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Figure 1 Sentencing logical process for the crime of intentional injury
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Table 1 Effects of probation to sentencing prediction

(a) Without probation  (b) Probation variable (dummy) (c) Probation variable (with length)

Prediction accuracy 0.9088 0.9120 0.9074

BRRMIEUFR. St FATFHEEE T LR =0 sEEs, DRI (RHEF 2) 1sEBREH.

(a) M5 I AN R A HAGE TR Y. R 220 1 i 4 B FoAth B AR AR AT 28, JFAIH TSQN
SRR TR 2 AT 3 HE TN, 12 SR MRS 2.

(b) ABUE GRS MiA JAE TR, (2 SRR AN Sz, A2 BRI 5 oINS RN AS & (B 22T
N1, B 0) MERFIERIER, BEATEAER oH S IC RS .

(c) B SR AT SAERITRIY, JF ELEZTRIYIRR to Ay o m. FEA R o AN SRR AR &, BEAT 3 HE
TR T SR T 10 3% FRS L.

R 1R T EIR 3 FEOL TSR (RFAIE) xRS TREINAS BE s M R s B 4528 7T A Y, RS T (b)
T, TR BE S e, X Ul WIHE SR FRIME AL BAF N A RF AR R 2 — B R .

3 WERZERIRH

3.1 FFARBIERAA

AHIE AT T f e N R e mlE KB A 7 e, FEAHUE 2011 45 1 H & 2021 4 6 H ik
AT FEIRIE . NI SRR FE R R 2 SR B R M, FRATHERR T 20 . SRR
FIPSC A, RISR T #os 3 8 — S 00k, FRIEBOL A A A IAGE R A v, 30t 19.959 75, o,
BN R 17.1666 17, BUNEA RN 2.4503 J5, BONSET- R M 3421, H T BSR4 R 550
FNTCHIBE TR ) A B R ORI, HLAT AR TR ) R B s AR e 2>, AR S 2 B2 R BN T A B 403 AR AR
(FETF 19.6169 J3), FLAFET: LA 5 SCHHAE.

(R EF, FH 0 2 A e 5 Bt I T 70 184 0 T S A 2R, T L AT R IRV e R S BOR 1 AR A AR AL
FIVR A REHRE AR AR o ST T i . 325, A TR S E] vk a A B S A R — Bk A
B ) R ORI, HURIERTE T 26—, L) (&R SE W) fEaE RN BA —smike s SE
H, A e b BRI Re A (e 2 5 (H 22 SN REHE th vk e u s, 28— RRHEIE R G 4 EVE R
[3& FH, AR N RGE Btk 45 5 240 5 BB 00 1R R AT, 0 i 2 1) 4 [ w32 1350 B i 5] =
PEF. BRI, 320 it () R AT HE PP FE AT A DG 20 B 2 & 381

3.2 TEE[E)ALE

MR CRIR SR, SR i — A XA R A SR, 5 2RSS AU IR B SEAE AR
RV PEE PR RE — A FAR KRR R, (E B AR AT e DRI 4t DX ] 92 33 10 ) 22 e T A BT AS A 56 o
R E , BRE T AT SR AT, (B OR B OY RIVA SE R A E AL Dt 3RATTRG 2
THEL S0 I 25 mIvR sk, B e AT B R A R TR

M S- HERIRT LA, AR R RED A L TSR R TR T TR 3R R HORT s B LR AR AN B LR, R
R BEAT R — D E B IEE R, BV AN B A — 1. 220, I S- BT LR
H, S HE A B AR 1 AR DA RR A 3 DR AR R rhy 038 /N B A Rl I 5 1 R i/ Rk
M HE 2, WITRERARIOAE, RIS A v B RGR RIS SRR 1A AN R B UKD, —ANE

7



EI7EE: ARLAE I HEH U B S 1 R EE 20 B v S

*2 ENFNEEREERZSRERL

Table 2 Changes of the prediction accuracy in terms of different sentencing starting points

