ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software, Vol.18, Supplement, December 2007, pp.120-128 http://www.jos.org.cn
© 2007 by Journal of Software. All rights reserved. Tel/Fax: +86-10-62562563

EFESHNSENSLATRLERRL

£ & mER RK LER BEA

(THERREER ROADIFUT AN EAR S 8 i85 A5 %, Jb st 100080)

An Intelligent Pen-Based Whiteboard System for Dynamic Geometry Visualization

REN Lei*, YANG Hai-Yan, LIU Yuan-Yuan, MA Cui-Xia, TENG Dong-Xing

(Intelligence Engineering Laboratory, Institute of Software, The Chinese Academy of Sciences, Beijing 100080, China)
+ Corresponding author: Phn: +86-10-62661573, E-mail: renlei05@ios.cn

Ren L, Yang HY, Liu YY, Ma CX, Teng DX. An intelligent pen-based whiteboard system for dynamic
geometry visualization. Journal of Software, 2007,18(Suppl.):120-128. http://www.jos.org.cn/1000-9825/18/
5120.htm

Abstract: WIMP-Based electronic teaching systems can not meet teachers’ requirements of natural and efficient
interaction, especially continuous drawing and writing in geometry teaching. In this paper, an intelligent pen-based
whiteboard system (IPW) for dynamic geometry visualization is designed and implemented. IPW can be used to add
handwriting, outline and recognize geometry and manipulate interface elements with pen gestures. Through
extended LIMO algorithm dynamic geometric constraint solving and dynamic geometric visualization are supported.
This paper discusses IPW’s framework and its key technologies, and gives application examples. Experimental
results show that IPW has higher task completion efficiency and user satisfaction.
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g S5k 35 4% 1 2 2 R 2 ST RRUR M, AT 5038 S0 P 2802 28 SR T S s v 1R R R 8 1) P P T R % S T 4
Pk AE A 3 L g% B e, B U P 1 A8 L PR B v AT L A R R T IR R g e
AFAECLR W 05— PR R G4 N 4 TS UE R A Pl CIR 2 T I B85 4% RUIR 25 G 8 47 1) R B (slide) 7 R A
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AT KR B A8 B WE ST S AR 1A Ity % 48 2 o e ] 56 8 SROB S5 A8 L 4 A1 S A8 B A P )
R BARE 22 T B A S 5 B PE R O LA ST P i L — s A e B X B I . o B HEAT
TR, DRI U, 28 A8 T 437 A B 3 - 0T o TR i e o BT 5 ) B S R A8 LA B = T LR 0 i P AR
THISK 25 1 2 TR0 L AT P T AR e 2 A28 e 5 1100 JLART A% 466 #1225 JL AR (dynamic geometry) U7 Bl 13§ 56 2% A= (1 31
firt W Bl s LA S8 3o 8 N LA 24 RO 2R B 2 SR AR, A LA P T 50 25 748 8 16 T R 3o R v R L AT 24
TREOCFR, AT DL A 1) 2% A= R JUART 52 210 B0 ) 4% 28 3 1) m R0k 3SR B A 38 5 27 2 0 L AT 76 38 W) 06 & 1 3
i e 70 2w TR T AR S P S A U R R G M A D VU 2 TS AR SR T T
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SE T T e A HEAT AL IR R GO BT 2 I S N A R T A R A e TR, S R B R OR B R X
oF T F T TG 6 G 5 B AR AT AR 25 T WIMPSE X Rbeiz 2% A\ M7E Classroom  PresenterJEfifi |- JT % T Classroom
Learning Partner,i% 5 4 G 0% 1R — 41455 45 24 T34 AR A48 J LA 55 ] R

ST BRI AR SCRETE R SR T AN T AT B A RE S A LA nT ALK R R 48 IPW (intelligent
pen-based whiteboard for dynamic geometry visualization), 5 F F JL{] #82 . 1PW BT 28 301 /o AT il ok 2
HEAREES R AR AR E S0 SO i ) i 5 SRR A JUART [ T o 2 T ot St
7GR AT HAE, FF HOB ™ R LIMO B SRS A LT APW ) 32 S04 s A4 (1) B e RS M E B |
PEH AN i BB T g E.(2) B T B B GE . RS MRS HARAE.(3) BheH P
FLif. a6 2 5 (ink) . H ] (sketch) . T3 (gesture) AT UL (4) B A JUAT. S HFEE AE B A JL AT L) AR fig 5 T
Ak

