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Rule-space Compression Algorithm Using Approximate Subgraph

HUANG Hong-Tao* LIANG Cun-Liang! LI Da-Peng? YE Hai-Zhi*

Abstract Rule-space model is an effective method to diagnose knowledge structure of subjects. But high time cost of
rule-space construction is a major obstacle to its application in the small and real time cognitive diagnosis. In order to
improve the scalability of rule-space model, an algorithm is proposed to compress rule space by constructing an ideal
attribute pattern set using the approximate subgraph. Approximate subgraph can decrease the order of subgraph by
ignoring attributes unrelated to testing items so as to reduce the scale of ideal attribute set effectively, then the rule
space can be compressed accordingly. At the same time, virtual edges between vertexes are constructed to simulate
transitive dependencies on the domain knowledge graph, and these virtual edges preserve indirect dependences on the
domain knowledge graph without introducing additional attributes, which ensures effective filteration of unreasonable
attribute pattern. On this basis, the approximate graph construction algorithms and ideal attribute pattern generation
algorithm supported by approximate subgraph are given for rule space construction. Finally, experiments for comparing
the performance among approximate subgraph, dependency preserving subgraph and vertex derived subgraph on the
benchmark dataset were carried out, followed by an application in practical teaching cognitive to verify the diagnosis
accuracy of approximate subgraph based method. It is concluded that approximate subgraph compresses rule space
remarkably without loss of diagnosis accuracy and makes it possible to apply rule space model to small and realtime
cognitive diagnosis.
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Fig.2 The approximate subgraph of G on division criteria K(Qsub)
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Table 1  Test item and its attributes
JE ¢ 92 g3 q4 95
HAZ v v
=i v v
=fbE v v
ST ER 4

T “=MIEET. R HARL” BT “—=fA
B PARHTIS “= A" BT “=MAEmER” W)
PR T B, WMORME A& 3) WIS, 1 (PR L, =fE
). (FIRRZR, =), (Zfk, =fAEnf) BT
Egw, BORWAATE “PHACL” 3] “=MAIBHA 1k
TR B, HiXAMARESS A" & ‘=M
&7, ARFERME3) SR, 2z i, E
2 (c) &5 TSIl 5 S5 5 PRV 2544 2)
g, Vi, = {HAXLR, =M, =fAEE, ZfAEH
R}, AN 2 (d) Fras; BRI 2544 3) B, (K (Qsub)
— Viw) =0, FTPA Egun ANFAEAL, LT R R R 2
W, B Ja okt 5) s, MR RSES Law = {H
L&} TRAG G = (V,E, I) X TFREXFrifE
K (Qsuw) BIEMRTE Goub = (Vaub, Esun, Lsub), WK
2(d) Fir.

Gioup N R TR 25 TR AL A &R e 1, ol <B4
FERE N THSE I TR AR . AR AR M R e T PR A Y
AR 2R, Bl G, ETHURIAI AT A K R AL
XA T & Goun FEATPIIAME AT, TTHEAREEAR
Wil b e, ORI S A% R O(ne), Hor, no =
|Vsub|, €= |Esub|-

2.2 HERNMRNME

o R ) 2 T ) H A 3 e A DE e 7 S U ¢
SR R 5 30 B8 S AR 2 R IS, 17 3 e 3
A I A FRAR SR AR . TR, A ) =3 1]
e 2Ll A 7 P it o PRARUR MR . 0 i A X
Ky TR 2K &

JE MR R — AN R R S A, BDRIRARAS.
R T XA R G AT 732, FEEH Gown MITH
FAE Vi A BOR R B 8 A, BN B d A 4E
HRBEEANRESE. P EERRE e
TE .

EX 6. EHEEAE—NETF n TH/RITH m
= biby- - by, HH n = |Viwl|, b ATIRIE, Fomkt
W EPE R ER, b S 1 FoRfEME @ ior, 0 FoR
AROL, 1 <4 <n.

Bl 2 R sEpirg, Vi, B8 “MHRLZ, =fAIE,
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A 16 Fp. FIERRIEZ MR KR, X 16 Fhal
e PR o — i R AN ELY, B0 PR X
(0100), &k 7RO 7RI =ML ARE
RIEME “MATL”, XFAPRE R AT HEZR. 1
JEERL (1100) 2EBERY, B Rt T #islm 2 48
TR R MENE “=AET. XMEENE
PR RO FAR R A P, B R W AT A E
5.