Range 0 Range 1/6 Range 1/3  Range 1/2 Range 2/3  Range 5/6  Range 1

Prediction accuracy 0.9119 0.9120 0.9120 0.9120 0.9119 0.9118 0.9116

* 3 WENMGIHERENESMERL

Table 3 Changes of the bias term estimates in terms of different sentencing starting points

Range 0 Range 1/6 Range 1/3  Range 1/2 Range 2/3  Range 5/6  Range 1

Bias term estimate 0.1062 0.0346 —0.0289 —0.0854 —0.1359 —0.1814 —0.2226
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B/, MRYE B SaG gk RIRATRIN, B IR L HEAE =X TR ) 1/3 Abik B/ ME (LK 3).

[FE, FATRTFUTIR 710 AR = Htly DA R bl iy i X O 2 vk e Jh o B, SRAVE B — ol =
THIES s R AE BRI X () (1) =4 2 — Ak DRl FRATIAERE AL A5 v SR A v, 4 2 TRk R 7E A
N X (A 1/3 kb, BARBIHCE SR, IRYE CREFESEIL) | T AR SN BONEG . 5
NBCTETF B i 22 = AN S il s R ALK TE) (20030 2 AFBAR, 3 4R 3 5 48, 10 4F3] 13
TE) D) e BRI A 2S8R, R DLd i seAG sk it — 20 3R AT B TE /N 14k B IR0 R R
S RS AR ARORT 2 B A0t v 0 2 T Tl 225 SR v S 3 s, DRI A R i — 20 i

3.3 BINtERZ
B 2R S- AL (RO EE AR LR, A PR 7 v T DAY L R 8 P 50 1) SR AR I 28 4 T A 1 Sy 2 1 [
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T
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3) WS AR AT AR R 51 AS R T AE AR S A0 B2 A 8 BERDES A3 (1) MOS0 B B0 NRifl, aTBUE — 4R L
AIIBETR, SR A B E SRR L (2) WOE G E B NEAGK, AT LALE =45 5 U A SRR P2 P il o B PR A
(3) LARE I IE BT Bobom A T 80— NELA, RN G0™ BEARIRI, 7T DLE 40 28+ =R S TR 8 52 P 22 R A
ML IS 24 4 A TS HAE T A _E 7R (1R 4.



R (S A

HARIHE, € A0 F AR KNS H A &
0= (1+eb(l+e),c(l+e),d1+e), 97,07, o™, dv™)" . (4)
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S5 W, REENAERY (5) FHFR IR ASEL 0, iaT LARYE (4) #€ AR (1) (IS5 (e, b, ¢, d,
OT). xb EIRRRL O T B A SR RO S 1 T RO HEUUREBE, JRATIFEAR FE S 13 et T R RR
BEHLILA-ET (TSQN) EEHEFIR SR L AR M THR ZBE . 2R R A sk 1 Por.

H3E 1 TSQN Hik

Step 1. Xf ¢ > 1, #HEH-HEVILHIEHE 0,
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_ GilpiOe1) — Gt(@?ét—l)l
©F0, 1 — oF 0

_ 1

e+ BRef Py’

Hr, B3 Ge(x) = E[Se(z+wy) | Fi] BAEGE Fr FRFMAECEEIE, {7} S HEESE AR o— REUE; Hpt—1

RBEET, VWG [13); g, = infoep{Gi(pi 2)},9, = sup,ep{Gi(pr @)}, i Gi(z) & Gi(z) KT = SELG

pe T ROEBORER Fr AT IAIBEHLAL &, (EI L 0 < infiso{me} < sup,so{m} < oo; HIEWIMHE 0o % 0o WLMTR

MAREIZET BN EE D POk, MAIGHERE Py > 0 & Py > 0 A[{TREIER.

