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ABSTRACT

The crystal structure and magnetic structure is extremely important in
determining the behavior and properties of a solid material. In the research of crystal
structure and magnetic structure, a single crystal is the best choice. But single crystal
growth is not easy sometime impossible and many materials are not single crystals.
So powder diffraction becomes the powerful tool for the research of crystal structure
and magnetic structure. Powder diffraction crystallography before Rietveld
refinement is difficult to achieve the complete information of a crystal because there
are strongly overlapping reflections. Rietveld refinement is a method of analyzing
powder diffraction data in which the crystal structure and magnetic structure are
refined by fitting the entire profile of the diffraction pattern to a calculated profile
using a least-squares approach. Rietveld refinement uses all the data of powder
diffraction not only the peak position. So it can not only solve the overlapping peaks
challenge perfectly, but also get more information from the powder diffraction. So
Rietveld refinement becomes an important method of powder diffraction data
analysis. But traditional Rietveld refinement programs often have low efficiency and
complex operation. The main attention of this article is paid to the design and
application of AutoFP: a program for high-throughput and automated Rietveld

refinement based on Avrtificial Intelligence (Al) algorithm.

In chapter 1, we elaborate the topic goal and significance of the research, as
well as the research status at home and abroad. With the advancement of the Al
technology, more and more complex problems can be solved by Al algorithms.
Introducing Al algorithms to the field of Rietveld refinement will bring new thinking
to realizing the automation of Rietveld refinement. The realization of the automation

will lay the foundation for high-throughput Rietveld refinement.

In chapter 2, we use widely used Rietveld refinement program FullProf and Al
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algorithms to developed a highly automated Rietveld refinement program AutoFP.
AuUtoFP is an open-source software package developed in Python, and is
user-friendly, easy to learn and use, has good cross-platform. AutoFP improves the
extent of automation of the widely used Rietveld refinement program FullProf
greatly. The expert system algorithm is used as the control algorithm to simulate the
manual refinement process when FullProf program is used to do Rietveld refinement.
This enables AutoFP complete the Rietveld refinement highly automatically and
intelligently. It is proven that expert system algorithm is a good choice for
automating Rietveld refinement. Meanwhile, AutoFP provides a machine learning
algorithms interface and a Q-learning module for searching the strategies of Rietveld
refinement to improve the policy library of the expert system. Programming
interface is reserved for advanced users to implement their own refinement strategy
or use new Rietveld refinement engines. AutoFP can also be used as an automated

Rietveld refinement engine by other programs.

In chapter 3, we focus on the realization of automated quantitative phase
analysis based on AutoFP. Rietveld quantitative phase analysis is an important means
of powder diffraction quantitative phase analysis. But manual Rietveld quantitative
phase analysis is often complex and inefficient. Based on AutoFP, we continued to
develop an automated quantitative phase analysis program, which greatly simplify

the operation of Rietveld quantitative phase analysis in FullProf.

In chapter 4, we focus on the design of high-throughput Rietveld refinement
system. With the proposal of Materials Genome Initiative (MGI), high-throughput
characterization of materials becomes the focus. High-throughput powder diffraction
will produce large amounts of powder diffraction data. Faced with so much data,
high-throughput powder diffraction analysis of high-throughput data becomes very
urgent. Based on the automated Rietveld refinement program AutoFP and the
MPI1(Message Passing Interface) parallel framework of Shanghai University ZQ4000

cluster, we developed a high-throughput Rietveld refinement system, which will
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create possibilities for the high-throughput Rietveld refinement and boost Materials

Genome Initiative.

In chapter 5, we report the comprehensive application and testing of these
programs. The results show that AutoFP can complete automated Rietveld
refinement of single phase materials and the quantitative phase analysis of the
mixture with high quality. The high-throughput Rietveld refinement system can
complete the high-throughput Rietveld refinement task of massive powder

diffraction data.

In chapter 6, we summarize the research and make prospects for future

development in this field.

Keywords:  AutoFP, Rietveld refinement, automated, Al,

high-throughput
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i FullProf ¥5 &% 02T fp2k IRE 77, #2401 fp2k IR 3), 4551, I B AT fp2k
REEAT HE AT IR I ThRE, BER RS 12 45 R B RS S I gs Al B, i 12
AL T R ERE SRR A AL, A T S E AR DL T AR K 7]
A, T R — AN R DT S R, TR AE . AL LR B 3k
B ERZ L, FSTRIGHEE, Bk, FHRRME, B—RERA/GET,
KN LR T KRG G, FRE 18 SRS A SRS 22, AR A (5] (R RS B 55
T FASTR] 1 s TR 28 4 FE OB BT /8, 58 — JURmG I R, kA
WL 2 21 (877 2 TR BRI HE W 9 58— 5 R G RN A b 7o R 12 5% . AutoFP
XA T T A T AR B AR EE, R R AR B 125
oy, ORI RE 7 AutoFP I HIEE, XFT AutoFP BAEHITF A, AILLILHE
B e v SR ST A8 51 R, Lt AT LB e PyFullProf iy PyGSAS M
MBS 25N T B4 Rietveld ¥EIEFEF GSAS, 1M HIZARTE 7 ik
AR o A E] DL A RO HABALAS 5 ) B, TSR AS 51 B

AutoFP H AT FullProf fEUASIE5 %, (HERE T GSAS 1EAFIE 5 1)
B, TIERRINE. REFIEE D, TXARGAATZEERL, £LXAS
SR b IR RRAR A JRE B 3k T LA o O B SRS R B

2.1.2 BEEM

AutoFP ATk [¥) Python[35], PyQt[36], Matplotlib, Numpy %55 Python
J, LA Rietveld ¥ 1& 544 FullProf %52 #5-F & (Windows, Linux, Unix, Mac)
(¥, FrLL AutoFP WA REFIEs-T &4, HiTSL® 3 Windows, Linux
PR LR PG . Windows & 1 Linux “F-& AutoFP 418 2 - 3 1@ 2 - 4 fiR.
Horr Linux “F & IR 1N J5 25 =l & Rietveld FE Q& 1% 1.

2 T autofp —c n—a *.pcr.

—c nizfr n N cycle, W% n=0, HEREIEIT cycle, -a [
IRBHREIESHL



iR A AR S

Windows )
Linux
Python
FullProf J — Qr
Mac OS
Unix
B 2-2 AutoFP 35-F &1
1T AutoFP — O x
profile  instrument  Atem | Atom biso  other Occ  phase: [ [2] Auto  Manual = About
1 2 3 4 open ;
1 X-Atoml¥1-10] 025 [m} autoselect ‘ run ‘ ‘settmg‘ Cycle
2 Y-Atom[¥1]-[0] 025 [m]
¥ /paper/autofp/arc/rel sase_3/exanple/test/Y203,/4203. por
3 Z-pr et Ane —
[ Rep - o x 5 ~
debug
Oce
5

update table ok!
Hiﬁt of phase [phasel. phase2, phase3 ... 1:

