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+ 4%, LERANSIFRERT IFEH AR, ¥ ZHAK PCA(Principal Compo-
nent Analysis)} f1 NLM(NonLinear Mapping) F#RMEf1H KNN F289 Wk . PDP
AR R KB B ML Wk — [ {536 (BPN, Back Propagation Network)!!
R EZ W HFRARHER. BPN S HFHREKXIASES CPN FEER TR, mH,
BPN EETHMER — PCA-BPNI, Bl T MBS WA, B8 T MM VIgEERH
BAERE. FH HEEMEHNEAHES K, PCA-BPN FEMTRERTFEARTILPE-
FrEBWmomERYE. 4t BT PCA-NLM (Principal Component Analysis-NonLinear
Mapping) A% a[ R — ol @4 2830 fD s B R R AR aEsEARCAE AN i —
Ihik, i PCA-BPN #i#gs £ mideie. B, WA PCA-BPN {8# CPN H#F#ts Cml gy
A S R T A RS S ERIAHE PCA-NLM B, HARLNFHFUMERENR,
IV B L T E.

A LGN E PCA-BPN # PCA-NLM Ak, #5% Cml &M EEL#E THSH
FlghiEE R, X R PCA-BPN #1 PCA-NLM Ai:a iy B FIE 7ob it R 84568 A 5T
5. PrEE BRI AR IFRALRERRITREY O RERNELETEM.
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1.1 PCA-BPN

—fH, BPN @i HSHAT - I BT R PR L Ll -4 R SR B A T A R R
E A H bR IE AR R M R, T R R R A b, 7 B
BB M B R E LB AT S, REERMTE. HE, EBRTEERM
F. PCA ERFAA RS T A S8k 848 5 E 03 S i, 3 H BRI T A EHR
FME T LRUME S MRS A, WTATIBG TSR B

TEi, fTRIMEIAR PCA FTEMME, EMNA TS5 Rk (13]

HiE PCA prime () e s

T=XP (1)

A X BUWAELABA R (B m MREES n MEARR), T H X f£E8S SHEE
R TREE. P NAHARI A EEENAERER (DR LRSER). KRB T
EHHTRAEADNT Tena(k=1,2, -, m-1). & PCA [FEEe]H, JLERSEEAE R RN
B BRSPS — T HORBE L. B W s ERIERE, TTREE BN R T
PCA-BPN w1, H#&@&ENESE 54 T ff% BPN g A, THEELTE X § 4%
T. ix2 PCA-BPN 4 BPN @y FSKF). A b, JELL—28 R A58 BhaY 0 0 o S5 i 5 P £
A A, BER TSRS, L THAFE. WH, &T BP MiGABY MMM, 5
T R LES.
1.2 PCA-NLM
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Ko dy; HFEFHETEEEE 2 5 o; ANER, d; YREELE S TH EE g
R, N RBHAY. B ERESRY F AT/ TR/, 8 X iR ETFE
HF T EAYJE R B, R A MR BRIV I B E S, BT PCA Pl
BIRT n A ERAU SR TRTEE SRS, Eit, %0 THRM PCA-BPN, £ PCA-NLM 4,
LIESA SRR ERS T SRR, RE_STE. TELE Y, 7 Y2 Rods
BRAW EAPIBUMERS T HEKEMAA. % PCA-NLM &, (3) Rep df; K s(s < m)
M PCA SESHA 2; 5 ; EHERN, d; WAHHNG STE FREARESE0ER.
B, 75 PCA-NLM Hikh, WH PCA FEFMEGIE n AERMMATFHM, EXTIEN
W AR, MRS MGTRIER, RSB NLM, B85 S50, WRTHH%
&

R —da NLM g94r %S, ST LeEsa s mAEaERRd n . no 2518
RHAEE MBERMBE, rig( rjq) BREEA (R j) DIE— 4 ¢ 9B, wB2—¥H 0
HE b & A BiE, REMREIRANELRE. KIBRMEATR Fos 0 R ew LR
A

1 1 1 1 .
Z[Q):agl-i:.iﬂ};_ﬂ_zzil-l-wrjq (3)

- E LE AR ¢ MEEE Cle): F Z(g)>0, W Clg)=1; K2, & Z(g) <0, W
Clq)=2. g LCAHRAZES RS TP AE. B, TEERIEA ¢ 8 Z(g) HEHER
5.