B

/ TAH
(o0~ 120y T Gelee -1 rs, 75, =0}

at

PEIRIN TR SR B, SRR P AT AR SR Y S- AR PTBETH I, AR ARSI 2
Vefe /N RS SE. 5, ATLAIEW], SEAAME B AT 2 RS B i, JF H 280l A=A TR,
WA OB 1S E45 S HUTHRZERI AT SE B RS, PRI OCHR [13]. 5=, AN [a] VA e B AR SL R 2 Afi
LA e EAE LI AL I SETHEGR, SEINE & RlVE IR — RE Ak MR ke, SR, SERAT HE
JEAE, BV B 22 Al LR 22 RIS 2 ) A6 TR B e P e 0 S SR, DR e 3 B AR e
i WL GERB Y v B TR R R A A K/ FT RERE I TR) 224K 175 100

FARBIA G 8 S TE e 2B, B BRI FS w, AT T, BRI AT DU AIME A 0,
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Table 4 S-model prediction vs. L-model prediction

Prediction accuracy

S-model 0.9120
L-model 0.8494

WBAN, FEASCHE L& ISR TS A b, B G () PTRARARRIEN Gi(z) = U+ (Ly—2)F(Ly — ) —
(Us—z)F(Up —2) +25[f(Ls — ) — f(U; — 2)], FE Gi(-) MFRLERXA Gi(2) = F(U; —x) — F(Ly — x), 3
HOE() B F() g IR N(0,25) (504 SR E 2 %5 BE s A FRIER 3R “E A A0 KRS8
2 X TR R [0,40], FHAERI R <00 NE XS HRIHEZ XA [0, 10], BT IX N -1, 1],
HARFHE PG TIRFAE R 28 (40, FRm) X RS E R IX TR N [—0.1, 1), SPRMER 2= (0, B &) XN
S X AN [—1,0.1); g = 25; IR Po = Py =1, 60 J% 6y SEHUN 0 MM f/ s 3 fbit 14
1ER EREERIWIIRE. 30, #3 UaT 4 e A IREEE A SR, AR Monte Carlo A48, 7772
KRR Z A TR (WLSCHR [13], Proposition 1) 45 S EUETHRZ M LR, KAl S H0EHE RN
o =0.09, t = 0.01, K = 100000.

4 HBRPHREX
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AN AR S B ) R B o TR REAT T, JExFaC (5) Prgs i s- B S EK (5) st A
BRAUN (2R (linear) FEAY (FIFR L- A7) AOFRIIRG BEREAT LLAG. HBATASRIEBIN R R, A
HlE oaT DU RS 20 4 ke 0 TR B ZE AR ISE R VAN X IR) 2 P, TE BB LT, PR R B AN K3 A T 1
TER. (H2, EBANEGIIEIET, 13429 A RIERIBON EAG K722 H X TR (WA H) TR (3 ),
11074 NHARALTVEE T XT8N RSB OL T, AT EOT DUAHE SRS T (RT BAZE 20 AR BB f A
PERR). AT SCETINAS N

Y

o,y 258t NP SEBRE IAGER, g, RAREAT ¢ — 1 DR RIREIE 2 ¢ SRR
(R IE S TN, T A e i . o s S H R A TR AR 22 )P 2048 VR T B, BRATT IR S256: T
L- AN i HEf /N 3 (RLS) FiERI S TR . & 4 R T SR EIRE TN, WIS RLLERS FE T
J7 T EXS B, TLAE X o A BN E AT A AT, S- B S L- ARRAH L SR IR
121 6.26%. Bl 2 /R T 2011~2021 FTMAE B AR &S 7] LA, S- B B FRS B dR i =
T L AL ) TR
4.2 BEPHANSEMSTES

AN R A A0 2 TR S B P R B HEAT B, A S- AR rp 56 TR AL DR 2 /N ) LA
THE, WIHEABEE SN SHERN, ROTEE S L- A A THES S- BALL T
F.

