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Dynamic Optimization in Computer Systems and Computer Networks:
Models, Solutions, and Applications

LIN Chuang” WAN Jian-Xiong” XIANG Xu-Dong” MENG Kun” WANG Yuan-Zhuo®
D (Department of Computer Science and Technology . Tsinghua University, Beijing 100084)
D (School of Computer & Communication Engineering , University of Science & Technology Beijing . Beijing 100083)
3 (Institute o f Computing Technology . Chinese Academy of Sciences. Beijing 100190)

Abstract Dynamic optimization is one of the most popular theoretical tools to study resource al-
location and task scheduling problems in computer systems and computer networks. At present,
a vast number of researches have been on their way to enhance the theoretical basis and extend
the industrial applications of dynamic optimization theory. This paper provides an overview of
Markov Decision Process (MDP) from the perspectives of models, solutions, and applications.
We also survey two types of extended dynamic optimization models, i. e. , Markov Decision Petri
Nets (MDPN) and Stochastic Game Nets (SGN), which combine dynamic optimization theory
and stochastic Petri nets theory. We focus on the model construction, solution techniques, and

applications of these models. Finally, we discuss some possible research challenges in the future.

Keywords dynamic optimization; Markov decision processes; stochastic Petri nets; Markov

decision Petri nets; Stochastic Game nets
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14 X 8], B
v,,+1ia c B s eV’ gv,,+1ja ca, e
(12)
Hrpe A4 1,58, LT
a,=max{[V,].—[V,-1 ]} (13)
B,,:r\rleigl{[V,IJ.\—[V,,flj,\} a4

212Dt m] LA {825 X530 32 0 4 4 R4 ) 7 5
W Bl AT E - e (A

1

BT B L

(2) Rme B . v D, S REE S 517
G R SR 2 A SR 1 AT AR A BR 2k AR Bk
AR A IR A A HL 3k AU B B O R e K, RD
]1 | ACo) [LHA |« PHES AR A B K%
BB 2 R, Bk 2 Boeie — 196 oK
W o B AR 2 C2) SR A5 B9 3R W T X Nz Y
{ELPRE. S5« T AR 4R BT 15 10 {1 o %500 3R W AT TR
B A SRR S 0 SR AR ] B 2 2 4R 3 T A
RS

Bik2 WREEEAS

L. n=0,%5 EW UG RME 7.

2. B K T—aP™ )V, =R“HiE V,.

3. WA w0 L 2

T, =argmax { R+1 +aP%+1V, },
T+

A0l w0 =m, BRSO BE LR 1 =,
else n=n-+1, 554 2.

BUAN, 2E FH AR 3 F DA W R AR IE BT T
— SRR L Ve I 1 SR g 2k X (Modified Policy
Tteration) &, AN A PR S IR.
2.4.2 EALKRAREE

TE— S br R G, BT A 2R 5 W IR E B R
HoPE R BT 7 i MDP 52 RLJG 32 F1) RS o 5

a
S (e, e=e

DTSR B RAE T O 7 288 B A RS A7AE H
B R B TERSE I Z 0t BUA AR Jo ik 424t 48
AR A7 25 8] 5 @ A 2% AR R b 3 5 e B0 3 Ty
FrA RS s 2 BRIy I TR K B il
B T X L8 I8 AT 4R -4k MDP 93
RUSR A 3805 o (A5 7 A B A B 28 52 % B S 1L I 745 38
A 32 (R R A fie

(D) G

T B AR A 3T 3R W (myopic policy) s B
AR TN N AERTZ ¢, SRR UNT A4k (]
(15)

max R(s,sa,)
o €AC)

PR AE B 1R g 22t R B0 50

maxz {rpg—c:(gi+x) )
¥ =1

s. t.: ixﬁﬁ/\,.

O R R B B — I UL B R e
R8T U AR T 22 W% 24 T R R X oK R Wi 4= 1 5
M. 33K il 7 vk AR R b R R AR H R DR T —
Folr 20y 285 O Ak ] R FRT BAOR A 5 2. SO BRI ERR
AT HOR R B A S0k 1 5505 2 Pk
A A L PRI B 8] 52 2% B AR, b b o o O i 2 42 fit
FE At (B bR B30I 25 (1]

E — Se KRR 1 20 25 0 AR ASE TR, 50 SR g A 2
A M. Karush 5 Deart™ g — > 2% 5] 1 7 R H
POMDP @45, Jf3iE W] T 57 0 5K W 78 1% 2% ] 351 o 11y
effitk. Krishnamurthy % A 8F 58 7 H b B
1) Bl A A% B 8 B 1) R, 5 25 1R T 900 SR I 2 B i
T 1) — 28 75 43 25 . SCHRL26- 2843 53l AN [R) £ B2
WESE T L2000 2 A Ta] 8L, JF9IE B T 50 3R 1) B
k.

SR o 38 K15 B0 T 220 5K w1 3F e AR SR .
Ahmad 58 N7 48 L FE UM O R G0 5 B8 1 B 23 A
T A ] A AT 2 ST W) 43 AR Y Gilbert-
Elliot {51 , M5B80 KT 3 B, 500 R/ I A 2
LS. EAR L, FEAR Z N, T Bk R
H A e P O

() P RERE AL

il e SR B g T 1 e R e A e R s T e
[ . AT b, — o A1 R 40 3T RA SR i SR s e o [ A 5
V) SR AT 5 A A T o (05 75 i) 0 R ASE ik /L i 05 0 5 0%

DL 1 v (] S0y 461 {1 52 422 490 45 o 25 19 S5 1 BA
5 5 BT A MR 55 45 1 R 55 BA B e K45 038 100 ME:



7 M B PR G S % T S S AL AR R AR5 0 1345

%5 U 3Z [m) 0 MIDP A58 R f) bR 25 25 [a] 364 100" A4S
RAS. BB FT 38 an RS R A RS < O RS BB
Ve — A BE 24 BA S B AR 9% B L 0k b
FRREMCA . R Z WAL F 2R .
DFE AR BAB AARZS T UL TRl 2, A R G R IR
SthgE/Nh 2mt.

— R B9 MDP R R A 7 2ok T 5 /R A]
e R ALK B, DLS R 3 R A IR A T e
WA 2 iR B B R A] R P S AR SR A AE — Fh )
ARAS 23 1) R0 4% 5 78 B AR 40 AT 3 — RS
15 © LR AE R R R A W% 8% 2920 R 3 By
J& X153 P9 RS I HERAR K s @ DUZAREAE 0 & itk
A MR B8 T 2R 25 BT 8 R0 43 P bR 2 i A
AR/ XA MDP /] Ui AT RS R A A 1. il an 7
3, SR RS AR L B R B R AR 2, i
BT LA B A R 7 AT 3R A Liu 8 AP
FHZT5 25 SR fif T 43 A 20 Web IR 95 R 58 1Y)
IR 55 #5 12 4% ] R

Hik 3. MDP AR 7S A6 & B 1.

LORZS 2 W) S HEATRISN : (S04 S0 50 S, ).

2. for i=1 to n

3. AT EEE] S, LLAMR A B AR AR O

o B SRR ZS B B AR AT I — b A .

5. HE S MRS HERSMERN G AT x=7P,

P A — L1 S, P05 IR 75 8 A 25 S
6. I S S MEBMEP, = > .

rLES;

7. end for

—A~ MDP AR 2523 [0 () B A

(B T R0 2 A TE b T 9 AR A% 1 0
JE I BB 3 A RE AT IR B R Y I LR &
MR 22 23 UK. M Ah 33X 30 AL 7 125 38 A7 — 4> ik
R RIS Be AT 3 3 AL A 5 RS B A Z TR I DG &R O T 5
JIR 3 2L ), 2 AT SRR T e R IT R A RS
¥ MDP ( Bounded-Parameters MDP, BMDP) & /&
Xy B W S TR .

BMDP Hi Givan % A5 2, g 2 4 K i
MR M %R MDP (Markov Decision Processes
with Imprecisely Known Transition Probabilities,

MDPIPs) 5 1 ) — Fp g 3R 1§ 0. BMDP J2—4~ 4 J0

H{S,A.R,,P,}. 5% MDP &~[d .1t BMDP
BDREMW AR R, SREHEBMR P, 22—
A X A& —A fE. 5 — 1 MDP M, HOR A
1% 5 BMDP M, #RZS A7 358 e, H M
AWt R L R 5 e B AR P OARAE M, Jir B ZE /Y IX.

[ PR Me M, .
E—1> BMDP M, w25 % — > RS g .
AW BT 7 A AR BRI B S — A X)L Bk X R]E
\%& (s):[mian(/,(s),Vrllg%fo(/,(s)] (16)

MeM,

Hi Vi () =Ru(s.a)+a D Puls | s.a) Vi (s &
s'es

M, i —A> MDP M (i R 5. 7T AR 4 52 B CFE N
FHHF 5t 8 SCIX TR eR B LA Ty 1%, ) okt 1 3w
a 50,0 % L

O35 3)n

Ve SV, eV =V V (VY =V, AV =V ).
OF S5/
Ve SV, eV =V V (VG =V, AV V).

A DIER] AF e Me M, 45 i A7 AR 285 1 {1 o6 5K RE
[F) B 35 3 e K B e /)y o I FR 3 5 > MDP 43 1] o 56
TR Mg « i K MDP 5 iz /)y MDP. 348 e K 5 i
/N MDP (13 B2 A 24 7 5 405C T ek 2 A B P
HEZI AR 2523 18] 7 51 5 {8 R KT 5T 7 R 51 bR 285 25 ]
50 i) FE 51 # K MDP (Order Maximizing MDP),
Bk, — M REBRFH O= {51,505, A
AR 25 8] rh BT A AR S 1Y — A HEF U S AR 25 25 ()
J#51 O W79 e KT s r 55 51 5 K MDP M, AJ
FE LR

TEX 1T 5 e KT A5 5 7 51 B K MDP)PY,
XFFHAGRE s HHREATH o . HXTIFH O W7
S K T hsr

r—1 n
arlgyrnilX;P¢ (s \s,a)JrIZ:;P¢ (sils,a) (17

FH L ) PP 51 d5e K MDP & — />3 2 =X (18) 1y MDP
MUGM
P¢ (Si|5’a)9 <<r

Py (Csilssa)= ) (18
o P, (silsa), i>r

Py, (s, Issa)=1— >7 Py (sils.@) (19

i=1,i%r

A BMDP 0] LA [a] 25 6] R AT IR S R A —

KR MDP &3 R & 5. — AR AT LLIE &5 o — A4~

BMDP [a] 8, 0] P F] X J8] 32 4% oK i 5wk o 450K
fi# . B
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Bl

e 2012 4

L
&

IVI, (V. ()=
max [ min VI3, (V, )(.\‘)’JIHENI/IXVIZQ(Vﬁ ) ()]
MeM,

«EAG) MEM,
20)

R QO LE EWLIAEENBA 2 MREFR 2
AT AR DR WL A A ] 725 1 b i 1
HUORE 2 M EEI G KA R E 1 F B E X
189 25 WL B A0 He 5588 R4 = SR A die R Ak X 1) (L e 5 1
T MG 7y o AR5 2 P IREE 1 HIRRE 2
XIALTE R AR R 2 KRG WM 7ao, 19 /b
MDP, Ff 3153 X [a] 5L R £ F Jt. ol R T 5 i 4
iR, Hv,Sort_Dec_Order 5 Sort _Inc_Order K
HEFP B, Order_Max_Ind FI I (17) KA X 17 1
F 9 B KT AR XA 3 RT R 46 /)N 9 ) et 2 ]
SRAS It I 82 320 5 fie

Hix 4, XMEEAEE.

1. O,,=Sort_Dec_Order(V, ),

O = Sort_Inc_Order(V, ).

2. for all s&€S do

3. foralls€S do

4 ro = Order_Mazx_Ind(M., O, +5.a).

5 Taown = Order_Max_Ind (M ;s Ogoun s5-a).
6. for i=1 to n do
7

R (18) . ADHIE Py, (o0 500

Pioun G0, ‘Sva)~
up

8. end for
9. end for
10.

Vi =maxR; (s.a)+a 2 P, |s:a)Vy (5.
aAls) Jes

11. if |al=1 and a={a} then
12. V,=R, (s,a)+a ZPduw.q(.s'/|s,a)V¢ (sH.
s'es
13. w(s) =a.
14. else
V, =maxR, (s;@)+a 2 P (s [s:)V, (5.

a€a Jes
15. w(s) =a.
16. end if
17. end for

(3) BET 3 AL 8l 2 ML A Y 50 i

il 3 2 X C Approximate Dynamic Pro-
gramming , ADP) J& — Rt fift P R B A5 3l 25 410 4k 0] et
A AR AL SR A 5 . EL AT 56 T AL sl 28 MR i 4R
TR E, EEAG 3 AR AR LR BE
il 18 LA B iz 28 27 1) £ JBE 0T 3 AL 3l A MR #EAT T 1 4
YT IR I AR 3h 25 B R RE A 0 Tk b 7Rk AT SR e SR 2ot
TR T A PR 285 4 (] g e ) AL

£ ADP XA D H L E Ky

V(s,)= max R(s,,a,)+ta-

alEA(»[)
TEZ (21 v IR 25 ) B e () R By = (1) [
RS A 0] S R K AT B AR Jo 2 $2 41k 2 4% 19 A7
itz 8] 5 (2) 00 Bl B AR 5 A B T 188 i 0 o 43
Ay BRI 2 A A 2 il TREPLAE BRASR 2 M
S SO B T A AR AL S AR L E ]
e FE 28 £ 3T L (Value Function Approximation)
55 0¢ 55 Ik & (Post-Decision State Variable) 9 ij
To) 3l 28 MR 5 vk ok we iR DAL ) AL
S RGERPIR SR 07 N
Sie1=S"(s, 5a, s W(w,)) (22)
Horp W Cw,) it ¢ B Z0 1 88 B AIL S 8 0 — SRS, D
BEA B I AR By 285 R Bk T A R Bk 5.
RS HEAERZSHRE .
1. ¥R
XHFARES s WAL Vs,
B IRAREE so.
2. fort=0to T do
o, = max {R(s, ,a,)+a-

0 €AG))
4 a, R LA s R Ak IR R i
4. FATF R V) 47 H
V(s)<—(—9) V() +7,9,.
P — R o,
6.  IHRET—1RE
sio1 =S (s va,  Ww)).

E{V(S,Jr] )} (21)

E{V(‘\]f] ) ‘5/}}’

l

7. end for

S WG AR A RS R E R AR T 4R
— IR, R )5 . FIFH Monte Carlo J7 2% Fifi Al
AR BT — UORME. B LD 2~T7. 1
SR g — Al B G 3D, IF R B A5 th (Y 0, %F
(B pRBCHEAT SR, Horp g 2 P K

RS TR — S R ] R o B kAR
B B B MR A DX 1) o T B R] 2 MO i A 1 o 1 AN
B P . kst il R B B — RGN
B bR DAL 1 rp e gl 45 i 1) 8 4], e ADP 3R
fif S TR AT

L ¥ A RS E R B W) G 1E L R BOR IR & IF 4
t=0.

2. RAE ¢ P2 R GURAS LIRS T 0 1 eR 4 TF B S R
RFATH 0 I B Y BCR S EH R B — AR o (B 5
#3). Hd, E{ V(s 1) s ) B Fl Monte Carlo #5481 iy 77 3
KA.

3. AR bR BORE A, B BT X R AR A 0 bR B (B S
% .
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PRG54 b sl S 0016 LR SR A 5 1 T 1347

4. ffi i Monte Carlo J5 7153 2 S B AL 48 4 i AL A 12D
155 B A A, 548 55 S8 R peh

S.t<—t+ LIFREA O MR +1 B2 RGERE . E
2 2.

AR N B UL AR R AU R AR
MO R G000 T AR 2 R T 3 {8 R 8 — s R B L
TR A S ] R AE 1] AL

B 5 AR AN . Bl 3% 5
T RE BT — A5 V) LUl AR o6 5L
24 [ RIDR 285 25 ) B ORI e DA 2 3t J 408 114 7 i 2 1)
[ B+ 322 50 0 LT sl 0 81 A AR 285 4 {1 o 8 T oA
ol TER U R /NAN R EREER S @IS 2 NI T N T (B
Bk 5 RIS AL IR IE IS A L PR A 41 B 3 25
P53 e AR 265 2 i) g K Il A ) 2 22 B

@ Ja R AR

Ja R FORE RIS F MO A G L AN L
SENRAT R G HPIRES. X8 @223 1P

=S""(s,5a,) (23)

s =S" (s s W (w,) 24

Fo, st B0 ¢ i 20 ) Ja RACARZS s s BR O ¢ 41 B

ZIHY R P SFAR S Ja e HAR A 0T LU A D Hir g SRR
A5 PR SEAT N IR B 5 BRI

DAL T A4z g 4 i 1) @R 8] s (A g s oee sl b
RGO SRR A S SRR AR R (g
PoEMTZ R BPIR SR T
g =q +i,
Qo =q — @
J5 YRR B pR BOE LI
V() =E{V(s, )]st} (25)
BB T — I 220 i e S OIR A5 (L eR AR 0 09 2.

3 LIS
0,= max R(s,.a,)+a-

FEFCoHP . FXABE
@ R A
ERE 1 5% 2P ER BRI — &
77 (Table Lookup Form) , B & T S 4k 97—
AN R HCR RIS IRES s B XY A pR R
V(). 3 Ay 2 A5 ok B0 A it 5 T SR 4 Oy I
M. £E ADP A, m] LA R eR B0 oL i 7 3% AL —
L T B bR HOE AU B 5 DR SRR S A (E o8 B 2
B B8 HI0T AL 2 385 3t {8 P 7 — b (L R B0 LT 15 4
7 N S PL A ) )RR AR A IR RRAE 4R S ) 4
R A B A7 B RAR S T A A1 =X P2 A7 B ) g o

V(SY (s,0a,)) (26)
SBAMRIER.

FRAE SR AT DUALHE 5 b P2 A7 B | 25 b A5 P2 7 B 67 1 (8]
PN 3 3K B 5 W L PR AR AR A T 22 DA R BB R 1Y
o AR
E X K K%k (Basis Function) ¢, (s7), f€ 7 %
TR FRAS s B —FRAE / Foi X R B R 5, B
B, (s R NG D SRR S 4 A 3 SE B8R A i e g )
Ji VR SRR S B {8 R AT DA R O AT A
VGOV 10)=>10,$,(s0) 27

rez
WET R 5 b 3 W L — 2 s

@,Afrnax{le(n,aﬂ—+a- D04,G) (28)

rez

ﬁ#»ﬁfﬁﬁ@ﬁﬁﬁp% LA Al T 0, 1 AR
BRIV 0 bt B [+ 38 22E 11 AN 7 50 R et T e AR 0, —
JBCTE BL R FEAE AR A9 25 ) /N T ) R s A5 1)L
I L R S80I L AT LA e e A R R S A T g A Y
[F) e

@ i o8 BREAS 1) AT

2. L/ BB IR s MR R B V G ) D IR 25
s F U6 B I 1] T J0 55 I U 4 o8 B0 B0 AE 5w

ERTT VGO g — A Je i Al 7+ A AT LA E W 5
mquyfRoM> (29)
ft(zsaﬁfbiﬁﬁe/u\ﬁﬁﬁﬂﬂﬂ Rt s A7 0k

fohs BRI — AN LR T i o 0. 0]
T
o(s)a > a" 'R(s.»al) (30)
XCHIEWKHE K

m&rggwﬂRuH¢>{Swﬂum&>—ma&ﬁn+

Vi(s)—a V(s.) (3D
HF «€ (0, D HVOH R I o V(s)—>0,
231 AT I U 22 4y

v<5>_vxs>+fga “(R(seal) —V(s) +aV(s.))

(32)

Horp RCseva?) =V (s +aV o) FR R BRI 22 43

(Temporal Difference, TD) 8§ Bellman i% 2= (Bell-

man Error) , K75 4 5 {8 B8 EUA THE 5 E R (E R 4L

fli L Z 8] 1 25 75— 28 SOk b A4 R o« A B

A ZRTR A G 3 b IBCR B BRI BORE AR 1Y O 15 3 i

TDO). JHrH1HF a=0 B, CA] LLAF 5] —Fh kR
s Jr

0(s,) =RC(s,,a7) +aV(s,1) (33)

A BN TDO). FEEX (33 5k f Jg v kR
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45w A Bellman 7 72 (26) MM Bl 24 « K
(260 TP Iy d5e K AL SR g 1, VGs, ) S 2 (26)
V(SY (s, va,)) B TCAmEEAS.

MFHTE AN =X C27) Jr 7R WA bR B0 By 5 B
ADP B35 I A XA o BUAS B, 1 % 71 %5 5% A bR 4
(R0, 0 A B IR AE B R, 8, (o) T AR
REA R Rt £ IR EcE X i), 0, 0 o 3 5
SO YRR PRI 250 0, B RE AR T L i LA
TR AR E

() P A T R 018 6T A . — i T U0 A B (i) RS
T AE Y U HCRE (9 240 TR 2% 24 54 07 X0 7 1 £ 2 6 0, 3k
IR T B O, AR AR

GO B 5y, RS s R0 (33) 1] 1§
oCs). BUBE, ADRRARZS s 19 f 2R BRI A B s 1 15
FPRAS 5, AT UL AR 2] o5, WIEE T 4 ]
TR

0,=0(s)—0(5,).

@ {EL bR BT 7

Bif AIL A 10 2 — P R A o R i T ik, w)
DA o 35 A5 2 2 (H s AS o, i VOAS B T 5K
{EL PR AT B V5 1) H A5 2

%?E—%ﬁﬂw—@unz (34)
R SR AR o MERE V. T oo & —14
Bl B A% o, DR I 2 ) R Ry — A B ATLOIE A Tl AT, oK
Fk 5 ER SRR I B b 0 A B R 2R AL BR A BE LA
BE AT B2 RGN TFARE s X R KR
7,
V() < V() —7,(V(s) — () =1 —75)V(s) +3,3(s).
R 5 R 4
o M0 P SRR 2 B R i, IR 46 E A5 (34)
TIII?E %(V(S]Ql)*@(s/))z ,
I B R T iR
V(s ))<= V(si_, )—77,(\7(5“,’;1 )—0(s,))
== V(s D) +700s) (35)
Al B AN 20 (27) 1 Ji5 DR SR PR 285 1 o 4000 1L 5K
o D e AL A B 3 Y H A AR Dy
minE | (V(s7 1 16)— (50" (36)
R T4 B 2 3 S5 B (B R B T 1R SRR 25 3 RUEL PR 2K
V(sio |0, Jit s 55 0.
00—, (V(si_, |0 —0(s))V,V(si_, |0 (37)

E 2012 4F
Hrp X DT
V(s |0
_ 801 | 751(5/1'—1)
AV(si_, |0
- —g b, (s7_1)

VoV (st 1 ]0)= o0, — o

v loy|  (PAl
8@7‘
(38)

B AN 3 A — B JE T 2 1 [m] A A ) R 50 5
e, Ui /N — 3 B B} 22 43 (Least Squares Temporal
Differences, LSTD) 5 # /N — 3 3K W& £t 1 ( Least
Squares Policy Evaluation, LSPE)", 5x % Fh 5 1=
(i E B IX e T, LSTD SR 45 i1 A (8 of UORE AR J5 —
WHEAT A - 1M LSPE i — P 1 5% 42 {1 bR KR A% i1
A 1 3k H 515

ORERS

2.4. 2 WA AT — SIS R G 0 T K R
B FSE B ADP i) LUl RS R A AR —
FRE, — D RERE s, IR E Vs AT E LN
AR AL R A 1 A B8 K5 7 2 4L B

DIV

SEs
S

Vis,) =

(39)

[, |

RIS TG D 1 AR 25 25 [A] 4 K ] 0, R 2 i =2 1 Of
(1 [ 50 S o fof A 2 L DR 2 R 5 SRS DA SR A A AT
(L. George 5 AW T —F Z 2 RER
A 1 SEARL S PR 2 1 3T B R 30 SO R ) 2 R
HAEREMBCE- 2. 4 G AREZRNES N
V()= w,V(s,) (40)

b s ARG IRE s T g R R AP BT XS ILAY 2R
AR o, AT LA i BRER 45 )2 5 1R A5 1 o8 B i
25571 ARSI E . XTI R LB A A
Tl R v A 7 ) A A 3 T T LD B A B
L.

GESS

AR T oy NP — R E LK g, =
VD g =a/(ta) % 55— KEHHLP K X
K S UG B REAS © 50 S ARG, — B lest
R AR SO LB RE B K O ) T A 4 ADP
{H PR AR Sk R P K

Ay PRATE BERIL JEE 4 A S50 — MR SR A 4 1
AT 4 (D 7,205 (D D7, = o0; (i D7 <

t=0 t=0
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oo FEFE 5 WY E A4 i il TH eR BB AR 0, 5 BT Al T
(O {EL BRI RV Cs, ) B AR ] DRI T DA ] Bl B 0 <
7, =<1, 0% 9, =1/G+1),t=0,1, SR, 7EBEHLES
JEA GO il TEAL (V[0 —0) VeV (5|
0, )5 0 M BRALA —E M A . g B BUE R 5 A 40
#. Powell X5 K EAT T8 W IEA A B2 H 2%
R E W A%

@ & & (Exploration) 5 #| A| (Exploitation)
[in] gt

Sk 5 PR AT W B S A R RS
soo1 IR IUER 5 Y BIDIRAS s, BB D3R o A G L XK
AR BB M %) % 2 )7 2 (On-Policy Learning). X Ff
Ji S84 R T wiE AL AR B R G B SR
P e v g 38 AR 25 A 6L o K, T A 0l g A IR
A5 1 L R 50 1) 0 DU R X IR X AR 78 5 3 BB
WA ST JRy S e A A i A 4 R B G A

BEO6F 33 A ) L, 2 AT AR 1 AN AR IR SR 1Y
2#2) )5, (Off-Policy Learning). {HJ&, &% # 5 X A
REPRIE ADP SEyE IS, B, AR T — 247 rh i
77 % 4 Boltzmann #RR 45  AE B AT L S
Off-Policy Learning #i i R & Z RS, RE BB
Z W gt AF B i 7E 5 5 9 W AT On-Policy
Learning 75 2% , iR Y SGH 2.

3 ETL/RAKRR Petri MAY
HEMUER

Beccuti 4 AN F 2007 AEFEH T SR ) ek
3K Petri M (Markov Decision Petri Nets, MDPN),
4 MDP 1y 8 AHFEA T Petri W, HH Y Z N T 42
fit—Ff L MDP 55 5 2 9 A5 1 H . DA% 0 1 ff B8
RBPREAT NS RGEAT N IF B LR A
JEE AR E SCPIFRAT by i e 45 e
3.1 BRAKRK Petri [

LhJR AR P Petri W 1] 43 4y P A1~ 99 . AR 3R
ARG 4T M HIEENLF M (Probabilistic Subnet) P4 &A%
PR FE AT A B9 AE# E F M (Nondeterministic
Subnet). X B # F M 8 i3 37 B 2 i NdioPr 5
PrioNd [7] 2. BBl M B9 47 O 3 5 P 28 28 i
Trun® 5 Tstop? KGR, Trun" {83 R G iafTH)
[E] 3t B T Tszop? A3 R G824 Hi B Bois 171k # i 2
1B, Bl BL -+ W B B A AR A R X N — S A E
(weight) , AR HEAARE T R 48 7] L A2 1T 1Y
BESRL M Ah B ASAE I8 38 X I R 58 TP — A il kiR T

47 N Cact) s IR AL B B — > T4,

1t MDPN w1, 258ty 24> 241 1 # il 3k 26 41 14
A SEE AT R AT SRR TR Y. JE A T R PR
ARAE Ty 5 TRk, Ty fUR IR H RGEHM %
Wi A7 i T AR A AT . S EERL T M
R AR T SR AR W SE 5 ™ e A S PR 2R 8 G T DA
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Abstract  Multi-radio wireless mesh network (MR-WMN) is one of the key access techniques in
Mobile Internet. However, current 802. 11-based MR-WMN is not able to provide low multicast
end-to-end delay. To address this problem, we first propose a layered and analytical model by
combining overlapping channel assignment with multipath routing strategies. The proposed mod-
el can be used as a guide on multicast design. It decoupled multicast delay into transmission delay
in the MAC layer and queuing delay in the Mesh layer based on that it derived a new multicast
routing metric that had low end-to-end delay. Second, we prove that finding the minimum global
flow interference solution is a NP-Complete problem and the relationship between global flow in-
terference and network node densities is distributed in accord with double-Pareto lognormal
(dPIN) distribution. Based on these two results, the DCA algorithm is proposed in order to mini-
mum global flow interference which can efficiently reduce the multicast transmission delay in
MAC layer. Last, to avoid the best wireless link being congested, we propose the flow adaptive-
based MMRA algorithm by making use of the MR-MED routing metric and the multipath routing
design philosophy, which took local channel congestion into account and can efficiently reduce the
queuing delay in Mesh layer. Simulation result and comparison of the common algorithm MCM

both show that the proposed model accurately characterizes the multicast delay in multi-radio
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wireless mesh network and the combination of the DCA and MMRA algorithms efficiently reduce

the multicast end-to-end delay.