{E, #IHAS X & Cml 55 TNAFRE (EBBE (on '), BAIRRTH J .
g AFAIEMIENVE 5) HEMARRAR. X 55 FEaREsRTHHARGHETFHSE, &L
R 30 4 5F76d°Ts 41, 10 4~ 5f76dTs" AAFE, 4 4 5f76d° @A, 11 4 5F°TsTp
& AUTREHTFR, £ FEAFALTRNT =M RETT PCA-BP HEMER K
FIMBER (BLIAT—HERRD 8, F—AB4AN %) (1) 5f76d°Ts 5 5f%7s7p; (2)
5f76d%*7s 5 5f76d7s%; (3) 5f76d%7s 5 5f76d°,

X fFERATRETHAINAS ERsREMEASTER EOEE Ti(k=1~4). L HE
Ty, T, 1 Ty T PCA-BPN E PCA-NLM f9it .

M, A (2) ey df K

di; = \/Z[Tgk — T )? (4)

ER AR T M k=1 B 3 R (IR PCA $T=A L84 T, k=1, 2, 3, WART
“), MAME X HEitHE.

TEHEETR AR BP RESEMEHY . MARBANARATE (T, T2, T M—R#), BEX
AF=AEYAONEE S ER0GL. DRARA (dTARLE) HEEE R (P4
AYEAUE G o0 1 A 2), FRAUNT 1.3 5—3, KT L7 8% -3, A FREANRTS

2 R 5ihe
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MBS 55 TMHAE ER= AR EST, KGHHEEMA = PCA-BP M. HATH
¥| PCA-BP R FRMERGASETHR LHRRMESERFEARDEANTRESRE
(1.3, L7 X -EA k. iesh, HEBEEME MHESH 4L 8% (leave-one-out) AR
A1 PCA-BP M2 S MiRAERESN 100%.

PCA-BP ME RABEMBMARLE 1 Fix. Fe, & PCA-NLM Jy il
By AT, MTFAT RN RAESAN PCA-NLM 8 -TH 1. 2. PCA-NLM &F
Z(q) HAEMHRABRYEINF TR 1.

M 1 afLiES, WFRFERA#EA, PCA-BPN fl PCA-NLM & T —H R R.
L5 Peterson FFif 3094 R4, BT 24 \ENEBHER.
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Table 1 Configuration predictions of several pattern recognition techniques for unknown
odd-parity energy levels of Cml

No 1 2 3 4 5 [
Efem~'  22640. 04  23282. 58  23299. 58 24900. 55 25518, 80 25878. 11
J 5 4 5 3 6 5

i 0. 98 1.176 0.968 1.54 1.51 1.49
5 (.00 0.00 0.00 0.40 0.39 -0.35
KNN ete. 5fT6dTa 5F 6d 75 5 6d°Ts  5f76d°Ts  5f76d°Ts  5f76d%7Ta
E 5T 6dTe? &5 6dTs" K 577 6dTs"

CPN 5f76d7s" 5f 6d7a’ 5f7 6dTs® sffatp 5F76d°Ts 5f76d°Ta
PCA-BPN 5 6dTs" 5fT6dTa" 5f76dTs® 5f*7sTp 57 6d°Ts  5f 6d'Ta
PCA-NLM 5 6d7s" 5 BdTa? 5 f 674" 5F7sTp 57 6d°Ta  5776d%Ta

No 7 8 e 10 11 12
T Ejem~' 28487.41 26 634.09 78 880.03  28089.06  31104.82  31167.95
T 4 4 5 4 4 4
7 1.328 1.731 1.46 1.648 1.485 1.759
8 0.18 0.08 .58 0.25 .41 -0.12
KNN cte.  5f76d7s 5f 7 6d s 5f 6d 5f76d* Ts 5f 6d” SF6d°Ta
o 5 FT6dTs? o 5fT6d%Ta