I o T R TR ] 4 T A v v s PRt AR ) 2 R TRV SR AN TR N, FRATTA, TR
T AIZE B B CFEEY A CETFIFR SR L) A, X R T, BATH S- B L-

1 o [ye — 3]
t — Yt
?tzzl : ) (8)
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Figure 2 Comparison of prediction accuracies between S-model and L-model based on serious injury data (2011~2021)

RS THE & BEVEREAT LA, PELER 5. b S- RN THR Z 1) B R FUREA FRFEA (19.6169 )
3T Monte Carlo J7¥EE RN 90% BAER, BIE LT A HIMREMIHRE (0-0) (11 0.95 5 Ar %A
0.05 7L EAL THE, BARTHE A XS WCHR [13] (Proposition 1); L- BEAfh 1R 2 _EFA 90% MR
RAEANHE FA, BARHAABRFEAR N 5/ e EEA TH R ZE A S ST IR (W [16], p. 155).

LR 5 W LAEH S- AR 1 T A

B, S- BRI S, WIHT TR, 1E ST b B AL T AR BB IR 30T BT ) AT RE R
Wi {hv 2 T P 246 555 B /)N, 150 B A A DR 3% ) s /N B BB R 228N FR 5 T LUR Y, L- AN
i B I THE (0.04~0.05) KT S- BERLAETHE (0.0289), S- AR 7Y [ AR 15 22 /)N [ b B A 2

B, S A BAR BTSSR R 5, AT UL S- AR L- A Bk
(BRI 5 A T SE & 3, R Xt M0 75 WS DL B B AUE R AR S 1 A, RS
BT, AU X — A B, FATE T E RIS EMME 1) AT H5EM (kg A
7 THI 22 A5

S TR, X E TR B AYERE, AR, REEA CamEEr, Bz
I, TSR IE T A SR e B TE ;85 AN R, S S TR R TR B, B T
P, «UfTr s g mr DUE SRS 15 52 A T AR sl A B I S IR R R R (CEAIfE SR |, &
RGOSR W R RTIR: (1) XL, <B4 IS 544 B G B A 51, 7 B S 2
TETRI ) 20%~50%, JETEFEAR I, AT LAYk ST 1) 50% DA B ik b 3. (2) XFF4E3 75
B HCEARAR, “RTLL AR B AR AL T, TR A EER A 40% BATR. (3) X T HCELIEE HE
(7, T LA AR ml ek e A 511 R T R UETRI ) 40% DLR, JRSREE A AT LA FEHETRI Y 50% bA_LBR
BEWIEFRBRALTT. (4) XTG4 55 NG G40 R IR (0, “nT DA /b ZEHETRI Y 40% AR
(5) ST ak BRI AR, P DAIR /D SEHETI IR 50% DATR, JEIRECER I mT LAY SEHETRI Y 50% LA L
BV S R Ak T
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Table 5 Parameter estimation: S-model vs. L-model®

