.0005222Z4 wh= 0.969151435

£=800 dafa = 0.00053376 wh= 0.965451759

£=300 da‘a = 0.00054656 wh= 0.96773323

£=800 da/a = 0.0005632 wh= 0.96677Z57Z

£=800 dafa = 0.00058112 wh= 0.965733657

£=300 da‘a = 0.0006016 wh= 0.964547692

£=800 dafa = 0.00062336 wh= 0.983289201

£=800 da/fa = 0.00065536 wh= 0.95144146

£=300 dafa = 0.000658603 wh= 0.959670963

£=800 dafa = 0.0007168 wh= 0.957903727

£=800 dafa = 0.0007616 wh= 0.955332339 _:J

xhdf=

wi=

wh=

Available codes:
[?] Crystals:
Alis -
ALlFe3

LIN

AlP

alpha-Fe

L15h

A1TO3 e

il E

A1203 -

Fluorite ¥

ol >

[?] Elements:

[?] Hon-crystals:

Providing fitting at Server
for general case is non-
practical:

Too many parameters!

The form at the left is a
typical material science
application submitted from
univ-poitiers.fr. The profile
contains 72 lines, i.e. more
than 200 parameters.

Also, account for the
geometry or resolution of
experiment would make
the programs case-specific
VS. generic.
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Client-side wrappers

Client has to do some programming:

- Write a fitting loop specific to his task
- Write or adapt client-side HTTP wrapper
- Implement convolution of calculated data with his specific resolution function

X-Ray
client

. — » Server provides templates (documented examples) of
Fitting loop client HTTP wrappers (typically ~100 lines of code)

 Currently in Perl and Bash, but the goal is to have more
languages like Python, Tcl, Java, and etc.

* Collect wrappers from users

Client's HTTP wrapper
links fitting loop with
curve calculation

calculation
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Example: remote fitting of diffraction from AISb/AlIAs superlattice

] GaSb (004) - data| The structure consisted of 122
105-5 — fit AlISb(25)/AlAs(2) “digital alloy”
] -1} superlattice buffer layer periods
10" buffer SL (~10,000 A thick), followed by five
0 E L TERAL INAs(6)/Gay ;1IN 3Sb(11)/InAs(6)/AlIAS, 106
5 1 5 3 %5 Sby gg4(77) W quantum w_eII periods
g 1073 voE +3 (~1524 A thick), seven periods (~234 A)
% : i i s of the same AISb/AlAs digital-alloy
B 107+ ? i AN 5 E 3 barrier, and a 150 A GaSb cap layer.
g | 1 EHE Y . - .5 The numbers in parentheses are
= 1 ;’« R I!- ' i' i 4 1 numbers of monolayers.
10'3 1.8 -‘u'il BRI R 8
T *i ;Eél : Il Rl , i g Only the structure of the buffer layer was
i iRl AU N (| ol Antifie i
. . iﬂ-lllﬂl"l | |"|' i‘f' Fl’J"'ll’MHWJl il of scientific interest, therefore only

R parameters describing the buffer layer
54 56 58 60 62 64 66 68 70 o0 varied within the fit.

260 (degrees)

- Client-side fitting and convolution programming at University of Houston (x2 simplex algorithm)

- Used HTTP agent examples (templates) provided on X-ray server

- No meetings or phone communications required between Argonne & Houston; only few emails
- Thousands curves calculated in short time & 2 parallel fitting jobs, but no server overload issues
- Less than time 10% overhead due to remote operation (28.9s vs 26.0s per cycle)
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Frequent questions and concerns about X-server

If scientific software running on a desktop gets popular, would it cause performance issues?
Has not happened to X-server during 11 years in spite of exponentially growing usage. Scientific
servers are not Google — audience is limited. If it happens to some software, then it will need
another approach; ditto with highly interactive software.

Deployed solutions are nothing fancy; software engineers could do better. Why not using them?
The solutions are targeting do-it-yourself for scientists. It is important that scientist can monitor
his software usage because physical models are based on multiple approximations and it is
almost impossible to restrict misuse upfront. That is why software must remain in a form original
author could understand. Also typical University research groups cannot afford extra engineers.

How big is overhead with all these layers of wrappers?
As we saw, the overhead was 2.9s. In our case it corresponded to less than 10%, but could be
less or more depending on the duration of calculation. The overhead will shrink with faster CPU.

Is there any possibility of parallelization to improve performance?
Not in the used scheme, but performance has not been an issue. X-server frequently processes
multiple tasks in parallel without noticeable degradation of productivity (dual-core Dell desktop).
Still, there is a mechanism is place to restrict the number of simultaneously running tasks.

Server security: could a malformed script be used to compromise the server by a hacker?
Not happened in 11 years, although probes sometimes amounted thousands a month. Main
reason for security: scientific servers have highly specialized interface, no common hacking
tools would work. It is another motivation for client-side fitting (no files to upload on the server).

Argonne‘) NOBUGS2008 @

NATIONAL LABORATORY



Conclusions

We have described the first implementation of fitting X-ray Bragg diffraction
profiles from strained multilayer crystals at a remote WWW-based X-ray software
server.

A practical task of fitting X-ray diffraction data from a complex semiconductor
superlattice structure was solved with minimum programming on the user side,
who otherwise would need to develop a complex dynamical diffraction program
modelling a multilayer structure.

This approach is a simple, inexpensive and efficient way to make well established
software available to small research groups, while maintaining feedback between
software providers and their end users.

This approach will not be appropriate for all applications, for example those
iInvolving high demand or massive computations. We expect, however, that the
experience gained in this project will be valuable for a rapidly growing number of
WWW collaborations in all areas of science.
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