Keywords

radio wireless mesh network
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(Density-aware Channel Assignment, DCA) 4 &
%1 s,

Bk 1 WS E S Bk DCA.

1. procedure DCA(C, G,

//C: channel set, G: network graph

2. s’s SR uses channel 1, its children use channel 1
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for their RRs

3. s uses BFS to divide WMRs into different layers

4. for [<=2, layerNo do

5. if =>1 then A<-Sorting all node u at [ by their
degrees

6 else A<—all node u at [ without sorting

7 end if

8. for each a in A do

9 select channel i€ C to minimize F(a,v)

10. a adjusts SR to i, its children adjust RRs to i

11. end for

12.  end for

13. end procedure

DCA FEMA WA EZR L 5 TR M AR
i T AR fe /AL B AE Sl 2k 7R AR AR WMR 2 J8]
i ] Probe Message, A DL % J5 {5 Hb ¥ 22 5 5k 19 43
i 2B .

5 REHENSEHEERKBRE

2 475 i 21 i P S2E 32 B4 A0 HE BASZ 0 AN
T 2 478 A2 i B A 2 1 DR i ) 3 oF- 25 I AE L AE 42 R
A A F AR MR-MED #6880 0] 541, S48
6 H B30 AT LA T MIR-MED A5 2y % by 1 4 LA ARG Ak
2 475 i 2 ity 1N S HL Pl T O 2B BRI T8 AT R L AR 1Y
KO AR T B0 45 41 26 B R HR BRI SE . % ABOE JE
TR S DR Ry BT A 5 S B B B S )4 0 el Bk 1Y
SR AT RE 22 00 B0 T A R SRR 0 S L AT
BOZHE P KA A M0 €. BT X )8, 42 it = 3 3
IV H) 25 4% 4 A e oh SR O T 22 A% 4R B ok Bk
(MMRA) 57 2 124 i 5 A2 o oF %65 41 190 265 7 &k kAT
O3« AT AT 85 2 fiff A o 41 2. MMIRA WL 2.

Hik 2. ZRHAMHHKHEEDE MMRA,

1. procedure MMRA(Gs,R)

//s: source, R: all destinations
2. s uses BFS to compute MR-MED (v) towards each
WMR v and divide them into different layers

3. V(D<RU{s},E(D~J

4. for YWMR vE€R do

5 p<u
6. P<all p’s parents //P!=J
7 while Yp&€ P A p& V(T do
8 select u € P that MR-MED (u) +MHD, (p) is
9. select w&(P—u} that MR-MED (w0) +MHD, ( p)
10. VD)<V U{u}
11. E(D<E(DU{(u,p)}

He 55 ZHPHICEE Mesh W 2% 20 45 iy 51 oy B 28 AR 5 p 4k 1365
12. if w!= then
13. w.tag <"“backup”
14. VD)<V U {w)
15. E(D<E(DU{(w,p)}
16. end if
17. p<u
18.  end while
19. E(D) <E(DUA{(u,p)}
20. end for

21. return T

22. end procedure
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HAR. IR B R LERRE M2 50 L Al BEAFAE I 2
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llllll
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Z IR AU CLength HUE A 1 K03 D) 48 fe 1 25
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IR A D] 7] 8 AN A3 55 (8 S0 00 ) 5 i i 7 2%
AT — 28 T AR R F 5 3 i A0 D) 4 22 1] 14 AR 1
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6 AESH
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17 BLS2 6 3 T NS-3 R 48 52 48 2% 1 JH 45 43 A7
LS AR (DCEF) i IEEES02. 11 /E i MAC 2
P, MR 802. 11 A v Xof & 48 1% i 119 23R, A fifi
RTS/CTS F1 ACK HLl. 415 s Py 3 A7 B LR
SBEHLAE BLFE 1000 m X 1000 m /N B ) 4% X 35§,
PN LSRN 2% 00 200 37 30, 5 ) BT AR B I 45 4 F .
B AL i AR 250 mL TR AR 450 m. 2 #E
VT A5 AR Y R [ A b KR 3R (CBR) , 204 K
/A 512 Bytes, B8 & 2% 1k E] &y 500 s. £ xF &4~ 37
S IEAT 100 47 B3 SR W BB A O die 48 92 0 45
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i ) 2% [ PR BE R BE .l MR-MED-D fl MCM-D %
71N T o 5 8 R % I 45 1) 1 e R . R T M 3R N
2K S S RO IC I BE LA 51 F 3R 16 S5
Y s MW 5 1 3% 2.

F1 ZWSHMEEGA
SH S A 134 1
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RiP=Y & B (B<<1):30; PH(B>1):60
7 05 BB B K B FIFO, 2.0MBytes
518 2 A KB 2.4~2.485GHz, JEIEAfFiHE 11
Bl I 0.9 (constant)
Bl P AR R 1. 0 Mbps
A4 O 28R Omni-Simplex-Two Ray
S O R 4 (2% 2 MIMO)
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®2 ZWHRMIEH
B

T g VAR 85 090 4% . 2 2 RUAE . 5~ 30 W AZ L MRS 15T T
LEAFIER 115 AR R R 4 120 pkes/s

i gt R P 4 T AL B (R R L~ 11 AT AR L IE RO 15
RR AR 55 L3 PR Y S 4 120 pkes/s

W gL R 8% 00 2% . 2L B 3 2 . 50 ~ 150 pkes/s 7] I
2 AR AN .55 8 B fFIE S 11

Yk

S5 FLEA IR S 1] — 4L H AT AL R Y2
A ik i 0 i ) 3 - 24 I S L 4 A PR RE VAL S HoE X
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ELoja]=N

A3 At i /Kbps
- ,
(&)
S

15 20 25
AT AR/ e B34 1 4
Ca) 237 4 MR SK 7 ik : 11) 5 1)

5 10

(1) 4 # F ¥ & i & ( Multicast Average
Throughput, MAT) : 41 #& H ) 17 Sk X
BB A EB T RS ERB RS 1D FI M 1
ANFAT AL Bt 22 1 AL ALK S A e R
JIT AT 2R H R A ok A S M RETEAL =
K B 0 2% R 8% 7 430 1) 4 K o R R

(2) 41 4% ¥t 21 3 F 25 B 2 (Multicast End-to-
End Average Delay, MEAD) : £H 4% ¥t 2] vir B} € 58 X
AR H R SRR PR R 1K R B £ BT AE B i
(] 2H 4% iy 3] o - 2y I S 5 SCON B A7 2H 7% H T
W BT R I B0 BRHE A0 BT AR 2% A4 SF- S I [R]L 3%
REVEAili 2 B 3% B I 2% 1% Jdb 20 4 B 9 10 BT 4G 28 1Y
I ).
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Do
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Background

Multi-radio Wireless mesh network (MR-WMN) is re-
garded as one of the key technologies of the backbone of Mo-
bile Internet. Though it has been deployed in many areas for
ubiquitous accessing the Internet wirelessly, the nature of
WMN, i. e. wireless broadcasting and channel interference,
makes it a challenge to efficiently support multicast services
with considerably low transmission delay, which will deterio-
rate the quality of services in upper layers and lead to un-
pleasant user experience. In the world, exiting multicast op-
timization efforts for MR-WMNs have traditionally focused
on either the flow interference or the gateway load balancing.
Though it improves the multicast delay, yet the result is far
from expectation. Experiments and applications have all
shown that multicast performance can be efficiently improved
by explicitly taking into account the overlapping channels and
the multipath routing strategies.

Therefore. in this paper, we propose an analytical model
for 802. 11 based MR-WMN by combining overlapping chan-
nel assignment with multipath routing strategies. This model
derives a new routing metric, which can be used in subse-
quent routing stage for obtaining low end-to-end multicast de-
lay. To reduce interflow and introflow interferences, first we
prove that finding the minimum global flow interference solu-
tion is a NP-Complete problem, and then a quantitative anal-
ysis is proposed to reveal the relationship between global flow
interference and network node densities in order to design
more effective channel assignment algorithm, at last we pro-
pose the DCA algorithm to minimum global flow interfer-
ence, which can efficiently reduce the multicast transmission

delay in MAC layer. To avoid the best wireless link being
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congested, we propose the flow adaptive-based MMRA algo-
rithm by making use of the MR-MED routing metric and the
multipath routing design philosophy, which takes local chan-
nel congestion into account and can efficiently reduce the
queuing delay in Mesh layer. The simulation compares our
scheme with MCM and the results show that the proposed
model accurately characterizes the multicast delay in multi-
radio wireless mesh network; the DCA and MMRA efficiently
improve the multicast throughput and reduce the end-to-end
delay.
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Secure Incentive Algorithm Based on Strategy-Proof Payment Model for
Cooperation in Ad Hoc Networks
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D(CNCERT/CC, Beijing 100029)
2 (School o f Computer , Wuhan University , Wuhan — 430072)

Abstract  Cooperation among nodes is important in Ad Hoc networks since in such networks nodes
depend on each other for forwarding packets. However, cooperation in such operations consumes
nodes energy and recourses. Therefore, it is necessary to design incentive mechanisms to improve the
enthusiasm of cooperation among nodes. In this paper, we analyze the Ad Hoc-VCG model based on
algorithmic mechanism design, point out its main problems, propose a strategy-proof and collusion-
resistant payment model and design an algorithm called ICTP (Incentive Cooperative sTrategy-proof
Payment algorithm) , which consists of two procedures: routing establishment and data packets for-
warding. At last, we verify the effectiveness and correctness of this algorithm by simulation using
NS2, compare its performance with other classical algorithms: Ad Hoc-VCG, COMMIT and
LMOCP. Simulation results show that ICTP performs better than other algorithms.

Keywords Ad Hoc-VCG; strategy-proof; incentive cooperation; payment model; collusion
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ry for one mobile host to enlist the aid of others in forwarding
a packet to its destination, due to the limited propagation
range of each mobile host”s wireless transmission. It is not

limited by the time and space to build quickly and convenient-
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ly, so that a MANET is attractive for applications such as
disaster relief, emergency operations, military service, mari-
time communications, vehicle networks, casual meetings,
campus networks, robot networks, and so on. Similar to
conventional fixed networks, security of the Ad hoc networks
is considered from the attributes such as availability, confi-
dentiality. integrity, authentication, non-repudiation, access
control and usage control. But security approaches used for
the fixed networks are not feasible due to the salient charac-
teristics of Ad hoc networks. New security mechanisms are
needed to adapt the special characteristics of Ad hoc net-
works.

Traditional MANET routing protocols assume that all
nodes in the network work in a benevolent and cooperative
manner between communication partners. However, selfish
nodes will not spend their resources such as battery energy,
CPU cycles, and bandwidth to relay others’ packets without

sufficient incentive. Therefore, it is necessary to design

incentive mechanisms to improve the enthusiasm of coopera-
tion among nodes. In this paper, we analyze the Ad Hoc-
VCG model based on algorithmic mechanism design, point
out its existing problems, propose a strategy-proof and collu-
sion-resistant payment model and design an efficient secure
incentive algorithm, which consists of two procedures: rou-
ting establishment and data packets forwarding.

The work was supported in part by National Natural
Science Foundation of China (Project Nos. 60633020 and
60970117). The former foundation focuses on the research of
theory and application in trusted mobile Internet, the latter
foundation researches on the low delay data distribution and
aggregation in the multi-radio multi-channel wireless sensor
network. Our group has been working on the research of se-
curity for wireless Ad hoc network for many years, especially
in routing security and trusted routing, many related research

papers have been published in journals and conferences.
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Abstract  Internet is playing a more and more important role in shaping our lives, which raises
the demand for being connected anytime and anywhere, even while on driving cars. Compared
with 3G or 4G networks, roadside APs have the advantages of low cost and high bandwidth.
Making use of passing vehicles to carry the requested data for the client can reduce the influence
of intermittent connectivity due to APs’ sparse distribution. High node mobility, fast topology
changes and collision domain overlay those cause the data carried by cooperative vehicles cannot
be received totally. Based on previous work, this paper proposes a compensation model of cooper-
ative downloading improving system throughput. In highway scenarios, according to the informa-
tion of speed and position, a cooperative vehicle estimates the probability of other vehicles en-
countering users while meeting, and chooses adapted vehicles to backup partial data aiming at
compensation for possible collisions. Simulation results indicate the benefits of the proposed

scheme in terms of increasing throughput and reducing delay.
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Background

This paper focuses on the research of compensation
model of cooperative downloading on highway scenarios
against intermittent connectivity. Cooperative downloading in
vehicular networks is first introduced by Nandan et al. as a
part of the protocol SPAWN for cooperative content retrieval
and sharing among users aboard vehicles in 2005. From then
on, researchers propose successively some schemes of coop-
erative downloading to help the users access the Internet via
APs, which include MobTorrent, Cabernet, VADD and so
on. However, these schemes do not give a definite solution
when cooperative vehicles cannot forward all data to users.
Making use of passing vehicles to carry the requested data for

the client can reduce the influence of intermittent connectivity

due to APs’ sparse distribution. High node mobility, fast
topology changes and collision domain overlay those cause the
data carried by cooperative vehicles cannot be received total-
ly. Based on previous work, this paper proposes a compensa-
tion model of cooperative downloading which cooperative ve-
hicles estimates the probability of other vehicles encountering
users while meeting, and chooses adapted vehicles to backup
partial data aiming at compensation for possible collisions.
This research work is supported by the National Basic Re-
search Program (973 Program) of China under Grant
No. 2011CB302505 and the National Natural Science Founda-
tion of China under Grant No. 60803138.
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A Physical Layer Security Transmission Mechanism of Relay System Based on
Joint Channel Characteristics

LI Xiang-Yu JIN Liang HUANG Kai-Zhi JI Jiang

(National Digital Switching System Engineering & Technological Research Center , Zhengzhou 450002)

Abstract  Motivated by the problem of untrusted relays, this paper proposes a physical layer se-
curity transmission mechanism of relay system based on joint channel characteristics. First of all,
we combine the two channels before and after the relay into one, and get the joint channel charac-
teristics. Then in the null space of the channel characteristics, the artificial noise is added to make
the internal wire-tappers get none of the information. Simulation results show that when the arti-
ficial noise lies in the null space of the legitimate receiver’s channel, secrecy capacity of the coop-
erative relay system can be improved and the bit-error ratio of the legitimate receiver is much
smaller than untrusted relays. The trend of the secrecy capacity, changed by increasing relay

number, relates to the distribution of eavesdroppers.
Keywords physical-layer security; cooperative relay system; secrecy capacity; artificial noise
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Background

Nowadays, wireless communication technology has been
widely used in our life. Due to the broadcast nature of wire-
less channels, the traditional methods to ensure security have
focused on cryptographic technique in the high-level of proto-
col. However, if this encryption mechanism is cracked. in-
formation will be completely exposed.

Recent studies on the physical-layer security without key
encryption offered another way to prevent eavesdropping. In
this field, secrecy capacity, which is defined as the maximum
reliable information rate sent from the source to the legiti-
mate destination in the presence of eavesdroppers, is used to
quantify the system security.

The basic idea of physical-layer security is to process the
transmission signal by using the physical characteristics of
wireless channels. The most widely used method is based on
multiple antennas in MIMO system. When most nodes in the
wireless network have only one antenna, we should find some
other method to construct abundant channel characteristics,
which is used to guarantee system security in physical-layer.
The cooperation technique via relaying, where the source to
destination transmission is helped by a bank of relays, makes

the method more flexible. Meanwhile, with more nodes and

more complex network structure in relay system, it is diffi-
cult for the deployment of high-level security mechanisms.
As a result, using physical-layer security technology is the
feasible approach to solve this problem.

Some scholars have considered the physical-layer securi-
ty in cooperative relay system. However, there are few stud-
ies focused on multi-relay nodes. Most of the theses involved
only one relay and needed a direct path between the sender
and receiver. This paper presents a physical-layer security
mechanism in cooperative relay system. We try to take full
advantage of abundant channel characteristics constructed by
multi-relay nodes, get the joint channel characteristics by
combining the two channels before and after the relay into
one and add artificial noise in its null space to make untrusted
relays get none of the information.

Our group has been working on physical-layer security
for several years. We have many works been published in in-
ternational journals and conferences. The work in this paper
is supported by the National Natural Science Foundation of
China under Grant No. 61171108 and the National High
Technology Research and Development Program (863 Pro-
gram) of China under Grant No. 2011AA010604.
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Turing Machines Based on Quantum Logic and Their Universality

LI Yong-Ming"”'® LI Ping”
D (College of Computer Science, Shaanxi Normal University, Xi'an 710062)
2 (College o f Mathematics and Information Science . Shaanxi Normal University , Xi'an 710062)

Abstract  Automata theory based on quantum logic is an important aspect of the quantum com-
puting models. First we study Turing machines based on quantum logic (quantum Turing ma-
chines, for short) and their variants, the notions including nondeterministic quantum Turing ma-
chines /-VTM, deterministic quantum Turing machines /-VDTM and multi-tape quantum Turing
machines are introduced. Two methods to recognize quantum languages by quantum Turings ma-
chines are given, which are based on depth-first technique and on width-first technique, respec-
tively, it is shown that these two methods are not equivalent in recognizing quantum languages.
Second, we introduce the notions of quantum recursively enumerable languages and quantum re-
cursively languages, and the stratified characterization of them are also given. Moreover, we
show that [-VTMs and [-VDTMs are not equivalent. However, they are equivalent when they
accept quantum recursively languages. Which is an important differentia between quantum Turing
machines and classical Turing machines. Finally, we study the existence of a universal quantum
Turing machine and give a coding system. It is shown that the universal quantum Turing machine
does not exist when the orthomodular lattice is infinite, and the universal quantum Turing ma-

chine exists when the orthomodular lattice is finite.

Keywords quantum logic; quantum computing; quantum Turing machines; quantum recursively

enumerable languages; quantum recursively languages
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— R 5

(D #§iR -VTM M Jir: U 132 8515 5 19 e+
AR 3 2%

“q APIRIRAET BN e 17

“q WLRET N GEFT;

“MAERES ¢ BEARFS o REU K ¢ «
JICHE ) 7 A% R BRI AF 5 2 R K 1 3k 1) A2 (2
d=D s A Y d=R) ¥ 3h—H#" .8 B “(g.2.q s
2 .d)EDS”.

ARG EAE BN () F( ,0(q,x5q s
2 .d) . AR - VTM M FriR a8 18 5 1
Ji - iy 4 AR 2 £E 1R atom (MD) B

atom(M) ={“qe I”.q€Q} U{“qEF”.qcQ} U

(“Cqgsasq s 2" v d)ES”: pqEQox. 2 ET).

O’ =U, 3" FRS EIAKEARDY
BRES N = J& i S & Bis 55 At
ZAHE VoS o Fm o IKE . ZH e K
JEk 0.

) =42 LW -HIES (WHRARTFIES) 2

ST HETE. S EWIA EE S 2 EICE

PFr={A|A:S >}, % A.BEF HHA S LY

FETHE.FHEXWNES AMB WitizHm AU

Be® Rz ANBE P, B8 A-BE P Ml

A€l HiEFE A MERIZHE AA V€S,
SEAUBZ (GEAVSEB);

def

sEANB=(EANSEB);

sGAOBd:d( Ju,vES" ) (s=uvNu€EANvVEDB);

SEAZEANGEA).

FOXF I 1 ELAE 53 0

(AUB)(s)=A(s)V B(s);

(ANB)(s)=A(s) NB(s);

(AB) (s) = V{A(u) ANB(v):u.v€ 3" H
S=uv);

(AA) () =ANA(s).

EX2 BEME—NI-VIM.# I=q,€Q,
I-ME B EE O WM QXD F P(QXIX{L.R})H
BB 0:QXI—>P(QXTX{L,R}),HH,P(X)
BRES XA FEMBES ®iIdHh 25 F
HQ W IAT 4 R M —A~H A 73 B RS eR 4K
TR R (RE N [-VTMo). i — 4,2 0 K
QXTI B QXIX{L,R} W) —AB45r sREL AR M H
— AN BB R LR IE S (- VDTMD. & 3
X AR 2SI ) T R A RS P 4.

e R —#, FATE X -VTM M ) RJ
BHER (ID) Ry avgay s e o, €7 g€ Q% RD
BRI H R cq I M SRR a0 T« S M %
AW ER TR Y o e BF M S LS a0 1)
WAEFRF Y oy =e B M [k ERE = HAF B.

A ID(M) =TI X QXTI F£mx MIFFAE ID 2
B, ATE X IDM) X ID(M) b1 =0 - X &
GeE<WWF: VYD, .D, € ID(M) ,a.fET v 2.y,
zelp,qeQ,

[(Dy,D;) €<y | =<u(D,D,)=
0(qgsxspry,R), D, =aqxf.D,=aypf
J&(q,x,p,y,L), D, =azqxf,D,=apzyf
D,=aq.D,=ayp
0(g.B,p,y,L),
0, Ll
<u(D,,D)FR [-VTM M iy Bl i 4 D, 254 —
LR s D, T,

FEABOR T 00T T4 % H <Fow <.

IR ID W R Zh#R ¢ 2K 155 R R R 0.

6((Ianpvy7R) ’
l D, =azq,D,=apzy
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Bl

# 2012 4F

L
&

Xf—A4~ -VTM M, 2 T 3CEkE3 % A s HL i
Ab B PR MR B E S 4 B R T
JE A 5 (width-first) 3150 J5 38 5 % B {56 (depth-
first) P50 75 2 T 1 430 7 DA 4.

SeA 858 A S (width-first) R 51 5 2.

Xt L E I FR <o X B AREL n U 0 M <
T:<UEXHNIDM) XIDM) FiyfE %2R, 1
<u(D,D)=1,MEHLEHFE T <uBMHEN 0;
< =<ye<in. A <u= U, <ir W HP, <y EIR
<w M A AL 3 .

W R B M L5 BE AR 5 J7 4% 32 1918 5 X
wmr.

EX3 #IVIMM=(Q.3.Id,1,B.F),
WS F A g8 31 B A red)) XK
recy € YoES",

rec¥ (@) = (3gy.q € Q(Jay e, € ')

(go eI Ng&e F N\ (qw,a1qga,) €<py)»
HEAEH

[recy (@) ] = \/ {1(q) A <G (quwsargay) A
F(@:q.q € Qiay,a, € T} (D

T A R B 5E (depth-firs) 3 51 )7 K.

A ID(MD T RRFT A B ID J¥ 5 (f12) Z &,
I

ID(MD T =U{D,D, Dy :k=>1,
Dy D, s+ D, €IDM)},

He D D, FR D Gt — kKB B R D,”,
WL KD =D, HEAL R <(D,.D,). — . ID
J¥4lc =D, D, D, € ID(M) " /R “D, 4 it
DDk WK D7, H i 8 “ Do =Dy =
D,D,. % ¢ =D, D, - D, € ID(M)*, %
<(D;sD, ) >0G=0,1,,b— 1), WF ¢ HHXK
FEAR s IR ¢ AR AR, LT 0(o) TR 42
I3k ID;ss(o) FmPEte ¢ 95 2 4~ IDL R b() &
BB AS R IDse(o) F£m R c KR ID.

ID(MDO™T L 1A — ot 18 3 pathy & LN
PathMellD(M)‘ :

k
pathy (o) = N\ [D,, D],

=1
H,e=D,D,--D, € ID(M) ", . EA Ky

k
[ pathy (o) | = N\ [< (D, .D)].
=1

iE£1. % c=D,D,-+D,€ID(M)" , % ¢ N
i&%ﬁé’ )ﬂUE?XUﬁ lipalhm (L)W = O; }iﬁ‘%’ %

[ pathy ()] =0, ¢ o] GE Ky JoRL 42 ol RE N A
REEAE.

[-VTM M 7E4n T 1§ L2454 -

(Dé(gsxspry.d)=0,¥VpEQ.yEI. dE
{L,R}. Jy, AT (g, 0) TorE L.

(2) A3 AR ¢, B F(g) >0.

WP R B M LA BE AR 5 7 A% 2 1 il 5 E X
LU

ENX 4., KI-VIM M=(Q,>,I',6,I,B,F),
W S F = T0 WBBIA reciy” i XN rech” €
P Yoes,

reci? (@)= (€ IDM) ") ( gy .qE Q)
(Jay o, €' (eI NgeFA
pathy (c) N\ (b(c)=qow) N\
(e(c)=ayqa,)),

HEAE N
[reci” ()] = \/ {I(qo) N[ pathy()] A
F(@) :c € ID(M)",
b(c)=qgyw, e(c)=a,qa,, q.qEQ, a0, "}
(2)

R 47 M Ry -V TMe, (D) M3 (2) A i
&

[recy” ()] =[reciy ()] =\/{F(g):c€IDM) ",
b(o)=qyw, e(c)=a,qa,, q,qEQ, ay,a, ET"},

Bk —4 .4 M 2y (-VDTM, (1) FsX(2)
it H ] recy” ()] =[recy’ ()] =F (@) , X H g€
QAFTEME— M c€ ID (M), fli 1] b () = q w,
e(c)=a,qay, ay a0, E",

KA = B -1E (—J5) 31 9] 15 14 T‘ECM(VKC%/,W]
G-y TEC'EV?])IEEIQ/P ST EM -EHTHE.H, recy 7]
WEMEM PR BAIES. B M BRI A5 S recw:
Sl E N recy(w)=[recy(w) | , YoEI".

ATV A L-VTM M, . M, 25561, 218 E
TRGHFE N FiEE Al Vee ", Bf

Iérec‘Ml (w) <« recy, (w).
THEE RV R E T EHE T BRI
JE 6 S R B AT 5l T A O SRUE A S
M2 E T ERILA B S5 iR .
EE L &S NRAFHE.
(D XHMEERN & FERILM U A TR 0oeS",
B

l
=recy” (w) — rechy” (w).
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(2) AT 1%
(2. 1) 1 A RARE

BB AR 0€ 3, MATErech” (@) <rreci (@)

WL (D) HE SRR,

2. D)= (2. 2) i Bt S dik. Rk (2. 2) =
(2. D).

HFE: Ya.b,c€l,a NO V)= (a ADV (a Ne)
ST

Wi -VTM M=(Q.2.I,0.1.B. F) . K, Q=
(oo @2 @3- qu 1 AEM 6 € 2,0: QX T X QXTI X
{R,L}y >l X ,0(q,0,q1+0,R) =a,0(q .0.q,,
o,R)=10,0(q,,0,q;,0,R)=¢,0(q;,0,q,,0,R) =
0(qs+0.q, 50, RO=1, HLEIEBL 0 HIPME 05 1={q0 }
F={q.} ¥ 5 4. W M 4t ¥ % A £ ooo 19T 3L
AR W 2% :c) = qoo00 |—0q, 00 |—00q,0 —000q, s, =
q0000 |—0q, 60 |—00q; 0 |—0ooq, « i » recy) (oo0) =
(aNOAD NV @AcAD=GADV (aNo).