EXT. 4 M HEEEERAES, L M —
2Vee SHFMCEREL, B m € M PR R AR Y
HALY

L(m) = U L(pi)

WAL, Hp p N Gen, ERIRIIREAE, T(pi) FoR i
FrEEENES, n > 1.

R A T AW — A B R R A A Y
B, MREE L7 015 Gou, AR HAR B MBI 4R
£ M = {0000,1000,1100,1010,1110,1111}. 3 2
g5 T B AR S S AR IE X I K &R

K2l Qsup AU EEE MR

Table 2 Ideal attribute pattern generated by Qsub
D m L(m)

1 0000 {

2 1000 {#i1sc 4}

3 1100 {M%%, =M}

4 1110 {tH%ek, =, =it}

5 1111 {M%, =flE, =flte, =/AEHE}

22 B Y JE AR S e T R R A A N 4
F. INTHS Wi ) d5c 26 H A 2 787 L s 7 AR R 3
FUE MR 2 [ A BLS, AT = A2 X R A A2
Wr. SRR e AR X2 gl a6 I 1t H 1) S B e Y.
gEI, RIEA MRS (FFTEJR) I 0L N A5t A it 45
RIFH. INHNIS W BT 55 2 7 ) 25 [i] i W 2%
SR HEAT R TR B, AT I D8 e P 4R
X 7 B I B i AR S (TE M N I I AR ),
e S F B S B ARE SR P AR B I S, AT
SHHINANZ W Es R, R, FEE AR e
19788 s ARG T] O B K 2R T 4 R S A
Ky E X.

EX 8. XA H % Qo FK n JOTH
IRIFF) r = R(m) = B(q|m)B(gzIm) - - B(gn|m)
AR B, Hp k(q) C© L(m) WO,
B(g;lm) = 1, M B(g;lm) = 0, n = |Qsun|, ¢ €
Qsub, m € M, 0 < i < n, R(M) FR/RH1H A

KES.

H15E SC 8 W, SUIER S A 2 BRARU R AR
AIRR AL 2 3 B HE TR P R AR S B AR e A X
[RIBRIN X&. 55 1 A7 R(M) = 00000 7R
TE 5 ANTUH E B S 2R A R, XA BEAR R
PR m = 0000 BEHT 4 R PEARBA S48, A
IR L(m) zs4E. W, 25 4 47 R(m) = 11101
PEIAGAAER TIH a1, g2, g3 M1 g5 XTZAEME, B
P m =1110 A1 L(m) = {MX&, =AE, =fAK

i}

# 3 PR A S I S A X B 5 A

Table 3  Expected response pattern corresponding to
ideal attribute pattern
D m L(m) R (m)
1 0000 Int 00000
2 1000 {HAE Lk} 10000
3 1100 (et =} 11000
4 1110 {Mx%, =K, =k} 11101
5 1111 {M%Z, =M, =fkm, =M 11111

2.3 N8R

FRIN 2 8] 2 i SCAE W4 s A = AR B2 S 7 A
X EMRR, RWESH RN FE. a2
() P4 A% O ) R0l R AEL R A e 0 B s A
AT DU 2 [] e (R R0 e, B3 2e s, FEt
B D A, Wl e R A R 1 H
Y1 BEIE 0 T (Approximate subgraph, AS),
W 1LHNAT AS it EE .
BE1. ASEE
BN GURANRE G = (V, B, T) Filifsi H 4 Qsu, C
Q
!fﬁllill iﬁﬂl?lﬁl CYYsub = (‘/sub7 Esub, Isub)
1. % K(Qsub) := 0;
2. For Vq € Qsup do
3. K(Qsup) = K(Qsub) Uk(q);
4. EndFor
5. % Ve := 0, Esup, := 0, Isup := 0;
6. % Veup = [_((qub)Q
7. For Yv; € Vi do
8.  Boolean flag := false;
9. For Yv; € (Vaub — {v:}) do \\v; € Vi
10.  If (vs,v;) € E then

11. flag := true; Egqup := Esup U {(vi,v5)};
12. Vaub := Veun U{vs }5

13. EndIf

14. EndFor

15.  If flag = true then
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16. Vaub := Vb U{vi}; Veaub = Vaub — {vi };

17.  EndIf

18. EndFor

19. Repeat

20. For Vv; € Viup do

21, If Ju; € Vew, 1 G FM vi 5l vy BIBRFR B
then

22. (vi,v5) € Egub;Vaub := Veub U {v5};

23, Vew = Vewn — {v5};