1 ok!
[[78.3, 75.6, 74.9, 44.0, 43.8, 43.8, 43.8, 43.3, 43.2, 43.2, 43.2,
43.2, 43.2, 22.2, 22.0, 21.0, 20.3, 20.3, 8.21, B.0l, 7.72, 7.54,
42, 7. 42, 7.42, 7.4, 7.34, 7.31, 7.31, 7.3, 7.3, 7.3, 7.27, 7.27,
23], [7.24, 7.24, 7.24, 7.24, 7.24, 7.24, 7.24, 7.24, 7.23, 7.23,
3. 7.23, 7.22, 7.22, 7.22, 7.22, 7.22, 1.21, 7.21, 7.21, 7.21,
2, 7.2, 7.2, 7.2, 7.2, 7.2, 7.19, 7.19, 7.19, 7.15, 7.14], [7.13,
013, 7.13, 7.13, 7.13, 7.13, 7.13, 7.13, 7.13, 7.13, 7.13,
.13, 7.13, 7.13, 7.12, 7.12, 7.12, 7.12, 7.12, 7.11, 7.09,
.03, 7.03, 7.03, 7.03, 7.03, 7.03, 7.03, 7.03, 7.03, 7.02,
.02, 7.02, 7.02, 7.01, 7.01], [7.02, 7.01, 7.01, 7.01, 7.01,
.01, 7.01, 7.01, 7.01, 7.01, 7.01, 7.01, 7.01]]

[P PP
[

T
T
03, 7T
T
T

~
v

[ Show Bwp curve [ Show FE out

B ] | et apeRGE— [
B 2 -3 Windows -F& AutoFP J&

@ - O AutoFP

profile | instrument | Atom | Atom_biso | other | Occ phase: (0| Auto \ Manual Tool About
1 2 3 4 open -

1 x-Atom{Y1}0] 025 ~ | | | |autoselect | | run | |setting| Cycle:(0:

2 Y-Atom[Y1}-{0] 0.25 . /home/me/workspace/release_3/AutoFP/example/Y203/Y203.pcr

3 Z-AtomlY1}o] 025 &~ = =

4 X-Atom(¥21] 0.96766 &~ c

5 Y-Atom[Y2}-(1] 0.0 &~ EE——

— TR |

d ‘Z SombZHL 25 weight of phase [phasel, phase2, phase3 ... I:

7 X-Atom{O1}2] 0.39128 . 1.0

8 Y-Atom{O1112 0.15278 1 okt

- romio1k (2] . [(75.6, 75.6, 74.9, 44.0, 43.8, 43.8, 43.8, 43.3, 43.2, 43.2, 43.2, 43.2,

7S, o 43.2, 22.2, 22.0, 21.0, 20.3, 20.3, 8.21, 8.01, 7.72, 7.54, 7.42, 7.42

9 Z-Atom(O1}-2] & 7.42, 7.4, 7.34, 7.31, 7.31, 7.3, 7.3, 7.3, 7.27, 7.27, 7.23], [7.24, 7.24,
7.24, 7.24, 7.24, 7.24, 7.24, 7.24, 7.23, 7.23, 7.23, 7.23, 7.22, 7.22,
7.22,7.22,7.22,7.21, 7.21, 7.21, 7.21, 7.2, 7.2, 7.2, 7.2, 7.2, 7.2, 7.19,
7.19, 7.19, 7.15, 7.14), [7.13, 7.13, 7.13, 7.13, 7.13, 7.13, 7.13, 7.13,
7.13,7.13, 7.13, 7.13, 7.13, 7.13, 7.13, 7.13, 7.12, 7.12, 7.12, 7.12,
7.12, 7.11, 7.09, 7.03, 7.03, 7.03, 7.03, 7.03, 7.03, 7.03, 7.03, 7.03,
7.03, 7.02, 7.02, 7.02, 7.02, 7.02, 7.01, 7.01], [7.02, 7.01, 7.01, 7.01, |
7.01, 7.01, 7.01, 7.01, 7.01, 7.01, 7.01, 7.01, 7.01, 7.011]

13
T =
[") Show Rwp cu & show FP out
refineall | | clearall | [ ok | | = | PA4-AsymmetryParameter

B 2-4Linux F4 AutoFP F&



RS ST

2.1.3 &itEN

AutoFP K FHH [4) X % 1) Python 155 HF A& [1,35]. [ 7] % % 0 15 vH i 15
AutoFP 7] DI AR Fa st i PRANY e . RN S - A 5 AL, Python 15 &5 7E R}
A TF R A )32 K . NumPy  (http://www.numpy.org) 1 Matplotlib
(http://matplotlib.org) #2i& FH T EE 2 B FI e ARG T 52 0 1) Python 3R 1460
£ AutoFP F &I FEH, Matplotlib B AFE08E K RSB A R,,, 1 2R BIR

Numpy G148 F SRR % R BUE TH SRR R0 B . AutoFP I P 5t (UD &
K H PyQt £i[36] (http://sourceforge.net/projects/pyqt) A K. Qt HELL 4 72
KA UL BOHHESR, B RIFAES-F e . PyQt J& Qt #EZEHY) Python #&11.
Python A1 Qt HESR )i L FAE AT LAHE Bl AutoFP HA R IF #5161

AUtOFP (135 — Rz HI H R & K RAHIE[25,27]. BERRGHILLE—Fh
SN TR SIE, Bt PR AR T IF-THEN U ) 0 R HE 2R 1) & 4% 1]
A FIUREE TSR . 5 2% AR G0 HEE 5] B30 B T 2 A0 RS
M HEDE R Ge NB RS . 7E Rietveld A5, A% KRS 50E AT
DMERE X ARG FIRE . seAh, HEEL S| 5 thn] DU R A iR il g

AutoFP ¥ R [1] 2 -
D BMAEE RIS EE )L B B S
2) AR EE A
3 AT, R

ST 1, AT ARE R L ERIFBATE%, AutoFP RHE KRG H
itk . 7E AutoFP HLTH, FullProf RSk NRSIE 51 . YR EIRRIE T
FRGHEENHER G R 2 DA ERS B AR E 5, ixes
B AN i1k 7y IF-THEN U, X LSRN B 1 FE B R1IRE . 25 AutoFP JT
IR —AMEIBAT S0, B RS S A 2 4 IR AR B B 2 HE T ERS 1B 1 2 401
i, FEMETE FullProf HIISATIRAS, TR B AN TR P b PRS2 1 4 vh il 21 1) &%

10
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RS ST

FIOREIE L, LLUTREIE R B, FUllProf 3247 REAME LS55, T, 2275/ E3fk
.3 55 T 2 1 Rietveld K £

FFEI 2) 9T AR E SRR AutoFP B B 1 AT AT 1
UL B, R P P O A ISR . T AR STRE I 35 P 05 ]
TEFE. AUtOFP 53 T —LE B kb MR, /T 7 11 C M i e (T b
SERREREIEIT S, I, AUtOFP {RE1 T FILF [ 5 SURS S Sm 35 1, B2
FIPTRTBAS 1 DRSNS, T3 AUtoFP 2252 i S A IE1E 25, FiL PR
AT DA 52 CURAT ORS00 02 (RAZ I WL FullProf 3873 A2 g
SRR, R FullProf IR BB R FullProf &7, 1
2 10 K R GRS M ST 2 3 WA 1 7 5 e S 54 0
HPRAS, TR TR IR . Mo, AUtOFP 44 2 k181 255 MURE 1
(L5 IR, 1.

XFF R 3D, AutoFP KAESy GPLV3 YFRI R IR H , A MR H AT
PAERBOEACHS, A2 SRS ki 2 B S @K, al Bootik B 2 AR {2 2t
AutoFP [ J&. = R LT R B SRS IZ 50, BUE A AutoFP R R 5
FiLERERBRE .