Bhh, recy”
< (qeo00, goog, ) = <y °

(oo0) = <y (qo00,000q,) =
<%, (q,000, oooq, ) =
<w(qoooo, oqioc) N <% (oqoo, cooq, ) = a N
((Ly(oqoo, cogq,o) N <y (ooqo, cooq, )) \
(Lm(oqioo, ooq;0) N\ <y (ooqso, ooog, ))) = a N\
(BADV(cAD)Y=aA DbV ). i rect) =recil” M|
Batdta NGV O=wWAbV (a NS, JEE.

N ek U] - VTM i) f R 25w LUK 43
WS R AR SR IR R BLIC o - VT M, B AT XS T Y
VHEHEEMEM. BEH T EEMRE N
F RS -VTM 5 - VTM, Z 8] 16 &

W M=(Q.,>,.I's6,1,B,F)}y [-VTM, i M 3
W—A1-VIM, M F. 4 M =(Q,3,T:0",q) »
B.F) . Hd.Q={1UQ . xH Q ={AlA:Q—~(,
FTEME—1 g€ Q. i1 Al =1, MEHERS A
WO} sqi=1:F Q1. YAEQ .

JF(q), AcQ HFEME—R ¢€Q,
F'(A) = ffitg Al =1 s
‘lo, A:I

8" :Q XIXQ XI'X{R,L}—~L,
V(A.2,B,y,d) €EQ XI'XQ XI'X{R,L},
V o el ACQ A
0" (A,x,B,y,d)= 0(q.x,q1,y.-d)\NB(q,)], B#I .
10, B=1I
M5 M XERZWF.

B 1. (DXEEMN eSS BA

l
(1. D ):rec%ﬂm (cu)‘—’reck/,wfJ (w);

(1.2) Erecbﬁ” (w)%rec‘ﬂ)fJ (w).

(2) 40N A5

(2. D) 1 & A SRARVEL

Q.2 XMEEWHE-VIM M= (Q, =, T, 6.1,

B B F M AT = recl (0) o
reci (w).

V. M ER % S B (LD R
). FHEER (1. 2). % we 3. 1 M iy 1 1 w] 50
[rec,l ()] =V {[path (Y] AF (A € IDIM)*,
AcQ a0, €ET,0() =qhw,e(’) =a Aay }
AWk ' =D(D{+D, D, (D, =qlw,D,=a,Aa,) ,

W [pathy ()] = N [<G2 (D}, Di) T, i
<IPHD!.D/ ) =0"(A; ;A1 s »di1) (=0,
1,...’71719A0:I’A”:A)-}J\ﬁ
[rec\ ()] =V{[path( Y] NF'(A) ;'€ ID(M') ",
AEQ a1, €I ,b( ) =qowse(c) =a, Aa, }
= VALV, eal () NOCqosx0sq1 21 5d) TN
O0Cqy s X1 sqz s x5 sdy) N oo N
OCGy—1 +Xn—12Gusxud,) NF(q,) AT HEME—Hq, €
Q.M A (g)=1G=1,,n)}
=V 1I(g) NO(qo s squ a1 sdi) N
OCqy s 21 sqa s x5 sdy) N oo N
0Cq, 1+n 1sGus2nsdy) NF(q,):q0 €Q,
FETEME—H) ¢, € QM A (g) =1G=1.+.n)}
=V {I(g) N[ path(c)] NF(q,):
c€IDIM) ™ 1q0+q, € Q51 0, €T 0(0) =qy,
e(c)=a1q,a;}

=[recy} (o)].

ll |[:recg4m (w)—>reci (w).
(2) (2. 1)= (2. 2). 45 1 /24y B A W 5 3
[recy (0)| =[reci (w)] ik

Ereck}” (w)>recP (w).

(2.2)=>Q2. . AfFiE: Ya.b.c€L,aNb V)=
(aND)V a N B, & M=(Q,>,I,0,1.B,F),
Hi.Q={q q1+q:}:Z={01,0,} .'={B.o,.0,}; I
Q—=>1.1(q)=0b,1(q)=c¢c,1(q,)=0;F.Q—1,
F(g)=0,F(q,)=0,F(q,) =a;0:QXI'XQXIX
{R,L}—>1,0(q;+01,q, 0., R)=1G=0,1) , e HH
8 FH 0. U M AL ¥E oy 0, 1A RBRAE N
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€1 = qy010; — 0,050, 3 qq€EQ,a, a0, €T ,b(c) =qow, e(c)=a,qa,}
¢, = 10,0, — 0,q,0,. =V {I(g) N[ path(c)] NF(@) :c€EIDM) " ,qy»
LNIE:] g€ Q.a,,0, €T ,b(c)=qyw, e(c)=a,qa;}
[recii” (o10)] = (I(q) N[ path(c)] NF(g))V =[reci? (w)]. JIEEE.
(ICq) N path(e,)] NF(g)) T UL -VTM, R 85 2% i i - VTMce 5
=WAADV (AT Aa) [-VTMB KR, BPSETHE (- VTMe 5 (-VTM, ) 5%
=NV cAha)=ADV (aNo). 2., T E T Ay 5] .
FEER M A o o, (G 8 HAZE N SIE 3. W I X AL MART
¢ = Io,0, — 06,A,0,. £
M A (D XA L AP X, = {2 Ny A A
[reciy (010,)] =] path ()] NF(A,) Ty Xy sy s s, € X k=13 UL SR RV
=0"(I,0,,Ay.0,,R) NF(A,) WX LV -2EEX, ={x;, Vo, VeV
=V ,.reaI(@ONNqs0, ¢ +0, . R) NA, (¢))) NF(A,) iy s xs s, € X k=1 U0 A BRAY.

=((I(qy) N6(qy+0,,q: 0, R) NA,(g:)) V
(I(q1) NS(qy 501 5qz 50, s R) N A (g2))) NF(AL)

=(ANIANDVALIAD) Aa

=alNVo.

EE] rec k/i” 77"6(“”

aNOVo=AbV (aNo).
UE K.
ERBI W] AEFI T T RS T
(IR 7E )7 F .- VTM 5 (- VTM, LI B 5 7 ¢
EMM BN LA RAEL. thT & TE R L
HA 58 K AL ) g L R ATt mT A 2o B 1 O v R
W55 1 1 B R AL P ASTE Z (8] 1 26 R o HL X Fl oy 3%
AN AR L AR 1 4 T A EL R I 3 A 3 1 2
RALAYHAE CIRASBO Z A 5B 1 A9 05 363 i
A TR R ML RUR . ZE 51 H 1 Hr M B
QI +1.1mFES| L 2 FF AT AT LAF 2 M (1 B N
Q| +2.
318 2. XMFEM -VITM M=(Q,3,I'.4,1,
B.F) . —@EFE—A [-VIM, M, {fif§ YoE =", i

H |[:reck/§” (w)>recil (w).

EH. A M=@Q.3.I'd".p,.B.F) Hi,
Q/:QU {PO’PI }vpovpl GEQ;F/:Q/_’[ ZEXj‘]
F'(p)=0,F (p)=0,F (@) =F(q.VYq€Q;Ti
8 Q' XI'XQ XI'X{L.R}—~>1E L HN:VYV(qg.xsq s
2. d)EQXTIXQXTX{L,R},8' (qg-x,¢ 2’ »d) =
g2 d)s VT ETqgE Q. (posxs prsxs
R)=1.0"(psxsqox . L)=1(q) JFLTIEN 0" iy EAH
¥l o Wit o€ 3" A
[recii ()| =V {[ path (D] NF' (@)’ € IDM) ™,

€Q a0, ET”
=VA{1AIC) A[path(c)] NF(q) :c€EIDM) ",

8((]9 Xy

(D) =pow, e()=ajqa,}

wM=(Q,>,I's0,q, B, F) F—A -VTM, ., %
X=ImOUIm(F)UJ{0,1},Hir, Im(A)FR I-H
TEAMPE BR.X N IWARTE L =X,
HUGIEE 3 0 L2 (A PR AR Nk, AT AT LAY
#EHE—-VTMc 1T

M =(Q“.>,I",6%.qf s B, F9),

HH,Q =QX ;590 =(q 13

3(':Q(7><F_>2Q('XF><{L.R>7

Vg, meEQXL,x€T,

O (gsr) ) =U{{(q r AN sy,d):0(q,x,
¢ y.d)=r">0.¢€Q.yer.de {L.R}}.

4 5 AL 0C (Cgar) s a) € 28 Tk,
V(ig.neQ , 2T FC.Q >l EXL RH: Vg, r) €
QXL F ((q,r)=rNF(qg.

IR B M5 MR SFE .
T2, WEEMI-VITM M=(Q,>.I".0,q, -

B.F), B Vo€ 3" Ereci (@) orrec.? (w).
IEW. Ve€X' fE -VTMc M,y 093¢ X
HoH IDCqo s Do BE R T A BE12 cC 584 h 0
EyH A e()=a, (qg.r)a, U HME—XF N FH [-VTM
M iy IDg,w B kB — 548 ¢, H e(c) =a,qay .,
r=[path()]. \Ti Vo€ 3" 45
[recitd ()] = VIF ((qr) " € IDM) ™,
(¢ €EQ a0, €I, b() =qfw,
e(cH=a (¢, a,}
=VI{rANF(@:c€IDM)" ,q€Q, e, ,a, €T,
b(c)=qow,e(c)=a,qa, )
=V {[path(c)] NF(q):c€IDM) .qEQ:a, .
a, €I ,b(c)=qyw.e(c) =ayqa,}

=[recyi” ()] . UE5E.
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oI PE 2 ROER 2 By A Qs i B
EHE 3. MEZW-VIM M=(Q,3.I.9.1. B,
B RS2 EM A B - VTMe M’ =

(Q 370 B ) i 13 Yo € 37 =recl (@)
recit! (w).

E2. EM3E-DIEFRGSR . RV T
WEMRE TR PNEFEX T . B FZHEXTW
B R AL 20 e B R ALY 22 0 0A G AR e 3 32 IR 1
i FUE bR IR AR R B 2 K A T b ok A
R R 5 A e B R TR
-V TMecfE N5 F & 18 58 1 & R LI — F R Re
KIEAH. B4 - VTMe (58 LB T3
T 7B 0 1 R AL AT LA 1 22 S P R A
HFRRERZORE ML E, & F 2 E T HAE
RIS BERIAEAGBEHRR S AKX 5.
[-VTMc 5§ [-VTM MRS T 7288
SCT R RALAT DAL B i H A AL B R AR
AT AT DAL B 0 22 BB R AL AT SR, 244K,
MC R 2B . B8k (-VTM 52 WE RHLA S5
MEEFR . -VTM /] LLE AL [-VTMe, (HEL AL &
FMEARSJE (-VTM RS BCH A % i H 5 B
(B L RN S, R R £ n] DUAR K MG X Fh A
PR B A AR K. TR s NSE BB M R . - VTM
WO T RFZEE T, BRAEXFAE, H
X RPN PR SO R AT R W SE (- VTM R R
TR T R S FRATT AT LA O T A3 B R
WL (- VTMce AT - VTMD B2 . 5 46, i
ER L IRATMIE, ERERERMNEFTE LT,
[-VTM Y [-VTMc — AP 1200 1 5l Bl A
TR AL

T R BRI A AR BE A S T O GE S T
PR AL M T T R B B O o T R E Y
T R ML T R A S5 8 8 4 45 LA fRT B T L B 4
B S SO T

BRI TR FZEN - HE RN ETEZ
] 1) % .

FEAE SC 1 FRATT L B R O NI AR Bl L A
VFiRE sk Rah, B3 aFrERAIN— 4%
[-VTMs Ms=(Q,3.I,8,1,B,F) H,8:QXI'X
QXTXA{L,S, R}~ {HH 5 E T /e J1 Kk
R AT NS5 ZEMYE-VIM M=
(Q .36, 1,.B,F). Hth ¥ (g.2,q" . 2" d) €

QXIXQXTX{L.S.R}.# 6(q.x.q 2’ vd)H E
M H d#ES N 6, (gsxsq’ 2’ v d)=0(q,x:¢ 2" d),
#0(q.x.q 2 A HESLH d=S, 5] A—H N1
WS by L€ QUIIBA B R R
B 6, (g, x, Pyt v 0 s W R)=0(q,x,¢ 2+ S),
Ve (P, g yed vy L) =1 BB 6

BUE ¥ 0.

Q =QU{ Lk B gl AW A RS ;
I, q€Q

I :Q—1, s I - H

Q YeeQ 2 {O, 1l
F(@. q¢€Q
F,.Q—l. sy = .

Q YeeQ (@) {O, -

Ej%liﬂi,reaws:recg/,m.

EFRTFERMZHEZAILM -VTM 2 1E
L HARAZAE . B FA A SIS k. IF
A A AR 1 A7 B HEW r s
F. 568 R Bl Ry fo i TR I R AT 3V RS B i k.
HIE e XnF.

EXS5. —AETETEZHEMN LA E R E
WKk AFL-VIMOM(E=2) 2 — A Lot M=
(Q.2.I's0,1,B,F) , i ,Q.=,I",1,B, F FlxE L 1
TR ] SRS R O UK

0:QXI'X QX (I'X{L,R})H" — L
A T=q, € Q. B REL O B — 1 QXTI H|
PQX(I'X{L.R)"EL QX (X {L,R)"HYFR/r e
B MFR M kp—4~k #5 (- VTMe 5% & 45 [- VDTM.

5 1L IRATAT LA iR & HF (-VTM
1 J5L - R S L LA T T R A L A
ID JE .

— A kAL VIM [l —A4 ID D J&—/(k+1)-
T : (qrurvrs s wpo) s Ho g Y ATRAS 5
A B w5 A RSk IE L o )
e

HARME LS 2 -VTM /1. WK,
AR BE A 5 07 3B R B 38 & recy € 1 W1 RUE
XH

[recii” ()| = \/{ICq) A [path ()] A Flg):
c €IDVMDT,0(c) = (qysw,B,+,B),
e(c) = (gt v s sz 0;) s

Qs ¢ € Qs uv, ET" i = 1,2, k).

KA 5 & 7 -V TMc 1 £ # [-VDTM
BRI E = LA k4 - VTM RLSE B 4% 7 X7
BUN MG T . A F 2k B R ALk Bt i i R L
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Bl
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L
&

15 MU g o Pl AL AN 2 i P SR ML 2R AL 1 I B
P A T R AL A R A ol ke L £ A
R — LB A R 1 2« 72 3 B R AL -VTM
MAREB D RN E &G — LB EE R
HFT B 2 B R k4 1-VTM ) — 5 % 3 iy
HAE . HAE LB BN 1L HE, P b 5
AT — > A R B A B AR A — — X iz 1 L L T
S AH TR . AT AT G0 S B

EE4 kAW L-VIM(E #1-VTMc s £ 4
[-VDTM) 5 [-VTM(I-VTMec 5 - VDTM) %5 .

E 3. RATERT DR A B RYUIEE, Rif 2
B R R AN Bl WIZEALA & 47 - VTMs k7l
-V TMes k45 (- VDTMs 1 5115 5 1 8E 7143 90 Fl &
M 1-VTM.k 45 -V TMc .k # [-VDTM #%.

38 BRATIR W] DL g5 5 T 1 58 0 8] G
FF R ML L-TVTM KAt 43 W i 8% 1 WL 1) JG 55 5
KR L £ -TVTMc, # & 8 X ) T 55 47 B R L
[~-TVDTM, 25 b 7] LAIE B H 0 51038 5 19 BE
ARIFN - VTM. -V TMec. - VDTM 4.

3 ETHEATHFESRETEN
EEHEXRZE

EX 6., —ANIHTFHEAS ~IRAETFH
AR AR (RTE N e D TE S B AEAE -V TM M i
B A=recy. H—H B 0 €S M HE
BLWFR A i F3HIES. BAR . EF3RIHIES 2
AR S R Tk
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Background

The ideas of quantum computing come from the connec-
tions between physics and computation. In particular, in
1994 . Shor discovered a polynomial-time algorithm for prime
factorization on quantum computers. And in 1996, Grover
found a quantum algorithm for searching item in an unsorted
database in square root of the time. Since then, quantum
computation has attracted more and more attention in the re-
search community. In this field, the computing models of
quantum computation is still one of the most important topic
to study. The theory of automata based on quantum logic
(also called orthomodular lattice-valued automata), estab-
lished by Mingsheng Ying et al. , is an important research di-
rection on the computing models of quantum computation.
Presently, some results different from those based on classi-
cal logic have been obtained . And these researchers seek to
reveal the logical basis of quantum computing.

Some properties of finite automata based on quantum
logic have been discussed, and some properties of pushdown
automata based on quantum logic have been studied, which
all have obtained some results different from those based on
classical logic. But, there is no any research on Turing Ma-
chines based on quantum logic at present. Therefore, this
paper will study some properties of Turing Machines based
on quantum logic(also called quantum Turing Machines).

It is well known that classical Turing Machines is equiv-
alent to many of its modified versions. Just because of this,
Turing Machines can be viewed as a general model of compu-
tation. And there is the universal Turing Machine (program-

mable Turing Machine), the universal Turing Machine can

LI Ping, born in 1979, Ph. D. . lecturer. Her research
interests include non-classical computation theory and com-

putational intelligence.

simulate any Turing Machine, which is the basic reason that
the universal Turing Machine can be viewed as a formal mod-
el of the modern computers. And we know, the properties of
finite automata based on quantum logic is different from those
of classical automata. This is mainly because that the distrib-
utive law may not hold in the lattices of their truth values. At
the same time, some properties hold, such as Kleene Theo-
rem, Biichi-Elgot Theorem, and Schiitzenberger Theorem.
But, the related constructions all possess quantum logic char-
acteristics. For example, based on quantum logic. determin-
istic finite automata and non-deterministic finite automata are
still equivalent, however, the construction method by classi-
cal subsets is not applicable. Therefore, we give the con-
struction method by subsets based on quantum logic, and it is
proved the equivalence between deterministic finite automata
and non-deterministic finite automata. This construction
method is not dependent on the distributive law. So, we fur-
ther want to know, under the condition that the lattices of
truth values do not satisfy the distributive law, what about
the computing power of quantum Turing Machines and its
modified versions? Is there the universal quantum Turing
Machines? The two problems are the main research contents
in this paper. And we will give the related constructions
based on quantum logic. Then we further obtain some con-
clusions different essence from that based on classical logic.
This paper is the authors’ original research results, sig-
nature without controversy. And citing others results have

indicate the source.



$35 % T it (23 HL =23 Eire Vol. 35 No. 7
201247 A CHINESE JOURNAL OF COMPUTERS July 2012

RN = f A E R HEE S EAl

4

LR RSB L0 T8 214122)

W OE P TEAR TS R S A, Soih AR Z T B KO R P P JE S R R G X e R
F L FGE K BT RO AN Y A7 AE — A« — o oF 7 A ME S A ASRIABE R DB AT R TRD e AR A E P AT AR AR
s B — o) 3% 3 4 A 22 TR A A TR A AR A A DU X ST 1 ABE s R R AR A . B U, A R B 7R R R
BERRPHEEZMARMNEERR MTFEEERR M IEERRAMBNEERR A B EMNHELE X
9T RE A% 20 i X e SC RN FEME T S IR MR AR T — BB B P B 6 ST A E A A T R 4R
FScom. #3118 T FScom BIFFAE .FScom M3 AE 51 5 1 B LA & FScom 5 Zadeh BRI 4 1) 36 R 5. 16 )5 22 300K
FEHH  FScoM J& — Ak 3 52 Bk w4 ASR0 1 T B HL 45 785 5 1 A RO Ik

KB BRI BOBIAR T E S OGRS ML W R AR T B KR
MEESES TP301 DOI 5 10.3724/SP. J. 1016. 2012. 01421

Three Kinds of Negation of Fuzzy Knowledge and Their Base of Set

PAN Zheng-Hua
(School of Science, Jiangnan University , Wuxi, Jiangsu 214122)

Abstract  Negative relation in fuzzy knowledge is differentiated as contradictory negative relation
and opposite negative relation in this paper, and a character of fuzzy knowledge is discovered: If
two opposite concepts are fuzzy concepts then must exist a “medium” fuzzy concept between
them, contrarily if there is medium fuzzy concept between the two concepts then two concepts
must be fuzzy concepts. We thus propose that negative relations in fuzzy knowledge included con-
tradictory, opposite and medium negative relation. In order to describe intrinsic properties of
these relations, we define a new fuzzy set FScoMm with contradictory negation, opposite negation
and medium negation, discuss that characteristics of FScom, operations and their properties in
FScoMm., as well as relationship with Zadeh’ fuzzy set and so on. In next paper which will shows

that FScoum is an effective method for handling the various negations of fuzzy information.

Keywords fuzzy knowledge; fuzzy sets; contradictory negative relation; opposite negative rela-

tion; medium negative relation
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U A S — AR WA S R R IR A
XA E BOAL PR 4 h B X 4 i S E (strong
negation) fll 55 % i€ (weak negation) , i 75 & 7 7/~ BH
AR Cexplicit falsity), 55 75 £ # 7~ JE-H (non-
truth)"' 7. 2006 4, Ferre™™ $ t —F LRI 75
X375 5 I A E 5 E A R A E . BB AR T RS
2 ATK(AILT Know) [ — B2 45 4% {k i 1] T2 4
WE &8 LCA (Logical Concept Analysis) HEZ2 1,
1 H X AR P 58 A W R 25 LCA /Y 3% 3 1.
2007 4, Kaneiwa 5K 7€ fifi i& 22 4 b X 73 P F 15
JE S B — AR 2 M E R A E T 1Y R
B ALC_,ALC_ " H £ M E & (41 not happy) Fl5i
75 %€ (U0 unhappy) #f§ @& contraries, contradictories
P S subcontraries S5 & I 1] B4 i Se 4 5B X
15 RE 8 SR Ak — > Btk (0 38 B B IS 8 5 RS
B UL R A5 PSS A s . DT 3R Bk IR SO
ALC _ vp (k2 4% 37 oF J& P (contradictoriness) Fl
X P (contrariness) ™. 2006 4, i 1F 4 25 A A%
SR T b AR AR AR AR B DA RR Y 7 JE G AR A
XSG FR S WE TSR YTV BT R AUSOR 4
AEAE H RN P JE 5 78 & R 5 X 57 A5 58 &R % i HFp
KE G — B AL, OF iz 7 IR R R 5 AR
R o

Xof RO R B TR E BRI AR SO ST T R
B FR A E =M B8 R R TP E "R E RR .
RS HERRM PN BERR BT MR
TE R F B AGE LN T REE %) X 2 5 R ) N AE
PERT S ECR i — 09T T e TR A & 2. 2 X T
—FHT LA P I 15 RE N ST 75 2 R A S A A A
W4 FScom. 118 T FScom fHFAE . FScom fy — 2
FEAGE T R A T DL 5 Zadeh BB 4R 1) 56 R 4.

2 EMBEHhHNEMEEXR

FERITR AR A2 SR B S A R i — ol
JUANR. FETE 22 B8 M3 2 [ ) O R 4 i A
ERRFR . EX D AMBERRMAMAELR. HE A
5B ZRIMAMAELR 2 A 5B A&
A& CHNIE ] — A FETEME R 7R ) Z [ AT AT A —FB 70
FHRAME Dl /751" “F4HE" 5%
RN SRR (- 3 N

ENIEE AN

B 1 AHEME AL BMIMEREEAH S

B Aristotle DL JE 208 BRSO A AH 2 K
R T JERBMM L RER. MENTERER, &
T8 AL R — A JE A& A T A b AR & 2 JE) A A A 2 K
FEANTRSNE T ARHESF L AN E 2 045 T i M i Ak
TE LS RIS KR AR TE R — RS Z T
B S Z A A A R R BRI SN E BAHHEF
HME Z FUN T JRAL S AN SE. — D& S e ”
Z I SC R — AR R &R T, — S S
FEA5 58 B8 2 1) 9 56 R AR T 8 JE 15 € 58 R X 37

RS BBDRI A L BRI B S AEANE B A 7 .
XTI S 5 A R RATIA AR TE
TH = IE.

2.1 EMBMSHPN=MEEXR

(1) BN E b 7 i 15 5 K & CFC(Contra-
dictory negative relation in Fuzzy Concepts)

KFRRHE SN E FLRRAN 73 W], JE B BRAE 7.

B . JE A SN B RE ST AR N SRR
NIRRT M AL E R 55N
PRV 56 7R 5 (18 2).

o 1

Bl 2 BOMIME ST 8 7 1 AR B A E 6 R
(2) BRI & A 18 X 37 75 22 58 /R OFC (Oppo-

site negative relation in Fuzzy Concepts)
KRPFFAE SN EFLRA 73 W] AN AR BB AR
filan : Jw A S N7 B RS AR N S R AR
NI R FR SRR S H BT AL St 5187 )
KRG (E 3.

EFEN

RN ZEEN

B3 BEOBIMEE 5 4E 75 HOW L T AR AN G A

e B S T A4 25 AR B 20 S S 2
A7 AR AT H A 7 R AL A R & P 38 0 S =2 ]
(9 A s BSAE ] — A SRR B X Sz K
W& Z ) B AR R 5 — AR . X T
Xk S AR AR ABE A e X R ) B L S 9 AT AT T
JE FATT A B % ST A4 RO BE A v A7 AN T R

IR R SE AR A AR R S
(] 6 SR AT AE 9 BRI ABE 285 5 S 22 o 2R — o Xof S
A& Z A7 AE R A 9 REOHABE A& U)X 57 M — S R R
WIS 5 o %) S M A& 2 1) A7 7E HR A 4080 48
& 4 HACE R S N BRI
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I A A T8 37 AR ABE & =2 1] B v A RORH AR
& BB PR AN AP SE R, X ST RO ARE S
KEJE —FhH & KR X BCRATIR A A7 &

(3) BRI & B P A 75 5 56 B2 MFC(Medium
negative relation in Fuzzy Concepts)

R FARAE S E SRS 73 W] 455 e B R A

(RPN LK SN D0 VAL -l B NS Tl 2K =
N7 Z B A& PR NS HFENESZFENOZ
] 9 5% ZR 2 P 10 8 G AR B Bl B ] R R A
S e 5B Z i e A R (R
DS E(ERBOZENLERET NG E KRR
TR RIRT G RGAR” Z A R A R
SIS LG Z B RZE T EERR

(K D).
HEN I RN I ELCN

B4 XS BB S 95 A7 B AR 5 b Ay
738 AR B I IE K R

PRI AT 48 o A AR ABE 2 v A7 AE = A ] 1Y
BEXRFR, T JEEE KRR CFCX L&/ E KR
OFC Ffih 455 X & MFC.

2.2 EMBSFHN=ZMEEXRNERAENX

WE 8K S ZE kg ABE % T 2 I 1) 6 5 31 1B AR A =2 ()
1 G 32 O ABE A A A 17 56 3R TR T MR S8 79 S0 A £
A #5 H CFC.OFC fil MFC {1 0E X.

EX L &UGED L GIRE) , X (XS
U RKF U P L0 — S, X FARf X, 547
DRIy E X X XL X CSEX, X 4 T,

UX, =X, 0B X % X,0 Xoo oo, X, 0006 1 2
X G=1,2,, ) X WRME: K, & XN
X, =T GH s iaj=1.2, ) UM X, X,
HEWHES A XN X, # T MRS X X8
ORI HE 5.

B F AT ] — X BT 7 Ji 5 0C R A R — X
HA X ST 5 08 R R A AR R — AN B A T Y
—Xf Bl & T L. CFC F1 OFC 43 512 [d] — A~ & A
AR WA RS Z Y OC R B ke ORI A
IR 43 e XXX B o0k & Bl X X X A A
T4 FIL, x5 F CFC Ml OFC Mg X ik, il & X
.

