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Abstract

In criminal investigation, the measurement and evaluation of the characteristics of the evidence found
at the crime scene and on the suspect is an important part. Aitken et al. proposed a multivariate normal
distribution three-level evidence likelihood ratio model with sample balance in 2006. Based on the glass
data, we consider a non-equilibrium type of multivariate normal three-level evidence: 58 sets of glass
fragment data containing 7 elements, each of which contains a different number of glass samples (sam-
ple non-equilibrium). There were 396 glass samples, each of which was measured four times. To reduce
the dimensionality of the data, graphical models are used to find variables with high correlation. In the

58 pairs from the same source, there were 20 pairs LR >1, and the false negative rate was about

34.48%. In the comparison of 1653 pairs from different sources, there were 78 pairs LR >1, and the
false positive rate was about 4.7%. For the prosecution, the false positive rate of the evaluation is more
important because false positive results correspond to evidence against an innocent person. The non-
equilibrium likelihood ratio modeling based on graphical model constructed in this paper provides a
new scheme for solving non-equilibrium data in forensic science.
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SEF DU EAEZL (KR ELER 1]-[3] (likelihood ratio, LR)SZ H i tH S A\ (v BERL 2 ST EHE AN E VT
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SEM-EDX [ 12] [ 130 BEHEFE S e R AT I E o S A i B0 MV A 388 75 D R 1 B8, R JE R Tl
(R H T R B (SEM-EDX. ¥ 4% ) 70 M B R S 1) SEML RMBRIERAE I B B RE i, Be2&3lE 7
Fi(p=7)EMPIHIEE, Al RELINaO). AEEMgO). AMEI(AIO). HAMHESIO). HILH(KO).
FALAS(CaO) R ALK (FeO)

2.1. EREIEHERRMIERO TR

1 s = 58 LBIREAR, TR L S R RIOREA SR 0, (=1, 5) (REAIETHD), M =S, =396 »

FEAMREA S 8 SR = 4 Y. SOREAML — SRR — IR BRI T = R UCHEAR ., RSO 1 4
ZICIER i, o EAE AT X HUE e (logy, (L) » L oWMERI TR & &), LA RATA Sl i s A

(Statistical Analysis in Forensic Science) %75 .
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Aitken SE7E 2006 F2 H 102 T IES AT =2 UGIESE SR LAY, 5 8 R AT (0 Ks, RIRRAL
S M FEERAEA . HAESLIREE TIET, E2 M IR RGO, RIS 2 AR s,
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BT B HEAT T O, A AR FEAAR X g, AT A AR B T AR AR
3.1. ESSHRIE

B FE Gt e BEALIRE, G058 0 ALAEE MRS SR & U RS RN X, =(xijk],~-,xi/.kp)T;
i=Lee,sj=Le,nsk =1 m o REZZREEERMIES 340, BARE R

® JEZIK: HX, =(1/m)iX[jk RAGTHER ¢ ALHEE j MR ESIE IR 6, , BB AFEAR E

IR Z RN UL WX, A5 (X 10,,0) ~ N (0, |U)si=1eys3) = Lewmik = 1o, ms

o ANEK: HX, :(1/nl.)f’zil>‘<,.j., KA ALY o, AL T AR VL T
Bt e, E‘]ﬁj\ﬁ?‘ﬂ(ﬂij|ci,\8~N(ci|V);i=1,---,s;j=1,---,nl.;

o MNIENK: HX :(n[/M)i:)_(___ A S R, LI P 22 5E R W, T Py

a4 6, 53104 (6, L, W)~N(p|V)ii=1--s .
B BRI A B 2 Ay, y, - NITELURRIE, SIAIEIRd « d = 1IREIMEHE, d =2

T

PRAHEASR . CHH7 d B9 ) REAR Sk DURIEARFT RN y 10 = (v Vs )
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HRIR SOOI EE IO 14], M B p B R KA
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3.3. ERHEZRIEDMRIZAALLRR

MICTEI I RERUESFEAN p, . IIREEN & FRERESRFEAN p,, E N p A p, HHIEHE
FEA A . 1042 7 {8 B (Prosecution hypothesis) 13§ /7 1 i3 (Defense hypothesis) 7373l 8 H,w Ha[15], FAKE
XA

Hy: B =P, ZHRAMFERIE, IS ANILIEIIGFEMH K.