2.1.4 {F£HI<AA

AutoFP fij s 55 H, P A DAZIE LR D BREE A F
1) In#EfE R AutoFP
2) &P “Auto” PRZETT

3) il “open” HZHITIT per M FRGEAEHI S, BAEH per # S E)
S EEBFTH. i “autoselect” 1%%H 2 HANEFAE B SH, BFHLELMS
BRI T3k B 15 S Bk F8 2, “ cycle=0"Fon H 3 P E IE MR EL, “cycle=n”
TR HIEAT n MEIR

IbAh, {8 AutoFP 752 R T

11
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1 i LA PR B2 I SO

i H FullProf il{E LB FIRS (24501 S0, AutoFP 384T 75 BRG 2 1 1 S0
(*.per) FIEIE S (*dat). iR por SCHEA dat SCHEAMFE S T, H
un Y203.pcr, Y203.dat. &R AN SCHTRE T AN SR T, BT
R AR T Qt EEh SRR R, SUAF IR AR 44 h SCSCRRIE A ) L, PR
BRI SR 4

2) AutoFP [ & #5 47 1 — L& I X ) 57 "] DL AE AutoFP [ 3
http://pmedia.shu.edu.cn/autofp T~ % B34 /£ AutoFP %3¢ H 3 T3REL, ot
C:\Program Files(x86)\AutoFP\AutoFP\example.zip-

B 22 B IR AN ZRE v] LA 1) AutoFP [¥3  http://pmedia.shu.edu.cn/autofp
%}EEXO

2.1.5 MfimMIE%E

AutoFP [ T #24t 5 3 Rietveld ¥ Thfgsbh, e ft 7 —Lffhn T &, BLy
G . Eean B 5h pre O3] origin FE LI TIRER B 3 cif 28R per SOt
[rThieE

1) prf 33 origin S H 3h#5 ¥ T E. prf2origin

FullProf iy Hi ARG 18 45 SR G S 2 1 FullProf 5g SCHY prf #538, BEkg R
A& Fullprof #4255 1) Winplotr T WA . 1B SZBREHIF TAE F1 4543 % H origin
ARG 7N, TF M pri $2ECEE 2 origin B4 B 31T 1R 8 m P g — AN
BRI E . N T @R P RRRBEE R, RATFR T —NEMLR prf
origin [P T B, ] DU KRR TAE 175 2L

At R Python ARG prf s34k origin B8R EEE SCF, A
H origin C #4042 H H origin XJ i SO 2 [, 2 A5 Bl S il 1 origin B
W E AR, 1ZARAR TP E g

2) cif A4k per SCHFE T E makeper

12
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cif A% T2 [ B i A o7 38 F O A AR 25 48 S04, 1 FullProf 2Kk F Y
& H O RSB SIS per #3X. FULACRA FullProf ¥1&, @A —A
cif L2 per TR LRE, 2 BT HBERH edper 1XA™ FullProf T H & %542
PR ST 7 SR AT e, BRI, 1T HL2%5 8 3 5 T ) i AR AR 12K,
XA T AARAT (. FT ik, A NKH Python IEMFEATH, 7k T HBEIME
(¥ cif 2 per P4 T A

HIENIZRIE A ThREMEAT cif, A cif W REE R SCPFIUH SRS (e B (2 H)
e, S, R T AAREE), ARJE A IR ERIA LR S 2R per Az iz
SCAFRREAR,  FH BRI 0 R AR 45 4 2 L b () e AR R s NI SE i E B e cif
AR SERE ST IR per AR e EE I SO g A2 .

16000 . . . AutoFP - "l

—— Yobs

—— Ycale Auto | Manual Tool | About
——Yobs-Yeale [
it open

14000 -
12000

10000

Prf —> Origin Mgkg per

8000 4

6000 -
I hevohevo2 CU0. por
4000 +

2000 4

Intensity (arb.units)

[ TN R R R T e
-20004 11 [N R NN NI T T

-4000 4

update table ok!

le I weight of phase [phasel, phase2, phased ... 1:
[o. 3905725044083597 0. 5“932749559154“2]

i
[Lza 3, 28.3, 28.3, 28.3, 28.3, 28.3, 26.1, 25.4, 25.
lez — S 25.2, 25.2, 25.2, 25.2, 25.2, 25.2, 25.2, 25.2, 25.2, 252

Show Rwp curv Show FP out

< | putssymmetrsrarancter | | -tor
Cif n

K 2-5AutoFP 2 & &9 it Ae T L% prf2origin #= makepcr
2.2 BRRG
2.2.1 ERAGHIRE

BRRG[25-271 M AN TR ERT RS TRARAGANIETARERZ
NI L F R FIR G 286 BRI AN TEREEOR, RIS SR MR
WSS, SEATHEEACAIWT, BN EL KRR, Al T 2N

13
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RLEFMHMERFE, FME2, TRAGZE MBI NRL ZORE IR E
A i) AR TSR LR PP R 42[37,38]
LR AGUEHE I 6 DA, HEENL. RIRE. APHRO. RS 2%

R ZE RN 38] . H A FIREE SHEEN UM L B R B X ARG — K4F
o WRYE T E AR D R R R AN ], B R ARG B RS A P 2 57

AL CHED
J 4 A
FNIRTREL
A
A @é
\ 4 HEFEHL, - 3
‘ A
FREE -~
B e

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

B 2-6 ERALLEMN

N TS R SR EIR B LE TSN I LARI A, 2508 R F A0 1
HRIMAE R, FAAERN . 15 XL, AR JRTH AR R
AT H R TR AR KRG H R RRR R o . X —
T3 ER EE B <IR-THEN . 2R 1 K R iR B0 A4 B [25]

FEEENL , SO R A%, LA 55 42 FH 42 1) SR 25 34K T AL H R
HEBENLET X M ADIRS SUE B, S VLB AT Fn VR BRI, SRS T I 4518
i RGHENFHPIRES, 2K AR ] L25] -

14
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JRHAR R 2 FH RAF TR T X B A T Mk R o R P R R A B 4 SRR,
TR RGUHAT AR R AR AL, T L S B AE T 3 P AR 2 (1 3
L KRGV BEACT B e TEE M . TR ARG HA RRE SN2
B @ mAe s, B P AT DOl 3R T AR SRR T R R G HIKT, M
COAHERR N, RIR bR 1B AR T SRS, IR DA HLER 22 2 17
N E EFHREL AR

APLEE D st P M AR GEREAT . L AL, H SR
AL, ARG R AT ARAR S R I A 5

CRe B P T80T T A7 R e B AR b B 7 0 SRR Bl . AR
SR, DL EmRARIS, AR 47 X [25] .

fRRE AR BE AR AR 7 IR R S NN RIS H A R, 48 R FE A
25U L R AGHEM BA T RIIME, A AIEIR[25].

FIRIRIUA DT T L R AR GURR P I RIR KT, AT N & X AR G B
KB AL (G E K R GEE T3 A & S R RPORAIE R, RITRERE
JRAEIT ] L. R A PRI & 5 S 505 B 8l ST B SRR AT AR BB — RSt
ARSCIEFER FHLES 5 21 S0E S RIPURIR T B R R 50K

2.2.2 EREFZRGIE AutoFP EHISEIY

Rietveld #§ 2 7] IB i — N EWILRE, Rietveld S SR T AEV] A K
BRMEA S, FBMBEIBRR BN E R, HAFSKE . XTI W XER]
IS R it vl DA, I X RGBS, KX Ll A fE
[27]E BRR R iR K T AU AS 12 TR - 36T L R R G B sk ks B R e e SE e

2-7 Fis:

FHEHIR P RS IE AR . S8 T K E X Rietveld f5 ARG & L
24, £ AutoFP BT — RSB S BUNFr 1) 22 HE, HHRACESIE, FEESRAH br
BRI SR A, BATIRZ Ay —Fhing . RER Rietveld M/ MM 2 A
R, AFRFFEERBE 2 AEARE AR B R SRS REE IR 5
FE M, HEZ PSRN . AutoFP # B THRCR FH — Bl i RS & sems 25

15
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B S SE B IEAE 55« 3K AN SR T AR AR Al AT T ) 75 224 0 BB B 24
N T ITEHTRY, AutoFP Jy X ERATS AN AT (CW 3, TOF #5305
A | —Le T S FE[39-40] B WM BRI KE 18 s <

= L L S 7H Ul J

iR

IR

Hy

. FullProf
R s HESLAL ElE
Refinement  — Inference C—— Refinement
knowledge library engine engine

Data Cache library
B 2-7 ATHRFL%M AL Rietveld #1545 254

AutoFP ERINARIZ SRR 2 L GBI RIS IE 24, BRI RS 24,
A IEFETCHUA I, W 2R S 0 B 2z [B], 385K R, S/ MU EER 5 5¢
FAFEAESS . BARBRE B S A IRINT (X LT IR prs:

[ 26 zero correction, unit cell parameters, sample displacement, simple
background correction, scale factor, peak width, peak shape function, peak
asymmetry, complex background correction, atomic positions, atomic displacement

parameters, occupancy parameters, preferred orientation ] .