EX2 - TREEEHN A:L:JIA”,E\EP A

KA BIFPHE S 3T — A A GE (1.2, .n)}) EAF
A RS A A A AAFAA) A LA A,
RS FHASA BETEREXRR.AL
A BT XS KR

CFC={(A,,AD|A#A A NA#*J,

A UA=AICAXA;

OFC={(A,.AD |A# A AF# A VA F# A,

ANAF~ T A UACACAXA.

FRATTT 0, 2% ST 75 5 W 2 S MM ARE A B A7
ZIAAETE A (BB MR TR I - — X5 ) 57 75 7 B
RIMES 5 P A5 5 1 56 R MEFC B2 (X X X) X X
M —A 4.

EX 3. R ARME B— UB BB w
W& #F BB, S BG )RR A R EERRM
BOWIME S WIAFAE B,EB(m =~ i.m =) H

MFC={((B;,B,)>.B,) |B,# B, .B.NB,,+# & ,
B,NB,# &.B;UB,UB,=B}C
(BXB) XB.

A b X858 CFCLOFC #il MFC AA
W e

(1) CFC,OFC # MFC T A [H 5

(2) CFC.OFC HA X FRik. A HA A R L
pieR o)
(3) MFC ANHEA X B 8 Bk AL i k.

3 HWHMAMIAEE=MEERN
— A E

BB B T s I8 DB A B A 3R R B LR
R ) i AR ) Al G AE S A0 T B ] Xk AR ME % K
H =R E % & 56 % CFCLOFC #l MFC #47 %) i ,
FRATTHE QR — o i B 4R
3.1 RAFEEE MIBZEMRNEEREME
FScom
EX 4 WU Zie . wegt
v, . U—>[0,1]
Wi T U ERBEH & A WU OaFrh A BsRR
PRE Ua (O R R o XF A 1SR R E (R AR R &
BB A(x).
EXS5 WARU LWEMFE.2€ 0,D.
(1) e st
v A |x€eU}—[0,1]



1424 it A #L 2 il 2012 4
PR T (A@) =1—A() B v e T U (2) B St
F—HE T, EFA A (0)=T (A(x)). A v (A |x€U}—>[0,1]
PR A BN ST A 5E S 27
22—1
T2 (Al)—D+1—A, A€[1/2, D) H A(x)€E (A,1] (D
22—1
T A@ 1A AE[1/2. D H A EL0,1—1) (2)
v (A= 1;—2"A<x)+A, A€ (0,1/2TH Ax) €[0.2 (3)
1—2A
T(A(x)—i—/\*l)#—/\, A€(0,1/2]H Ao e (1—2A,1] 4)
Al(x), HE (5)
Nt o #iE T U R —BMF 4. iIc/E A, Al A2 Al
A" ()= (A(). A~ Bl A [ 4 75 5 4.  — e — ——
0 1-2 1/2 A 1
(3) W 5f ACEM] 15IE
v {A() |2€U) —[0.1] Alx) Ao Al
FA R T (A() =max(A () A~ () ] ¥~  et— e — e —
Wi T U L —BW 74, I0/F A A (2) = ' HA< >e1/[i17u'riw 1
W CACeD AT AR EE B 5 %4 A=1/2 i, AC | A’( A/( 0.1 Y X 2
” " 5 M A=1/2 A A () A (DO E[0.1TH I R
BLE R SCRIE IR U 0 B0 T 4 Bk X 43 ’ et e O
IG5 5 AL R A A 7 BRI AR R iE h Al A (@) Alz)
FScoMm (Fuzzy Sets with Contradictory negation, _5—8,1‘_1'/7_1.\?;—\?_>
Opposite negation and Medium negation). A(.weu:/\,l}'r%ﬁﬁ
3.2 FScom [ HRIE Al A () Al(a)
H FScom Wy LAl i, 78 FScom H, #5ER 4 D et e S
A5 A WRSLEEIEA PR EE AT BT ' e 1
VESE ATH X 22 MO A
BRER ARAMERRRE K6 M A<1/2 B, A Al (@) A™ () FEL0, 1T ]H I R

(DX FEEM 2€U A A (2), A (2),
A () €E[0,1];

(2) 7 J& 15 % H O ST 75 8 A A A5 i . B
A7 (x)=max(A (x), A" (x));

(3) T A AR, BT L A R/ A S AR 4k
T X AAF A HREE ACe) A () Fl
A™ (o) W BRUE S 1 RN FnAs 4k, g

MA=1/2 B A € A 1] AW €[0,1—
O HR LA e AT A™ (o) €[1—2,4]
HA () E[0,1—D, #FH A e[0, 1=, A
A" (»ell-22]5A (e @,1];

MA<1/2 i A € (1—A,17,88A () €[0,4).
He HA@ e =21 MAEA (WA 1-2]5
A EL0. M) FH A ELODNMHA (0E
(A 1—=2A]5 A (o ed—A,1];

KT A A (O A () ZEBFXZR, A
5.1 6 ik (KR AFS o7 5% "3 HIFRIR— A X

VF1] 1) A St 5 R T i 252D

i FScom 1 X, %% & ik FScom HA T 7
P

w1, WA RE— FScom Hif 4. N
A ZA™ () =A (@) B HAY Al € (A, 1],
A (@D ZA" () =A@ HAY A €[0,1—2).
HFY A=A (OB, A" (2)=A (x); Y4
A () =A@ B, A () =A™ (o), F L, AW F

H
i A

2. WA FScom BOHI4E.
A >A" () >A (), BiEA () Z=A" () =A().
1E FScom H, HA K a<b(a. b€ [0,1D] K,
T () =¥ (), ¥ (o)W (b),frlh,FScom E

AR,
8 3. 7F FScom 1, W' L ek 4k, o 2
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3.3 FScom 5 Zadeh #EHIEE K X R LB

TEIA B REE 2] I F Y B IE R Sie . A
Zadeh""™ BIWISE FS DL K It 25 B0H 60 1R Ak B34 A 11
KR B FS (45 Fh P U A R 4R
(Intuitionistic Fuzzy Sets)U'™ | [X [8] {H £ ¥ 4
(Interval valued fuzzy sets)''®)  Vague 45 FHIH k&
4E (Rough Sets)"™" , AN X BE KL LT HE
FPABUR R SIS R & — R BATHEE R A —Fl 5 €
AP J& 75 € - U 5 E 19 E OB R A B X 7 #
WIS ) Z 1) 7 & O &R SR OC R, H I ix se gk
BB A HA X I3 R IR B & b o8 JE 5 E X
SEAAE LA SR A A B R D R FRATRTAE RN A
WL (FR D).

Rl XTEMBSANTENEMINNBESRT
A /L

AR AMEE 1 AARE 2 MHE A E
(0 ey FIERE: 2A X X
RS FHEHEA X X
HIuEHEME TEEGE: A X X
ick;ig S FERE: —A X X
Wagner G FHE: —A MR E ~A X
Ferré S SMEFE A A E : mal -A X
Kaneiwa K Z#7FHE. A HEE: ~A X
FScow  pRaE AT auai.a A M
f FScom H1, — MBI EE A B & % X 40 A F
J& A E S E AR AEE AT

Zadeh*%*ﬁ%qﬂ,/& 1 CF J5) B & E X R Alx) =
1—ACx). i FScom & LM Zadeh HERIH E LAl
1, Zadeh BMIEE H A B € 78 FScom H Hy X 37 15
EMPATELFEMHE: A~ () =max (A (x),
A~ (a)). i FScom E X MM 2 a] 71, 24 A(x) <
1/2 i, A" () =max(A ' (2), A" () =A (2), {
XL B ESFIEREME; 2 Al >1/2 HT,
A7 (x)=max(A (), A" (x))=A" (), f 4
EHTEREMA; ¥ ACx)=1/2 i}, A” (1)*
A =A" () =1/2, BIF J& & 72  XF 5 75 %
M E=F M. F . FScom H g Xt 7 75 & Fil
& EE Zadeh BB PEEMLRIT.

w4 WA R DERLE.

M A(x)<<1/2 B}, FScom BEMIEE A 1 X ST &
JE A Zadeh B A (A& A™ AR 5

M A >1/2 i, FScom B4 A 1 A 15
E AT Zadeh BRI A B2 A M

M A(x) =1/2 i, FScom HMIEE A X} 57 75

A A BE A5 Zadeh B A &/ E A™

=H .

3.4 FScom HIZE R HMERK
EX 6. ¥ A,BJEFScom R VU
ASB.HHAY A() =B(a);
A=B,Y%H{Y A(x)=B(2x).

EXT. HA.BJEFScom EE#4E. 7 AUB

HA5BMIFEANBRHA 5B WCE A
(AUB) (x)=max(A(x),B(x));
(ANB) (x)=min(A(x),B(x)).

M4 LA b5 SC, 5k R 91

MR 1. % A.B & FScom Bfi4E. i

(D FE#E. AUA=A,ANA=A;

(2) % Htt. AUB=BUA,ANB=BNA;

O gs (AUBUC=AUBUO,
(ANB)NC=ANBNO);

(D . ANAUB =A, AUANB =A

5 it AUBNO =AUB NAUO,
ANBUO=ANB UWUNO;

6)0-1t. AU=A.ANT=9,UUA=U,
UNA=A.

. RS H AR B AT E.

(5) (AUBNC)) (x) =max (A (x),
min(B(z2),C(x))), ((AUBYN(AUC)) (x) =
min(max(A(x),B(x)) .max(A(z).C(x))),H

FA(x)>max(B(2),C(a), MAUBNO) ()=
(AUBYNAUO) (o) =A(2);

# A <max(B(x), C(x)) W77 16 75 Ff 45
.OY B(o)>C(oO, AAUBNCO) (x)=
max(A(x),C(x2)), ((AUBYNAUCH (x) =
min(B(x) , max(A(x),C(x))) =max(A(x),C(x));
@Y B(o)<C(oHO)I, HAUBNC) (2) =
max(A(x),B(@), ((AUB)N(AUCH () =
min(max (A (x), B(x)),C(x)) = max (A (x),
B OMOE, HHAUBNOC) (2) =
((AUBYNAUO) (2.

Bl Al s L 6. AUBNCO =(AUB N
(AUO. [, 7 TiE ANBUO=ANB UMAUNO.

UEEE.

MR 2. % A.BHC & FScom B 4.
(LA "=A;

(2)YA™=A"";

(A=A UA™;

(HA-=A"NA";

(5)YA " =AUA™;

(6) (AUB) =A NB ;
(HANB =A"UB".
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(O A FScoMmEXL,A () =1—A"(x)=1—
(1—=A)=A) rll, A" =A 18iL.

WP A ()>A (), MAD™ () >
(A" (@=A""() , WA =AFLL A~ () >
AT () RZ R A (<A™ (), M(AD ™ ()<
(A" (@ =A"(), A~ ()<<A™ (x); NIk,
HA ()=A (o). HE X 6,A" =A1]IE.

3) W FScom E X H5E X 7. A" (2) =
max(A (2),A” (2) =(A UA ) (), B E X 6,
AT=A"UA™ 13k

(4) | 5E L7 A FScom 2 XL, (A"NA D (@)=
min(A” (x), A" " (x2)) =min(max(A (x), A" (2)),

max(A' ' (x),A "~ (2)))=min(max(A'(x),A™ (2)),
max(A(2) A~ (). i, HA@>A" (o), B IE

B2, MAEA (D) >A (), A (AT NA ) (2) =
A™ () HA@ =A™ () R AE 2, MH A ()<
A () L (AT NA D () =A" (2). iE X 6,
AT=A"NA "fHiE.

GOHGB A=A UA HA =A UA ~;
Tl 3 A =AUA™.

(6) #R¥E FScom E X, (AUB) (x)=1—(AU

B)(z)=1—max(A(x),B(x)), (A NB) (x)=
min(1—A(zx),1—B(x)). Hd, % A(x)>B(x),

MAAUB) (2)=(A NB)H(x)=1—A(x); #
A()<B(x) WA AUB) (x)=(A'NB)(x)=
1—=B) L. (AUB) (2)=(A NB) (). B15&E
X6, (AUB) =A N B 3.

(7)) MHE FScom E L. (ANB) (x)=1—(AN

B)(z)=1—min(A(x),B(x)),(A"UB) (2) =
max(1—A(x),1—B(x). Hi, 7 A(x)>B(x),

MAANB) (2)=(A UB)(x)=1—B(x);#
A()<B(x) I ANB) (x)=(A"UB")(2)=
1—A) L. (ANB) (o)=(A UB) (). hi&E
X 6, (ANB) ' =A"UB 18iiF. HEEE.

MR 3. % A.B & FScom 4. N

(1) ACB&B CA

(2)ACB& A~ CB

(3)A"CB &A™ " CB

(1) ACB & BCA

(5)A CB& B CA.

i 9.

(O #HACSB,HEX 6,4 ACx)<B(x), H
1—B(xo)<1—A@). FTEXSE B ()<A (1),
Bl B'CA'. Rz, [F BT HIE.

() # ACB. HHE XL 6.4 A(x)<B(x). #ify
B3, BRI T (A)<¥ (B(x)), ]
A" (=B () EE X5 . HEX 6, A =B,
S22 s [ EfL AT IE.

(3) ZACB ™ HEXL 6,7 (A(x)<¥ (B(x)).
A ETFERGE 3. T (T (Aa)) <
(¢ (B() B A~ "B .

(DOFHEACB HEX 6.6 Ax)<B (), §
A(x)<1—B(x). it B(x)<1—A(2), ]l B(x)<

A (). MEX 6,4 BCA . ez, [/ B E.
(5) [F (D IERT 5.
& X 7. 5 3F FScom BA FAI458.
MRR4. & AE—4 FScom Bl . A, VE
{(Fo~.m 0
AUA*=U, AUA=U, A*UA"=U,
ANA* =, ANAT=J, A*NA'=J
HBAS AL
P 4 F WL AE FScom b, HE b AP JE AR
NI

It

A

T 2B FScom Ab B % 0 52 B [a) 81 A 3 FH 4
FATHEFE T FScom 78 B ok 5 65 =38 51 vp 9 1
R e SCHR [ 21-22 ], BT X T = A X sl
A D FE R 2 () F (N R BE) 1 4 9% Y 3 58
il .3z 11 FScom B 58 45 5% e 3 v i A 0 21 1R S HOR
[ 75 B Rk HEH 5508, I i T FScom 5
Zadeh R £ FI o0 BR B2 78 3% S ) i 0 A%
. Scik[ 23] 4% 1y T FScom BRI BE L U 3 BE L BE
U 3 R VAR WG T B S, I e T AR AR T ) S
i) By g

i#

5 £

(L) X T AR L b 5 7 1Y AR5 F 5, A
SCAR Y DX A R R A 2 T 5 E O AR SO AL R
KA R REAR. et A B TR 37 R AR R AT —
P Q2R — 3368 57 i A 2 B AR 2 I A1) = ]
W SRATAE A BRI MR 73 s B =2 o A 2R — e 6F 57 1) 48R
A& Z IR AE TR A RO ABE 8 U)X S A o SRR
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(2) BF LA B, DORE A J2 w1 6 57 T B
HHRHFALER 3 ﬁ:mﬂaﬁfféaé%,ﬂﬂ%lﬁf x
Z CFC X &R FR OFC U L& E X &R
MFEC, 345 T efnE e X.

(3) 2 T XM A 5 3 3 FhAS R 5 R
PITEPE JBRITR R T DA A 8 T — Bt 1 BE 1% 5E
42 Z0 AR AN P )G 5 6 S A A A
FE MR 4 FScom, HWFE T & A W EHE . 8 5
R LA )2 5 Zadeh BRI 1Y 26 R 25,

& % x #
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Background

Negation in knowledge processing is an important no-
tion, especially in fuzzy knowledge processing. The concept
of negation plays a special role in nonclassical logics and in
knowledge representation formalisms. in which the negative
information has been taking into account par with positive in-
formation. Some scholars suggested that uncertain informa-
tion processing needed different negations in various do-

[14 - Wagner considered that negation is not a clean

mains
concept, there are (at least) two kinds of negation in these
domains: a weak negation expressing non-truth (in the sense

”

of “she doesn’t like snow” or “he doesn’t trust you”), and a

strong negation expressing explicit falsity (in the sense of
“she dislikes snow” or “he distrusts you”)!"*. Ferré intro-
duced an epistemic extension for the concept of negation in
Logical Concept Analysis and Natural Language, the aim is
to allow for the distinction between negation, opposition.
and possibility in a unique formalism, and proposed that
there are extensional negation and intentional negation*!.
Kaneiwa proposed that description logic ALC- with classical
negation and strong negation, the classical negation = repre-
sents the negation of a statement, the strong negation ~ may

be more suitable for expressing explicit negative information

(or negative facts) , in other worlds, ~ indicates information
that is directly opposite and exclusive to a statement rather

L1 Since 2006, we intro-

than its complementary negation
duced an epistemic extension for the concept of negation in
knowledge processing, proposed that negative relations in
knowledge should differentiate contradictory relation and op-
posite relation, and described to these relations using the me-

dium logic, as well as application to fuzzy information repre-

However, for all of FS (Zadeh’s Fuzzy Set)

sentation' ",

and various extensions of FS such as Intuitionistic Fuzzy Set,
Vague Sets and Rough Set, their ideas as CS (Classical Set)
for negative concepts, in which there is only a negation in
theories, only definiens form is difference. Therefore, they
can not describe to contradictory negation, opposite negation
and medium negation of fuzzy knowledge. This paper aim to
investigate base of set which deal with contradictory nega-
tion, opposite negation and medium negation of fuzzy knowl-
edge.

This work was supported by the National Natural Sci-
ence Foundation of China (60973156) and the Program for

Innovative Research Team of Jiangnan University.
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W OE FEFRRFEE A AR R R R R R v S R SO AR T — A DL S A8 L B ) 11 A 1A
P s A& AL 3B ¥ GOBMD(Genetic Optimization with Bayesian Model for Motif Discovery). GOBMD 1 4¢ {#i Fj
— A T INAHE (9 45 2 B R AT B Y Lomers 852 B k 4E (R<<D F55 0] 8 it DNA 5] i s R
TP A AR AR A R it A% BRI IG TEIR  AlE— 25 RORS . 7 38 4% 30 AR B b, R 485 6 DU il B0 A58 284 ) 5 . B R B 4
Sk Ak T . BB 1 2R 45 S R W, 5 Gibbs, WINNOWER, SP-STAR, PROJECTION 33 5 5 {4 15 51 24 3 4
I, GOBMD 7 % i A (L d)—A5E A F 30 B A5 58 1 1 i B 408 600 i A 3 0 0K Ik I A (s DRSS A 530 T L. ik 4
Y F Boxplot g 7R T 1 R A5 (A YU 55 3k 78 A 4008800 U b i) M B R 8000 A L 45 SR 3 W GOBMID B B4 ) 540%.
BRI A W A I S B 25 SRR AR R B T GOBMD B39k 19 A 25 .

REER BN g AL 5k DU TR s B8 5 550
HEESES TPIS DOI 5. 10.3724/SP.J. 1016. 2012. 01429

Genetic Optimization for (I,d)-Motif Discovery

HUO Hong-Wei GUO Dan-Dan YU Qiang ZHANG Yi-Pu NIU Wei
(School of Computer Science and Technology . Xidian University . Xi'an 710071)

Abstract  Transcription factor binding site (TFBS) detection plays an important role in gene
finding and understanding gene regulation relationship. Motifs are weakly conserved and motif
discovery is a challenging problem. We propose a new approach called Genetic Optimization with
Bayesian model for Motif Discovery (GOBMD). GRBMA first uses a position-weight hashing
based projection, which mapping the /-mers in DNA sequences into some k-demission subspaces
(k<<0), to find good starting candidates motifs. GOBMD then employs an effective genetic refine-
ment to evolve the candidate motifs for further optimization. GOBMD also incorporates the
Bayesian formula and relative entropy in its fitness to find the best configuration of sites loca-
tions. Experimental results on simulated data show that GOBMD can compete with Gibbs, WIN-
NOWER, SP-STAR, PROJECTION on most implanted (/,d)-motif finding problems. We com-
pare the performance coefficient scores for identifying (/,d)-motif finding problems by making
separate box plots for each of the algorithms listed above. The experimental results on realistic
biological data by identifying a number of known transcriptional regulatory motifs in eukaryotes
also show that GOBMD can predict the TFBSs efficiently.

Keywords motif identification; genetic algorithm; Bayesian model; hashing; projection

Wi H H1:2011-05-20 5 Fe ZAE ORI B H 197 :2011-10-31. A< PR A8IAS 31 B K A SR B2 36 4: (69601003 | 1l - 45 3 4 (20100203110010) Fl
AERFE S A (60705000 B, BA T . %, 1963 44 8 b #% , EEAF RSO BB 500 T E S EYE B F R . Email:
hwhuo@mail. xidian. edu. cn. B, 40,1984 4FA: A -, 2= BEWFFE J5 0] Ry KOMUAR N FH m) A %) 3 vk M ki BB B Ak F &’ 5.
1983 4FA: - WF oA, EBWRE T 10 R AR YR B BE JFAT R SR EREE L 5T 1985 AE A LR A R R R T b AEYE ¥R
HOIOMTE 551987 A W, F BRI ] Sy KRR T ) Y B B RS B AR
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T Monte Carlo J7 1 FF A 119 15 43 43 4 S
1 51 7§ 5. CONSENSUS J&t — i 3t T 57 0 M 2 155 70 g 7

PR 2 U X 9 DNA 3 81 e 8 85 2 (s FiR A
PO S A W E B2 TP i — A A ) L X B 4
o VB i B DR 2 rp i) R 4R g Y R R T S
AR 20 4%, BB T DIz R AR 2 Bk 3
H T8 X B IR A DA R AR M R 2 (TR
— PP B A 2 2 A HO T B e R 1 T AT AR
e — A MBI SR T DL Ay o 3 R
(1) BT 556 DR A Ay i 4 i IR Y s 3 1 )7 910 R
AR (2) BT 2 WA i oA Y i
F a8l 1 R 51 CRIVE A 38 ) 0 TR0 A5 4R 1 B30 3%
(3) & L a4 S R AN R 2 8 1Y )3 3l 7 41 IR 45
PR BEE . R A B TR I B 1 43 Dl TR 26 ) M2 1
T B AN EE 46 [ (Position Weight Matrix, PWM) T
B A TR R TR B R T e O R ME AL
ZERLURTE L DR 20 v 1 AR W 2 B L JF RE AR IE 42 R i
PEPE. (R A O ik HE A TR RS YMFY 2
TR A B 07 5 Bl = B T 2R ] R AR RO X
e llcy R VAR E Y S SN L X NEE R Sy 7
WA TG R WORDUPY L K 3 F )5 80
1) WEEDER'™. Marsan 1 Sagot™ §" J& T X # 77
R A AR 0 BCHE 45 4 Cln I SR Bt T X R
HIPERE  OF T2 A BRI MITRA 55
2 DL Pevzner fil Sze™ # H f) WINNOWER & 7K
BEGM R AN DCEC R Ay B 4 4, 32 40 T B BT AR X
25 [E] (9 3 J7 2 MITRA 3% J7 ¥ vl DL A 2% Hh £
FEARUXT A5 L o T DA PR AR IR ik B 1 &2 6 B 2R
) T 8 A R SR (15, 4) [RDREL. kT3 1 07 g 1 A
SEBR AR R A R AR BE PR R S B B A A R
5 HLAE ARSI 35 55 1) — 43R5 5 B n] BB 2R K.

BE T AR AR Y Ty 12 o A T AR KA AR A 3 R
DU J07 4 R Al 11 2 80 75 3 T ME R AL Y Oy ik
o, (P A7 AR R R R AR Y L A AR T A
FRATRY 1Y J7 V5 BOR D 1 2 8 (H 2 X R 7 4RO
TR DS M SRR AT L X T e B 9 BN AR Ak
A U XM R RE S E A AR — 2H DNA {7 501
AR S0 B A MM 7 4 BioProspector
CONSENSUSH2 # MEME!

BioProspector J&— 3 F 7 fii W R A 19 07 7%
BT 0~3 Wiy E R AT e SR A, A S 0
UG E S BUE N — BB E TR AL T T A L AR A R S T

2 ERE KO Zgit kR - A EMEEE
WG S, I s B B K AE B A AL R
MEME #"J# T Lawrence Fl Reilly""" 45 H4 BB &
) EM 5 K L TP 5L -mer §2 40 R
— AL AR L O P AR B AR O EM O SRE )
L AT A BB AR Al RLYU R
28 HEXT 00 A 0 s A R A R R R AL SRk
HhBAT R Ge i B SR BR CEED . X F 7 i LF-
PRIE T EM 595 1 B4 B s SR T, X T & A
JERY [-mers(0 6 ~30) . K 25 fir 4 A g /Y i 4 a50%F
TRBESEAG LT & 7F 50 5 2% B 0w 15 I ) 4
K. Align ACEM" J& — Fi 3t F 35 A 397 R FE 1 5 %
S FH B K5 58 X BB AR (Maximum a Priori log-
likelihood , MAP) 15 73 5 BF i T R K 1) A (7] 452 146
PROJECTION 557451 3 o 8 5% A5 MK i AT 41 o
RS L -mer 4552 B — A BN Ry A 8] 16
EM 85 #E17 R K. Xie 5 AU i et Ko
12~22 ) L-mer [fRIEF] ARG 0 T N R A A
) — AR g i PR 57 T R L e DL e b i S 5. 55
2 MDScan""*) 1 /¢ 48 & ChlP-array @& & £ & 09 H
B A9 3 2 e e AR 5, AR 5 g DL i B g
T B G5 40 oR BOR 48 5 58T 1k B A W SR
FISRRE B BLR. Zhang 55 N4 7 — i 4 ) 458
PRI B EXMOTIF.

I B 4 TR JR 5 E s () R A Rl AL
RAE R BRI 50 R B EM 5335 MCEMDA.
MCEMDA W) UG BB TT 46, AR )5 R ARIRAT S 45
TSR, AT S H0E B, B B8 Davila % AP
PEW T AEA (L d) -SR] 1 PR 3RS o 330 3%, W LA
it (17,60 A1 (19, 7) 3 B fh X A

Zare-Mirakabad % A" $H T 3 F L Bk
PUIN AR X 1 J5 vk N7 1 LA SP i DS TS E R
GRS 2 BARRYIE N R AL LI B TS
EM 53 (1388 4% 5 3 ok AR 01 R 9 O . Wed Al
Jensen™" fiff F v B A T B 1 S A2 A i AR 50, O
TEARHE S 1L S i S il b, 51 T T ) A5 A U (]
T P AR R 1 i A5 3. Huo 258 A0 4R T
PRI 1 P A ast 1 Bk

o T e B TR AT 2 R4S R e 4y —
A5 32 ffE 2E G R AR 3R 35t A% RV el LI 4 )
2 A RO A A AR T S Y
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AR 7 125+ H 7 3 73 ok 0B A58 A 1) 0 463 AR 2 B
B A B 5 I 22 48 28 23 ) R 5 R A AR A
AR ACUEL S 3 5L 23 % 33 4% B 12 1) B8 R AT R
PR RS A SO FRATT AR TR A TR B
F ¥ GOBMD (Genetic Optimization with Bayesian
model for Motif Discovery) , 3 ¥ % 5 i W FH T 5%
S A5 AL RS GOBMD 45 4 B HL 1% 5

M RS kB o R AR A 1 D gt A B T B W0 o
FEA AT U0 A 76 35 1 B2 o B b 25 5 15 5L 90 A DL i
ST RL S E B M SR AE T A o B IR YRR AE. L
Hb XS SRR R AR A AL AR 4 i 1 RN P AR A
PR 1 523 45 2R 2 9. 5 Gibbs, WINNOWER,
SP-STAR,PROJECTION 3% #& 22 it i #4 {4 {51 51
AR EE . GOBMD 7 #4745 AR 50 I A 84 1Y)
PERE . BES M TR T 20 Pk R A A ARSI i) . [
R F AT P 0 3 2y i i PR RE R UM ST
ST B GR 25 R R B GOBMD H AT 48 4F 1 5% %K.
BEXS LR ) S e 45 R W AR B T GOBMD 5%
5 A Rk

2 FiEMRE

2.1 #ANU.d-EER S 53

JT V5 AE AR A S [R) R, 2 48 7E A A AR
S DNA J 51 v A H A AR S 431 1 3 A
B T3 AR B R L AR A (L. d) - AR B 85 A
PR S 451 3 AN 5 4 VT JE T 2 A 350 43 3 o7 b AFAE
AR ML Ly d) -1 R0 51 7] 18 (Planted ([, d)-
Motif Problem,PMP)#IE & LInF.