1 IPW R%ZHEZ

11 RGHLA

WE 1 PR, IPW 1 RGHES EBAARE 4 A EH o A H AT S M B ¥ 2% (stroke  collector and
transformer). % (recognizer). )73 JLAT 155 ] # (dynamic geometry computing Agent). £z -] (renderer
factory).IPW 75 U 3 B0 5 A0 T 407 28V = BN e o5 A8 T 5 9800 b T BRUTE b 2 B3 H 1 4% BUM7E % 1R
I AT LAfSFH Tablet PC ol HoAth SZ FF2E 5 A 0 S TH PCLAE RS HA5 B 3 4 s 5 2B I B N5 5 b AT AL 21
LA oy 22 1) (stroke) B 7R f 0dh 45 0 IR ) 9% 2 128 1R 3 (interaction context) 55 %11 ZE (knowledge base) it
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Squares represent data structures whereas ellipses represent functions
FE AR 28 45 0 M AR 2 T g
Fig.1 IPW framework
B1 IPW RGHER
12 EXHESWER R
AT OAF B AR LTI WCR BN R A& R 5 PR R ) A AR T B R T L
o SRS AR S SCRR[O] B AR S — N R] s R 45 THEHLIM 2848 HLAR I e 3% Penlnfo & 4 BLF YT A:
{(x,y), Time-Stamp,Pressure,Orientation).
o (oY) A B I 2 A B W B A 8 P 1 () AR bR A7 & Time-Stamp A I [i) %, Pressure g 282 0 I 28 247 A
ST-1H 9 Hs 07, Orientation b 28 1) 2 (R 004} . Peninfo A4 24 2848 TR 3 A5 BT 28, AN T U B0vE AT b 22
AV P AEAS BN B AL SR NN o BRI — BB Hoo s S S 2 M — BB
Stroke 1 2k PR BEAT Ak R 1) BEACE B fy N\ A 28 1) Stroke i& Sk BAF Fot4l:
(Stroke,{PeniInfoy,Peninfo,,...,Peninfo,),(StartTime,EndTime),{Holdup;,Holdup,,...,Holdup),BoundingBox).
Hoir % m Stroke MStartTime JF 4 FIEndTime 45 i, il sk 2 X H A5 & JL £ 5 & A (Penlinfo
Peninfo,,...,Peninfo,).(Holdup;,Holdup,,...,Holdup )3 7 i Stroke i3 #£ H1 & 5 15 11 28 LA J2 1 2 (1) i) [

0V (1) Tap:4 F G AR /S FLo I ) R 56, 8043 22 .(2) Hold-Up: 49 Bl 618 /s FL7E i ) TF 46 3 7 v i 2
(3) Hold-Stroke: i Fl £ 4% K H o AL F8 b 1 22.(4) Normal-Stroke: £, [l 65 % Ok o AN B b o 28 5L T B3k
SE BT 55 2 I 43 8 mT DA RO 28 4R AR U BE At 28 AT B4R AR B 45 25 SE N R 2B A8 AR R B ) Penlnfo
J% Stroke Ff4 A TR 45
1.3 HAIEE

Y P HESIPWAS B IAELE 3 P R GORE G 48 28 10 HE i | a) i B 1] DL K T 3545 90 53 10 7 25 IPWHR it
T AL H P Ay B bl o tap T Ak FAH R L AT IRES V) e, 53— U T, T A H e R A i D) 46
SR AR T 38 1 RO A8 L 38 82 P o Bk DA R A LR 1 R e IPW 3 PR A 45— A S 3 A L OV R GOR A AE Bk
AT R A RS BRI AL T 4 4 R R RS IPWIE TP A8 LB S R e (R D o 1R 88 ) Stroke
BEAT N5 43 25, 8 3l 58 BOIRZS D .
131 ZHEFX

7 K A8 B R v S AR A 28 A AR R AR e e A A W 2B A R AR AT TEVE AT R e P T £
BT e 2, U SR L N A 5T G 3 A0 v D) 12 B L R s U ok T A SR Akt I TG A AR SR T 0 B R B e U 2 T R
INEE I R WM, i A ) BRI R B I TR R PR A SR R AE B TR 30 O U SR R A L TR S0E SO Tt