Hg: B #P, ZEZEAZMERIE, ARSI AR

XSGR B I R AR 1O M LT 58, MIBUAHCA LR = P(E | H, ) [P(E| H,) -

BT Hy MBI Hey 75 IS = 2 IRAEFH I RS 2 A ARE &, 2% CER[9], W]
A LR A M THE A T

Lsz(E|HI7)= f(yl’y2|/"U3V9W) (4)
F(EVH,) (v |mUV. W) f(y, | n.U.V,W)

Hrp, fRRZITIESD AR E RS 2T ET:
f(yl’yz |ﬂ’U:V’W)

-1/2

2
=[2n(V+W)| |2nu|’”2><2n{tU*‘+(V+W)’1}1 xexp{—%(H,+H2)}

x —1Glt SU’I)—IGZt S, U ) =L v (s U ) =L Nt (0!
oxp| =5 2(,07) =5 2(S,, U7 ) = Mier(S,U7) - Naae (5,07
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=
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exp{—;(fﬂ-fbg)}
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exp{—2(H3 +H4)}
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4. BRER

BT B AY J& — o 5 TR AH DGR MR AN R R B BRSO IR A 1 AR vl e i, [AI b T
WEMIT SR, -, BMEERER AT A, BA S AR SRR —FL&0L)EE. A
A M AR SRS TE — AR o 17 AS [ 28 2 [ (R AF DG P e R A DGRBSk B 8 - FEASSCHR, (A DCE
RO Eb 2L (B By 7 ZE R R AL A B 7 ZERE B2 A (V + W) BfE o T S xS (V + W) SR, FREEAT 478, AT 2
PRAHSCHERE[16]0 — M, RAHSCH R g 1) ARG IEE, g EH S8R IEE[17].

TESERREAE AT, T ERE — MR R R, O0< R, <1 XT QHIAHIERE
R, (a,b=1,pa=b), #|R,|=R,» WIREIZMHKRE: HWAL R, =00 RBUEAR, 753 FAH<
FEFEGE Q@ VAN ARAEA R A DGR R 2 7 A AN R R PR A

FIFH BRI, FETHEAURELERS, FTDEE S 4t 8dE s, A UAMIRLE M B £ R, 1HRA R
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_TILR(C,)
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i

(6)

DOI: 10.12677/aam.2025.145238 104 I3RS


https://doi.org/10.12677/aam.2025.145238

Horp, CoONEITEARRI )5S i AL, RIS RO IR AR R T8 55 0 DMBIRMPTAE 2RISR E A S,

FR, HVPA A AR A L
5. K524

5.1. LM

5

AN o

FE5E 2.1 15, AT 2R AR I EE ) B AARME B RS IR 7 AR R A A B
Ja a3 N T 4E R 2 TCIEAS A, 7 4E A 5 ) 43 5N logio(NaO) - logio(Mg0)+ logio(AlO) logio(SiO)~ logio(KO)-
logio(Ca0). logio(FeO).

5.2. B4R

ST IEab A, ML 3.1 AR, R[22 8 KT
fi = (~0.7095,-2.0796,~2.2549,-0.1408,~2.8842,~1.2408,-4.6718)"

¥ U Wit
2.029x10™*  3.051x10™* —2.177x10™* 1.813x10”°
3.051x10™*  1.711x10"  -1.387x10”° 3.387x10™*
—2.177x10*  1.387x10° —1.528x10" 2.984x10™*
U=| 1.813x10°  3.387x10* -2.984x10™* 8.009x10°*
-1.923x10™* —-1.633x107° -1.810x10"° 2.275x107
2.799x107*  -3.671x10° -6.059x10° 1.123x107°
2.980x10™* -3.897x107° 1.848x10° 6.104x10*
SHV K
3.140x107°  1.966x107 —8.823x10*  7.461x10°
1.966x107%  6.562x10"  —1.030x10" —7.660x107*
8.823x10* —1.030x10™" 3.317x107" —1.609x107°
V=| 7461x10° -7.660x10" -1.609x10" 1.323x107
-1.109x107% -8.508x107* 1.016x10"  6.330x10°°
1.989x107%  2.584x10"  —1.965x107% 1.656x107
5.381x107°  3.062x107 —1.221x107" 3.363x10°°
SH W I
1.172 3.548 3.234 0.229
3.548 2026 7.913 0.665
3.234 7913 13.89 0.640
W=|0229 0.665 0.640 0.049
3.971 5.661 16.77 0.812
2.559 11.06 5.132 0.444
7.767 2629 1942 1.516