ENX L. 4558 &AM ABRSE ] DNA JF 5
B — DG S={s155 5
LRRMBER MK E LR 0<=d<l<n
(Lod) - BERR TN 0] B E U 48— DR [ x| =1
() {-mer x(FRABAL) ERG s P AAAER Ry £ R IA
Tl xR 5, BREEd AN NEAR =1,
2,"',t.

AYMERE B H (-mer BARK N L T
G G0 SR AR S 5 A PR SF 8 RPBAR A7 s R
BAARS IR ARA (L d) - BRI 7] 8] DL & 1k
KT EAREE N LB F R TE DNA 781 A B B
B R G0 AR A AR SE BN 2 58 IR SE I IR A A
(L d) - FEARPL [B] 1Y 52 5 i — R AR BLEE X . Buhler
M Tompa" '™ XFAH A (£, d) B T8 51 0] 85 i) X 2 0F

75/}7‘51‘:7’17 i:1’27°"7

117 PEAn I BE R o . OF B3 12 3 45 DNA P31
2 — AR RS B 1 DL T S A AR AR S
BB R (E D EULdD.
El.d)=40—0—P)(n—1+1))" (D

Hop PoJe & A d A8 S B A A B AR S2 ) iy 37
DNA 781 B9 R AL B Y BE A 0 J2 DNA 741 1 K
Ji .t J& DNA JFHA B BeE 0 E 1= UEETRE
i = S A TR AR (L) ~ A5 PR3 o) R 1 M 3 53X
M ELCRFR YL AE B ¢ Z KA 7 B DNA
J7 97 BT R A 1 REL A A S 48] A 50 399 B AL
2.2 GOBMD Hi%

AL 844 34 1 GOBMD 1 56 F I B L 3% 5%
T RPS Frp et 1) A58 % i 158 4 4F S 01 R BE A4 P 5
IRJG » PRAT 18 A% B0k ) ak A A o 7 36 VL HE o 5P 25
& 1 AE B L DU SR T LAVt 4> 44 O il
o 52 U AV S BT A S R — AU A
W A kA e L L B EIG B G  IAT R R A i
i B ot 1% a5 A0S 25 21 AT AE i BEAY IR % ) L
GOBMD # A B2 40 B 7.

ik, GOBMD.n,lodks0imspsp,).

1. create the initial population P, by RPS

2. evaluate the population in P, with Bayesian scoring

function

3. while (stopping criteria is not satisfied) do

e

perform selection operator
perform mutation operator
perform crossover operator
evaluate current population

perform the elitist strategy

© (o) ~ (o2} (2]

local optimization

10. return
For ok S B8 52 WAL 5 0 0 A 149 B 0L 5 om0 O 3558 UCRK
Do 53 908 58 SUME AR TN S BE R AR AE 4.1
TR T8 X 2 2 B e ORI
2.3 ETHIMBENKRRE

FERRMLAL S S RPS [ — kB L 175
Y RS L-mer $52 IR B85 A5 AR B A5 R B AH DAY AR
TSRS A AR AR O PP 81 B30 21 45 5 1 (E Y AR
SEA ) 1) {07 AN R R M W R TR O R R AR AT
SR TEZSE R T B A T R LA H Y — 4> L-mer, JF
WRIFTEALE. NS 2] 2 A -mer, i IF5
FOWR R E B FWM B H—BUT 5 % — BUT 5
Bl ) i A i — AR B 1 S T A —BUF
B F) ey i 2o e
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A G G T A CT T AR RIS X -mer 7EFRE A E LB
C CATACG T AT F AL . A 1,C R 2,.G 3, T H 4,
H i i (L, ((j ; Z /é i i TE b PG AL B Z MR S 5 0, BB B R
C CGTACLG G ZRH e E S, AT LA B R —A 5 i
A 3 0 1 0 3 1 1 0 GOETTES

FWM Z, (2) Lll Z g (1) é 2 (1) BER N ESE p N -mer, B X -mer x [

T o 0o 0o 5 1 0 1 4 5L ENBE w(G) R
—HF5 A C G T A C G T w(j)=p"" (2)
B — 80750 Horb,o Sy o S B0 X T DNAJFS] 0 BUE N 5.

B 2% DNA JP 3 ik i — SO0 BT A X
SEAE AL 1Y) [-mer ] AR H — AN O AR . B 1
(9 B X 40 B 5 A4S 8-mer K4 A e R B4 S 9. K
JG s Ge it H X A B v R A o AT A 2 R A
R S R B A R AT A4S 8 — EUF 8. X RS
A 24T 3 R R B — S ML R TR AL R
WE 49 0) by A A P ) s e R AN ] 2 O

[-mers

Maxmize log L(x |W)
WM <= mm

'
S
K 2 WG EE AR

PR RPS FE 45 — WG T FEALIE I 1~

ABEIENT Y B (D) > TC 2 B A B 41
B p={p I 1=i=k<<l.1=p,=<1}. R)5 . F %k

Wt — A R SRR B p K DNA
JF 5 B RS L-mer $52 B AH N AR L B2 A
TR Gil m WA Z 5 23 e I S A
WY I-mer FIRA I —BUF FNIEVF Z 080 AL F ot A
) 1) s XA 3R oy 1 — 2048 R BRI T AT i) i A )
W45/ TR AL Ry 7RIS m K kAL
MR Z G BB MR (95 % L FO A3 £ 40 —4
PRI RIGG 5, SCHR L1625 T R A 4% A A B L
O LS8 4, A S A KN b A B m 1 A
(N R =AY

TE] — A B A T B (-mer (6 35 5] /0 457 1F 2
TEARE B AR W A7 B b %) 6l R AR ] X T G 4 A v
By -mer, A] LB H— 80790 e lL S al L
XoF G AR A it i — 328 A5 SRORS 114 32 AR5 BRAE AT LA A Ji
I R AR A

RIS ALE S p SO N A7 B E 3, AT LA
FA) 18—~ HLH) BRI O S B A 45 1 7R L IF R A
BRI BRI S A B A 1A

T X l-mer & fEAFE p T HIELIME b, (o) 9 b4
AN B AUAE X I 6K A S R AL Z FI RS B Y
SR

h,(x)= (Ex] « w(j) )mod B

Hobp AL EE o 5 [-mer & W5 ] D
B B I X L Y 0 b L B R A (1.4 B O HK
LIESIP NS

W A AT ELSAE Y -mer A7 i 21 ] — AN Aif
Al AR PRI D i B AL 3 .

3

ATGC
ATCCGAC
EZIES
ATGAGCC
...TAGACATCCGAC. .~
e / ATAGGTC
...CATCATGAGCCG.. .//'
...GCTATAGGTCAA .~ ATATGTC
... TTGCCTTACTAC
...GAGTGCATTGCT >
S GCTC
..ATATGTCGCTTA .
— GCCTTAC
GCATTGC

& 3

Mom WHCL AR Z G« h B A Y 4 A 4 1 ik
H R AR BRI BRI Po s FLAR I 4 38 07 TR R AR i
R A P BT AT - mer B JSUIZA 9 7 B A R R R
W TR S AP 9 S — Al L (e [W) 35 5] dx
KM -mer A F BN ¢ A L-mer B BCE AT — 5
J¥ 510 000 LA AR AR B FWML 4 3% — BT 514 9 A
ARG RERE S Porh.
L(x|W)= > logP(x;|W)

Hof P o, [ W) R BRI o 7 (0 TR S M W 5
1 11 R 1 2.

FEDLPESY (Hoh (=7, k=4,p=(1,2,5,7))

€Y)

3 WBRENERH

e B — KPR A R Z )« IR AT 7 A2 B8 B 4% A 5



7 BLLTAE (L d)-BEARIR Il B ig A% 410 A 3 3k 1433

—MEA T ZERNIITCRLE m K Z 5 a8

N BRI AR (3 MR - A% 4R & Bt 8 0

B AT 5 M AR T BT B AR A L T ) 6 AR Y S

il b PRAT 38 % B3 1 1) 2 AR A 1 i SR I Y A 1

h T A AR AR

3.1 MERT

HT 00 U6 T A 2 phy A7 T80 M A ) B 5 TR LY

TR 2 A A 5 W6 A A0S IO 0 R R A o ) — S i Sz A

PR Gk HEL e B A0 0 FE A 0T A A K50 AS BB A 2R A )

). SR A 5 M AR RO S A T AL D ) i A
TTTG[CCCATTGTTCTC |GTTTCGAAAGG
CCT "CACCAATAACG
TAATTTCAATTGTTTAGJAAAGTGCCTT

GTAAA|CTCATTGTTGTC |GGAACTCAGA

MRS SR TS 7 ik 1 S B A AR AR Y B A
[-mers VI Z AR 007 B ACE A W R G, 7E A
AN PR — R RIR L (2 (W) ik B i K
) -mer x. XfF ¢ B ATFH AT AR ¢ X R
) {-mer, i XL I-mer FrAEHH N T 51 (047 B T 1Y
WA t-TCH by by s b)) SUNE 4 FF7s  Horp b, 32
EARTESS ¢ D IFFI RGN E. KRR
TCHAEAREA T — AR EE XA SR, R4
GRS ARHL T AR 2] — A -4 . DT T B T 3 1%
CRRIDEIR G

TCAAAGTTTCCTAT |TCCATTGTTCTC
TTTCGC [CCTATTGTTCTC|GAGCCTAAA
TTCGTTTT|TCCATTGTTCGT

AATTACTATG|CAAAACAATTGGIAAATC

——> (5,4,6,6,15,7,9,11)

B4 —A 8 LA 2

3.2 ENEHRE

T i it RPS #4804 b HLAE Dy st %
BRI IR BRI R A SR R — A B AL
T, KRGl 58 R B R A ENEAE
AR IR AW N T 2 N R DR B A M AN TP DV R A
AU B A A 1) A7 AN R R (S SR T IS L B
U S I 1 0 e A B B &5 5 6 5. B L A D
AR R R H R 4 A O D Y A543
VE R &5 G AL ﬁr”r“ﬂ’nﬁf‘ =) PR,

)—1+Z 20,k10g< ’k)>
(5)
Horr, [ AR B0 A7 S8 BVE R S 4R 6 BL i B

T ARSI A B2 F 5 po = | A /L S T 1% B 44
S IR AR R, Hodp L=23, (1, —w+ 1D FREK A

¢ﬁﬁ%ﬁ@i%¢ﬁ2ﬁé}2@my@ww%

T R f S A 0 0TS S R 0, 22 10) B K X

(4,3,5,9,2)

G (A)—|A|<log<

St ACTIATCCGTIGTAGCTCAAAA
S, AGATCCGTIAACGAAGTTTAC

W 38 R DR D BCE BN B T AR AR Y 4
ANTEE b DU PR ASE A A A7 AR 46 B v i BT A O
EECF S
3.3 BfEET
A TR — TR TR EE AL R A T R LR
IR BRI Z A B S S/ R R TE S
TE 2 PRIE 138 1% 5005 WA ROTE . AR SCOT R B
AR S AR S T AEANK (b e by ey b,) HE B TE
T%—/\QE LR JE DAL p, XA E B RE b,
TARSE R SR AR by e b0
Eﬂr‘ﬁﬂ TR AR AR AR S (51 S 0 o7 5 T A 0 A R
b AL AL T IF A i 5 O AL I 5 TR,
FER 5 H .04 (4.3.5.9.2 DM 3 M E ERIME
KT AR S BIFE DNA P14 S iy sy 3 257 41
RS S 481 1 A2 s 7 5 R A T 78 Al A S I A4S
UV AR ARG R = N N R VAW
ASBLE S AN A AR SZ BN ATCCGT 2 1 1
CATCCG.
(4,3,4,9,2)
S;: ACT[ATCCGTIGTAGCTCAAAA
S AGATCCGTIAACGAAGTTTAC

S;: CCCCJATCCGTJAATTACCTAC LM% p A5 S CCCICATCCGITAATTACCTAC

S,;: GGCCGACTATACGTIATCGAT
S;: TATCCGT[TAGATACGTGCCG
5

Kt

S;: GGCCGACTIATACGTIATCGAT
S;: TATCCGT[TAGATACGTGCCG

ST



1434 it (=2 . 2 i 2012 4F
ARSCH PR S . ek R B AR Y Acirsmsa) WA 6 R, FEE 6 L 38 LR — X

ASRBE LS XF. X TR X A K Cayy ey a0
by oeee b, s BEBILIE £ 52 SR AT 58 SCHRAE S A L
E@W/l\;l‘cﬁ/l\{zk(aw SO0 FChy 5 e
(4,3,5,9,2)
Si ACTATCCGTIGTAGCTCAAAA
S»: AGATCCGTIAACGAAGTTTAC
Si: CCCCATCCGT]AATTACCTAC
S;: GGCCGACTATACGTIATCGAT
Ss: TATCCGTITAGATACGTGCCG

’a(9bu+1’”' "[7(7

DAL p, 22X

AR (4.3.5,9,2)F1(3.2,4,1.6)  EHLEE B9 52
X IR TCH S 3 AL E B ARG L R
AR (4.3.5.1.6)F1(3.2.4.9.2).

(1,3,5,1,6)
S1: ACTIATCCGTIGTAGCTCAAAA
Sy AGIATCCGTAACGAAGTTTAC
S3: CCCCATCCGTIAATTACCTAC
S,:[GGCCGAICTTAGCCAATCGAT
S5: TATCCIGTTAGAITACGTGCCG

 —

(3,2,4,1,6)
S1: AC[TATCCGITGTAGCTCAAAA
Sy: AGATCCGITAACGAAGTTTAC
S3: CCCCJATCCGTJAATTACCTAC
S4: [GGCCGAIC TTAGCCAATCGAT
Ss: TATCAGTTAGAITACGTGCCG
Kl 6

VEFRA AL Y BRI h BE DL MR, IR
PEW AR A % 5% 38 /N 4 (tournament) , L4
PO AN A 1A B 385 1 B B 3 7 R e A AR st AR B R —
FRBER Y b BRIt =2 A6 1 DR IE 3 N 2 fe e 1 1 14
AN IR A 5O 2 ol 53 3k R i 8% 3 R S B AR
GOBMD B8 R A7 4 B 4F 44 vh 3 1 B8 e ooy 19 S 14
FEASHEXNizHE5ERiE, &g HEB KA
AR 28 3 58 S 28 S 1A 5 BT 77 A 1Y) 3 1 B e IR
A~ A

BRSO

SHIRE
TEF LA T .0 Fon DNA P I 79 K
FEF n 3R AR BB oo B XF BT AT B ARH 5
[') RLER A 7] 5 76 LS5 AR W8t s e R B9ME S HAK
s A O | TR BLRSBAR S I B . d RoRAS
UC JE A 36 2. R b 2 Ah . GOBMD 7 i FH 4% 5% 3R % 2E
BUR) U6 i 25 (B ) A F5 A 3 MBS BN
B BB B m FIA ) R (EL 0.
4,101 BOY AR

PR & 20T KNG IS A BB PR IR IE
BT WR kR, 2R3 -mer Y T 0 1L
BOE R PRY -mer AR E D R R 5 8
R I e LA AR T Ik AR E— 2D SR 5
ZUNAR ke WUE /N e il AR R RO T T AE L BPAR
% [-mer #P B [ — A0 b GE AR A AR
Z W (G R RFEAF TEEERIEFHDY
B,

4 LWL

4.1

(3,2,4,9,2)

S1: ACITATCCITGTAGCTCAAAA
Ss: AGATCCHTAACGAAGTTTAC
Sy: CCCCJATCCGTJAATTACCTAC

S1: GGCCGACTATACGTIATCGAT
Ss: TATCCGTITAGATACGTGCCG

ZXET

BRI t(n— I+ DA K AE HFIH -mer Bl
ML B St A hip I E RS AN
{-mer 1A%, 15

E:Z(n—lJrl)

4/c

Ml AR A TH RPN -mer 4
Bl s TR O 5 A e BE AL A LR AN E AR A
B 5 8 S5 48 2 50 0 A SR B ) Bl BIL 2R B Y
B FEIT AT, A OO I3 _E A SR T HL S e Rk
HE— A SRR A HE A P T P0IE i R R R BT UG
K FITH) [-mer Iﬁﬁ%ﬂﬁ’l\’fﬁ@ﬂlﬂﬁﬁ/\%ﬁl E i)
UGl HEOR E<<1, X B E=C0. 90, ] AL

(6)

5
0. 90=t1=ED 7
S W T NI
kzlog4(%) (8)
Ao 0 log, () |
4.1.2 KA
FET R BE BB B m. B T HRE S B

PLH IS MAE 1~ AL E P e & A AL R i
BERAE ¢ AT B PR A7 R R 2 AR B
A S o S 2 A A 552 051 A 48 52 0 A7 AL A A4 15 A
RN p(Ld k)
i,
pU.d, k)= ot

1

A7 TR AL (R A 2 15 A AT {-mer K22
BORRLAR S IF B AT % 09 80k 8 3 — 4> 51 X

(9



7 BLLTAE . (L) - BRIl B A gt A% 10 AL 3 1k 1435

AR R BT R A AR R DA O X R A 2 1 SRR
A R e AT B AR Y AT BE PR AR K.

B B.., (o) FoRAE ¢ WML WA 55 A 23 v 2=
ZH x WO IR BRI R R p.
TESE 2 0AT 9 B — R 3R (B h . A Al 0 4
5 A S o1l B 5 B A7 RS A BE A TR B B R
By (O

B BIEPAT m AR (B MAE— A
o ZE A O AR A S £ R B AR AR TR 1R A R Y
AN ¢ AT BB P EE A 0 RS
B BIAF O ABRA RO BE R B4 ¢=0. 95,
Iy

log(lfq)w

= 5 10
" ( logB (10)
qzleBM)u.d.M(@)]m (11D

N T PRUEA AR AT oA 65 22 (4 RS ]
2 q=0. 95, RIE LA % 7 3h — A~ Jm A 1 ARl A
bR

0. 95£1*[Bz.p<z,f1.m(9)]"' (12)
fif b B Sy m, AT 15
, log(1—q)
m_log(Bz.p(/.d.k)(U)) (13)

¢i¢mmﬁﬁL

4.1.3 AR E(H

LT RE 3 R S8, BV AL &
PEEZ UK m DL SRR 04 (R 0. 3B 545 35 1) S5 7T LA
Ul 2D % G T SCH B8 2 A7 A 3L 0 B ) ] B AT DA sl
G B AL A= B 1 e B XA R B AR 1 T e, DT
P R R EE R ER R, O ((n— 1+ DA
I-mer HHF] 4° C—Fp LB Ty 2 B B ALS R
AN FEH AR 45 >t (n— 1+ 1) Al BT & [-mer
(RS- Y806 25 /AN F 1L X F 201 795 1 348 11 5 500580 0
R A A AR R ) AL DL R O T B R HE B A A
T AT DL B LS R R HE T AL X A M S 1) 4%
e, B R AR h<<l—d. R BT & iR
PRSI SBCAS E 2E 20, P, FRATTAS 8 0 2R 7E A B
55 B K 22 1 921 8081 30 ) — A4 o
U A A (B R /N IBE Bl 3~4. S O TUE 4.
4.2 EEDHELINIBERSHW

Fig HESCHR (16 JH A1 1 5008 A A 7 1 4 1 A 40
BRfE. ZmES BT 20 MFA) L BT 5 600 465
B AN ST A BELAE B AR S L TE B AR T A
HBE AL E B — A AR 19 R B 105 8 d AN AR

log(1—q) J
1Og(B1.p<Z.d.k> (o)) |

S o7 1 AR AR S £- mer R A BT 50 3L F 5
LRRIBIT RSB =T M BE 0=4,%
MR p.=0.3, B R WA p, =0.001, 8 RE m
SEARE 2 FORTE /Y. B X R R AR 5] B B 17 7R
J¥ 20 U3, H 20 YR S (R S S i AE B4 B s B Y
A FRER. TR R KNP/ | KUP | 1EREE
O R U Y IE A R AT PR A o K ROR T
t DRABAR S i ¢ X L AFRIES B ES P
AR Y ¢ A AR S5 BT X N1 A A AR
A1 A 25 R 2 Gibbs, WINNOWER, SP-
STAR,PROJECTION #l GOBMD % 1 3K fift i A
(Lo d) - R R ) R, 20 W3z 17 45 5 10 °F 24 1 B
RBGHAEE 2~5 145 Kok B SCik[16].m ARy

®1 RANESEFEGCH FHERRBILE

i) 2 TR RE R KK .
Gibbs WINNOWER SP-STAR PROJECTION GOBMD

(10,2) 0.20 0.78 0. 56 0.82 0. 94 72
(11,2) 0.68 0. 90 0. 84 0.91 0. 986 16
(14,4) 0.02 0.02 0. 20 0.77 0.932 647
(15,4) 0.19 0.92 0.73 0.93 0. 98 172
(16,5) 0.02 0.03 0. 04 0. 70 0.725 1292
(17,5) 0.28 0.03 0. 69 0.93 0.976 378
(18,6) 0.03 0.03 0.03 0.74 0.814 2217
(19,6) 0.05 0.03 0. 40 0.96 0.997 711

MFE 1 A LE H, WINNOWER il SP-STAR
BEN S e T (15, 4) - AEACTR ) fa] B H X A
SRR (15,4) 55— 2L AR, N (14,4) -, (16,5) -
(18, 6) - 45 A ) 1] B H) 6 fig 24 J7. PROJEC-
TION""F1 GOBMD AJ D) i 215 5 42 55 ) FiE A S 1A
PRI A . B4R PROJECTION #l GOBMD ¥ fE R
g (9,2),(11,3),(13,4),(15,5) 1 (17,6) X FE
(9455 5 A 55 1 RS A 3 031 (] A0, {HL S 40 &5 AR = 1
GOBMD [P R 5T 4 —2& , i3k 2 iR,

®2 RANESHBEGN THEERBILER

Ld PP AR AR K
PROJECTION GOBMD
(9,2) 0. 280 0. 306
(11,3) 0.026 0.195
(13,4) 0.062 0.231
(15,5) 0.018 0.203
(17,6) 0.022 0. 250

& 7 i Boxplots® /R T FiRBAH B8 k18
BRI U 1k e &R B A H R AR R OR

@ Lane D. Box Plots, Connexions Web site. http: //cnx.
org/content/m10215/2. 8/, Apr 20, 2008
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A

1.00F
HEN

+

0.80} I I ]

0.70F

0.60F

0.50F

.
0.40F
N

0.30F

0.20 1+

ol [

0 ] L —— -

SRR g

o g@ <7 L\o &@
«%\% el o\@ N
&
B 7 LRG0 Bk 1 B R B A

PERERE B 7 NS () FoR LM M RE R AL
P S0 o AL A% B b T — SRR R 75 00 PR RE
SR ARk T Y — AR 2500 i TR AR A 4k A
250053 A LR 75 06 43 A R Z 1B I TR A 4 2 5004 11
PERE 7> A 42 0140, £ GOBMD 535 ) 77 4% [
25 V0 1A 43 A R % B 114 M R A 2 0. 814, B LI Y
A 25 06 B PERE R BUD T4 T 0. 814, B T3k
AH T AR LLAN S B v A O A% BT e AR T B
2 LR W B8 28 B8 20 A 1 AN s S kP

LN THEELFEHE. NE 7T UER, L
Gibbs, WINNOWER,SP-STAR.,PROJECTION ix
LB, GOBMD (1) F- )% fig 2 508K IR B RCR
U, RN T (11,2),(15,4) . (17,5),(19,6) 3% A
o Te) AL B TT R PE BB R BRI O 1L X (10,2),
(11, 2) 34 1 BRG] 1] 8, GOBMD 533k A AR
PR IET ST I A — SRS B AT AR
SIUNE AR B R SF , GOBMD W] REHE & A14E N 8 &
e 5 SRR 0 45 5 X RE 2 BLAE T 5 3 80 R
S5 T/ ML Tk i M R B R, S B0
AR AR A1 L.
4.3 EEZHELNIBRERSSH

FAHE A GOBMD 53 1 >k & 48 JL A A% KL
Y L S 4R T A DA 3 A . e TE]
PR P HVEC A LT 4 Fi 28 78 58 PR %) b i DX 3R A 4% A
AR X 4 Fh 2 R Y 3k R 2 preproinsulin,
DHFR . metallothionein # c-fos. W EATE S T 5
JE T S R 1 g s AT It 1 i 3 BB S,
cerevisiae I —41 )3 o 7 X3, E HI B0 & — 44t
240 M AR M RS B L X SR A AR B AN ER 3
FiR. B S B E N 5 R 1,
A SRR AR 0. 0001, Ze BBy 30 AR EAR R/
&R 500.

R3 EXEYRFIER

Gene (Bases) Existing Motif Species/genes Input Size (Bases)
CAGCCTCAGCCCCCA AOTUSTRIVIRGATUS 2113
eulin (11429) CAACCTCAGCCCCCT CAVIAPORCELLUS 1472
prepromsuiin CAGCCTCAGCCCCCA HUMAN 4992
CAGCTTCAGCCCCTC RAT 2852
ATTTCGCGCCA CRIGR 1521
o TTTTCGTGGGA MELANOGASTER 1954
DHFR (5843) ATTTCGCGCCA HUMAN 1133
ATTTCGCGCCA MOUSE 1235
CTCTGCGCCCGGCCC BOVIN 2749
o CTCTGCACCCCGCCC GRIGR 1380
metallothionein (13627) TTCTGCACACGGCAC TROUT 1147
CTCTGCACTCCGCCC RAT 8351
CCATATTAG HUMAN 6210
CCAAACTGG CHICK 3858
c-fos (19554) CCATATTAG MOUSE 3967
CTACATTTG FUGRU 2522
TCAAATATG TEFL 2997
CCCGTTTAGGAAA SWI4 587
CCCTTTTAGGAAA CDC46 263
Yeast ECB(2631) CCCAGAAAGGAAA CDCA47 317
CCCACTTAGGAAA CDC6 325
CCCGTTTAGGAAA CLN3 1139

K 8 i 1 GOBMD Sk it i) preproinsulin,
DHFR . metallothionein. c-fos fil Yeast ECB f4 &
)7 51 logo B LA & € 28 A LA 7 41 logo A,

#4457 GOBMD Fr4R 2 g9 el 6 5 41 . 2 2
FF i1 &5 SR LA BRI i GE 1



7 BT (Ld)-BEAAR R 5 1) B8R a8t 15 00 Ak 55 1k 1437
‘oA Arr .
c-fos o N c-fos
“aTTTCCGacA “ArTTCeclelhoheTren =
DHFR o DHFR o

b\ts

LTCTGCAC 6600

________

Metallothionein

TG 7. 4G

nnnnnnnnnnnnnnnn

Yeast ECB
(a) Published Motif

b\ts

=TCTGCC C=GC=C.