24. EndIf

25.  EndFor

26. Until Ve, AHEAL

27. HE X 5 44t 5) WAL Toun;

28. Return Gsub = (Vaub, Esub, Isub)-

AS FE 1~ 4 AT R H 5 Qo T
B o br it K(Qsub), 25 6 17 H) Vews 22 Vewn TE
K(Qsun) THIKME, ¥1880 K(Qsu)- 55 7~ 18 4THY
RO AR WGP T B P R AR R, 9~ 14
TR Viun w085 THRU) BB KRB R R JEAT A0 2,
R 4 TV R ) B 43 9 1R 5 28 A G AL 1 L R A B 1Y
(1 2(a)). 15~ 17 AFARIE AR A E LR
B K 2R 0 2 A 4R DRI A B I T 4R (IR
2(b)). 20~ 24 fTYHRERFIRT R BAFEM Vo
MITIRE vy B Vi, IR v; BOBEEE Y B, AHRAFTE,
YL v AR SEAT IO T vi, X2 — M DU 5%,
FE AR AR, - B ST vy B vy B3, [T vy A
DT TR (2 (), 2(d).

W APL1- [ R A AU P 25 R A ST N R I Y
Waix &, HEBR B AU R B R, H A
PR UL B0k 2 4 T dE R R
A JE AL (AS based ideal attribute mode,
ASIAM) fyid 2.

Bk 2. ASIAM &%

BN, T E Gsub = Veub, Bsub, Tsub

W, PR RS M

1. M:=0,T1:=0,Ty:=0;

2. 2 E A=W, B Lo, PR EABT E;
3. M:=MU{E}, T :=T1U{E};

4. For i:=1t0i:=|Veu| do

5. While I'y # 0 do

6 M T1 PHHITTER my

7 For Yv; € m do

8 If Jvs € Voub — m {1 (vi,v2) € Esyp then

9. I's i =Ty U {m U {’Uz}}
10. If ((m U {v2}) € M then
11. M :=MU{mu{v}};
12. EndIf
13. EndIf

14. EndFor
15. EndWhile
16. Fl = FQ, FQ = @;

17. EndFor
18. 48 M iy {E} Bk 0;
19. Return M.

B 2 RO AR HEIE ST R,
NOEELT B RO T, MUk 3RO 1
~ Ve | BPHIETT 5 F FEIRORERRE (4~ 17 7). X HLY)
4T A ADT F 01, ELATR I 35
HIERE TS B0 I8 T — R Bl . S5 1 47RO
Ty 1T A7l 5 1 R 30 0 AR B
Ty 745 2 AR B SRR EERER. T
SAPIRAE ,  T IR VL B
%, WEAIATUS B, WLAEASEIE L, HHOFTA
T 5~ 15 FFIRUC L4 1 AR
WIS BT th R R TFIR, WIRREOS IR 1 2%
H1ELAESSEIA 1 AT, W — A KRS 1
FAR LRI (8~ 13 47), JILEA To (8 9 7).
—REIERGA PR HLRIER 1 AOTEARPERE.
SEk 2 RURIRIISE M . JEREE] M i se s
R AR PE R I AR, TR E XL T B
B S AR R PR

IO £ I S AR P B 2 —— 0,
VAR DAL X8 L3 48y M X g 0 2R I
B IE AT A BN 9 AU 5, 52 L
2 TR o LN 2 D S T 82 B8 A
AT W 2 H 2, 3 L8 R B B 15
WL S 2. R, W A
ML S8 22 I 7 R T I TG 5% .
I DAL 54 L5 BN AT AR 1 9 2 P
BIIEATRE UM, Aok R AR SR U, e
PEEERLRL LR 8, 16-17).
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1) PRI 2 ] 4 g

4 AR 25 ) Py 552 Jo 2 4 DR R AE R M AR AR Y
FAL i B e E T, JE R S e i
LAWHIHE T AT A A AR i A,
a2 DA ST R T ] v i e 1 ] g RORE 5 AR 2R
108 3 T T R T ] ) AR DR 1] i T 1 A
RER, 25 AT H 4T KRy #sNE T, 250
R AR AR ) B R AR E O K, R 3 (a) BT
AN HAERTH RS 1 R AR S kG 5 | AN B M,
HOOH A AR K 2R 110 220 2 3 B AT g A U A A
B, B R EA A S MR T B ol IE, ik
3(b) FR. A Sl T4 R & 5Tl 5
L1l T K (Approximate subgraph, AS) 4§
JE P E] MR 6 &R, AT VDS, TS BE
UEAEARGIABNE IR H§2 T 20 s 48 B AR 1
B AR AL, AT 328 21 P 4 R 25 [ AR AR R H A
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= A IETE