B AutoFP FEAL I L ER A SO T LA P — 2238 FI 1) Rietveld RS E4E55 .
B ARIX A BRI SIS AN ] e T 2 P P e K e PrBLA P s B 5 5 2
FB R 2 R IR A 21 5T AutoFP IFFRCE R T, 120X AutoFP I ERIA
FEIB RIS S 155 H € IR IE IR = 2 AR H B 5 15

16
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%k 2-1 AT HRF %8 A3 Rietveld 4514 32742

1. Read the PCR file and decide the type of Rietveld refinement (XRD,
Neturon-CW, Neturon-TOF)
2. Select the refinement parameters and configure the automatic options
3. Start automatic Rietveld refinement
Loop begins:
Read the refinement strategy from knowledge library, save the PCR file,
the parameters of Rietveld refinement consist of three main classes:
profile parameters, structural parameters and preferred orientation.
Sub-loop begins:
Use expert system to Check next parameter and run FullProf
a. Profile parameters
peak shape: peak shape function, peak width as a function of 26, peak
width as a function of hkl (anisotropic line broadening), peak
asymmetry as a function of 26 (axial divergence), peak position: zero
point error, sample displacement, unit cell parameters background
b. Structural parameters
scale, atomic positions, atomic displacement factors, atomic occupancy
parameters Occ
c. Sample parameter preferred orientation
if: Rwp ascends or FullProf meets error
then: backup the PCR file
else: save the new PCR file
End of the sub-loop
End the Loop (when Ry, convergence or the specified number of
cycles)

4. End the program

17



RS ST

2.2.3 1HIERRE

1ENZRIE K (regular expression)RE & —Fi#l | 2 A I FAF R R T A

RE i 7 —Fh 7 Sr ULFEC AR 20[41], VTRt —Fh 255 5 P SRR, P51
A8 AT A AR A “Tu P AT 7 IR IR AT AL, iR 1 SO R 2L
e BB 77 B ZE AR [41] . FEFAF AR, RE 78249 — DR, fEPTER
(RS A FHRAF A FLUT R U 2R o RE A DLF RS & — A SO 2 AL
AR IR TR, BT DX UL FC 2 7 R AT B i B AR R . K20
WIMFEIES (W1 C++, Java, Python %5) #FAEIRIFHL Y HF RE. I RE FIZAL
FEA RN PR F RS TR B AT B AE AR [42] . M RE KRS
PG H e R IR AR UL, B 1R UM B 1AL & R AE R — /N
IEMZRIAR, I w] DAA H s SRR N 28 UG & 7 — & HiE B R RE .

AutoFP HATHRE & S FIT 4 1E 1) 20 458 FH 16 =2 1 0 8 AUV RC » AutoFP
RS AT LU — S5, Mz KR 12. #ila, "X-Atom" [T
it "X-Atom[1], X-Atom[2], ..."; "BACK" ITEC "BACK[0], BACK[1], .."; T
"BACKI[0]" HRITHAZ "BACK[0]” -

N T TR B e RS, DS R ER LS 5 o B0 P AR R SRR, AutoFP
SE ST — TSR S, BB SERIE ST, AT AU AutoFP (RSB 50 . K
ESRIE SCAF R T AutoFP 1L KRG AR EE . WSSO0 9 X P EAiTit,
FATH CW 25, i FATS TOF 2, TG, 8 Al 0 i 55 2 M S5 182
WSS RS T — T, TSR EUH, HESHAENT, Hix
bR %0, FullProf i 15t & HUSs 57 5 I AR AL BE B 1 o AT 45 287 32 XRD, Neutron_CW,
Neutron_TOF, UWEMAUAEZFUES KA. HirekEoE LT H P prd BB K 1
RIACEFR, R, B/AME, Rpf/ME, B HAlR — 2205 . K122 H0n

R, P AT DRI 75 R B 2 B, 5 AL 2827 ) Bk 20T 10 SR I £
R . S b B HLE 4] AutoFP 78 FullProf iE47 I % J5 IEh1E, Ehindit
R, BRSHEE.

18



RS ST

% 2 - 2 AutoFP Z X SF&ATATAT A T AR 1569 A R =19

[Zero-Pattern[0], Sycos-Pattern[0], Sysin-Pattern[0], Lambda-Pattern[0],

BACK]0]-Background,BACK[1]-Background, BACK]2]-Background,

BACK]3]-Background, BACK][4]-Background, BACK]5]-Background,

X-Atom[0], Y-Atom[0], Z-Atom[0], Occ-Atom[0],
Biso-AtomicDisplacementFactor,B11-AtomicDisplacementFactor,
B22-AtomicDisplacementFactor, B33-AtomicDisplacementFactor,
B12-AtomicDisplacementFactor, B13-AtomicDisplacementFactor,
B23-AtomicDisplacementFactor, X-Atom[1],Y-Atom[1], Z-Atom[1]
Occ-Atom[1], Biso-AtomicDisplacementFactor,
B11-AtomicDisplacementFactor, B22-AtomicDisplacementFactor,

B33-AtomicDisplacementFactor, B12-AtomicDisplacementFa

ctor, B13-AtomicDisplacementFactor, B23-AtomicDisplacementFactor,

X-Atom[2], Y-Atom[2], Z-Atom[2], Occ-Atom[2],
Biso-AtomicDisplacementFactor, B11-AtomicDisplacementFactor,
B22-AtomicDisplacementFactor, B33-AtomicDisplacementFactor,

B12-AtomicDisplacementFactor, B13-AtomicDisplacementFactor,

B23-AtomicDisplacementFactor, Scale-Contribution[0], Shapel-Profile,

Bov-Contribution[0], Str1-StrainParameter, Str2-StrainParameter,
Str3-StrainParameter, U-Profile, V-Profile, W-Profile, X-Profile,
GausSiz-Profile, LorSiz-Profile, a-Phase[0],b-Phase[0], c-Phase[0],
alpha-Phase[0], beta-Phase[0], gamma-Phase[0],
Prefl-PreferOrient,Pref2-PreferOrient,

PALl-AsymmetryParameter, PA2-AsymmetryParameter,

PA3-AsymmetryParameter, PA4-AsymmetryParameter,

S_L-AsymmetryParameter, D_L-AsymmetryParameter]

Y-Profile,

19
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''"'strategy setting file, note: this is an important file. You
should be careful when modifying the file.

Please keep the format.

The words is case sensitive.

You can modify parameters group order in 'param order' and
parameters group in 'param group'.

LI B |

strategy={
"xray'":{

# task type

" type" : eray" ,

# param group format:

'group _name':[ group memberl,group member2, ...]