Metallothionein

"CA=C<TCAGCCCCs

Preproinsulin

*TTCC. =T, AGGAAA

hns

Yeast ECB
(b) Detected Planted Motif

K 8 4l logo K

T4 ETEYHERANER
Gene Detected Planted Motif Published Motif (l,d) NRES
preproinsulin CAGCCTCAGCCCCC CAGCCTCAGCCCCC (15.,2) 1
DHFR TCGCGCCAAAC ATTTCGCGCCA (11,2 0.8125
metallothionein CTCTGCACRCCGCCC CTCTGCACRCCGCCC (15,2) 1
c-fos CCATATTNGGACAACGACGT CCANATTNG (20,2) 0.63
Yeast ECB TTTCCCGTTTAGGAAA TTTCCCNNTNAGGAAA (16,5) 0. 8875

5 & i

AP T — PR AL B AR Eﬁﬁfﬂzﬁiﬁ
Hi PR AE A (L d)D) - RS R TR ) . 356 F B AL 4 52
W o A e R Ak 35 A% B33 AR L) R il 2 T A e pE Ak 3t
PR B A I W A5 3T SR AR DL I BT 4T 43 eR 5k
A Ry 3 IO B PR 5 | R it AR S Al — R Ak ARk AR
?éﬂ‘“iﬁuaﬂéﬂﬁ?ﬁ‘n/\w Ao R S5 0 Ak 35 A5 0507

P L T B D AR A AR DA B WL AR5 v B AT 1) 25
ﬁmﬁ%%/ﬂmi\ — AU A AL X B AL A R
s A R A AR 4 O Ak & & B i dn B HRLR
KA Gibbs AR .

4% GOBMD 7EAR 2 Fi i 00 T 850CRAR & (3 2
R E /L G TR LI O < o v o N[ YA
Bl ML 20 A A5 X 0 SR AR AR rp A% T o A 2 R B 1 L A

PRVUIPRE AR A5 AR H I X L ol 2 150 L 78 FUSE B P
— BB HORE R O S B 5k GOBMID id

i 8 A RS Bl A A AR ) i B B 42

GOBMD 0] L4 & 31| R JIAS AR 58 B2 . o ] LAAE

KA Y B4 it GOBMD, 1 H 78 4k 3 & F

BAR B, GOBMD /] LS 1%

PABC 5T 1 H051) e

’(ETUXHLTQ%%
TR IS
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Background

Motif discovery in unaligned DNA sequences is a chal-
lenging problem in computer science and molecular biology.
Motifs can be used to determine evolutionary and functional
relationships. Over the past few years, many motif discovery
tools have been designed and make available to public. They
vary each other mostly in their definition of what constitutes
a motif, what constitutes statistical overrepresentation of a
motif and what method has been used to find statistically
overrepresented motifs. Benchmark experiments of some mo-
tif discovery tools reveal that the nucleotide and the binding
site level accuracy are very low.

Experimental methods such as DNase footprinting, gel-
shift, reporter construct assays, ChIP have been used to de-
termine DNA sites that are bounded by the TFs. However,
determining hundreds or thousands of potential binding sites
only using some of these methods is costly and time consu-
ming. Also, some of the binding sites are inaccurate. As a
result, some computational methods are given to help the
DNA sequences’ analysis. From the first approach when
Pribnow discovered TATA box of saccharomycete using the
early multiple sequence alignments to the newest approaches
based on evolutionary algorithms for motif finding, various
methods for identifying motifs have been proposed.

The brute force approach to solve the planted motif find-
ing problem requires time [(n—{+1)", i.e., O(In'), be-
cause there are (n—14-1) varying positions in each of the ¢
sequences and it needs to check (n—1-+41)" sets of starting
positions, where 7 is the number of sequences with planted

motif instances, n is the length of each sequence.

Recently, Bi presents a Monte Carlo EM motif discovery
algorithm based on the position weight matrix updating tech-
nique. Davila et al. propose a sequence of exact algorithms
for ({,d)-motif discovery problems and solve the challenging
instances, (17,6) and (19,7) with little space needs. A few
TFBS discovery methods using evolutionary algorithms have
been recognized due to their advantages of synthesizing local
search and global search of evolutionary algorithms. The ev-
olutionary algorithms can overcome the disadvantages of local
search and therefore give the better result than those algo-
rithms that are apt to trap into a local optimum.

We propose a new approach called Genetic Optimization
with Bayesian model for Motif Discovery (GOBMD). GRBMA
first uses a position-weight hashing based projection, which
mapping the /-mers in DNA sequences into some k-demission
subspaces (k<Cl), to find good starting candidates motifs.
GOBMD then employs an effective genetic refinement to
evolve the candidate motifs for further optimization. GOBMD
also incorporates the Bayesian formula and relative entropy in
its fitness to find the best configuration of sites locations. Ex-
perimental results on simulated data show that GOBMD can
compete with Gibbs, WINNOWER, SP-STAR, PROJECTION
on most implanted (/, d)-motif finding problems. We com-
pare the performance coefficient scores for identifying (/,d)-
motif finding problems by making separate box plots for each
of the algorithms listed above. The experimental results on
realistic biological data by identifying a number of known
transcriptional regulatory motifs in eukaryotes also show that

GOBMD can predict the TFBSs efficiently.



$35 % T it (23 HL =23 Eire Vol. 35 No. 7
201247 A CHINESE JOURNAL OF COMPUTERS July 2012

ETHREZINSHUXERR

MR R LR L8 #0 225127)

OB RERGE—DBECN N BTGB A A R W TSR LT A BT R A L — R O B A SOk A
XAGEE AL S T =S A X T — A SRR S A BT IR 2 AT P 5E SCTE S K08 1 (9 AR 00 Jie % 1 4R A DL 45 M
— B HARASRELL 100 20 4 B DM 3 31 5 S0 SR IR T — 3 AR A 3 55T s S 5 0 N TR S T 2 A AL DT E 7 R
i 25 e o — A A e 5 A B8 AR T A0 AT N ON 288 KO B/ i 5 s R AR UE ME — 1 E AR S DA
B DA B G Ll A S T R — B G R AL R R A ER S >2. 08 T Long Sk M A A 1t
IS 30 3 — SO A UL 1) S 91— 25 B AE T 22 M 0L DE e J5 1) A AP

XKEA  Grover it THRH ML s Long 83k s Long 5 s 4R & 175 ] s Z A VG il J7 ¢
HEESES TP301 DOI & ; 10.3724/SP. . 1016. 2012. 01440

Investigation of Multiphase Relationship for Quantum Search Algorithm

JIN Wen-Liang
(College of Information Engineering » Yangzhou University , Yangzhou, Jiangsu 225127)

Abstract  Suppose we are given an unsorted database of size N. Whereas the extremely compli-
cated calculations make it almost impossible to establish a precise mathematical formulation to de-
scribe the conclusion that for a uniform initial amplitude distribution, there exist two sets of the
phase rotation angles defined in the real domain such that a unique desired state can be found with
certainty in a two-dimensional complex subspace, we resorted to an approximate computational
method for simplifying the calculations and thus derived the multiphase matching equation by in-
duction. This equation guarantees that a unique desired state can be found with high success
probability provided the number j of elements in one of the sets of the phase rotation angles is
relatively small compared to N (N is sufficiently large). In this case, for any given j>2, we an-
alyze the computational complexity of Long algorithm by exploiting a recurrence relation derived
in this paper. Finally, we further verify the validity of the multiphase matching equation by some

examples of numerical simulation.

Keywords Grover quantum search algorithm; Long algorithm; Long operator; two-dimensional

complex subspace; multiphase matching equation

ME— 9 H AR . JF HOZ R © % w0F B2 I iR
2 Ye A o 1k R B N LA B O T R
BT TY R (D BEAEZAERE" 5 (2 U

TE—A R BTC 7 5040 B, IR 5B 1 Grover & 1 175 (19 75 25 ¥ 9% ft % Walsh-Hadamard 45 #0590
WREEVRELIBR SN OGN Y B A8 OB 48 5 (D FIA T ARG R my BT (DI

1 5]

T

Y H 91 :2011-01-06 ; fe A B B R ] H 1 - 2011-12-19. £ XX . 5. 1968 4R [l 4. B W58 7 m b i F R ik i 715 898, E-mail.
wenliang20021@ yahoo. cn.



7 SR T HEREENZ MO RIS 1441

R T S OR B 2D BRI R 5 (5) LUE
I RE A T AR B Tl B9 AR A7 e A G R A
(5 TR Z N Long kI 4 H T ML IE
BL A1 0=$) 5 (6) W] ha 25 /2 AT 22 1 52 MK 256 e 43 A
THTAS P2 S A A 4 A (D g TAE R R 2
RIIRZS s (&) ik TR ] B e F s
PRE 4G Fas .

JESE Y Grover & 4 R B L AR LL 100%
(R 4R 3 Mt — ) H AR 4. Long % AN ¢y Se 48
FHALAS VE BC AN REAY 5 it 48 R 06. PR 1L 10000
R R 2 B g8 58 1 B ARAS J7E 5 T ) - A
FEl AN AT 2 25t T S [l 5 B0 A A7 T 4% £
M VG L AR = A s ) — A O Y
JUAR fige B X AR SCRRL 18 JHb 2 45 . AL DETRE 2 22 9
3 NSRS, 230K (22111 Long % At
ARETHREEE T 2mIE R R, A, L
GNFIHE I Long A ¥ Q=—LU 'I.U
FRU WU R U MR AR R TV
i Q=—LU '"LUASKRQ=—1,VI.U
L FATIER] 1 =488 725 [\ T2 T (55 i £
0<<¢<<m/2), WA A (A7) A DU Ao X i B
HARSHBABELL 100 %0 Ay HE R 48 3 5 (A2 HZE T
J B8 1 v S A B N R A R IR A T i 2 A AR E TG
e 0=90€ C 0, B 24 4R 30 H AR 19 B oK L3
BRI LAE T cos” oH7 M AR SCHR W T SRR — AN 4
I BRAE — 4E 5 13 1) vh, R TE Fe odls T op S A
BN EBRXIEBRBERAE D HERS. RSN
PR E A HIERE jG=2) WAEMX T N mE
BN BB 2% 38 AR SR R WA B A A
%ﬁ’{aﬂgjﬂ ’ ""@1 }ﬂ]{s{)f ’¢j*1 ’ "'9¢1 } 711[]%{%/@

SABICEE R )0, = D)6, 0l il L ke 5 0 B

AR E H AR S ESCHRL25 1 Rihig 1 =2 M1
). X AEEIE A Rt T A — A AR TS
£ : Long %20 R BUTE it TR TE P ARG R 48 1R
220 T BEUR2E L K AE 19 25 2R 3 BOP A R AL F A 1 R
BUMIASTR] o i AL 1% 22 AN 31 22 IR 3 EOm A A 1Y
BT MEEA A 4F.

2 “HEBEBERERR

B T ARG H bR A AR H AR S A B
N ZBR 2RO A SE o PR E 0
E LA

@)=

1
| 2> (D
A

EEAEWNARN 28 7k AT BEEFO B T2

¢ OCH M ADLHER D 2 XA F A HE T
Us=I+(e*— 1D |0 (7] (2)
Uy=I+(e"—1) |y (3)

Hi= /=1, p & H A0 ERSAEEH RS
Frak i) N 4k 52 Hilbert %5 8] Hr @) — 4> 547 1) 5
Ho 2 R e &R (5. B4 Long 1 G=
—AUA 'Us(A BIEEMEAE A R ANSE
FOREIR N
G=—+ "= () T+ (=1 | ) (z])
4
I RRBN T
W =Alp (5)
MR [ € LAL R IESZ S (o) [0} Fir sk B —
A2 VD AR A | ) BT LARIR BT T — i 1 B

| > =e't cost|a) +sinte' | ) (6)
tl ,tz e R! O<Z‘£BO 5;5\:[:':]
B, =arcsin(v/1/N) (7
MG (O FNC6) 8 3 T A 45 3
G{lo),|oy={la>,|D}0 (8)
skt
Q—i {Qll QIZJ (9)
QZl QZZ
Q. =¢’cos’t+sin’t,
Qu, :e‘sﬁe*““(emfl)sm;zz‘) ’
Qu = (e —1) it sinéZt) ’
Q,, = e (e?sin’t -+ cos’t) ,
%%ﬁ A:tgitl.
3 Long &% i) % 18 [T &R 8] &
Xﬂ?ﬁ%ﬁéﬁﬁﬂ’ﬂfﬁ]ﬁ\%% {0]‘9(9]‘ 19 °°°» 61 } *ﬂ

(.8, 1, b1 =2 EXHT
G;=G($,,0)G($, .0, )G($ .0 (10)
BT GAERE ey | o) bR 7 X 190 66 O 28
0, =Q($,,0)Q($,_,,0,_)Q(%,,0) (11
PP Q AW R T WA 4 DES R
B — M AR IR X
. cos(P;)e” sin(@;)e”

0= o o (12)
_Sin(®j)e‘(/3j Vj) COS(@j)el(ﬂ] u})

D;,a; ’ﬁ_, 97;%:’ 4 /l\i%@l(ﬁ%nﬂ’ﬂé/l\:m?ﬂﬁ%
#aT AR R i (12) I 20, 2 W Scik (27 ] b 4%



1442 I A T 2012 4
H(5.500). 2 a;=p —a; if, 2 (12) A &1k Ny X,_, =V (Q)"V
_ , cos(@;) sin(®,;)e" oy [cOSC=nD)  —sin(—nd;)
0,—c" , —a | (19)
—sin(®,)e cos(®,) sin(—n®;)  cos(—nd;)
ot A =y, —a,. iR A Al
A =4, =4; =A (13) di—; =€ sin(@ +,) (20)
B (A A2 80 L ] /8 Hh O '=—nd, >0. Y4 sin(@ +B,) =1, 5t g L4
~ ~ ~ b Vi B2 AN
X . =00, 0, 100% RS M3 BE 40 F AR 5 o).
. . 4 ZHEMEETE
" COS(Z@j ) sin<2®, )e'
(2 ) v = =
—e =17

BAE— A e

g lor={la, [0}V (15)
A Y R
)
= (16)
0 1
WAEREA ) [0} B XAD AR E 2k
X/ n :V71X n V
k=23 k=23,
" COS(Z@J ) sin(ZCDj )
i( X ) = =1
=e 17 (17

—sin(ZGDj\ ) cos(ZCDj\ )
s=1 s=1

BB IR A [ 7o) = cosp | B) +sinfy | ). &5t
Long BF X W46 745 [ 700 BB & 1 &AM AT e
FIARZS [ o) i A4 A8 25 M 722 Al

&J
e s=1

)
© sin(@+f) (18)

ey

Hip o=—> 0, >0. Nl bz X R A3, 4
s=1

0, =0, =0, =0, MKAD 8 I 525 1k

N ei(ﬂlAﬂz)

Q.= W
retfe (e —D4e" (" — D]

ﬂn% 91 +(92 :951 +¢2 :Aaiit%y‘j

i i, i¢ i0 ig, i, i0,
te Mee (e —1)FeMe (e —1)]

EATRHE TS EAAEE WS (0.0, 1aes
O D b e ) G2 EFE ). [} R &
i L) R LT T G MR & | 7)) =
VN—=T/NIB>+VI/NIOW n EAAH . AR5
| o) BE LA 100 %6 11 fie Kl 2y A 38 6 3. fH 22 A 57 X
AN B 2 EDRG B 00 B30 56 22 02 R A TR M 1)
5. BUAE H ARSI XRE 19— AN 1) 7= A L SR 4 1
sin(@ +B,) =1 JLTE N sin(@ +B)~1. P LEH
(00,1 oo O ) ROLS; by weee o) R B AT 4
FERY A T 45 sin (@' + )~ 1§ r? M FiX
AN )R, FoATTA T T A — N HE D (conjecture).

HED . B N K. (0,0, 1, .00} Fl (¢,
B e ) (0,08, A2k T 1< m<j kAT
HO 8 AESBUE R AT 75 00 7 5 % £
4. MBEE =2 A AR T N B/ X A4
AL JGE 2 ey 45 T A T T A9 22 A o7 DG iy

S0, =56, =

D) R A 3 o e RS Sl R =1 LU AR AT
WA 1Y) =cosfBy | B) + sinfy | © TE & 1 & LK)
KRAOFHET G, 1 n WERERE . BRSO
DA 85 1) i 2 % 4 ).

GAD)

IE. & e B B, 2 C9) RlE LR R R
Q; ei0 eisﬁeil’l(ei(]l)t] (22)
(e’ —1)e"t e'?

(L j=2 WtEE
M =2 W, 20 ¢ /B, 28 LD IS

-

ei(¢1+¢2)



7 SR T HEREENZ MO RIS 1443

o 1
szeu

¢ [_ el +ei(A+¢27H2) — A0 +e\A]

20X B 5 R ) B B A AL R F e 9 H
U sl | W TR EL A DO B A ORI P -y
Q‘Z(Zl) - (QZ(IZ)) ((QZ(M) ) IEIL_‘ QZ(IZ) E,:J :/tt‘% /Eﬁ) ’
K COA LN

~ { 1 tre

0,= . =I+uT~¢c" (25)
—tire '

I 30R PA R B, S0 r >0 RS 8k 6 3l i 6 &R L

relf=e TR — e UTH 0 oIl it g

Bl r=]eh —e @t b — 1| (S| | RR—IE
0 e

—e @ 0

—T.T'=1.T" =T, , 14

D =e"T=cos(nt’ Y I+sin(nt’)T

cos(nt")

ﬁ%ﬁ%ﬂ=mT={ }ﬂmﬁﬁTb

_I’T.'%

S

e’sin(ns’)

(26)

—e Psin(nt’)  cos(nt)
W ADHHB TR B o=, |}V,
LB [0 F.RQOWEHFRR N

. cos(nt’)  —sinnt")
(Qz)”: . , , J9
sin(nt") cos(nt )
B 2 (16) H 1) 3 I 40 R R
—e O}
V= .
0 1

I 46 25 | 700 = cosfy [ B) + sinf, | o) &1L 5 F
G, =G($,.0,)G (b, . 0) 11y n YA AT Qi 52 B
MIEARWE R k=20, | B W HE R I8 A2
dy_sy=sin(nt’ +8,). 24 sin(n’ +8,)~1, { n~~
[(r/2—B) /¢ | B gk g LA =i 19 o 2 48 3 4% 31 H
PRAS AFS o | FoR U & A 1 7 S BURF 5 P 5
o) B

(2) j=3 B

=i =1 =4 R T N BN IE
HOR. B BEAE 2 ¢ 55 I T A L R AERE QAT
ol R AE R

i0) 0,40, 1) ia

e te “z,

Q== feity, il D

270
HI SR 23) i B Q. A5 % 58 4 AR a1 1 J5 (P
XA 2<j<<j'— 1.4/ Q, = Q($,.0)0(%, .

0,10+ Q (8, .00 I WA 51 5 5 B AR 1 38 HZ 9451

¢ [e*I(Afsﬁl) 76*1(11 } ¢2*02) +67‘<A702> 76*1A]

} 24
1

R I8 O A S ORI B = F 2 AN
B2 j=i" WA

~ . e e e (e — 1)t
Q= Leiﬁj, —1Dyelty ew#j/ }
ei(”1‘02""+0,,’—1’ l‘efiAzl
{ teiAzg i(¢1-¢2<~-¢]r1)1
R i’ ])11 1)12
(=D {le png (28)
H
i — Ol X

pro=te W[z Fe BT ()],
pn=tet[eh z, £ (1],
Doy = i(¢l+¢2+---+¢J/).

AR U 2 IR AR 25 5 A W1 R AR Q, v i
ANFI R H A IE 38 BB T4 BT X R A 5 B AR
s DT BT LA B LR 453 « X 25 48 58 10— AN A v
TN BN IE BB AR W ¢ 1 Y T
T LA MRE Q, (2= =_j") W W A 51 i) it T AR IE
58 LB AT X I 1 3 B0 45

A0, =8, —A H AW 5 45 R A
5200 1 S 10 S B0 ER T e 0 AT 2 (28) 4k B85 o F 4
I,

29)

Pil Piz J
pu bw

Qf'<1y{
Hrp
pi=1, ply=te [ ¥z " —17,
Do :Lem[<§(¢»"7d> 2, —e +17, pr.=1.
RIS T A AE B Q451 1) 45t 1 1E 5 4 2% F
AREERA

pl=—(piv) (30)
R (30) AT 58 (29 1L T
~ . , 1 Z‘I/eig
Q,=(—1) . } 31
—tTe "’ 1

i B IE S8 Fsz Boifad e =e M [ Y 2 +

e — 1K E S B
/= Y 4 1 (32)

IR N R KR 2% e A HH T N BN I

B G =) RGO LTI R N



1444 it " Ml 2% i 2012 4F
1 "l , % GRER n =1, I HE R
- tt'e 1_(_1)j LT o T A I n J I HE S
—iTe 1 P,=|wv,|* (38)
~ (=17 [HZ Nl/,<$T/>N’]=<—1>fe”’ (33 KW
Nt TERE o - JRATTTG 248 Y LAT WA
e | (1) MHLIE (22) #0551 4755 2 91 o i 7 2 7T 4
5:ZT/, T = 0 ¢ Zl(,‘:n:e“ﬁ'(em'_l) (39)
—e 0

WEME T R ELAT PE R (T — — 1, (T — — T,
(TH'=I, (T =T, FHEMWIEW LA j=2
I A 2 . 789 0 0

v {—ei" 0
0 1
G BT Gy =G, ,0.)G($,,0,)G($,,0,) X H]
/GRS | Yo) =cosf, \,8>—|—sin,80 |T> ]
na<[(n/2—F,)/&] (34)
YO AE T L R LA i A R R 3 H AR A B
JEIEAE S e RIAS I o A 25
DA LT B UE ] R R AT LAE . 2D AN A
NIRRT ERNREENLERA, LR
L] 45 s ) v R R e HURER R =2 AR
F NB/NWIEL T B S REESE RS
AJ58R BB LAASE i ) L AR 2R 4R 3. LA 43 B AT B 45
AP S (0,0, 1o s Oy RIS, 8 1o

0 (G=3) i R MR 2D 0, = > 8, =A

B ey ke o 2 (34D I IAEX (O iS4«
W it é= a3 (32) g XY ok T LU 2.
FCRCRE R C2T) R C28) i 2 1 AT 2 41 iy 4>
Moo &R . ] 15 LAR i 4 56 R X
21G-1) =i 21G-2 He TR i (Gl 1)
(35)

) R 5 LA M (23D M2 s 1 AT46 2 Bl P iy
WA HFEITER Al 17

21(j=2) =% (e — 1) +e e (e —1) (36)
oK =Nt RN/ TINV Y || EC I ST N B VY
(36D M &, A 8 HESC R X (35), il g &K 15
2o > AR AR FE D WA 14755 2 5 ou R A
TREXK e =e [ Ve 4" — 1]
B2 ARG </ Wi A &= A= (34) 7] 3 A
1530 F AQCRE n B BARREE k=jn.

BRELB O} F. Ml REXRAX 7)) =
(G| 7o) 5 T Y 5 M X
cosf3,

sin,@o

U,

=(@)" 37

Un

XS B bl 2 SRR L9 T BT X 1 19 0 = $, 1B T AR 4
HIAE R (35) 45 5 15 820 (36). [k, —J7 1 = (21)
AR XA VEEL A5 0, = ¢ W i i — 25 4k 5 5y —
JIEGEIARTRE BT EAE ALY N AR KRH
WRERXCOR RGO HFH n=1 15T, iy
SR Pr= [ o [P A A REEK. X IR E 8
S ARRER k= I RV AT 55 0% A AH AL 5E % 4
0,0 8, 5¢ 4 57 BT A B9 A %t (0, . 8,0 #AS A [F]
(<m="j=k), FE3H /& Z M {7 VC B )5 F (21) 55 1
T . Long 5 g AR SR A 2. X i A 00 » 52 B | ] 3
it 25 A 2 AH A VT IE 7 B8 (21) 1 25 8L 55 2% B 0k, 76 %)
PIA AL BB 10,0, e 00 R (S, 8o eee b))
fEHGE Y S, B a2 R RE S LA JL T B2
100 %0 i S DI 2 4R 2 HARS . i FRITE R . X
A ) B K B R AE R T

()Y j WEB/NE . . =12 5B T,
Long ik R 7 PE 4 by W (AR j (HMZ 4
BER XA jE BRI E RS — 1A
G E AR R AR XA GO
R AR E AR HX FRANHEW )
HT 5 HEREAE AP 6 E R (39) th k. e B 4
KRS KW E T j B FTRE R = {8 DT B
Zetiff e HoE k.

5 ZHRMCTEEFEAENIENFERIE

AR TR 308 5 2t T T A AR OF i — 20 BRIk
ZAHALIE BEJ7 72 (2 1) A Rk, 18 1~ 18] 5 2 4% F 5
T A5 i R L. e B E NS
. N=10000,t=p, =arcsin(1/100) , A=2x/3. 8k
JEEE M A E R S8 j=2,3,10,20,50, 1157
BLRGBEHUT R A4 0<<8,,.0,<500n=1,2,.j)

j—1
GRBERD . BB H (B, 0O BN 6, =A— > ¢,.0,=
m=1

A=300, a= (—an/5,0.2x/3) GHEE IR 3 Al
). BINHER P, i X (38) i xE.