(a) HHRE T &
(a) Dependency preserving subgraph

(b) FERTFH T
(b) Vetex derived subgraph

(c) 1ALl 1A
(¢) Approximate subgraph

B3 s F AR
Fig.3 Subgraphs exported from test item set

PAZE 3.1 A4y I H & B, [ 3 (a) A2 il
I F AT AR R 1A, [ 3 (b) ST
T, &3 (c) S il H RT3 A5 4]

HITE 3 1, SR 7 SR AE AL 1 MO 1 P v 5 A
HNTGA, THLLS 1 P U GR BT 403 R AR I v 5
I H B R AR R 2R, 2 1 TR & v ]
HMBIR AR . F5E L, AEGUCRIR A LA “RIAC
Wil L B =T BAE. CMRL” il
7R =R B RDAK = MET dEd =
IR B "= R, wrp “tHsze” Ml

TR SR AR L A
A7 SRR MRS S AR
SR R S AREBT WA, TR

S 1 PR K R[] 322 (R % 2 1 28 e AN A B Y,
[7] Fif 1, 2 SOHAR R A SN K, 3R 4 45
T VDS S AR R L, A 8. i
TR T RRL” 2 =R, MR
2 B =M A =M B = AIB
AP MO K AR, BRIRICATAE “HISCR” B “=fiE
AR B IR R &R, (A2 =M m” o
=T S, MR S S 3) Il E A
BRI R AT R BEEAE AT A RSN & Ik
O BTSR D PR A TR IR Y TR OB AR, AT 55 BT
AR PR AR R Ut — 2 . ABI i Bl
el s ) PEARUR A SRS 5, ik 2 B
Wk iR SE IR DA, I el 1A REAS I 2 46

I R AR R MR U AR A LS, K S BN ML 2 [R] 7Y
Fegi. AT VDS T, sk P4 e )2 i ik
SR AT AR L0 SE LAY

#4 i VDS S PR E M 4

Table 4 Ideal attribute set exported from VDS
ID m L(m)
1 0000 {3
2 0100 {=mt}
3 0110 {=m, =}
4 0111 {=m, =fmis, =mpme}
5 1000 iy
6 1100 {Hzek, =ik}
7 1110 {4, =M, =fEm}
8 1111 {M=L, =ME, =ik, =MIBHH}

2) K R ORFrAE

UEABA & R 5 LAY REAUZ Al 1 U [8] F [
AR AR, H 2 EE TR R n] BB PR A 40 91
LSV i (VS L S PN sp e e )
AR O 2 2 A0 REAS DR U TR 18] B ARG &
e M Z Wl R A PR S8 R S T Uk
LA BRI K R PR B RE T, R IHI S 2 7% SCHK [26]
Zriiry DAG [ [0 5 R 1 € S
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EX 9. 4G = (V, E;, I;) Jy DAG [, Hrfri
= 1,2, Vo C Vi, B KRR EEXTE Gy, Gy E—
TERER X C Vi x Vy Y HAUCY FH) Ao

a) MEE v € L, WA Gy FAETEE B
UUg -+ Upy, B, ug €L, u, =v,n>1,1<i<
n, W (u;,v) € %,

b) XHMEE (vi,v2) € Z, WIRAFAE vy € Vo HEEZ
WHET vo, W Gy EAFAEM v tHRWIBEAE T Bt uy €
I, u, = v, 15 (ui,vy) € Z AL, Hodr, uy = vy,
Uy, =05, n>2,2<3<n.

WA E XAE G fl Gy BRI R R 2, N
Fr Gy B G130 Gy 8% Gy B, 120 Gr <sr Ga.

EIE 2. IR Gow = (Vaubs Boun, Laun) B G =
(V,E, I) XTFEX53 i K(Qsu) ML,
WA G <sr Geun T

WERR. 4 Z CV x Vi, WEXHE G Hl Gow, |
TR FR, HE L 4 FE LS ATH, T, C Vi, =
K(Qwp) C V.

a) MER v € Lo, HESL9 ZAF ) W%, 41
Roel, M (v,v) € Z, HW, HERL WM, G L
FEAEMWI G 3] v AR R AR waus - - - uy, 7S
up € I, up, = v WL, Hp, 1 <4 <n, TREAG
(u;,v) € Z#;

b) MMERE (v1,v2) € Z, IMERE vo WHIEIFYE
TR vy € Vian, B v2 € Viub, vy € Veun AL, v €
V, vy € V, i¥awE X5 444 3) %, G EAFTEM
vy % U’g BB B waus - U, TR U = g, Uy
=y, Hp,n>1,1<i<n, TEAH (u;,vy) € Z.