(AllObjects,SelectedObjects,LastRecognition,CurrentStroke, Time-Stamp).
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FErh, Time-Stamp 27 I [#] &5 AllObjects 27 4 Jif I ) LT op i3 70 3, A48 JL AT X 4 5 28128 5% SelectedObjects
FEOR BT R B TR Bk D 0 T SRR R A K PR AE XS B LastRecognition 7R AN I [E) K
SE R 2l R W VE D AT BT S A M TS A L AR S I U b AR R AN R = A
TE, 24 T DA AN TO0 A 1) o 320 i 4 188 B U048 ] 6 2 1 1 2 2 [0 A A2 8 28328 CurrentStroke 38 7 24 B 2E 1)
EHER.
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A A9 B 0 28 A RN A5 T BORT R A8 EL B S, T A 0 VR RO AT A B — ELWE L T HE LR A B )
e 1 AH BV (1 5 P a1l T AR A DU 45 H R0 TR 34 B IR I 1 3 i S HE R0 (4 451 %

P1(s):s & —N2EMM.

P2(x):x & — A FH JLIT X 5.

P3(s, X): 2 1 s &2 T S 1H LA X & x.

P4(s,x,y): &1 s F2E T F LT % x ¥ %8 T S LT E y.

P5(x): 5t 1 JLAT 0 % x gk .

P6(s,X): fEZE ] s Z F SR LT X % x # tap FHAak .

P7(s):2E 1 s & — AT

P8(s): 2 1 s & —E .

HEFEHR N Rule 1 % R

3)(@¥)AY)(PA(s) A P2(x) A P2(y) A P3(s,%) A P3(s, y) A P4(S, X, y) A =P5(x) A =P5(y)) — P7(s)

2 Rule 13 2,8 UM A T 5 KA 24 1 P 5 2B A — AN AR o i J LT B s [l el 4k, IPW
DT 7 1028 H R e R G A JLAT X 42

HEFEHR I Rule 2 5 R

(3S)(WX)(WY)(PA(S) A P2(x) A P2(y) A—P4(s, X, ¥) A=(P5(x) v P5(Y)) A —=(P6(s, X) v P6(s, y))) — P8(s)

4 Rule 2 i /2 I, B UM 0 B 1L R 24 1] e AT tap T34 AT AT J LA 0T HsA St il oo 3 4k
R IPW AT 7 2 AR ) b 2 i
1.3.3  HEER)

FR A2 1 LA B (0 A 75 5K AR 28 AT AAL B 6 b AR JLAp 0 i) B B R0 i ) 2 s, E A4
(point). £k(line). ffi(angle). =¥ (triangle). [&(circle). % FE(rectangle). 4 iR 5 g M 35 T S0 5 4R EE A 5)
I B R B RUNARAS 5 00 28 E BK IS 22 E 1) B RAE BT Bk 6 Fhrr IgEAT PR, e TP 2E 1) 20 A 2 E 2

=LA
IR AYARO Jymm

Point  Line  Angle Triangle Circle Rectangle

Fig.2 Supported sketch shapes recognition
K2 IPW SCREIR B
LX) B AR AT YU Ja , 75 2 BE— P MR WU i o D R/ S A B 2 2076 (1) MR B R S5 4l
JE D) 4 N BRI 5(2) 24 i 28 1 BEAT 20 AR A 20 A 5 0 B RN A 2 1 2R Y Tap 2/ 28 1 4 U
&4, Normal-Stroke & #4 # 1R 71 o e 8GRI, Hold-Stroke &4 4 IR0 i . = MBI (3) HR4k 1l 2 43 A7 i H:
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(PenlInfoy,Peninfo,,...,PenInfon) i 47 43 %1, 33 — 5 X Normal-Stroke 2 Hold-Stroke [ 2 & 3247 1R il ff 72 2 (&1 T IR
ZRBY(4) A0 43 A7 5 A0 BB /N s VORISR 1R R/ 5 S s, et T A R U0, 75 AR 28 A TR 2B L
i mi 3 ANk A
1.34 FHU