"param_group": {
'scale': ["Scale"],
'zero': ["Transparency",'"Zero"],
'simple background': ["BACK[O]","BACK[1]"],
'cell a,b,c': ["a-Pha","b-P","c-P"],
W' : ["W-Pr"],
'complex background': ["BACK"],
"v,u": ["V-Pr", "U-Pr"],
"Asym": ["PA"],
'Y,X': ["Y¥-Pr","X-Pr"],
'Atom x y z': ["X-Atom" ,"¥Y-Atom" ,"Z-Atom"],
'"Pref ,Bov': ["Pref" ,"Bov"],
'Biso-Atom': ["Biso-Atom"],
'GausS,1G': ["GausS","1G"],
'Occ-Atom' : ["Occ-Atom"],

'Tempeture factors':

'S L,D L':

"manual background":

},
# param order format:
'param order': [
"scale",
"zero",

["Bl" , ngan , "B3”] ,
["PA", "S_L","D_L",

#"Sysin","Displacement",

#"LorSiz","SzZ",

#"Sycos", "Transparency",

#"Str" ,

1,

["BCK"]

[group_namel,group nameZ2, ..

"simple background" ,

"cell a,b,c",
IIWH ’

"complex background" ,

"V, Ull ,
"A.Syln" ,

B 2 -8 AutoFP FT{£ Hl 49 Rietveld 5 L4+

20



RS ST

2.3 BT ATEBEER Rietveld BB RIEHEE

231 QFEIJEFRHEERIRIE

Rietveld ¥51& ] AR A2 — A /R AT KRR AE (MDP) » By /R Al RV R
FERXPE—MBENLL AR, ERNE B ADIRS BT, HARRE A A T 2 7 1
Jis[26]. H/R AT R R IR AE B A SR RMERIBENLSI S R G rh, tRK
& A BOE S EOIRES . FEF B 15K [26,43,44] . 20, REEEMR
¥ HATHPRES, AT IEVE S v st F — N SR TR 3R, RGEEAN
TR HPRE CRRRE) , HORAS M2 SR AT R . EREABT
WEE, REEFREAEHTRRE, R EREIRE. Q ¥ IHE

(Q-learning) [28]/2 H1 Watkins 7£ 1989 $2 Hi i¥]—Fl FH T-f# e MDP jn] & (1) 5. 4L,
FOEVE. Q FAFIEMMM AT, EATEMRIIMIERL, XA S0 H 3
Rietveld ¥ & inl A H AR . Q 2 A ARR, KRRaSMEESE— "4k
REVTF, IR IR IS ERRBEIE B — AN IRZS-BIEXS, X RX ik —4E5%
i —AooE, B QME, XKk -4ERMZ ik Q K. @itk Q &
R LLE B AR H . PRI, SRR AT PR E I Q &= R
A-ENVERTEAT T — BB E . AERHE] T — ARSI, RS 23 AH B 1 ik
T, ST S BRPIR S-S E XS Y Q 1B Q 1 A SEHT AL 2 »

Qlspad) < Qlspan) + a(Spar) X [rees + ymaxQ(ses,a) — Qs ar)]
N 2-1
Horr,

B Q(sy,a) & 4HIH Q1H

B o (sp a2 GATIN 22 2 2, athoE TR IO H B 0 UL .
0<a <1

W r RORPREHETE t+1 B ZI3RAF R

B max, Q(Sgy1, @)K J1E N IR s, BERBHIR K Q 1H

By RN, RIL T REE SRR AR, 0 <y <1. IR
y=0 , WHHRFE  EATORRIIREN: Wy Ear 1, Wi 5 =
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Koz i s

2.32Q FIFRBIZRIRIZEAISII

AT AL Q % I EERE R T AutoFP 3] Rietveld K515, FH3xf Q 2515
VEHEAT AN T

(1). FELERFESNAE B 7 2 B R, BERM AT AT sh R ik FEah 1R
AR BOR Q ERIENE, TR ESR, M ER
BENLBIEA 2 M &K Q ERIZNE. BT T Q BRI EMFE, —BEIREA
SRR Q EAF 24 A i BT, A FoBERRRAEIXAMIRES Tl ik #X A3 E,
HABSE I ER 22, BATH Q (E W CiE e Bf . Rt B 7 2% Q HXK,
H Z RS AR PRV I 77 2 — 2 B R

(2). AutoFP 4 52HL T B Btz FullProf #HATH5E, R 5Em Q %2
LS AutoFP $ZEHIJR IR A SEELE T Q A ks B g R . Ak
MHRESEMRA R LA 1) Q A FVANPRES MBI E ZA 2 2 MRS B IRES AR
BIEHlar X5 2) Q 5 2 Sk A2 Ak [ml i ZEAN 2 1] 23R [l (RpA 2 o B A R
IREXS e 3) Q A BRI 2 B 1 e L s Z 25 Al AutoFP HLRE F) SR SC A
DAL R R G SR i B

(3). M T FullProf BEATASIZINRA 7 LA RO, FrAFRE Q 23]
SR EAT Ao 2l 7 R A S R UR KB IRE ST — MRl I iRl 2 Ik
BT P A DI RIRES, DA ORBERS BEVR 2 — DT FHBPIRES o X 32
JROZ AT DASEEL, DR R B e R 1 23X — D RE AR B AT

gie LHESR, Q%?%ﬁﬂg‘ 5 AutoFP #2325, IR E SRR
SRR, R, HREE, EEERRERSEN AR E 2L, N
PR 2 IR B 45 RAF VRIS . Fe 28 AR n] 5 X R G T AOAR 2 5SS
o HEEEREMIR 2-3 Pn
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SimpleAl 23 411 Python N TR e FRAEEE, HIgML T Q ) HER
SEREARHD, fEHN SimpleAl 1) Q 2] FEM o, A UAPRE TR T Q 22
S Rietveld M8 RIS RIRT . Q %) kil & S5 I SR EL A
TBIRNE, KA N SRS ST A7 2 58 — R B K RGFIE IR, T ARz
TR RGNERE, SERE RN TERE Q FHAFIEME R L XARGFIENTL
gestty. W Q F I HILME, AutoFP A HIEB AR L KAk

Q-Learning Algorithm

FIRGE

3
Groal State
r/'
///
P
////
P

-action) , value Tabl
Q( status-action ) , Q value Table States S — coordinate
Actions — up, down...
Reward R — right action

Q value update:
Q(st 5 a) = Q(Sy s &) + o (ryq + vy MaX Q(Suy s uy) — Q(St, &)

B 2-9Q 5 I Hikst
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k 2-3Q F ) H MG RSB REERA

1 SRIAIARES Sie J7HERE EFTA BHURIS T FUllProf, SREREARE T 24
HIGHI IR -

2. FIEIRE S ENREES S h. A S RAHFES: BAMEAL
& S WRABEPIEIR,, B 20T, DMEHIERS S 08—

i1 B HOIRZS TEZ A B MR,
3. FERHUTLL TR, ERE — T AR A
8) Ry, b BT

b) TEMIRBOER|HNE
c) AXBISMERIIfE IR TR S

TEE AR PO
L1 WRASIEA S I — R AR, BMOIRES 55245
R

1.2 HBUE S HACRA T HATEIE Aa
1.3 }J\ﬁiij]/;ﬁ& Aall EPBJEHLEXEH%:F/I\ijJVE ’ ﬁﬁlﬁ?ﬁhﬁijﬂ’ﬁﬁ% Aexec ':P
1.4 MATBNEE Aa P EUHHITA R Q ERE T MT 8, RIFERAEHAT B 1E
ﬁ% Aexec ':FI
1.5 M Aeec IIKEUHBNE, FFIEFA AT LA T BN1E
1.5.1 B HUHE ) shVEVE H 2 24 /T PIRES B