O

AEF 2 JERH TR E G Rgig {1 1A
Geun B (B2 R h5IA T S8 AR K
ANAETE R [ OB O &R, X FSEADL O 3R 2 15 g A5 1l
Goup PRFF G FTH s R] A AOR O 2R 42 52 e B0 2 Ti]
IR YOE R, T s T A E e B
Stutter & H 5k F K1 BHIX AN AL

EX 10. 4 G = (V,, E;, L) HFi4 DAG
K, pi G, Emigss, Hpd = 1,20 H, py =
Do =
Up1U22 * * * ULn, U21U22 * * * U2, U31U32 " - U3ng " * * -

piStutter T po M HAUCKEEE LR R Z
C Vi x Vo, it (visy,u1j,) € Z, (Vasy,u0j,) € X,
(Vsig, Usjy) € X+ WAL, HAF, 1 <i; <my, 1<
i Sy, 1 <ig <mg,---, 1 <751 <ng, 1 <o <
ng, 1 < js < g, -+, piStutter T pa ILH p
= P2

EE 3. WHE Gaw = Vewv, Boun, Lan) B G =
(V, B, 1) XT T RME K(Quun) BT,
T Gowp FRMEEVIIGEER Dows, G EAFTERIIR B

V11V22 * * * U1y U21V22 - U2, U31U32 * * - U3y *

1 p, fiF p = peub-

WERR. HEH 2 WAL G <sr Gey, @ Z C
V X Vi HENXTE G Gou, ERIBHIR R, Doub
= VU3 -+ N Gon LERIFIIREEIE. BT v €
Lo, MRAEE L9 5501 1) WM, G EAFAERRAE B
U1 Uyg - Uiny, oW, ugy € 1, Uy, = vy, 0y > 1,1
< iy < ng, WA (U1, v1) € Z OE

R Vi K psun ERYTIA (m > 1), B G EAFAE
PR BE Uitz U,y s FoH Ui, = Uiy M
> 1, WA (wmi,,0m) € Z WAL, 1 <y < Ny,

T Dsub YT AR Um+1, T Um+1 HEK
T v, HESXL9 A4 D) AT, G EAFTEM v
BB B Uma1)1Uemt )2 Umt Dy s T
5 (Ui(m+1),Um+1) € X War, H, U(m+1)1 = Um,
Ut Dnmer = Umt1s Mgl = 25 1 <l < Npgr

LA 1S, G FAATEVIIREEAE p = vivie -+
Vin,V21V22 * - V2nyU31V32 * * * Ugpy * Stutter ZEHrT
Psub- n

ERE 3 LRAIE T I T A AR A I
Kl EAFTE Stutter S5 E&4E, UEBHITL T PREE T 4
AR E _Erg i ¢ &, BT RLT B 5 1A B A MK
81 5% 2R R A AR AL 0Tl T R ] AR O &R XA
Jo PRAIE T BRAR PR AT 2 R I 2 ) ) A R ik
SV, I N B8 A R0 Hs 48 F0) 25 ] 1) HLA,
[ORER: AP SRIBE S A S ML

3) BETERE AT

HESIAIRE G = (V. E, I) i 5 4
Qsub- AT AS 55, BN DLW K (Qsub)

TR T AN ELRAROBOC R, B AS FkeR 2
B Vi FAERTURE] Ve T DU BRAR R 771

JEEXD 5 5) WREOKR. L, AS SIARHRIAT
SR (V] + |B]) < [K(Qsw)| - ifif DPS 5335
APRFFIIRTRE 5 K (Qsub) HHICHY A
2, ISR EWRN (V] + [E]) X [K(Qsu)| -
H1F VDS 3k GRS K (Qs)
TR AR K ) ELIE MR K 2R, Jr DA S A Ik i) 52 3R Z
N VI+IE|. WBFEEE 2SR /R E, AS, DPS
A VDS = FpREAE T SR R v AR TR 2 A7 2R T

BT GIA K (Qsub) VAT AL, BT AEATTHE
I O Y28 [ K (Qsun)| + |E, DPS
PR IN SR (V] + [E.