MR 0] JLART 0 52 25 S 1 7o Sk AT HR O I JE AR 75 SRk IPW 3 %) 5 Fh LA T AR 0. - B Al #htap select,tap
unselect,envelop select,drag,delete. :"tap select 5tap unselectTFSE AL T-WIMPTE 2 A7 i B bR 45 s 8245, 0T H T
B LA S sl AT IR ELTh e . BEBUL AT S % envelop  select T $A4 FI AN Fi I 22 1 Bl 326 J L An] o 52 25 JRL TG G
# .drag T2 AWIMP G X 1 BUbs i T80 4, T 4 28 100 4 70 v 1) 5T G 3% delete T #4458 ] 22 47 46 28 1 )
i AL e & i 3 B Menvelop selectfldelete T3 7~ FHR B EE 70 F:(1) B LTy
HREE D) e N T 35000 5(2) R4 1 28 23 A 5 B B K /N 26 i 2 B Tap 28 28 1 4 1Rl Dy tap select @ tap
unselect %, 4 5 28 ) a3 o7 1 L1 76 35 4 JL AR 5, T 38 438 BORE JSORH IR 5. ot SR A8 T o 1Y) 4 L, U AR AT A
I I BE;(3) MR _E R 3¢t Hold-Up,Hold-Stroke,Normal-Stroke 2 25 i 3£ 47 41U 5. 40 B | R 32 H LastRecognition
Jytapaienvelop select F-# H SelectedObjects A Jg =%, MK H A7 9 2 11 2€ 43 A0 115 £ 93 s (11 Hold-Stroke 2 i i
) Ky delete T34t 42 I 3 Hh SelectedObjects 4% H LastRecognition iy - —h & &, K2 22 s Penlinfo, 5 74 2&
RiPenlnfo, % 4 %3 [y Normal-Stroke 2 2& 1 i1 51 envelop select T-#.
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Fig.3 Envelop select gesture and delete gesture
K 3 Envelop select 1 delete %

14 ST ESIE

A JUAT T 85 A4S T 7 7 P HE DI 2% (user intention reasoning) 5 5 & LA 3K fi# #% (dynamic geometry
resolver). 5 # 3& T F SCIEAE T = IEEATHE I, = 3h 4 AL & T P R — 20 mT BE 1K &) i 45 S (M 3 A7 3l 4%
A B P T8 B AT BN 4 AT LA LT S LA RS 5E T 0 LIMO By AT 2 & LT 49 K A 5 ]
AL
141 HPEEHENLS

FH P A /) 0 R G R o 2 — 2 — 1 D B B 2 LA B 120 R o 75 5 J P AT 55— 2 /) i L AR
G, LAt P AR LA B v s B BAT A A T = AR R AR AT e — i, AT
Iy UIIE B AMEE IR 4 IPW B HAE b S0 VR AE A LR S0 R 28 b 78 2 Rl R b AR R AT LR SCHE R,
S PN — 2 AR 5 R LB A TR Sl A L AR T IR S T L tap TGRSR TR A R E LA E
S5 IPW 3l 58 0 LA 52 14 /20 il 5 24 R 05 Nt B 4 B, 4 P i 1 5 P DU 3 8 5k = A, 9 LA tap F
Pk T KB, B IPW 3E T 1R 3T SelectedObjects,LastRecognition L & CurrentStroke 5 &R % 65 FH 2 F —
ST REM R B LS &TF & o i R Pk 8 T S MIE T iR s AR 6 AN A A R I EDE, ) 1IPW
H 3h/a) A I W E = A 3 AN S S /MR AR R,

L
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Fig.4 Example of user intention reasoning
B4 s B 25 4]
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1.4.2 BN IUT KRS