. Estimation error bound of S-model

Feature Estimate 6 Estimate # and estimation
of S-model Lower bound Upper bound error bound of L-model
Bias term —0.0289 —0.0108 0.0104 —0.0458 £ 0.0082
Number of people suffering a serious injury 25.67 —6.292 5.634 24.65 + 5.2558
Number of people suffering a minor injury 6.55 —0.733 1.0655 6.59 + 0.8566
Probation dummy variable —0.0838 —0.0231 0.0075 —0.0541 + 0.0055
Surrender —0.1506 —0.0080 0.0060 —0.091 £ 0.0047
Confession —0.0454 —0.0073 0.0073 —0.0238 £ 0.0045
Reconciliation, reconciliatory —0.2987 —0.0142 0.0084 —0.1815 &+ 0.0057
Compensation —0.0654 —0.0122 0.0074 —0.039 £ 0.0063
Admitting guilt & accepting punishments  —0.1110 —0.0229 0.0248 —0.0695 4+ 0.0111
Incidental civil action 0.1303 —0.0080 0.0116 0.084 £ 0.0052
Principal criminal 0.0387 —0.0266 0.0240 0.058 £+ 0.0173
Accessary criminal —0.3440 —0.0783 0.0564 —0.1099 + 0.031
Civil dispute —0.0398 —0.0130 0.0060 —0.0216 £ 0.004
Rescuing the victim 0.0650 —0.0455 0.0475 0.0785 + 0.0268
Armed 0.1829 —0.0068 0.0074 0.1422 + 0.0041
Having a defender —0.0089 —0.0149 0.0068 0.037 £ 0.0043
First offender —0.0038 —0.0088 0.0132 —0.0009 £ 0.0055
Pleading guilty in court —0.0001 —0.0121 0.0073 0.003 £ 0.004
Victim’s fault —0.0436 —0.0109 0.0056 —0.0242 £ 0.004
Recidivism 0.1983 —0.0090 0.0110 0.143 £ 0.0084
Criminal record 0.0358 —0.0123 0.0139 0.0125 + 0.01
Aged 75 and over —0.2396 —0.0620 0.0453 —0.1287 £ 0.0238
Deaf and mute, blind —0.0040 —0.0281 0.0227 0.0083 + 0.0125
Assaulting each other —0.0155 —0.0085 0.0063 0.0003 + 0.0048

a) The parameter estimates corresponding to main features are the proportions of their adjustments to the sentencing

benchmark except the two features about the numbers of people suffering serious and minor injuries.

TR PRy, BRI TREMAE RS AR, B 2013 FES =R (R
RFEI) BIME, “BARKENLTE, ZFENLTE, IREUTIIRE SR AJEAR, S8 M) BL
HEMNLAE, B g, R 2, JRIE, JBGRARE, JRARA AL, MR, B MBS IS5 B 1
(K, 53 B TR T 0 R TR AT IS, FEEFEAE b, Pl F A BRI AT . R BRI 5
I, B 2RI, — SRR SRR R 55 A, SR (R0 TR N, 338 1 A i PR v 4 3
HETH. X ] DU B RS 1 S 8 il TH ARV el G B A — > S5 SR AR AR

FE I LR P A R b, FRATTACEI, S- T AR HY (0 5% T B TR 15 1 R R/ A BB
16 CHEE)Y 5 CETE T EIL) BARSCRUE, X T ik Fudi B Al 2wk o oA SE B R A 5 2 X

B, S- BMEENS S EAG T AU BOMERD, T L- BB A T LA (ETHR S
W) . B LRI T A, BATATCUR BN IE BA “omi 1 “OUoEid Ml A B =N HEARFIE.
b “WEFER”, 248 AT SRR AR 5 F A B BRCA 50%, JF B BR AR B N LR ShME— 1 5 1]
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Applications of nonlinear recursive identification theory in sen-
tencing data analyses

Fang WANG!, Lantian ZHANG? & Lei GUO*"

1. Data Science Institute, Shandong University, Jinan 250100, China;
2. Academy of Mathematics and Systems Science, Chinese Academy of Sciences, Beijing 100190, China

* Corresponding author. E-mail: lguo@amss.ac.cn

Abstract Judicial data have become an important base for empirical legal studies and the construction of
smart court systems. Thus, the interpretability and reliability of the computation results become increasingly
important. Therefore, we established a new theory of nonlinear recursive identification and applied it to sentencing
data analyses. Specifically, based on the criminal law and sentencing guidelines, we established a nonlinear
stochastic model for sentencing, to which the corresponding nonlinear recursive identification theory is applied
with a specified finite length of data, which is nearly 200000 judgment documents of the crime of intentional
injury. Compared with the traditional linear regression model and the least squares algorithm, the computation
results given by the nonlinear recursive identification theory are more consistent with the basic principles and
rules of sentencing, can reflect the effects and changes of sentencing factors more accurately, and exhibit better

prediction ability.

Keywords nonlinear model, recursive identification algorithm, identification accuracy guarantee, sentencing,
crime of intentional injury, judicial documents data
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