1.5.2 3247 FullProf, 3RH(R,,
1.5.3 @kt FullProf fIa4T 45 RANER, WIXHIXASBIERET “RE4 7, iR
[ 2] £ WERIRGA LR, I ARRIEHTE R, KA

HAPRESBEEXS A Q (B BIKIZATRRIMIR,,p AL R B 1 55/
Ry BEAT LLEL,  WERIRIZAT 1S BIFIR,,p LE /N IE AL BN,

RRAF 2470 T A2 BT RIR,
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B=% ET AutoFP FI B3tk 2 EM ST

3.1 FullProf BEF 4T

3.1.1 Rietveld EEMHE 7t [RIE

i ARATT S 58 DA 73 M A2 AT 5 23 W (1) B 40 BT 43 - 1987 4 Hill F11 Howard
FERF 5T Rietveld LU PR 55 AT & 20 B0 5% R i H[30], AL & 21T I
Kk, AR R30S 3 Rietveld A5 ELBIR T b R B R 4 i AR
SR . I SRR A RS T A A S R, IR ELRE S R BT A AT L
S, VRAFES A | BT LR R

Lo _SizmMv),
LY Si(ZMy);
AXK 3-1

A, S, Z. M. V 53R Rietveld Eefil K 1. S 786, B
P PR AR A X 3- 1 R Iwil R Yw =1 (HA X 3-1 A HEMH
it S AN (RS 5 O SORORE ) 96 B o AR Brindly £ 1945 4FE42 HfH 6T
FiLJE 5 R U ) % 2 2K [30], Taylor 7E 1991 4EXF A X, 3 - 1 $2H T & FWRdscht
L RORE A& I 2

_ Si@Mv)/t
VTS s M),

mR 3-2
KAt AR | AR R, Rk
Aj
{ = Ailfo e~ WimDr 4,
mA 3-3
A A& | AR AREY, oAU R B A
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3.1.2 FullProf EE 9 tHINEE

A X 3-2 5 FullProf 2% N A&, S;%F M Scale 4L, (ZM);/ti%}NATZS
. ViauMARR, wTH FullProf #5245 . BRItk FullProf WRES i AH I BT &
SR LLRIR A

_ Scale;(ATZ)V;
Y Scale;(ATZ),V;

Wi
MK 3-4
Scale; &% i 1 Scale [A¥

Z RS por FEHISCAFRIHIVE. B EHER FrA AR cif diAZi scfE, H
edper A cif LR N per S, SR & FFRFTE per TR phase 3543 & 3]
—> per, B BEXAN per SCEF Nph ZECG IR H « XA AR T3 A LU R,
B9 7 7M™, AutoFP makeper THEARML 7 HASLH 1l i, "R
cif A —BEAE BT T2 EAR M per 2 AE S0

FullProf 5& EAH T, BEEM I, FERBHSHBRBL, FakiE
R ARABOR AR, Rk B 2 iX AN R I B s v A & B AR B R 1a ).
AutoFP 52—l FullProf A5 {23 F2 S8l B sk is AT T A, £ AutoFP HJL7t
EAINE), A PASEELZ AN H

3.2 AutoFP B3t =M 9

3.2.1 ETF AutoFP BELEEHE D HEISSID

AutoFP [1) H Zh1L 2 B AR/ BT THRELE AutoFP [f) phase fEHsEEl, HSzHlE
B4 . FullProf 727 7] LLIg AT 58 SEAH A T AR5, N T /2 AutoFP B SRR &4l
GINT, TEXT AutoFP P EEUIE SR T IR SR . BAARSEIERE NS per U TR
FIZHAER AN AutoFP BT E— M3, B 1Zdr &0 LR ZSHUE T35 LM,
SRIGLE AutoFP 1R B B IE B I R I 1T 52 e, B et M AHTH Scale, ATZ
ZH, I out SRS NG I A IRAATR V 24, ARIEA X 3-4, H AutoFP
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[¥) phase BEERTTSLEE—PMARIY TR D E IR S SR E R 54 R iR fE Ul
Fm k.

118

(ATZ, Scale, V)
218

> (ATZ,Scale,V) /
%1

(ATZ, Scale, V) /

iy H SO
Per,Outh 20 321

AutoFP

Phase fE bk

Por STHAEATZ, Scale%#{’ |
' 44@4\*&@%@%
out XHEE V 2 ] - 4

B 3-1 % AUtoFP & B 4L Rietveld i & 48 ) 474 A2

3.2.2 AutoFP Bt EEH P HTEVER

3+ AutoFP HE BEAH TP RN A 3 -1 flos, BB IRINT
1) M 3.2.1 1 iR i /FE M 2 M e AR i por RS B 42R AT

2) 4 AutoFP fEFHER 3N per U, EHEFHRERBISH, BEH)
WESH, R BaREE;

3) HaEBEE, WA 3 - 2 FikEnts MR RE S E, 1
i EARYEAG S A B, R A T AN T T S ) A

AutoFP - olEN|

Auto | Manual | Tool | About

open .
autoselect Trun setting| Cycle:|0

Z:/evofevo2 — Copy/CV0. por

debug 2

dibig C BLERRAERDS )

update table ok!
weight of phase [phaSel, phasez, phase3 ... 1:
[0.3913449993485651, 0. 608655000651435]
AutoFP version: v_1.3.5_stage2

'

1 ok!
[m

[V] Show Rwp curve Show FP out

B 3-2 asmikesAapiia
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#INE ETF AutoFP 5B E Rietveld
BBRS

41 EEE Rietveld BBHRH

ML AR (BT Materials Genome Initiative), f#i#k MGl. 2011 4£ 6 H
24 H, EEEGREE DT ER “SithlEl R R” Bl 7
BERA TR, RED A B AREE A RIS BRSO SeE AR &
Dl A dlE A R R — (32, A B RHEUR A B KR
LSS CHA 2RSS AR E R TR IR T ARk BT Ak 15 it ) =
AFE: MR THF & SR TR MR T 6[32]. MGl —&42H,
G AIR, FERBRAPRMIT FE U™ 4 1 T2 520 .

FORE TR MG 2 AEAS B HEoR R A, SEETe /- R BIA R 3 i 5
FER, BAURSK S I 30 M A s 79 557 T S H RN B B thad )\ AUk,
BORH T AN 225 0% Je QL2 BOR AR T8 A4 RO A R I [31] . H Al
PR R I B e A N — T B — R ] . AR, X A S
T POEAR R TR e TR & ML BN AR AN 22 B B TRIE e, FRLRL A2
AN T RENTAL ARG R IX — B S, DUIORAA DR B AR R Ik . 2R1, 240
TR RIE A AR AIE FEN 53 R B AT K B S 3R B R MR A i sk
By, RXMINEACIECT, M HSRZ MR R 7T [31]. BEAk, K
FIREL WEFC, NHL, SRS KA EBZ AT, $Rh= & VR A
S, MAPRHE R AL TR B R T AR R R T SRTH AR
WER IR . Forr, il A ] 2 R AL 70 B A v B AR SRR T
THBIE R TR EEA LR

I AT AR, EEEM R S BOR DA lUS TROREERE, JF
WE I T RO AR T A - HERS DR 51 D9 i e i DR AL Rl ) = K
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REEZRZ—[31] MR} el e S A8 Je I 18] YR P A RLES 55 iyl B 358
FROR A S B 46 53R AE . HoAZ 0SB AR DT AT AL 3R B AL G AT R R i 20
KM AL, DB EAR SEM BT 7L AR . &l
B A ] s E AU T SR i B ) R AR A S IR IR OV E
TR, mEE S A PR bR B E R TR BN R i
LA . BRI R TR I FCTVRIZ B 2 R ek vl B i 5 5
ARBE AR H 2 2 IL[31]

B Rl E AR S BOR (R, SR EARLERALA S A g as A,
IR ARATI AR d VR S5 AR ) 22 L5 9, T il AR 435 4 S O e MR RE Y
FORE BRI, B, w0 RATS B 2RO S8 B ARLR AL B B 3A
ot 5 e By AT S 7 A AR Ry AR AT S A R ) R e, AR SE RN Doy
R AR R B, 5 D2 TR i e R AR IO oK o AEIX R B R
e 3 B XK ARAT S s 0 Bt A A AR B SO AL 2. Rietveld A5 2 vk RAT
WHESH AT I BRIV, EIE A Rietveld ¥ 18 H AR AR BN 1B F0 ) B 2L
PR, [AO) AutoFP 48 ] LIS BT 55 & B H s L SE R 24155, I m il &
HIks B alE 1 1.