BN A JLART K At 2% 3 22 61 57 K% drag T 3545 G 10 J U AT P10 % 46k B 30 2 L AT BT ol T Bl s TR T (R AW L AT 9%
FE ph LR B 00 A% A e 1 ST LA AT W 1 Y P B 40 Sk L ART P81 B O /s Sy B 7 U B T LA £ Bk
Mt T R 32 1 RO ) R AR L B S o 5 2 AT 24 RO FR R L AT A £ B R E 4 LA R A B LIMO. £k
(locus intersection method)™ 231 ) FJ 3 Foft 2L B 7 v b 248 ) J 14— b RE AR S99, LIMO 53035 T IR A wle JL AT
Ve B AR T 2% S92 23 S AR (10 2 GG A 240 o o 0, 3 e o 850 DR 2 A AR I e 5 2 [ W) SR AR 1) 7 R T
BT 2081 U AR AN S0, JLART 2802 KR8 43 10 JL AT 240 SO SHR A28 i AL T L A e AELTS AT — S0 AN R 5 A7
7 R, BATTE 4 5 1Ay T LIMO . S5 I {8 P S B 43 288 00 SR 6 1 JUART AR 1) 1 ] B, n R T iy 368
s B A E Y R ILIMO BE AR — A s AR LA e B A 0 s, DR T P mT LA S LA ] 1A
] — A 2SR 5 LA ZZ JE 14 Bl A W AR B3R 06 T 1 S50 (R 1E 40 1A 25 4 SCHR[4] 0 A I ik 3 & JL T SR g 4
TP RMLIMO SE AT VB T AR P JL AR X 5L 5 2 s i 2% (geometric objects and constrains registry) #1 {f 47
19 2 BR 5G 22 B VT S5 1 L AT P15 G R 7 5 0 G 2R SR 75 22 K AR A1 TR &5 SRV ol (9 IS B 3 % 88 05
W RS AR R BRI BN T BT B ). Wi 5 B 7255 I = M I ABCH i1 BCA5 T-i4BA, 4 CD
I F T BA. B E A A LI F 2 P9 90 B BT AT 1) 2, 28 BRIV E AT R 240 R 6 R BB 10 A8 JL AT B 5 29 R i 36
o AR A drag TR S BN, B T R CZ [ 5E AT 4B, DA E FAT 2 A B H 1, IUBC,BA,CDLL ZHIE.
o8] F 1) 437 B2 3046 e B A% U ART SR ik 2 297 UF 55, UCRIE 76 366 3 1 2)) 2 T A4k Bt b 1 BCAGR KR S5 I BACAH %5, 28
BrCDFIBALRRRIE B, [P EARF5 4132, I3 F R R P9 1),

Fig.5 Dynamic geometry computation when moving point A by drag gesture
Bl 5 L drag FHHES) 5 A BB LAV -5 AT AL

15 2H I

S T M B A LA vk S5 5 15 A B T UART R G MR A 8 169 D /N A0 o B8 A 1 RS i 8 e o v DT 22
1, B 18 & JUAT v AL BRI, 2 ) ) e S s ORI 2B B sl A F sl 4 2 D) i — AL 4%
(renderer) 41 i S22 il s G145 3 Bl )5 1% drawObj() A I T4 I i o3 . getObj() v 1 T3k — A i o
4] isPointInObj () T I 45 2 KU 15 ¥ A2 AL 0 3Rl T2 A L BFEA LT SR (i, B [
) B BT AR A RS e ) g e e AN A T R e IR AN AR R 2
hil .

2 MR
BATRE \PW N T b 2 PR LA e v LA HOM 8 52 B =B 3 AP R B R AT R R L

YU G I = B (5 tap T340k 3 3 4532). BE i IPW RS bR SO P R — 25 2 B3R AT HE NI, 350K 3 0 465 51 A
AR 4 B, i 6 i,
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Fig.6 Dynamic floating toolbar in IPW
K6 zh&iFsh%k
FOMRIME AT B 50 B O R P i BB A tap T804 4 A EbR 2 3 5401770 26, 1IPW
G =M A SR MR N 7 FR, 200 AR RIS Z MBI 3 M S AR T — AR R
o 2E A U R R TR = MG TR W A P A 2 R R A T LB A drag #4450 C 1 B C f s
AR, Z A G TR #7206 2 A2 Ak AEBNAS U ] R IR I AR oy 2 AR T LLSR IR R B = M B 3 & b T 1%
WA O3 B AR T — R

N
B J c B ’

Fig.7 Dynamic geometry of three bisectors
K7 I AT — sl LT # Ak
B e, BomiE i tap TS = MY 3 41418 IPW 25778 4, 1 tap T-AaE 55 5 AN EIR 2 i D)
[, IPW E 3l 4 JU BB I a8 Bor, 24 2 A2 BUSE B — M TR TR AR B3 L N DT L R T 46 4 15 1 7
AT FE AN BT AT LU R drag T 39E3h — M T 008 AEB) A LA rTRAR o i) 272 Jg o o 3

]
& ) W
W c
J
B J C B
Fig.8 Dynamic geometry of inscribed circle
K8 =SIEAIIS 0 242 mish & LT nl #i4L

FEUREE A 2 RS ) — AN L =B 3 RSB T — R S A DR RO A2 TR
XA I L1 25 58, B AL tap T34k vh 3 40~ 20 21 delete MGk, JF-f i LA 25 AR DAy SE S b T A5 5 78 — £

i A LT AT AL IR S 1T LA B 1= A0 3 A A A0, (LR AR 5 1 B0 T i 9
. L 02 e L, O i IPW 4 5 e A T, 70 2 o 5 A2 D e 2 1
PERCH S M AS T L B IPW LTI FSCRR AT, S BT« 5 M 2 A 4 R, O FL 32
5 LT TR LNV T 2% 168 JLA 2 LA B A7,
AELBe B0tAe ofihp
N 04