7 SR T HEREENZ MO RIS 1445

Before adjustment

- 3
0 50 100 150 200 250 300

Pl L =2 I e R R P,
SRR 0 LRMLEI(N=10", j=2)

1.0
0.9
0.8+
0.7F
0.6f
A’ 0.5p
0.4+

0.3} ! |
L | ! —A=—4n/5

0.2y : | - -A=0

0.1F o\ == A=2m/3

0

r
200

P 3 =10 A 4 A AU R K P,
BARUH 0 KR MLII(N=10". j=10)

1.0
0.9}
0.8}
0.7}
0.6}

ar 0.5¢
0.4}
0.3}
0.2}
0.1}

0

B 5 j=>50 WF R AR S I3 P,
TR H n KR WLE(N=10", j=50)

6 & it
P T e A A Long B9 9 22 A0 i B
Fic 1] &0, R 0 6 25
17> =+N—1/NIB>+ V1/N|t)(N 2K,
HEHET G =G($.0)G($, .0, )G 0 fE
AT RS PR AEEWNANEE0,.0,_ . .0,}
{8,818}, HARS D RELL 100 %0 M KR Th

1.0
0.9
0.8
0.7
0.6
A’ 0.5
0.4
0.3
0.2
0.1
0

k
0 20 40 60 80 100

Bl 2 =3 WA TR S A P, A
BRWRE n RRMLE(N=10", j=3)

1.0
0.9}
0.8}
0.7}
0.6}

87050
0.4}
0.3}
0.2}
01} 1/

0 il ; »
0 50 100 150 200
n

Bl 4 j=20 B} R HT IR S TR P,
BRKH n KR MWLE(N=10", j=20)

PR, (748 0 T — S SR A £
ARSI R R0, = Db, —A Bk

J =2 MXEF N BN E AR | o) BE LR )
TE R 4 2. SR % £ M 07 D JE 7 B 4 4 0 AR A S
HRLO TP e S BRI AL VC FiL 5 1F 0=¢ (o ad R AT BE 2510,
B AT A A AR s e RS — By, — 5 T, 2
VT L 5 A 2 X6 22 AH 37 VT i ) S0 25 4 Y — A3
AR CHRF j=2 ). 76 CHRL15 I e B T
AR DC L 2% 0= th 2 — ARG B0 0 A A A 3K 5 2R
M b (A3 K DL FRFEW  HG=2) %
HE—25E B 22 A0 057 DT i Jy A 2 5 2 A A XA
S EMER. 55— L AT T RATLL TR
MON AN JE R K LG A2 22 A A VG B Jy R B, A5 R RE
AR R B AR A AL BER f 0,0 8, 58 sy H T
(A RLXT (O, D FEA AR (1<m<j =k, k FIR R
(1 B A UEO B LT » Long 2 B WK SR A R4

B AFA BT E R B e 3t i 8g
E & IR A S AT 57 Fh 84 G T |



1446 it "

e 2012 4

(1]

(2]

(3]

(4]

(6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

2 % x #

Grover L. K. Quantum mechanics helps in searching for a
needle in a haystack. Physical Review Letters, 1997, 79(2) .
325-328

Bennett C H, Bernstein E, Brassard G et al. Strengths and
weaknesses of quantum computing. SIAM Journal on Com-
puting, 1997, 26(5). 1510-1523

Zalka C. Grover’s quantum searching algorithm is optimal.
Physical Review A, 1997, 60(4);: 2746-2751

Boyer M, Brassard G, Hoyer P et al. Tight bounds on quan-
tum searching. Fortschritte Der Physik-Progress of Physics,
1996, 46(4-5): 493-506

Grover L. K. Quantum computers can search rapidly by using
almost any transformation. Physical Review Letters, 1998,
80(19) . 4329-4332

Brassard G, Hoyer P, Tapp A. Quantum counting//Pro-
ceedings of the 25th ICALP, Aalborg, Denmark. Lecture
Notes in Computer Science 1443. Springer, 1998: 820-831
Brassard G, Hoyer P, Mosca M et al. Quantum amplitude
amplification and estimation. Quantum Computation and
Quantum Information; AMS Contemporary Mathematics Se-
ries Millennium Volume, 2002, 305; 53-74

Gingrich R, Williams C P, Cerf N. Generalized quantum
search with parallelism. Physical Review A, 2000, 61(5):
1-8

Long G L, Li Y S, Zhang W L et al. Phase matching in
quantum searching. Physics Letters A, 1999, 262(1): 27-34
Biham E, Biham O, Biron D et al. Grover’s quantum search
algorithm for an arbitrary initial amplitude distribution.
Physical Review A, 1999, 60(4) . 2742-2745

Biham E, Biham O, Biron D et al. Analysis of generalized
Grover quantum search algorithms using recursion equations.
Physical Review A, 2000, 63(1): 2742-2749

Carlini A, Hosoya A. Quantum computers and unstructured
search: Finding and counting items with an arbitrarily entan-
gled initial state. Physics Letters A, 2001, 280(3): 114-120
Jin W L, Chen X D. A desired state can not be found with
certainty for Grover’s algorithm in a possible three-dimen-
sional complex subspace. Quantum Information Processing,

2011, 10(3): 419-429

JIN Wen-Liang. born

Ph.D..

in 1968,
His research interests include
quantum algorithm, quantum informa-

tion theory.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Long G L., Zhang W L., Li Y S et al. Arbitrary phase rota-
tion of the marked state can not be used for Grover’s quan-
tum search algorithm. Communications in Theoretical Phys-
ics, 1999, 32(3): 335-338

Long G L, Xiao L, Sun Y. Phase matching condition for
quantum search with a generalized quantum database. Phys-
ics Letters A, 2002, 294(3-4) . 143-152

Long G L.
rate. Physical Review A, 2001, 64(2): 022307

Grover algorithm with zero theoretical failure

Hoyer P. Arbitrary phases in quantum amplitude amplifica-
tion. Physical Review A, 2000, 62(5): 052304

Long G L, TuCC, LiY Setal. An SO(3) picture for quan-
tum searching. Journal of Physics A: Mathematical and Gen-
eral, 2001, 34(4). 861-866

Long GL, Yan HY, Li Y Set al. Experimental NMR reali-
zation of a generalized quantum search algorithm. Physics
Letters A, 2001, 286(2). 121-126

Bhattacharya N, van den Heuvell H B V, Spreeuw R J C.
Implementation of quantum search algorithm using classical
fourier optics. Physical Review Letters, 2002, 88 (13):
137901

Puentes G, Mela C L, Ledesma S et al. Optical simulation of
quantum algorithms using programmable liquid-crystal dis-
plays. Physical Review A, 2004, 69(4): 042319

Long G L, Liu Y. Search an unsorted database with quantum
mechanics. Frontiers of Computer Science in China, 2007,
1(3): 247-271

Li DF, Li X X. More general quantum search algorithm Q=
— I, VI.U and the precise formula for the amplitude and the
non-symmetric effects of different rotating angles. Physics
Letters A, 2001, 287(5-6) . 304-316

Jin W L. Quantum search in a possible three-dimensional
complex subspace. Quantum Information Processing, 2012,
11(1). 41-54

Tulsi A. Quantum computers can search rapidly by using al-
most any selective transformation. Physical Review A, 2008,
78(2): 022332

Long G L, Li Y S, Zhang W L et al. Dominant gate imper-
fection in Grover’s quantum search algorithm. Physical Re-
view A, 2000, 61(4). 042305

Joshi A W. Matrices and Tensors in Physics. New Delhi:

New Age International (P) Ltd. , Reprint, 2005, 69



7 SR T HEREENZ MO RIS 1447

Background

Grover’s search algorithm is one of the key algorithms
in the field of quantum computing. It allows one to find a sin-
gle desired state in a large unsorted database of size N using
merely a number of queries in O (N'"?), compared to the
classical O ( N), and thus provides a quadratic speedup.
There have been various improvements made to the original
Grover’s search algorithm over the past decade. To guaran-
tee the effectiveness of the Long algorithm, which is one of
the generalized Grover’ s algorithms, the phase matching
condition (i.e. identical rotation angles) shall be observed by
using an approximate method. Biham et al. also thought that
in order for the Long algorithm to apply. the two rotation
angles must be equal. Subsequently, Long et al. further
showed that this phase condition is actually an exact relation.
By now the Grover’s search algorithm has been verified ex-
perimentally in NMR (nuclear magnetic resonance) system
with a few qubits, and the experimental implementation of
the Long algorithm has been successfully completed in optical
device and in NMR system.

When the search space is extended to a possible three-
dimensional complex subspace, we proved that no matter
what the initial superposition may be, a desired state cannot
be found with certainty, and demonstrated that if N is suffi-

ciently large then corresponding to the case of identical rota-

tion angles, the maximum success probability of finding a
unique desired state is approximately equal to the square of
the cosine function of a deflection angle. Furthermore, we al-
so showed that in this case, as the difference between the two
rotation angles increases, the Long algorithm fails to enhance
the probability of measuring a unique desired state irrespec-
tive of whether or not a deflection angle is small.

Most of the previous work on quantum search focused
primarily on the study of the single-phase matching. In the
present paper we made a remarkable advance beyond this lim-
it by introducing the notion of the multiphase matching, so as
to make the Long algorithm more generally applicable. Our
analysis showed that a unique desired state can be found with
high probability of success provided the multiphase matching
equation is satisfied for an equally-weighted initial superposi-
tion of all basis states in a two-dimensional complex sub-
space.

We have another purpose in this paper to reveal that
when N is not too large. maybe the multiphase matching
equation is able to provide the following particular situation:
in the case that any two phase rotation angles corresponding
to each iteration of Long operator are completely independent
and all of the pairs of phases are different from one another,

the Long algorithm can still be effective.
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An Index Structure for Frequently Updated Network-Constrained
Moving Object Trajectories

DING Zhi-Ming

(National Fundamental So ftware Research Center, Institute of Software, Chinese Academy of Sciences ., Beijing 100190)

Abstract Index is a key technology to improve the query processing performance of moving ob-
jects databases. However, current index methods for moving object trajectories, such as STR-
Tree, TB-Tree, FNR-Tree, and MON-Tree, take trajectory units as the basic index records,
and therefore, frequent insertions are needed when location updates occur in order to keep the
consistency between the index and the trajectories in database, which greatly affects the overall
performance of moving objects databases. To solve this problem, we propose a new index meth-
od, Dynamic Sketched-Trajectory R-Tree for Network-constrained Moving Objects (DSTR-Tree)
in this paper. The DSTR-Tree divides the spatial-temporal space into equal-sized grid cells,
transforms every trajectory into a sketched trajectory with each unit connecting two centers of the
grid cells that the moving object travels through, and indices the sketched trajectory units as an
R-Tree. Since the sketched trajectory has much coarser granularity than the original trajectory,
the index updating cost can be greatly reduced — when a location update occurs, even though the
original trajectory needs to be changed, the sketched trajectory may remain unchanged so that the
DSTR-Tree does not need to be changed either. The experimental results show that the DSTR-
Tree outperforms the previously proposed trajectory index methods in running moving objects

databases with frequent location updates.

Keywords moving objects; database; spatial-temporal trajectory; sketched; index
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oy 2 o B Cn i 1) iy px Cmyy s mv,) |
pn(mv, ,mv;));

D WE mv, Ml my, ., Z—8 &% & Eulidean
B KA. W g Gmy,smy,.) FK4 Euclidean # i8
BT XN T XXY XT 28 i) ip i — 46 AR &R B
WHA LB W SN RN my, B my, . 5] H
AT s s B CAnE 1 () P g Gmvy s myy) |
pr(myy ,mv,)).

XFF3E SR H I p(my,) L HILAIE AR AT D) 38
PR 7 AR (R BB IR A — s SRS
Brid activeFlag s 3R Hoad 4L THRHLAT IR

(D) WM activeFlag={false, W% 3 % & 4b F 2
LR PIRAS I e Cmy,) 2341

(2) WM activeFlag=true, W 3l % R A0 F 15
AT BRI R DL — 25 41 53 g R A O -

(2. D) a0 2R my, 2 3% M U AT (Y iz 17 K &, W
n(my )X F X XY X T 25 [a] 1l — &5 il 48 46 B
T2 MR 2 B S WS Bl R S T B AL IR my, A
IR EE L ) 5] AT B E G B (L 2 ()
wCmy,) IR A i 23853 o I b 245 B 1R B B 405 ©
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Bl
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L
&

B ) O 2Ca) ot pCmy,) 1 A T H T 5. < 19
TEE T M 7 N i — 2P A A AT B R BR
pCmy,) B JUART T2 52 e 1 02 B Sl X RAE my, Z 5 /Y
TR E. ARE SCERL21-22 1/ 20 B B S X R 3t
S B AR AL IR my, TP AT B0 S BB 3K 2 i I A R
ZJe K UK S 5 B R T A A

2. 2) W my, /& Euclideaniz 7% & , W p(mv,)
XPRET X XY X T 2 —FHEARBL L HAK
LB WAL Z X G my, TF A6 32 BR my, v 0 3R
Ti SIS AT SR A B R AT B & I ) i AT Bk AR
(L 2(b)).

T T
4 T BN P T my,) {
P my,
[ -
> X
(a) mv, Jy i W DT C IR AT R 4
T
A
iﬁfﬁﬁﬂiﬂﬁnu(mv”){ ¢
Y :
== I’ -
> X

(b) mv, _MEuclideaniz 17 /& i

K 2 GBI xCmv,) XN TLART T 28

30 5 AT AT Gy, BT L 9 b A JLAn] il &
FIRY N [B] 5 32 BB % DR UE T — WA B S8BT =2 Wi A BT A 3
AL EARAL S ARz M R T 2R my, Oy % R DE
(3847 % Hk (O B (2. 1) I e Cmw, ) JUAT Hh 26 19
R[] 5 B Sk 4% i 12 ) BE B B R B Gk G PR 2 B
ity B B I 8] 5 40 2R my, O Euclidean iz 47 & f (L
(2.2)) W) e Cmw,) JUART il £5 %) 1) 18] 5 B2 O FTLU
(AR 5T O ST S B A D 7S 71 ol w1
JE 58 Z I o A0 SR 2 A7 37 0 0 B 50 7 A

THERE Bk 2. D d o @A k. niE 2
() s 16 g iz 47 R i mv, O 3 R UL IE 1 38 17 R
. mv, =, , (2,3, 0, sd, snpos,) » H npos, =
(rid, s pos,). W4 mv, /19 S50 AT LLH5 B 2 x
RAE 1, W 2 8 18 2 WY BE B O (1 — pos, ) X
length(rid,) , Je ¥ length (rid,) J3iB ¥ rid, B K

JE. B X QAT IR o, 1Y R AT B A A T G
R B[] 2y
toorm = ((1— pos,) X length(rid,)) /v, ,

M s X G AEA il % STTLU B4 50 F (1) 5 18wl fE
LN Co, — &) P TE A fish & o7 5 56 397 1 42 T
o I 3] 5 T8 [ 2% A R (] Sy

taow = ((1— pos,) Xlength(rid,)) /(v,—§&),
B LAA

T=Lslow — Lnorm-

3 DSTR-Tree E5|WEHIREXEE

AR ¥ ST DSTR-Tree fHEALEH L S5 4
i DSTR-Tree 25| {1914 £ 7. Sh A5 4k B 25 i 4

PRAA .
3.1 Bohxd KA HEEE /L & DSTR-Tree % 5|
&

N T XU AT BEME AL L BT EEXE X XY X T
23 (B HEAT M. BE RS Bl X G B0He T 1A 0 P I S s
I‘Eﬂyff I. X Iy X1, v;H\:':F' I, = [Io s X1 ] ’ Iy = [yo s V1 ] ’
L="[t. L ICLAZ G0 L ORE SO - RN 25 R i %)
SEANWE KA. FE AT AR ML T LUK 1L 30 23
n AEFE RN T X A1 X RN

;:-ZI]_IO-
n

() B ] DUFF 1,300 00 3 om A2 R/ B 5 X I8
AT IR KN

iy
Ey: O‘
m

XPF I BT SR 8 L A] DK 2 40 43 iR

AN A AR ] B B
C=At.

I AT X T XL A5 (A WK o i T 45
SRS A A% M BT 5 (N L N, N R R H
NG NGNGB IZ S TTTE XY T Sl X )
T XGRS I 3 A b A AR L K 6 1 BT G
SR (4,3,2).

W L X T, X1z M TR L Z 5 - 35 T R %
SO B0 HE AT AR NS Ak . AT T A Ak 1Y B
(Sketched Trajectory). & T J7 {8 £UA , FR o 47 HE m%
b Z i B U ARG k.

TE X 8 3l XF 52 1) Ak s Ak L) .
(s (xiay) soind;snpos))i_ | S 8 0 G2 By L3
HAE WAL sketch (trag) BXs traj Bk Ml 42 r 28

W traj =
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— FIE A A R Y ) 2% 52 RS 0 B Ll R 5 | 1453

AT AR A% B DT Y TP O R 8 R B R R BUE B OR BT R

ﬂﬁ"]iﬁl/fﬁ JE SR IE R
sketch(traj) = (cj), . ((tj,xj,yj))le ,

Horf e, =G ha, ) (Ij<<k)J& traj BT FEFTHIE j
AR IC Y PG SR AR BR. skezch Cerag) H AN A
ARE O B e F ey B A R A B B T
(Sketched-Trajectory Unit) , it A 2 (c;sc;i1) » BXF
BT XXY X T 2 P — SR & o, flo, o ITH &
B R S AL L sketch traj) FE R E T
traj E"J‘?ﬁﬁ]ﬁﬂﬁﬁ#(mvn)E@T%Hﬁﬂﬁfgﬁ. Kl 3 45
TR L, % 1, x 1,2 30 A 1 2 T i
A7 ARk s Ak 1 1)

VBB TT Cmy,)

>~

MR ot(4, 3, 2)

i~ S I
_— ML

B3 s i XL, XTI, T A B B S 1 3 (v g e Ak

TN 3 B 7 o A s A 290 8 ] O Sy 9 /b 1) £ B
LRTR T AR B0 1 LA TR AR (R — 4% 5L I I s
8 TR IO 14 AR W A B 38 ) SR T H IO TS A T
R IR /N < A -0 B A DU RRE s 290 08 1 B e B H
D RZIRER.

S 1R TR RS Sl G 00 b i s A A
HEmE AL 300 B8 3 B, oA, e B gerCellLocated (mv)
TTEIETT & mv FT T )RS M 2800, gerCells Trav-
elled () T+ 5 BUE BT840 i 2847 19 4% Al 2058 7 471
extractCell(cellseq.i) M % Mt B8 JC JF 3] cellseq
RS i K% M BR OC, getCenter (cell) 1 & &
WHEATT cell B rh oLy f AR BR | cellseq | 3R 101 A% Al
FIC ¥ A cellseq P BT AL & B9 4% M B2 T % H .,
apppend(sketch Traj, center) ¥ o .0> f5 AL BR center
WINg| sketchTraj W H )G »doNothing () AAAT ]
J 7 M HEaR [e] 3) E LT

ik L Bahx RS Ak Pl A il A k.
SRR X, X,/ /R 2SI
e / /& W8T 1 R S e
BIA: traj =@mv)_ =t (25 3;) s0; v d; snposi))T_,
active flag / /% A G B bR

Bt . sketchTraj= ((¢; 02, 3,005

1. sketchTraj=NULL;

2. startingCell= getCelllLocated (mv, ) ;

3. apppend(sketchTraj,getCenter(startingCell)) ;

.

© 0 =N o Ol

10.
11.
12.
13.

14.
15.
16.
17.
18.
19.

20.
21.

22.
23.
24.
25.

26.
217.

28.
29.

30.
31.
32.

34.
35.
36.

37.
38.
40.
41.

IF n»=1 THEN
IF active flag=FALSE THEN
Return(sketchTraj) ;
ELSE
cellsTravelled = getCellsTravelled (p(mv,)) ;
IF (|cellsTravelled| =1) AND
CextractCell (cellsTravelled ,1) =
startingCell) THEN
Return(sketchTraj) ;
ELSE
FOR j=2 to |cellsTravelled| DO
apppend(sketchTraj,getCenter
(extractCell(cellsTravelled ,j))) ;
ENDFOR
ENDIF
ENDIF
ELSE //n>1
currentCell=startingCell;
FOR i=1 to n—1 DO
/ /AL FRARTE S EGE R IT p(my; ymy, ) (1<i<<n—1)
cellsTravelled =getCellsTravelled (u(mv; ,mv; 1));
IF (|cellsTravelled| =1) AND
CextractCell (cellsTravelled s 1) =currentCell)
THEN
doNothing () ;
ELSE //uCmy, smy, . D) 88T 2K Hk 0
FOR j=2 to |CellsTravelled| DO
apppend(sketchTraj ., getCenter
(extractCell(cells Travelled ,7))) ;
ENDFOR;
currentCell=extactCell (cellsTravelled ,
|cellsTravelled|) ;
ENDIF
ENDFOR
/ /A BRE FyBIE BTT p(my,,)
IF activeflag=TRUE THEN
cellsTravelled= getCellsTravelled (p(mv,)) ;
IF (|cellsTravelled| =1) AND
CextractCell (cellsTravelled ,1) = currentCell)
THEN
doNothing () ;
ELSE
FOR j=2 to |CellsTravelled| DO
apppend(sketchTraj . getCenter
CextractCell(cellsTravelled ,j))) ;
ENDFOR
ENDIF
ENDIF
Return (sketchTraj) ;
ENDIF
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L
¥

B 1 9, BB getCellsTravelled (p) i [A]
(BT DA 3 — A0 2 A A% A 50T 3 2 4% B 5 5T 1Y
H SR IR N8 sketch Traj .

W SE 1 AT LAE I S8 3 0 4 00 D 4
BT AN 5 A M B G L AT DL R Bk i R T T
T ST AT 4 B 5 A 24 5% 4 L 8 FROC  R — AS a 2
A BTG I AT A R I 1) R Ak A B G
TERF RGBT CUn S 2l % 52 U5 52 45 38 6 K B[] 57 3
FTBE ) Ji 4 L 58 T T BE B 2 A AR AR T, I
I e B 3 A A B 5T 1Y R 3 AR U B AR
L UL 4 (b s YIS B0 (3)). T T 3IE X 1%
S BRI AT T A R A AL B OB 15 30~
3947, Hoh % S il BT ¢ G, J2 AR AR 8 3l X 4
I i — KA B T I R A8 AT 3 2 B A I O 5
AL A5 B By 500, I & 2 By ) o AT 5 45 %% 2 %t
G B A B B AN 47 467 B B8 BT B, DSTR-Tree 141
oSG R L ) AR W A L B T, 3 S T AR
)5 peCmw, ) A I (%) B Ak B8 BT 75 2478 T —
YA B 5T I 1A R R R BT O (IR 3).

4 ST T AE A B — B B B T e B £
LAY 3 Al g R B0, AR 0 K 8 1 B T A
currentCell [T X I (A% Mt FRLOT. 75 3 b AL 10
(DR BERH UL T COALAER SR A1 B0 T A 45
PR 3 R A M B T B R B S E I K T Bk T
FIRLEE BT AN S 280 B e 55 0 3 > 55 22 4% i
HITHITE O

15 Ab FL ) D A 328 BT Ovl . | - cellsTravelled
T ——— v —»X
A A / / () b FcurrentCell N
L

C1es cellsTravelled

—» X

‘>X

DRI raj

L (2) pEE R 2R T
NEBS Ak B 2 sketch Traj 4
B GAEXXY X THI

JEIR B AL T

f

P

—>X T ::i‘e[.[.\‘Travelled
(3) i R 3/ Bl 2 4t G

B BT LIS A
X XTI 208

Bl 4 X AR B BT e (Y BT I AL AL 27
w4 ATRLE L fE DSTR-Tree H. 2% A
T AR AR AR TR /N ZE G AL R AR Al T i

ZIN S DU 2 A0l B — 1 B B3 B T B B 2 A
W BETC A A5 L 5 AT 5 A5 A A A AR AN 22 5l L
RAEM T R N R ER T h AL I 2,
It — 20 P BOTH KK I 8] B35 0m. Sk 73R4S B4
A SRV BE 78 57 2 A A SR T RN L AT L2 IR i iR
B BT /N LG R L A A5 — > A6 Al 5 T RE
UG- Y2590 o A IR Bk # e,

MR HAR B R G O @ 7T AR A 1 (E (@ 38
ARUIBCNEC 0 1.5 DUAS SCRY 52 50 7B 43 il dn . i
ARG BN G 10 ¥ 467 B TR B (R] (] BE R 30s,
S Y93 3 Sl 60km,/h, 30 Xof B 9734 B B S 500m,
BT A6 B35 B0 70 1 7 2 K/ D9 500 m X 500 m X
30s. AR =5, Wl 4% HllF 55 5C /Y9 K/ AT BLAfl &
2500m X 2500m X 150s.

TESERL T X 1, X 1,25 () i s A AL A BULG I 25
R ARSI AL 22 05 5 Ak A4 R 1 91 T8 ) 45 A B3 B
JCAREAR R G AL E S R W RG], B Al 15 3]
DSTR-Tree. & 5 Z5H T DSTR-Tree [{) 45414,

stuw | stu, Stu, | stu, | stug Stus | stu, stu, 4—*%%“:
Lo [ ] e | | Lo [ gitine
—/ — N | — ~

5 DSTR-Tree 5|45 H

FER 5 1 DSTR-Tree M1 25 i w1 (130 55 70 45
FH(MBR s PT s stu) s ot stu iy #E W 4k 1 3700 22
JC» MBR ) i A W Ak 300300 B0 5T (9 S /A 45 4R O
PT ., R 45 10 SR 30 X 4240 5 (9 48 £ 200 AR AL,
o ) 25 5 1990 5 30 (MBR, PT 0. ) » o th MBR 43,
TR RS ST IE R B NI HIE s PT oo 2 48
N RS SR
3.2 DSTR-Tree R WMBEILE %

FERS 3h 6 G2 B0 1 v ) R 57 DSTR-Tree &
B T X B IR v ) A 2% B S I AT A AL
FEE HE w Ak B b Y B A B0 R T B — I A #
DSTR-Tree 1. & 2 4 H T DSTR-Tree 9] G
HE ST B E. 7E DSTR-Tree %4 22 v 09 810300 B0 i
1140 A R B B Bl X G 5040 g 3 4 4k 2 32 i 3
(1A 37 T BT T L K R A T T B B I G A
TE buf fer T, S50 E i 90008 5000 4 A 3 52 HE 22
Jei - PRV B 25 4 B vk (B 3) A0 B 5 s 5 i 3
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IV =P
Bk 2. DSTR-Tree [if#] U5 7 & 1.

B : MObjs /I BBIX L MER
Wil dstrTree  //DSTR-Tree
1. dstrTtree=NULL;
2. buffer=J;
3. asynExec(receiveLUMsg(buf fer));
/A 5 — KRR WAL B TR IAEA buf fer;
4. FOR EACH mo€ MObjs DO

(o]

sketch Traj= skecth(mo.traj,mo.actvive flag) ;
//P R 1R AL B
6. FOR EACH skecthTrajUnit € getUnits(sketchTraj )

DO
7. insert(dstrTree,indexRec(mo.id
skecthTrajUnit)) ;
8. ENDFOR
9. ENDFOR

10. WHILE buf fer# & DO

11, lumsg—=getLUMsg(buf for) s

12. IF notlndexed(lumsg) THEN

13, S 3 WA lumsg X dstrTree HE474Ed

14. ENDIF

15. ENDWHILE

16. Return (dstrTree).

TEHEE: 2 ¥, R asynExec( func) il 5 )8 3h 55 —
RS AT L func, receiveLUMsg Cbuf fer)
el i B OE W R IR F A B buffer
getUnits(sketchTraj)ig 8] sketchTraj W 0 T A $
BTG 240 IR ) £E 5 s indeaRec (moid s stu) 1R 45 55
XS RARI moid FAE WAL B BT st A JAH B
&5 5, get LUMsg (buf fer) )\ buf fer HHLH
CIAL ) DN buf fer v M BRD — A~ A7 & 5 5 9 &
notIndexed(lumsg) FIW lumsg J2&= 75 T8 A0 I B 7% )
XRPAEFRZHC &EH A KR PE b T X Fl
WF lumsg WEBC LB ETE dstrTree 1 7 RN
B AT AL HEL

it A0 2 AR T P e MR s A 3 B ST
AAEFE ST R G VM3 R 5| 0 F P i i O AN
7K R bR A T B A
3.3 DSTR-Tree & 5| £ B EH#H A MRS L HE

1E DSTR-Tree R WML 2 )5 G & B E
GBI AN S TR B P PR BT A0 38 AT Ok RN
BT L 10 LA 7 23 DSTR-Tree #4720 45 4t
1l TR S A AT B B b AN TR b 3 g
B A 1) B P IR 55 A OB B AT R B DR G
P20 L5 A 328 7 2K B A T AS AT

sketch (traj) & AT o] B 28

8.2 D s 200 110 496 K BORE I Ak B 1) A2 AR st gl
e & [A] I %) DSTR-Tree 251 47 AH I 118 24
B AR UG X T — TG B B X 4 o, B

JFIR I 2SI R traj= (mv,)!_, = ((t; 3 (xi09:) s 0; 5

disnpos )iy XN KRS AL BLE R sketch (traj) =
(o sy 2RSS B R mo K& 3% K iz
Fr <o my W5 Z my, B INE] craj b BRI R
Xof 07 A5 I 0 1) LTl 2 i A2 4 (UL 6) [35}
1800 T 46 B3 i A8 Ak 1 5 SO e Ak Bk iy AR
A6 I 75 %0 DSTR-Tree #4741 W A9 1& 2. {H
T AL WAL B3 PR G R B I K T A A6 U 7% Bl R
TCHIRLE , KFAE T me AR traj FASXS
S RS T R 5]
(RO @

Eiﬁi)ﬁhmﬂ‘iﬁwmv”){ ¢

N Yo Sty

T
4
o N [N, <
R B 2 TE 1y, ’
;N“---------fmﬂ-‘¥~ﬁﬁ(m1f,,;-nrv[;)» v’
Lo S TT O

(b)) e N 20 Bl 6F G S 08 B IR LA i 2%
K6 75K AL E BT B 8 Bl % G I 0 a0 JLART il £ Y i s

B P R 55 s E MR — A7 B TR T R X
DSTR-Tree 25| #E A7 4E 47 i) B W12 3 From. A
ZBE T, R getTrajectory(moid) IR BN ¥ 4
AIFR RTE R P v A R AR € B sl X R B Cly 1
PR F HRE L AT LAKE T 000 B s 37 DL moid Dy B
T B RRGD  final raj) FE WL traj B )5
— MBI R, getCellsTravelled Ext (py o pty o +++) 1T
UL EITTIF B g0y s g o o+ PV ZEAT B9 M HIE 5T ) 571
getSTUnits(cellseq) 3 81 ¥ Mt B TT 7 51 cellseq Xt i
18 Jir A 2903 B TT T 2H L R

TEB L 3 W, cellsTravelled ,q 42 IR 1 31 3 306 B
JC p Cmv, ) Jiv 28 2o (4 % A 5 5T 09 )5 510, I Ceell3,
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celld) .cellsTravelled .. 5% p(mv, ,mv,) Fl p(mv,) fif -
AT HIRS M BAIC 81 H Ccell3 s cell5 s celld) NS — A
FAHHEE T EE X DSTR-Tree 47 1 %& , 3 i
A unitsInsert, 3 M 4 unitsDelete, 7] UL ¥ DSTR- i Egﬁé&;@%@i
x>< ¥ X '
Tree V% 55 5 Ak & A0 030 AH X 7 0 R 285
HiE 3. fIEEHR DSTR-Tree Ryl W 4EH
S BB raj
iN: LUMsg= Gmoid.t,(x,y) sv.d npos) ; Mﬁﬁ%%ﬁxkddﬂ"nzj
//WSCE) B4AvE EEE HTTE S (a) B0 G0 0 I 1 1 X 3
dstrTree //DSTR-Tree & 5| ﬂ
1. mv,=.(x,y).v.d.npos);
2. mv,= final(getTrajectory(moid)) ;
3. cellsTravelled, = getCellsTravelled (u(mv,)) ; T % ﬁ‘*x%ﬁﬂxl: 5
4. cellsTravelled ,..=getCells Travelled Ext (#(mv, ,mv, ), T - » A ML () 75 T R
pr(mv,)); i
X
5. IF cellsTrawvelled,q = cellsTravelled,.,, THEN : J?ﬁﬁ;ﬁliﬂj‘fraj

/ /AL B B e A A

(2]

doNothing( ) ;

ELSE / /M us AL B0l & 4 17 7284k

8. unitsInsert= getSTUnits(cellsTravelled,..) —
getSTUnits(cellsTravelled ) ;

9. unitsDelete= getSTUnits(cellsTravelledq) —
getSTUnits(cellsTravelled ... ) ;

10.  FOR skecthUnit € unitsDelete DO

11. delete(dstrTree.indexRec(moid ,skecthUnit) ) ;

12.  ENDFOR

13.  FOR skecthUnit € unitsInsert DO

14. insert(dstrTree,indexRec(moid ,skecthUnit) ) ;

15.  ENDFOR

16. ENDIF

TEF B0 G 8504 e v o A I B — AN 7 1 7 B
BUHTH B LUMsg B, ¥ 204 LUMsg i A 248
B B %k G2 (B o TR B R 0L 3 xR Bl kAT 4k
1. H A I Ak BI04 R G K R B R
REBAEOL T L 3 IEATEEXT R G VR i (WL
55 5~6 17, NIMTA UMK TR 51 B AR
3.4 ET DSTR-Tree B3 KE ML ER %

AT T DSTR-Tree 495 3 % 4 25 i1 Ak
U5k, WA AT — A Q. HA i) X SR

range(Q) =Q, XQ, XQ,,
HhQ =[q.¢]. Q=[¢.¢\], Q=Lq .q' ]

FEAL B IR A ) B TR R S N A A X
range(Q)FEATAE ML o R B A5 1) X BHAE 1E S LA%
HtBRLTC 1 AR R K R 1 A W T R G T
T ERUAR  FR range(Q) 2y Ji 15 A8 1h) X 450 .