5.3. By ERER

RGBT %, SesR M T7 ZHEREAS T (V + W) BI85, R4 A 2 1 4 T8O FE @

-1.923x10™
-1.633x107°
1.810x107
2.275%107
2.531x10™
1.203x107°
-2.318x107

-1.109%107
-8.508x107*
1.016x10™
6.330x107°
8.868x10™"
—~7.847%x107
7.784x107

3.971
5.661
16.77
0.812
27.46
4.056
24.69

2.559
11.06
5.132
0.444
4.056
11.37
17.03

+22.799x107*
-3.671x107°
—6.095%107°
1.123x1073
1.203x107°
-3.352x107*
4.165%x10°°

1.989x107*

2.584x107"
-1.965%107
1.656x107°
—7.847x1072
3.148x107!

2.919x107*

7.767
26.29
19.42
1.516
24.69
17.03

58.4

2.980x10™
-3.897x107°
1.848x107

6.104x107*
-2.318x107?
—4.165x10™
3.104x107*

2.980x107
-3.897x107
1.848x10™
6.104x107
-2.318x107
4.165x107
1.1110

wmE 1w,
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Table 1. Scaled inverse matrix €

= 1. FEHUEEERE Q

logNaO logMgO logAIO logSiO logkO logCaO logFeO

logNaO 1.000 0.0019 -0.4119 —0.6394 —0.0413 —0.5071 —0.5820

logMgO 1.000 —0.2569 —0.0347 0.4348 —0.3062 —0.3720
logAlO 1.000 0.0956 —0.6360 0.1500 0.3807
logSiO 1.000 —0.0740 0.2653 0.0172

logkO 1.000 0.1529 —0.2288
logCaO 1.000 0.1882
logFeO 1.000

WRBAE Ry = 0.5, KT QK R < 0.5 M AHEERN 0, LU B — Mk XA O -

1.0000  * £ 06394  *  —0.5071 —0.5820
1.0000  * * * * *

10000  *  -0.6360  * *

Q. = 1.0000 * * *
1.0000 * *

1.0000 *

1.0000

KA RHERE Q, 5 TP SE RELEXHE MR ENERE, 7T LA 5E LUR I ETEERILIE 1),

CaO

NaO —SiO  AlO — KO MgO

FeO

Figure 1. Graphical model of partial correlation matrix €

B 1. mEXEER Q  FETRR

P 1 #33], CaO. NaO. SiO. FeO HAMIKM:, AlO. KO EAHMKM, LEY M0 5HAMTER
WAEMKNE. HE—2, W 1 A DL 5T m A SRR Q, 5 (1 LR {H i H A
R LR (Ca,Si)LR (Si,Na)LR (Fe,Na)LR (ALK)LR (Mg)

LR (Na)LR (Na) @
HIRE Ry =04, XT QKB |R|<0.4 FHEAEBEN 0, AT AR B M SRR Q,, -

1.0000  * 04119 -0.6394  *  —0.5071 -0.5820
1.0000  * * 0.4348 * *
1.0000 * 0 -0.6360 % *
Q= 1.0000 * * *
1.0000 * *
1.0000 *

1.0000
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R AH IR Q) , FFIAHSC R EEEXHE MR BN, AT A€ LU I B AL LIS 2).