BAz %
s E C @%kj' -k ’?
Fig.9 Dynamic geometry of three perpendiculars and inscribed circle
Ko =MmiEAIY 3 & rshas LT #iie
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3 RIFL

AT IPW EALIE — I 22 AT 7SR50 VP R0 10 44 w25 J LA 800, 35 450 T - SR 4t B B2 2 3
S5 T A 4 :Pentiumd 1.7G. 256M P A7 WACOM15 5t F 5 i Bf Won 28 M — L F 5 8. LR i B v an h:
R B S6 48 T 4E i Classroom Presenter [¥) Microsoft PowerPoint LA Az 3% (1135 T WIMP 38 3 11 ) L] i A ik 1
(LUR i BR CPT), 2R 5 T 1PW 58 B R FE 1R R0 8 AT 55 F — 44 S 3 N 0 A 25 58 BT [R) ok B8, 9 ELX 338 #5304 T
AH IR TR AT FH P 1) 25 T A4 M4 Wi b Task L AE 8 E IR s n“fbiE" = M8 3 5 M1 70 oA T 1%

=MIK =M ABC A H 3 4 F4r £ 5 WY1, =/ % DEF /4] | 3 4532 1 v 2 £k 5 4132 15 Task3: 2 i 5f:
TN 64483 3k v RN R = 4 T DEF A 3 28 R 4M 2215 Task4: 2025 = £ T ABC [ JBR 6 40 26 5 9 ) 1R 4
AR AR Szt 4 B L3R 1 Rk 2.

Table 1  Average task completion time (s)
FT1 MRS S [A] (%)
Taskl Task2 Task3 Task4
Average S.D. Average S.D. Average S.D. Average S.D.
IPW 345 4.1 95.3 6.7 8.7 1.6 4.2 0.6
CPT 31.2 6.3 173.5 13.1 12.8 2.2 12.1 2.9
Table 2 Usability evaluation score (range is from 1 to 5)
F 2 AT HIVERRFRVPAN 2 B (VA 2 1~5 7))
IPW CPT
Average S.D. Average S.D.
Easy use 4.05 0.70 3.73 0.75
Easy-Learning 4.27 0.68 4.02 0.51
Reliability 3.91 0.72 4.42 0.65
Natural interaction 4.30 0.74 2.95 0.49
Efficiency 4.12 0.56 3.27 0.56
Satisfaction 4.45 0.57 3.45 0.53
Overall score 4.18 0.66 3.64 0.58

B 1] A, Bk Task (1) -F 35 4T 55 56 eI 1) B AR AH 26, JL A% 3 AN 25t IPW 112 35) 58 g I [v) 08 (5 5K T~ CPT.
Taskl = EEPAXS T8 It R, ol WL = 2 22 3 A K Task2 3= 2R 2y i LA BT 1R 38505, S g 5 SR 3k
WL TR H 19 IPW LLEET WIMP J55 1) CPT 1474 i B J7 Th B AT 58 1 (1 4 36 Task3 == S5 4w 45 5 11 76
BRI 4 R R T ETARREGLSHET WIMP 5 B4R dy A 7865 U BT B 4n 507 1 B
B A% Taskd = 2RI LA 2 A& LA R 2038, S 36 45 R B IPW 728 8L T BA B ik 2 7]
I, 06 - 35 R I PE R bR R VE A B T AT SR 1 (Reliability)— 30 LAAh, IPW 53R 75 T L CPT B 0 3, R H R 7SS
H H4R M (natural interaction). =& (efficiency)5 H 7 i 72 A (satisfaction) 55 Jy 7. i i PP Ak 45 9%, 200 A1) B
B IR B ORI P L BN e A IPW 2 AR AR TR R B R A R O A B R i) ) TR B
Eo A 2 B BT 3R . R I B R T IPW RN 2 R AR e s 25 ) 7.

4 FERERE

AT R BT PR 2R G AR VR B 0 DU R JUT VR 5 0 o AR AR (K AT LR B 2% ARG AE: il R, v 52
BT —ANET LT MRS LR AT AL FRRZE IPWIPW SR 2B A8 TR, REBE 711 v SR B4R
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