3 SEWERSHH

ASSCIF R T T 21 5 56 2 ol T Bk T A B
5 VT B PO 5 ] A i Sk 1Y 2 T s 4 BB T B HLAE
SR A AN AN W P B0 R, AL SRR
FIETF NS Wil vl g R Bl B R 48 (Cognitive
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diagnosis based programmable teaching support
system, CDPTSS) JF R INMS W, % RGHE
CETE (Center for educational testing and evalu-
ation) I = B THRINHNZ Wit o LA B HER) It
£ B i R S o U (VS R £ S U oy L1 8 S W
TP LS UM 25 [A) IR 4 i) w] AR 12 1. R GEasdT
¥:E £ 404 Ubuntu Server 14.04, 4b¥E£5°4 Intel
xeon e€5-262, F4ii 2.0 GHz, W1 32 GB.

3.1 ZWAHER

5 1 LI H =Xt DPS, VDS #il AS 55
TRAEAT ) 3 5 R 1 POUARE DA K el o 2 1
Pl A 14 LA A e ) RIS, AT B UE 2 AL 1
Ve %o L) 25 i) ) T 5 E 7. (o ) s o X
AAAS (American Association for the Advance-
ment of Science) H M H AR LI Hodn
LT B v 12 B0 AT ] v R R T AR 9% 2R 4 B
DAG [&. S5 it 5 S A JH B Soe il
PG S TWE AS REARIRIIR A 1F, #E DAG
PR LY AL O VRN BT WG RO . 5K
K 10 ML H, FEA [ P8R 1 DPS,
VDS HI AS 5395 tr A AL I H AR iR 1, ok
T ASTAM St S P AR s MK

5 2 ALYl I RS PR B ARG WY 23
#r DPS, VDS HI AS fPEREZE 5. PRUTHEAR A SE 3
WA S ISR A F]. LI MR ERAE N (Java
TE SRR, GUIIR A iz R Y 83 A
KA RG, AT H R 223, PR 8 Ik
KIS W 6, AR S B 3805 BT B i) S s

SEMIRITH . S T PO = A E IR AL EA A
W B2+ A S B AR, Ak IR I f RLASE e e
BOA/ DRI BR N AT E . AL S v SE AR i ik
MR H 5535 B =R SR AR O s T, R
FHRER S . I P B — A BerIEIL 56 AR
IR, ] AS R A R s AR A A
WUIRZSIEAT IS W, H h S 3 R WA 45 R 04T
PR, PASR IR AS B33 AR A HLIN) 5 T 1 £ PR
DAL B AL 25 T81 T A S35 Wi i EAff 5.

3.2 AN =[EELGRRENISERERS R

55 1 AMEE 2 ALSeIe A el 1 I KB AR R
PERBCCRIARE > N3R5 FIZR 6 s, MRS 4ith
T TSR MUK, AS Al VDS BEEEAGIA
5T H IR TR, Br A AT SR 51 1
P Tt 4 L5 0 3T ) SR A S0 3l o s A 5%
I, AS Ml VDS SR TG 2R 1 & TR S A ).
il DPS FR T 345 21 1 1 P T S8 IS A - 0
T H 29 B i R R R AR G &R I H 4R
Az AR 53 s VR RILREAREAS, SR TR T 1 MR K AR
#sZ %, DPS A 1 I 5 AR BN LS 2, &
Hor B BUG A IE K, §:38 DPS Bkt 5%
P AHMBL L KT AS VDS H3E. T & R
B R S U AR R R TR IO K,
A T2 DPS Sk vh 5345 21 1y HUAD S PR LA AL
#5 AS F1 VDS Fkit 545 2 iy BAR R P 4R
AME—AEYE. WNERETRE R E, AS VDS
AN DPS RIS, RT3 T KL R b 2
W5 I 30T T8 S B THURL, AT 55 X1~ P KA

5 A1 AL P S AR A U

Table 5  Scale of subgraphs and ideal attribute pattern in the first experiment
V] P2 [M]

D |Qou| [ K (Qsub)|

DPS VDS AS DPS VDS AS DPS VDS AS
1 5 4 5 4 4 6 2 5 14 11 5
2 5 6 9 6 6 13 3 7 134 31 16
3 6 5 6 5 5 8 3 6 28 18 9
4 6 7 10 7 7 13 4 9 195 54 26
5 10 9 13 9 9 18 5 11 802 156 82
6 11 7 11 7 7 15 4 9 258 49 24
7 12 15 19 15 15 29 11 20 4836 763 392
8 15 11 17 11 11 23 7 14 6751 538 262
9 17 14 20 14 14 28 9 18 19735 3365 1144
10 17 12 19 12 12 27 7 15 9754 1044 393