4.2 F|H AutoFP LI E Rietveld }&&

4.2.1 RG34

ROEMINA 4-1 R, RGEMKH CIS B, &l R A% O e &
B E, & uma] DLl RS AESS, B Sever TR S MMM AIVE R, 4k
H AT AutoFP, MPI-AutoFP 1 51 3R AFAT 55, SRAF 25 RiE I X 1T iR A 25 F
Fe

Client: HTML5 M 5T, H7 % i, 75T EAARIEERBALS, RS

Website: X H HTMLS5 Socket $A, Wulja &, 1) 51 5% imilfs, T
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wom AR R ERBAESS, TP RS I EAG B RSS 4 Server;  2) Tt fiEdT
M Server LR IFEIZEE R, JFRIE% % i s Fe B4R

Server: 1) =i EREAT ST 2) 07 51T & il EASIB1E 5545 MPI-AutoFP
PAT, FEPTEREGE, EREBEREER; 3)5 Analysis algorithm 2 H.
BiE, BEEOTERALME, 5 Other Software 52 B, /8 RGiThfE.

MPI-AutoFP:  >KH MPI JRATAHLE AR AutoFP 27, 7] PAAEHLEE b 471k
HPAT K EFREEIES -

XRD station PC

Client
Phone

task submit & results viewer

Website

[Analysis Algorithm } —  Server < [ Other softwares ]

Creat tasks [* MPI-AutoFP 4 Result

B 4-1%F AutoFP & %@ & Rietveld #14 & %24

Analysis Algorithm: AN T & G55 8% AT LLEIS 5 Sever 38 HASZ 34,
X RE A 285 S AT B 23 T, e 5 R A8 0

Other softwares:  H:Ah %44, Lt Material Studio, Vasp %%, ] LAM Server 3k
W s ER AR, AT s E .
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4.2.2 AutoFP #2F MPI #1714k

FEFP AT — P Al AR AR 220 FE . 2 ZRFRAE A h A7 i 25 ()R L = 01
BPERAR 2 (] DL ARV 1], DRI — B AR AN e dE T 3L = A2 R4t 8
ML BRI LR, AT HLEERE 0 S A BB 2 A A e S 2 A7 6, X PP O T
IBAT T & b PR BORE 7 a0 20 e R e A% 3 v 2 B 7 ORI . AR VAR
FIARHE ()9 BA% 338 P A Be ORAEVH BB 7 M AT oA M, AEIX—BKTN, JFAT
Ak g R B A% 3% 4% 11 (B Message Passing Interface)MPI 5t Mz 1 4 2058 2 4E 1)
KRS MPL QSO T2 K AT R B AR 35 E, $1F OpenMPI,
MPICH2 %5 £ ft 523 .

FNEE T IL AR IR Y HAT AL L] OpenMP AN[Fl, MPI & —Fi s T7H BA%
BT AR AR o R R AR MPI A2 — R AR R FETE 5 10 R A2 —Fl
TAT IR S AL O bR At U, MPI AR B LT —HAA W
FELVE ) Y P2 B2 11 [45-46], 7E 84 MP1ARHEZER 464, H P AT DLSERL H OV 7R 2
1) MPI B b60. Rk MPI 432 1 28523, Eodn MPICH. OpenMPI Z8 715
SEHL, UL A ] Intel TR Intel MPLATFESEIL. 72 MPI Gi— Ff AT i %
1R HEA b B P 53 AT DAV T B0k AT SR T A HEO BAR B RE -1 & 15 B
FHNF 6 (9 MP1EE R AT S 34T T S AFR FE RS M [47] . #E Linux, Unix, Windows
LM TR RS L, MPLERC A SRAT 1 SCRF, N TR 2H) L K5 H 9% 4000

A6 FEITHT BHE MPL.

R AR AR M ERETH R L H 9 40007 T 2013 4 6 H L R
G RO L) 70 J31ZIRIFY (70Tflops), Hdt CPU XUKE BE 7 s H I
57152Gflops, GPU XU FEVF mi s & H 14410Gflops, R4E4K Linpack %0
21N 85%.

HEFEAH:

5ANE /B ERAT N4/ 110 5 55 1 B R 50: 1 & 56Gb FDR Infiniband
THEM L%, 1 BTk LUK R 4545
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« CPU i1 140 &5, &4 2 i Intel SandyBridge 4244 E5-2690 CPU
(2.9GHz/8-core), 64GB A7, I 2240 #%. 8.96TB A7

s HHE 2 &, B4 4 P Intel SandyBridge ZE#J ) E5-4650 CPU
(2.7GHz/8-core), 512GB WA, HH 64 #%. 1TB WAF.

« GPU i 11 &, &4 2 B Intel SandyBridge Z2#4f¥] E5-2680 CPU
(2.7GHz/8-core), 64GB 1%, FLit 176 #%, &4 2 B NVIDIA M2090 GPU if
HAL,

RGNAFEE: 10TB.

RS B 180TB.

EAERSE: Linux.

VEMV IR e R8P 5% 4. Platform LSF.

HAT X RGi: GPFS.

FATHAEE:  Intel MPI. MPICH2 %5 MPI % B 3855 .
ARGEMER WIS H: Intel Data Center Manager; 1BM XCAT.

BT B R R 4000 THEAERRE, MPI REESHIFATHITER.
AutoFP F2 /7 A & HAETE R AMF BT %, N T &N BB T2, HATL
[¥) AutoFP, MPI-AutoFP #7F k& i3k . MPI-AutoFP SKH MPI FF4THESE I K )& 5
R JEZ A AutoFP SE6, FFiEIT JSON Hd 22 #e k% U AT AutoFP {14511
TARRSHFEBL R . AutoFP A5 B RS- 51kEE, BTl MPI-AutoFP
A LAER 24T T2 T Linux #:4/E KRG LR Al SR b,

4.2.3 SREESZKN

B EAT SR ziptar ST O, WASCFHESZ, task.inf Y T AR H]
F, R THREES RN EEA E
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1. 2455, B> por SUMFXS R — e dat SO XM GG & T ETE
RIKEAESEEIATHINE;

2. Hoper CPEXT N ZAS dat SO XA GE ST RS, ZEIERIE
55, Ry — A S AR SRR IR TR AR I XRD B0 T 7RT5S, RG0K—> per 70
RegaiidE, TR MRS, IR AR BT B R

3. 2 per XA dat SCfF. XM AGE & T MR SO, 2 A
por SRR AL I L, EE AR — AN ARANSE R 1 d A, AT DGR K B 2l i R 12
FEIER T T REI S5 o