CPN 5F T 6d T 5f 6dTs" 5f 7 6d 5f76d%7Ts  5f6d°Ts  5f76d°Ts
PCA-BPN 5 6d"Ta 5 6 Ta 5 f 6d” 5f76d*Ts 5F76d” i
PCA-NLM  5f 6d%7s 5f76d"Ta 5f 6d" 5f76d*Ts 5f7 6’ 5f76d s

MT5.6.7.9,10, 12~ RAHEA, KNN Fjik, CPN F#&f PCA-BPN,
PCA-NLM Jriké i — B B e 0, T XEA5RROTHEE ¥F1, 2, 3=
MRRREA, KNN SERAS1 M LA FASREF LRI HE, CPN ik H b iy
BT 5f76d7s® X—H% (KNN A H#EFRTiESS> —), PCA-BPN Jt PCA-NLM HF#k%
£ 7 CPN KFikfy##. 3 PCA-BPN Jt PCA-NLM 5 CPN #fiif&s R HLET S, BRE 8
5 11 WARAERNL HEA A RAEAASARMTRLER 2

T HUGAMBER, KNN S0 5/76d°Ts 38, M CPN Wik 4 5°7sTp 4
#. PCA-BPN FRMLE T 5/°7sTp #i5. W PCA-NLM & RESTLUEHBERAERLT
WEEST AL 557sTp EARH -, B TiE4%5. dit, Ri16 PCA-NLM # PCA-BPN &
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Fig.1 The PCA-NLM for 5_||"7ﬁd1_53 re- Fig.2 The PCA-NLM for 5Fﬂd3 re-
marked as —, and 5f°8d%7s as 1. marked as —, and 5f764°7s as |.
The + is the 8th unclassified (un- The * is the 11th unclassified
known) configuration to be pre- (unknown) configuration to be
dicted predicted

HHEEGL M TEASEAEA KNN BANHBET 5776d7s° i 5776d°Ts, ik
HERR AL R FEEMNAK. CPN #i0E1#, H PCA- BPN silig WS RHREH.
PCA-NLM #538 (B 1) BRERMER («) (0 F 5776d°Ts BEABEKE SO, mEHiEs
Rk, HENIAER 576d°Ts M4, WmEiE T PCA-BPN #45i R IF#E.

i, o TFE+—SRMEL KNN SHEANLBT 5F76d4°Ts 8 5f76d°, thnikHe
WAL TR EE. CPN Wit var#, m PCA-BPN HWiRN/EE. FHMifa PCA-NLM
prarsm (B 2) b, EFEmBAN TSRS 5 6d AR W, BT 5 6d° A% FHEN
e R -#E, ST CPN #f5ih. M PCA-NLM B4, #RAMeEEy TH80 F
BT, 0 E 5f76d M REREA, HAT 4 4 thiF, XR#EM CPN #iEiRif. KNN S%
TR LR S 4 A i B S R R 2 —.

g EFri®, PCA-BPN fl PCA-NLM AR RT6il R Ml BN E N =
TN OTRAT AL, TEIR TG a A7 3 I 69 0 B gt
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Study on the Curium 1 Odd-Parity Energy Levels Using Pattern Recognition
Techniques

Cao Xiavwel Liu Honglin - Chen Nianyi
(Shanghai Institute of Metallurgy, Chinese Academy of Sciences, Shanghai 200050)

Abstract A new pattern recognition technique PCA-BPN(principal component analysis-
back propagation network) has been used to assign the unknown electronic configurations
of odd-parity energy levels of the first spectrum of curium (Cm1). The obtained re-
sults show that (1) most previous predictions given by KNN(K nearest neighbours) and
CPN(counter propagation network) are further confirmed;(2) several energy levels, which
could not be clearly assigned by KNN etc., are predicted to be in good agreement with
the assignments of the CPN;(3) two energy levels which were wrongly predicted by the
CPN are now corrected using the PCA-BPN and the new assignments are supported by
the traditional pattern recognition technique, PCA-NLM(principal component analysis-
nonlinear mapping).

Keywords: Cml odd parity spectrum, Classification of energy levels, Pattern recog-
nition, PCA-BP neural network, Nonlinear mapping
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