'http://www.project2061.org/publications/bsl /online/index.php
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Table 6  The scale of subgraphs and ideal attribute pattern in practical teaching
cogonitive diagnosis in the second experiment
[V |E] |M

ID |Qsub| [ K (Qsun)

DPS VDS AS DPS VDS AS DPS VDS AS
1 6 6 10 6 6 13 4 5 130 28 19
2 6 6 8 6 6 10 4 5 44 31 18
3 6 5 8 5 5 10 3 5 43 20 11
4 6 6 10 6 6 14 4 6 126 28 19
5 7 7 11 7 7 15 4 8 210 60 29
6 8 7 10 7 7 13 5 6 135 49 32
7 7 8 13 8 8 17 5 8 763 102 48
8 8 6 9 6 6 12 4 7 76 27 15

JE4E. W35 AR as Rk E, AS F1 VDS #
KEGZMET AS TS 2T E D EMELK T
VDS AR EIM4E, REFEE VDS 3455 1) T
RS R B S R 0 B o R O B TR AR
FKF, XN IE RS ARIE B SR AR e/ ME R T B
£, R Z R T R TR AE 174 8] 422 M %
RN T AE R4 T AR A [ BT BEGRIE T A
[ R B e384, AS ByEAE VDS FykEml L,
30 A T ) ) o U032 AL 2T T a5 ] ) £ 328 A
K Z, ML LRAIE 7 & T 4 fe /M ) i 2 T A
TAVE R R X R, X 02 AS A1
NEHBK T VDS A i T R SR A 5% g
PR B I SR I TR AR % 2R BB AE T S 3L 1 A
LI R 2 N AR MR, T AS Bkt
AR E| B PRAR B A a0 4R B /NT VDS BvEiEE
BB R MR . NSRS Rk F, HRT
DPS 1 VDS 53k, AS B¥AREIE IR AT EE /N 3L
TR A .

6 LA T 2 K PRI LR BEE N A A
BRI 23 (B4 1 S B 25 SR 5. MR 6 T LAE H,
8 YRI5 Je (i H AR FRASEAE 6 ~ 8 2 [1], T-&
RIS ARME A e 5 ~ 8 Z[a]. DPS, VDS #1 AS X%
TR FESR e It 55— 4505 — 5. DPS Xt
F A 4 B T 559, (HLRE 5 R B b P S
IR ) BT O O 25 VDS X B BB ) R 46
A 7 ik, (BN BB AR 58 2 R AR ¢ 32 AS 4l
TR S AERRL S VDS M, (H4ERR K, Bk
P E AT T R EAEAL T R —KOF, {2 AS A
) PR I 5 | AASE DL T 2 40 ¢ 2R 178 Rl 400 3 £ 1
PR T S0 R T B RO O &R MG VDS
H AS B2 Y1 I RENS I Jids s 22 N & B Ja AR
2, AT S IR D) 255 PR i A R P 4.

3.3 MW= [E)% RATEI LA R S 4

55 1 GRS 2 ASeu AR R A1 P AR s
PR R It 4 FIIE 5 Fros. B4 4T
ASTAM B3R = A B A sl iy St iR 1 P e R
WU [R) T AR A IR TRIAC Y. PR R T e, S0 [ R =
oIl DPS, VDS 1 AS #8142 %
W)z e e I TR A QY. AKIEL 4 T DA H, A1 A
BN DU, =3 R ORI 2 [ 7 #E R IR R ACAfY
ZES AW, BEE T RS, i DPS MY
5 A S 2 8] i 7 I TR A S AR RO I, D
PR e 2 BN 25 1) 5 B 1] X il P MU S 5 4
PR, X2 DPS SR AE T IHUAELA RIS W
Y ERZIE A