CaO

S$i0 —NaO —AlO— KO — MgO

FeO

Figure 2. Graphical model of partial correlation matrix €,

B 2. mHEXRER Q , FIEFEE

B 2 193], 7 Fhoc SRR BAARCIE. Bl 2, W) DU & B TR A OCHE R Q,, 19 LR {ETHE A 2
n _ LR (Ca,Na) LR (Si,Na)LR (Fe, Na) LR (Na, AI) LR (ALK) LR (K, Mg)
- LR (Na)LR (Na)LR (Na)LR (Al)LR (K)

5.4. F—RIFERIEBEL ST

NHEAT PEXTSERG, BLAE MRt EcdE b S URE A e A a4 5t TR BB T S 2 M. Bk
BAFUT, Mos =S8 A BENLIMIG 4, EPOZHIMEE —MEAOVRMEE (N, =1), 1ZH R IR
AAENFEARLE . ASCHSEIR A B IR — AR R S 2IkR CyogeEm—4, HBRT
i 57 AEHEIESHb . SRS 5.3 T4 H A7) BA @) HE LR ETTFFEAX, BTk
Ko MARANEIEHEHAE L T 58 MO IAR, RIEAFEEL, Ml LR ETH G4 R IE 2.

®)

Table 2. Comparison of two graphical models when recovered data and control data from the same source

%= 2. BFABIRMEM BURERIRE R E AR B AR

SR L |R|<0.5 IR|<0.4
<1 20 20
1~10 1 1
10~102 1 1
10%~103 6 6
103~10* 15 15
104~10° 15 15
>10° 0 0
FRAAREAR 58 58
FHME(%) 65.52 65.52
TR (%) 34.48 34.48

5.5. A EIRIRAOTE SR L %

HARRAEGUN, A 58 L PR A 2, IR 2 — 20, BENLH R — DM REAAE i 2
i (N, =1), K58 AW RREASE . 2R ORI m4l, KR T S6 A8 HESH bt W
PUMECR G50 C2 = 1653, A& 1 1653 MG EE R, tH Gt a5 R W% 3.
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Table 3. Comparison of two graphical models when recovered data and control data from the different source

= 3. HEATRMAGM HHE A RIARIRA A E AR R A EE AL

SR |R|<0.5 |R|<0.4
>1 78 76
1~107! 17 16
1071~1072 18 16
1072~1073 16 20
1073~107* 12 7
1074~1075 17 20
<10° 1495 1498
A REA 1653 1653
HRAME(%) 95.28 95.40
TRPFHTE(%) 4.718 4.597

6. &t

F T RIS, BRI OB BB, BRI 35%M0RER AN T 1, 3R B Ak
R, TR RSB BR I L AE R, PV 4.79% 24 I R LT 1, IR ik
FIBIAK E R, BARMECT Aitken A Lucy IJ7ik, PHRHNSAR FEBONIIR(E Aitken 17715
i, FBPIER KT 40%, IRRTESSLE 79% 2 40, (EATLURTL, W FL Ik SRk«

FESCHRIONT, TP KHAR R B A L1 th T ELA O RRE . RVEHL e A B B R RS S, DH
B 5 T TS0 T I S T LTt T 1 0 A B o

TERATHCRIEAEIS A BUEE T B[R] < 0.5 50 |R| < 0.4 S P BB, mpiein sk,
YLBIU A KKK . (FAEH 8 5] R| < 0.4 W S IIEILA, i st R temn e, B, %
FE AT R < 0.4 B O FEITRA28.

B AU L4 H 3 8 SR 5 S B ORI 2, BOME AN S R S £
BB, TR R IE AT A2 L. U, 76 mlEEspkrlr, SEARIIZEMIE R 35 RV YA ]
REMEAT 2 KSR, TV 7 SER PR DS B 5 B AR AT T ETAEE . I A AP B 0 77 SR 255 % ik
1S HEAT HE— B 134

ARSCHER T —Fb DA AT = R B B A I B 77 . 27 DE P T A, il e
e 4 0 7 2 S 135 0 PRI TR A A RS AT DUAR H B, AR B T — MBI R 45 5, i
(EVREE R p R LU 1.

HEemE
AR EH A ZEYRELE s (T B IO B 1R LLAE R N BN TR 9T ), A HER
YIIE% e D SEARL &5 3 B0 & 8 FESIHE, WHY%S N 2022]C12,
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