1554
Task.tar

ity SO

output cif 3 f:3
I
AR FRUR S R datfiT i 24
res A
TR —
s per L%
Task. inf

B 4 - 2%i@% Rietveld L5474 X

4.2. 4 BHRITIRIER

B EAGE RGOV AL, T H i & RIS [F A R G &,
PR L A8 A B 22 o) et A2 R R R 51 5 PR 1K) JSON Kt A2 ik 3K

JSON, 4:#f JavaScript Object Notation, s&3& TAriEfbIIATE P isiHiE S
ECMAScript />4 1)—Ritdi s Hik 2([48] . © RAMH iz, BEH,
SEARMNST TR E g FEIE 5 E 2 P aT . JISON Hdi DLSCAS A7, Bl 4504
i 1 2R BLT CIC++. Python %5 C R . X — RFFFIEITS JSON 5 T
BB, S, M, AERONUE S (— M TR T N A ik %) [48], BN E &
Rietveld ¥512 2 Go#idfs 22 e iy #LAE A% 20
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JSON FFIM AR R 5. W R —DTFPH “ B X7 SEd. S/
R
1. BUNHES: R, “8: (17
2. FIMEFE [ ALE S, rke. “8E 1. H1, #2: H2”

3. USRS (5O HRES () Eor.

{
T 1E 1,

b 2.8 2
¥
4. FEFIHEEREIES (D RS8R,
[
{8k 1018, 2:18 23,
{bi 1o4H, 5 2:44 2}
]

5. JCE{H A BAA 19257 string, number, object, array, true, false, null %,
B 2 kg 20 ISON T2 2 FhaRongs, BIX AN AL

Wt R EER DLRHE 5 UG 45 . A 18] B 22 DLIE 5 43 B3 1) key (B8) - value(fH)”
KR, IEVEAERIIR o

{
keyl:valuel,

key2:value2,

k
Hrpg e rfr i, MmE T LoR AT, WATLGREE, B true, false, null
X g, HEEELUOYEA.

HHS LT FES RS, T b 24 LOE S0 M RMESIRA R, 8%
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SERIUTT BT
[
{
keyl:valuel,
key2:value2
3
{
key3:value3,
key4:valued
}
]

3T AutoFP IR ERSE R G T, B MEF I TAPRE, FESHAR
BIFER,,, 55K LA JSON % A7 il If A i [ A3k, % 4 - 1JEoR T — e

i Rietveld F5 12 2 Gt H A 22 e Bdle 1)< 61, %7410y FullProf 4512 J5 1 per
TS H. HMEIERER A JSON i Mgmid AL Ihas, NARGRIE
BRAC MRS B3R ARG 0 T R

% 4-1 5:i8% Rietveld # % & S 3 #A% X 5215

{"Scale": , "Str3": , "Str2": , "Strl":

"BACK": , "Shapel": , "B12": , "B13":

"B11": - , "Sycos": , "B33": - , "D L":

"Occ": , "Prefl": , "alpha": ,  "PA2":

- , "Bov": - , "Biso": , "beta":

"PA3": , "Um: , "W , "V -

"Yy": , XM , "Pref2": , "7

"Lambda": ,  "a': , "PA1l": - ,  "c":
, "b": , "PA4": , "GausSiz":
, "B23": "B22": , "Zero": -

"LorSiz": , "Sysin": , "S_L": , "gamma":

35




RS ST

FBHE  AutoFP KIZEE N RHASLH

5.1 MU

ARRZE R Rietveld R IEAEAL 7 EAR s (O ATH B i, PRI it s ) 22 2k
FIHRL XRD AT LA 2t I (14 75 sCER AT S 4% s R (R D A i 2 v e
JCIESRIATH I, DA AT S s 5, BRI R AR EE— 50
I T AE 5008 = 5 T AE B R i ik, 55— 3R> Bt 2 FullProf
Eki: =3 St S

5.2 AutoFP B Rietveld &R

AT ] 7R LU AutoFP 1 T RE AT

1) Y,03

XAMFFHEICE (C. Santos, 2005)[49]H F: /8, A JEoR 44T ) AutoFP
2 58 AT 1 R B SR S BL Y203 19 Rietveld K12 . A FT
FH B0 2 LS00 . X S ERATHH R . SRR — A4 Cu §E
[¥] Siemens d5000 AT ICT Y203 2 dh I S i EATH 1 . KEBLE RAER 5 - 3
Mz 5 - 19 ER, WG HEE BIFGEHERERE, R, HIZAMWT T 240
BT, T H, AutoFP 7] LA H b e AN RS IE R, 7] LA 2 18
R LA R FullProf B AT 8%, (15 IRy, B/ME. A 5-1 F1H
5-3H L, AutoFP HIGBEE R 58 M. AFIEN T AutoFP A DA E
EhAL I T2 R T B TEH UM R AT ST Rietveld B1B1E%%, T H KBS R OL0E
B TR E K
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100000
—— Yobs
Ycalc
800004 Y05 | — yops-Ycalc
Bragg_position PORe

2 60000 - VS0 HYe |

S ; 00‘ : ° Q0

S L. / o © 0

& 40000 ) ao- o

2 ’

(2]

S 20000 -

0 i i.iia.iiihn. FETVOUTY I YOPRN YO !
-20000 - A
20 ' 40 ' 60 ' 80 ' 100
26 (°)
B 5-1 %-F AutoFP # Y203 #4144 % &
% 5-1 & F AutoFP & Y203 #» K 3% Rietveld #1442 £

Sample Space group  Cell Unit(A) R-factors
Y,03 la-3 a=b=c=10.60397(1) Rp=6.74%, Rwp = 7.23%, XZ =2.69

2) Dyo.58ro.5|\/| n03

N TR AutoFP XHETHIR H 34k Rietveld ¥518106E 71, FRATRA SrCO;
(99.99%), Dy,03; (99.99%), MnO, (99.95%) F1 Fx E & #& & Mk & W T
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6 LR IR S UK AT IR O B S R AT 5

4) LaMnOs: LaMnO; & P K& H ¥ RATH[6]HH LLB 1 FAT4H% G4.2 H
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6.1 &5

1. Rietveld ¥§ 1228 RKATH oA EZ 5%, (BAESE Rietveld F5 1212 7
AT RCRAR, BREE A Bt . ASCEET N TRERREVEM Z A M
Rietveld #5122 FullProf JF&k T —3=E B3 LK Rietveld ¥54& T A4
AutoFP. AutoFP [{JT & K$2 7 T Rietveld F1EFER FullProf (1) Zh /K F.
R LR R ME LS| FullProf ERU AR LRI B, Mk T
A UL E SRR e AL 58 O AR RSB AR 55 HHLIERT | B X R G028 S
Rietveld ¥ 1& A ZNLIIRIFERE . [FIB, AutoFP #@4t T B T4 5 S Bk
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AT L AR AR — A B LR 2 51 2 BT - AutoFP 52K H] Python
ARSI TAE, P AL, 5% AR .

2. 3T AutoFP [ Rietveld ¥ 1& H ke 11, ARSI & T 5T AutoFP
) E AL 2 mAR TR, KORMRIAL T R A FullProf #E47 5 8 AH 43T A A
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BB AT P AR KB RO ARG Bl O a2 i, el AR R AT
SRR AT AR AR Ia Y], AT B 3L Rietveld #5227 AutoFP Ik
T ENE RN Rietveld f512 248, VR iE R Rietveld FsEa1i& 1 Al AedE.
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6.2 BE

W SR T N L REERN AL E @ E R Rietveld FIEFE ¥
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DAL, T H AT R 45 R AT B 1 TR A o o U R A5 T 7 B AT EL
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