—a—DPS
_ —e— VDS
25 000
20 0004
% 15 000
R
=
& 10000
5000
0_
0 2 4 6 8 10

£ TR
B4 55 1 A5 N s R v TR]
Fig.4 Time performance of rule space generation in

the first experiment
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—eoDrs| s TF RIS W 0I5, 4255 2 415
S — A AS SYAAR RN 2 A6 56 44 Sk
5004 X TF NI, 1 15725 o th S KXY 015 7
SR P HER AT AN, W4 B CDPTSS
600 RIS T, 2 7 iR,
LN £T DU R
% Table 7 Accuracy of diagnostic results
200+ %2 Valid H(91~100%) M (81~90%) L (0~80%)
1 49 89.38 8.01 2.61
07 2 51 92.79 5.03 2.18
0 1 32 3 4 5 & 7 8 9 3 50 88.09 8.38 3.53
EThe] 4 51 95.13 3.62 1.25
B 5 58 2 ZH SCTe ) 2 [H) A et (] 5 53 90.43 6.72 2.85
Fig.5 Time performance of rule space generation in p 59 8611 9.99 467
the second experiment . 5 85.23 9.81 4.96
M T AS 1 VDS SR s 1 s AH R, X 8 55 94.91 3.31 1.78

AT AL, BT A B 1 B AL T[] —
2. H VDS SAMER T KL MBI, S35
ARG R iz GR BN B, i VDS
TR 1 Pl A R DU 2 [ i s i) A WA T
I AS FAF Y 1 P A O 25 1] I 7 s T A AR
B PR, W TR AT R R giG
D KEAIRAE, AS RIRREAEA B TR R
PEREA RIS T, R 9 1l A s AR PR A5
SRR /IN, AT 2 s 4 AL 2 8] B4 H Y.

K5 25 T =R R A 1 IR AR B =S
]I T AT BT 8 IRBAIARNS Wi K iy il it
T H SRR/, =3 i Rl REAE I L i1 9 2208
INTIE A BIEKRE, 5 BT RIPERE S 4 —
2, th DPS SRR GIEA 1 P A L] 2 18] s )
AEfZE; 1 AS SERQUEER 1 IR AE UL 25 TR Y i
[ALACAT I = T VDS SR i - 18 A sl =5
(] I ) ACATY, (R AT 1] — . 1 5 APl
at L = AR B 1 PR A SR ) 2 [ £ e T
2258 AT, 352 R AR U 6 ik ) 0 3K
H W K AR S e b, DPS Q1 A 51
AL Z BN, T VDS FlAS 817 KA &
FIATERTA, =F BB T AN ZZ 57 AR, BrPA
P = A1 B AR ORI 25 [ P ) B ) RE AR B AR A 2.
3.4 VEERERERSINERS DN

A S e A o N S S S B A S
R, X AS SR B RN 25 8] s 45 B 77 25T B ik A
Sr#fr, UEWT AS R VDS Hil DPS BA7 54 g AL
S EAERES). TR WE AS FIREIEY
A ARkl A S R 25 [ g 5 B, BT 2 R

# 7 Valid FoRna RO AR B0, H, M, L
SRR G WG RME R AE 91~ 100 % 81~90 %
F10~80% = AXIBI 5B X 5R HEB. MSLHR 5
W BRI G528k R, T4 90.26 % S Rx 4
W2 W R IR RAE H XTH], 6.76 % BYSEHR 5 HY)
VWA R ER A M X, 2.98 % HYSLERRI R
WA RIERRAE L X[H). BARE, A AS &
TRBI A AT BL 1 P A pl Ay R 2 8] BE A A RS 3
SIS W, S WA R MER R B, AT R 1
AR B SORE 1 AP P ) MRS K 2R PR RE

4 g

AR SCHR R AL P e i LN 2 T A 7 3%
AEALA - [ RE A 22 55 AR H e S i @A, () i
Ao A S T A 1) 14 DDA A R R ] g A
W AR IR YA A VA ) 25 [ AL 4[]
(AT AR P PR 1 U R R P RO R &R o
5 DAG P BB 5 AR AR 1 1AL B X
KAWPRIFREST. G AR EN XA SR UL 1 3 Bk 1]
A B 5 TE] (g B ) AC A 5 VDS BRAE T 1A — &
G, AHIALLT~ PRAF AR 5 28 G PR BE D B L B A O
AL 8 A B PR S, AT S8 BRI 25
(] RIS IR 4. UL AR SE PR 32 A RS i v 1Y
R, HE— 2 Uk AR T B BE RS AE R S IS Wi 4
RUEGR A A [T, RN 2 TR A 2R A S /N LASE
SN TIS W SR, 8 AL, 1 J&T AR AR
23 [T A RS W A B IR P R A7 A SR U3,
AT AL £ AU Y N FUIR S 1 o A A DR B
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TS Wrai A o FITER) BRI R SCRR [27—-30)
$ HH A F A SR AR A SRR B AR 1 D RN I BRI )
AR TR R DS, S5, Rt BRIt
A5 HE A A R MR AR E ST R AT B L AR
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