3

HE M Ak Bh J’I sketchTraj
[CIRSECR S ioE Y H A G WA QTS
7 XA ) X 8 A A A AL

TEIE 7 A % 3l R B0 T i3 A i i A 9] X
3 range (Q) AL - PR I 1% F% Bl XoF 52 LR AF: 0 28 51 114
A4S R . (HJE . d T AE DSTR-Tree H 77
Je MR AL B . H % HE s AR Bl S A ) X B
range(Q) FFAFHAZ » PG QSR AN X A5 36 DX I HE A7 4%
WAL U 2 T K% A% Sl 0 Rl 3 o3 A R ol T
A 28 5 R IO S A P G I 8 R A e SR 0 A% AR
FITH L T I R A ) IR TR A
TC R BIVAS 25 7 A T A R A i) DX 0k B Al Y
AR B2 ORI BT A7 HL U 00 5 i 4 A 360 [X A
SCH RS BN R 5 b SR A FL AL W A0 38 5 4 A A 0t X
SR A AL

T Q. =g qr TR 4 1l 73 H7 #5380 IX
SRS B B 3 R X g0 R g a3 i AT TR AR 4 W]
DA RS i 5 23 310 0T 187 380 D07 A% AR 5T B 0

qfixﬁqqgaxoj +0.5 )X 4.

qixo+(L : I“JJFO 5)xé..

Fhth vl LI Q,=Lq}.q:1.Q =Lql »q JiEAT
O 11 2 46 DA T 75 20 4 Bt b 22 IS 9 2 i) XK.
FEE ML G el X IR EEE A R
AR — AR K3 (H T X8 4R R DA 4
B SEBR B Al AR F X XY X T 25 i il — 4 1
R H .
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e 8 E IR A8 4 22 )5 AT LAAR 9 46 6 J5 0 £
WX DSTR-Tree 1477 i1 . 15 51 — 4 5 BE 72 3
RIS L 4 WY filterResult) . S8 )5 R 5E
XF filterResult iR 3 0f G2 i B8 4 36 5% 1 38 4> ik
Frtaa, It A 0R) 45 1R B RS Bl 0 A Dy B &
¥ 1) 45

#T DSTR-Tree By A Ab 3 AL A 1 4 Fr
N TR BT BRI gridCenterAlign(range) Xt 2%
WX I range AT ¥ ML s evaluate (moTuple, Q)
WIEE M Q XHIed moTuple HEATHE NP ILH AR
T A ) 2 F 3R (B NULL 5 75 0 3% 0] ¥ 6 354 A

g5

k4. £T DSTR-Tree By 3h %4 25 1) ik
b2 N7

A i) Q. HAM X N range(Q =Q, XQ, X Qs

dstrTree
i refineResult //Q F#x ] 4 ¥R 45
1. filterResult < Search(dstrTree,
gridCenterAlign(Q, X Q, X Q,));
2. refineResult= I ;
FOR EACH PT,, € filterResult DO
moTuple=getTuple(PT,,) ;
IF evaluate(moTuple,Q)#NULL THEN
6. refineResult=re fineResult\J

(2] = w

evaluate(moTuple,Q) ;
7.  ENDIF
8. ENDFOR

9. Return(refineResult).

WA 4 iR 3T DSTR-Tree B #5143 N 7
B B

(1) & 5| % (Filtering) B B¢ , i it DSTR-Tree
F 5l 0 A XS X R 1 B xR AR G
filterResult GZEE A KT 5L PRl /2 A 1 25 14 1 % 3l
XEESR)

(2) JGHH 3R K5 (Refinement) [y Bt , %} filterResult
AR E R B X R0 B T A #E AT A T
BB I B85 R refineResult iR Bl 25 A 10 F .

WAL 4 AT LA B R G A R Ak B
SR [R] HVBOPR F 26 5 | 0 35 s 8] RN oG 4 SRR N ). H
L &R 51 R ) 332 30 R 5] 3R A SR 5 )
AN B AE 52 0 38 2ok 3 BT AT AL, R 8 TP RS A A T Y
L2 B, 2R 5 | S i A IR T filterResult
H A 1Y JC I s 22 S BOTH SRR AR 8K 5
RZ s F G5 RS 5T R BE BN ) filterResult
WA B ) JC I SRk D ST AR A o k)N L (B

JE R G HUHT A AC M 20 7 2 8] 25 R B 1 A 3
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Background

The focus of this paper is on the trajectory index prob-
lem in Moving Objects Databases (MOD). MOD is a data-
base which can track and manage the dynamically changing lo-
cations of moving objects such as cars, ships, flights, and pe-
destrians. An MOD system can manage huge numbers of mov-
ing objects so that index is crucial to query them efficiently.

In recent years, the moving object trajectory index prob-
lem has been intensely studied with a lot of methods proposed,
such as STR-Tree, TB-Tree, FNR-Tree, and MON-Tree.
However, nearly all existing trajectory indices take trajectory
units as the basic index records, whose granularity is too fine.
As a result, frequent index updates are needed when location
updates occur so that the efficiency can be greatly affected.

To solve this problem, we propose a new index method,
Dynamic Sketched-Trajectory R-Tree for Network-constrain-
ed Moving Objects (DSTR-Tree) in this paper. The DSTR-
Tree divides the spatial-temporal space into equal-sized grid
cells, transforms every trajectory into a sketched trajectory
with each unit connecting two centers of the grid cells that
the moving object travels through, and indices the sketched
trajectory units as an R-Tree. Since the sketched trajectory
has much coarser granularity than the original trajectory, the
index updating cost can be greatly reduced — when a location
update occurs, even though the original trajectory needs to be

changed, the sketched trajectory may remain unchanged so

[21] Ding Z, Zhou X. Location update strategies for network-con-
strained moving objects//Proceedings of the 13th Interna-
tional Conference on DASFAA. New Delhi, India, 2008;
644-652

[22] Wolfson O, Yin H. Accuracy and resource consumption in
tracking and location prediction//Proceedings of the 8th
International Symposium SSTD. Santorini Island., Greece,
2003: 325-343

[23] Civilis A, Jensen C S, Pakalnis S. Techniques for efficient
road-network-based tracking of moving objects. IEEE Trans-
actions Knowledge and Data Engineering, 2005, 17 (5):
698-712

[24] Tiesyte D, Jensen C S. Efficient cost-based tracking of
scheduled vehicle journeys//Proceedings of the 9th Interna-
tional Conference on MDM. Beijing, China, 2008 9-16

[25] Ding Z, Huang G. Real-time traffic flow statistical analysis
based on network-constrained moving object trajectories//
Proceedings of the 20th International Conference on DEXA.
Linz, Austria, 2009.: 173-183

that the DSTR-Tree does not need to be changed either.

We have implemented the DSTR-Tree in an object-rela-
tional database. PostgreSQL., and compared it with other
trajectory indices in terms of index update costs, storage con-
sumption, query response time, and selectivity. The experi-
mental results show that the DSTR-Tree outperforms the
previously proposed trajectory index methods in running
moving objects databases with frequent location updates.

The paper was partially supported by National Natural
Science Foundation of China under Grant Nos. 91124001 and
60970030.

The research team has been conducting research on
Moving Objects Databases for about 10 years, with a series
of results achieved such as the MODTN database model for
network-constrained moving objects, the UTR-Tree and
NDTR-Tree index methods for moving object trajectories,
the Net-LUM and the ANLUM location update mechanisms
for moving object tracking. We have also implemented a
moving objects database system called NMOD-TFSA, which
can manage trajectories of moving objects and extract traffic
conditions through statistical analysis.

The work of the paper is focusing on the management of
huge moving objects in databases, and can be used to support

quick query processing of trajectories.
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HybridHP. A Verified Lightweight Approach to Provide Lifetime

Kernel Integrity Surveillance
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Abstract  Although traditional virtualization monitoring can help ensure security, the existence
of management domain (such as Domain0) and performance loss caused by OS-level switches
make these approaches unsuitable for many OSs with large applications. In this paper, focusing
on monitoring capability of the hardware virtualization technology without the unnecessary virtu-
alization functionality, we propose HybridHP, a new general-purpose framework of virtualization
monitoring, and implement the prototype. HybridHP merges the management domain and virtual
machine monitoring functionality into the monitored system, and has strong ability to obtain op-
erational semantics of the monitored system. We use the formal theorem prover Isabelle/ HOL to
verify isolation, security and monitoring capability of HybridHP. With the systemic experiments

and performance evaluation for HybridHP, we show that HybridHP provides at least the same
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security guarantees as what can be achieved by the traditional virtualization monitoring approa-

ches, and has well system performance.
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Isabelle formal verification
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DA% 23 8] A7 W 45 I 45 HybridHP H £ 3¢ I
REMEAT, B BRI RGP I R AURAE L 7
WA AT AR /O S R Z A N
RS H I 52 m MR IR . JF LR & T HLHE 1/0 i #
VE b DL W% R GE 1 M BB R 25 52 BAR K 52 5

(2) TR A 77 X217, HybridHP & |
()AL A 5 R G B 1 — B X AR
Ty 3RAT PN R G0 45 1 08 S0, WE 8 1 IE R RN sk
AT DA AR K £ 5

(3) 1 F HybridHP W 4% 2y B8 1 o — 1k, HAR
fidh i AT LA i) 2E AR /I A9 0 B 38 % O ff v
ATUER R ATT A Tsabelle ™ 2 X A0 il B uE B T &
X HAEAT T IR AP TE

SR, HybridHP J2& 9 5 2 g8 N i iy —
ANBE Y, B R A A R AL R i B B Sy TR
7RG, HA g W15 2 G0 b i) S A5 e B 3 1 AL
M. & 1 ox T HybridHP 5 &4 i #406 W 45 7 &
(1 X531 Forfr Cr Dy 2 W 4 i 10 AR5 BR800 B
CpDp &8 W51 2 G0 1 A5 BRI B, X0 F 2
A 1 A W45 7 %6 . th T HybridHP DU B g5 5K
AT H B B 0 AR R B F S R R AR i R S
ML ARZE 5 52 3 e G BRI B BT L e
B & 02 PE R s R AT 5 e
e FRATHR TR R B PR AL O BLEE 2 AR
KAk 19 75 ¥ 9 % By Tsabelle 3iF B 22 4 o F1 IR
B,

HybridHP Jj&—fp 58 4 N i U W45 07 %8 A
i B L& AT ] 0 i B W R it L O HL L E AR R &l
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Domain0 Guest OS Guest OS
Dy Dp Dy Dy, Dy
VMM VMM HybridHP 08

(a) LR AL I 475 HE 2

(b) STMIHy I 75 4 42

(¢) HybridHP [ 5 #7 HE 4

Bl 1

TS I AL 2 R

A SCH 2 1 Hybrid HP (08 e 52 13-
5% 3 Ul W] Hybrid HP J5i 28 iy H 04 S 0 40 775 0 OC
FARE 4 4 H HybridHP IE#PER Isabelle
SALIEDT ;45 5 5 WA X Hybrid P f 10 1t 2 5
RGERETEAN s 55 6 15 X A SCHEAT B4 RN R Rk 1Y
TAEHEFT .

2  HybridHP BJi%Z it

2.1 HybridHP § H*xr

HybridHP {933t H x5 e 4% FI) H A 71 fE 211k
PR XA AR G0 W 5 B A 2 0 8 AE R T
RE I3 R R 9 52 R Oy e 7 2252 BE AR LA
HAKHR

(D WP A B . o TR A AR,
SOR AR AR R /N AR B m] Lo i3 8 s 56 i
9 XAEA REORUEE H B 122 4 n] SE A ) 4485

QO WEERFARRY. KERFASEAA
FARY I HE ST - By 1k H R AR B IR 5

(3) M L 7 AN T 55 i M 55 R T B 408 40K B

Hybrid HP 5 & A B9 ki 10 4k 5 72 7 52 84 X3l

W5 22 G0 HP B R AR A R X DG B P A X 5 BT AE A
1/O WA W 15 ) 45 0% 3B HOAS ik 28 1 W 5 R )7 3R
AT AT B AR RV 8032 P4 11 G B B84

(D) PLHI 5 R w4y 5. WP R P A B 2 ik iy B
2 WA AL ELAR Y S 2 AT LS I SR Y 5

(5) Bl W 5 2R 40 P R AS 2 %2 31 K K Y 52 .
T A 9 W% 5 58 0E 2 H T R A 0 i PR A R b A R
T RGEWTERE T LOIE A RARIE

(6) 5y T ARG B M5 R G Wi . KA BAE &
BEniE SRR - MR EENES e AW
AL 4 25 T R UML) A o8 A7 400 1 R 0 A
RAE P SEA 200 ARME LR i RE
B HARE .
2.2 HybridHP Ky Z{{EZR

HybridHP % (R HEZL 4 &l 2 /8. HybridHP
(% 0o 45 576 T Hybrid HP DA He 1 7 20 76 9 W 45
RGNS R Ig AT, T TR AR
LU LB A P A S B B R AR 3R A P A 2 Tl Ak
T 0 il (Ring 0, {HJ2 Intel-VT 3% 0 9% 55 1
Pifp R . VMX Root £ 2Ll VMX Non-Root 5
K. VMX Root 2 HIER 0 9. HA A RR. VMX

+
Ring 3 |! User Layer
VMX Root Mode : VMX Non-Root Mode
|
K |
Policy l é)
Library VME}‘/ b
_ g
Ring 0 Event handler VM Enijv g
Kernel Kernel =
Data Event handler UnidirectiI nal Authority Data
HybridHP Address Space Kerneil Address
Space

K 2

Hybrid HP £ 21
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Root #8213 1 77 M8 A TF I B8 14 52 20146 AL 1
(VMX) B i #/E A F I A 0 AN W Z b 76 T
VMX Root £z H % 18 F VMX (148 4, [l B, —
Lo T AF R T RS AR 2 2 B R E A
CHIHEZL H, HybridHP 32 17 78 VMX Root i 5.
VMX Non-Root &2 BRI 0 9, H AR 2 (1 R A4
PRI 25 filh & 45 1 AU 7% 5] VMX Root #5220 1)
WA FE Y. XF N7 HE SR Y I B R G s AT TE
VMX Non-Root 5,

HybridHP 7 £ A $2 41t i 400 4k . 3% A & 21 50
I Zhy da 0 M S X T AR SR BK B R 4 (an 1/0 i
[B]) o 4 W 455 72 496 114 IR Bl A e L 42 R A 28 B RS
% HybridHP #1$ , 3% £ X 5 58 59 Pk B A 23 38 A
RKKHIFE M. 2%, a0 R 7 E HybridHP 347 W 2
IV B35, t mT DL a3 X Hybrid HP 3 Jin4f 1 9
MG IR B H . X T W4 58 7 . HybridHP H 42 {it
WE T B ML SR AL S R SR s AR 43 25 1 )y =K. A
HybridHP J§ 32 5 . 1 56 A S0 &8 5 58 48 15 5 w15
BN T AN IR B R R DL B R B X
HybridHP 5¢ % 1 /) 5 38 . HybridHP {if Fi %% 7 4
2 107 Ok HEAT SR W 1 & 4 R, Hybrid HP AL 4
SR X A% 38 AT 3o B 0 AT S W A 0 0% B A
MIOR 3P 5K AT il k 5. 38 17 4E VMX Non-Root
B 1 M 45 R G fi & 52 HybridHP 545 1 548,
A R AR S RIME— A 1 VM Exit #f A VMX
Root #3 , th HybridHP 4R 4 5 w& {5 8 iF 17 4b 28,
Ab 3 52 85 8 i VM Entry 3% [1l VMX Non-Root
B

H T HybridHP 08 I 45 5 48 % HI 89 J2 A1 [F]
() T 0 &, Hybrid HP X F Bl 5 #5848 (1 % 9 77
M hk ) B AE TS O 5 B2 2 ok e 4 T DA B 4 B
e AL A 5OR. Rl HybridHP B B Fe AR
FHRE ) B ML B R G B R A LLE B HybridHP 1)
T B R T V6 6 L i AT & o, T HybridHP
P 16 20wl I 4 3 G0 N A7 R BT AR PRt o DAt il
25 () P A BE SR T o 0 0 8 R 0 PN A I b ik 2 ) G S
J& HybridHP M bt 25 (8] i + 4 . HybridHP 1 Py %
FLE BT T ik 72 ) A0 1 1) AR PR 2 B 1] Y

3 HybridHP B33}
T RAEA SR T %, S8 T Hybrid HP #Y i

R AT X HybridHP [ 52 80 A1 3 22 ¢ 8 57 R 17
I 3

HybridHP DL 8 (4 J7 078 5 45 R 58 N #%
A as 17, KBl T & g i B BB, 1
HybridHP H J J3 8 44 1 4 & (VMX) , HybridHP
IE4T7E VMX Root #2211 8 >4 45 R i 47 78
VMX Non-Root #:20, ff A HybridHP HA HH &
1) PR AR B T 3 i BB, o] 483 . Hybrid HP 4E
b It g B8 R R Bl Ae, 458 HybridHP iz 17 F
VMX Root #20, M4 1 ¥ R 41217 T VMX Non-
Root #5137 LA P 1 55 1 /> [m] .

7t HybridHP #£ %2 1, % #] VMX Root i
VMX Non-Root iz {72 ) ¢ 2 VMX 42 il 4514
VMCS, 2445 3 D)

(D) ¥ W4 R G R S X (Guest State Area) ,
F T 78 VMX Non-Root [i] VMX Root # = Y] # ik}
RIS R GRS E R B A7 4% .CR FAF
#r A8 A d8 B TP AR T 4E £ SP 4, DL e L VMX
Root i& ] VMX Non-Root # i i) VM Entry A
1 Hb ik 5

(2) FHLIR A X (Host State Area) , 17 i Vo 35
40 H SRS (E B 78 HybridHP #2485, FHLIR
BIX FEALHE HybridHP i3 47 18 F2 59 & iR 5105
B 5 HybridHP 3247 8 % 1 B 3F 77 4% .CR FAF
#r  HybridHP #% T0 48 £ SP, L J2 \ VMX Non-
Root [i] VMX Root # 1 4 it i) VM Exit &b 3 F#
RN EE: R

(3) HybridHP #4 47 #= #| X (Execution Control
Area) , FEALFE HybridHP Wi #1d F2 H) Bl & 15 8.
W ER Y W T AF R 5 S (CRO %) . HybridHP
BRI AR A (i CPUID 48) # 5 4 (4 page-
fault 8515 5 LA K AH I A Ak 21 7 =X F0 Ak 2 oR A 11
Huhk. [A) B 7E HybridHP $0AT 45 1 X H il 777k 1 7™
4 VMX Non-Root 2] VMX Root B =Y #e i 2 A
FLAR R R | il D) R )RR AR A LA R R R S
ST SR AE RY AF A A B R g 0 b ik A A

W MERG RS E, Ui ny )y m 4 Hy-
bridHP. HybridHP J& 3l i 47) 46 A6 17 B2 0 45

(1) 43 HybridHP 0 N ££ %5 [0, £ 25 N
Kkl (Bl S5 X L DL B VMX 6l 45 % VMCS
7 1Y 25 (8] 5

(2) it VMXON 454 I J3 4 i U4k 150
PWIEERGERRE X

(3) & & VMCS iy EHLIRE X, H i VM
Exit YA T #udik 35 17 HybridHP (%40 3 o8 B A 1
T H SEHNE T A7 A CR3 B8N 58 i Ra A,
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i3 HybridHP 5 % Wi 4% & 55 % F A W) 1 o1 3%
LI 5

(4) &% & HybridHP $047 4% 61 X, 42 45 75 2R
P A7 % (A0 CRO 45 L 75 B4 38 10 B L3R 4 (i
CPUID %) DL J¢ 5% (4N pagefault %) {5 B, X &
HybridHP W45 (4 4% .0 » [ i A 41 5 s 5 5 OC 5
B DX 38T 7R 1 T T DA BBk W R R G 0T 3 T AR 1 T
SERHE BB N AE VMX Non-Root B0 H i, TF
Xt B AR 5

(5) 31 VMLANCH #5841 [nlgf W %2 £ 45 VMX
Non-Root 15 2 , 8 15 4 I % R G TR I 718 17,

X HybridHP HE 22 iy H {4 52 30 Fn G 5 5
ARIEAT 40 i 3.

3.1 HybridHP X BRARZ —  XBHEFERP

J T R b E 45 HybridHP (9 £¢ 5 &, Hy-
brid HP HEZL AT Bl 19 8 #U, DomainO (1 4% &, 5
B G AL Gt M LIS 25 5 58 b B B S Y 1 0 A7
it 55 BRI BE  Hybrid HP F194 W 55 3R 48 &b + A W] 1)
TURMET P R G 8 2 0 LLF 8] HybridHP
PR A7 AE S T ] 5 BT S B A5 HR Cn  W 9 R  1 L
A T A6 BT T B AR 1 R B 058 i (R 3 2
e L iff LR 1 Sl ) R

HybridHP 1) 5 45 68 7 3 B0 346 9 4> 7 I -
FEASEE 4 110 40 AR 0 DG B UM DX S8 ) PR

X ARE A A 4 114 52 I A 3R 2 HybridHP fE O 2
R A% 56 H PR W 4 O S8 W Bk k. HybridHP 5@ 1 A
B 1046 13T #R 2E VMCS %9 HybridHP $47 45 il
DX H X 7 2 W 4 4 AR 9 R AUER 4 (i CPUID 4§)
IR E. EYEERE N E TR BT ER
4:iz17 T VMX Non-Root 23, iX $ERFALHE 4 1 i
118 fil % 8 2 B A (Trap) F4F , UG R R 175
BT, 8 VM Exit B9 A H ik i A HybridHP
(A FH B A B Y L 32 178 s N VMX Non-Root ]
e 3] VMX Root 2, # H 8% # £ HybridHP, )\
1117 S BN R AL HE 4 B A K. HybridHP 78 Ab 3 5¢ 5
LA ZIG BT VM Entry £ H3R B R 5.

Xof O B HR 4l DX B AR 4L ¥5 S 3 HybridHP
HE B v Xof 25 77 4 S S ) W R S R Y A AR
FEH LT AR BEORIE «

(D 4277 CPU B st - g AL TF I8 TR 3
PLHE HybridHP Wa 45 i JEfili o B SR 1 E 454 &
G HA R BRI AL B BE 1 T 4 A% R
A0 AT DA 3 23 DUOR 4P AL ] T S A B i N AE L IR 4
WA T O B AR A X8R HE . AE X86 HR Ay,
TR B ALt A AF 2% CRO 9 WP 7 4% . 78

HybridHP (445 i S ug v . 3 & % CRO 25 47 4 1Y 1
m) 4 1 » [R) BsF 72 VMCS B Hybrid HP $4£7 45 il X %
X CRO 2 A7 7 (1. 78 Hybrid HP [ i 45 HE 42
T RGNS AT R R AR BB CRO P
s BEAE ¥ fik % CRA (Control Register Acces-
ses) #8178 X ) VMX Non-Root ] # F|
VMX Root ## 3, [A] i} #5 il # % # 3| HybridHP.
Hybrid HP i@ b % 9 Wi 45 7 58 1 #8418 SCEAT 40 #r
FEAR A5 42 1l R & E AT 0T L 6 T AETA 1) CRO & 2 3))
V£, HybridHP 28 1L Z 30 15 19 S04 T o DA T A 75 4 i 4%
FR G G AR S B AR 1R DR AL B Be gL D
G2 TF )R SR L (CRO.WP=1).

() 7E Bk (D W3l B, HybridHP 4R $5 5% 0%
Hg 5 SR AP 1 O B B R N AF TP Y DR A
VMX Non-Root x0T H iz, — H & A2 % ik 26 5048
8 AR A A 23 fi & pagefault 5 dl o 1 U 5
VM Exit A VMX Non-Root ## = ] # & VMX
Root B2, ¥ #i AL 3¢ H1 HybridHP, i i F1 3% 0 {5
BB, H W ks MR AR . R A
HybridHP 11 534 3248 B h VE A7 8 ) 3 3o 7 A
I 5] 7 2 Bl A R G R A R

(3) Hybrid HP K 9 15 455 5 58 1 01 3R v 78 19 01
W N TE VMX Non-Root # x0T Hise 8 2 8% B
T P 3 Ao 2 4 T rpORH B DL ) PR e T B el A
AR AE AL IR 25 il & pagefault 5%, ¥ HybridHP fir
ik b 17 5 (2) K.

LA B B4 AR BT DL M S X 56 B B8 19 15 ok 3y
VEARN 2485t HybridHP [ W 5 4 1, 3 2 AS 1T 55 %
K.

3.2 HybridHP X BRARZZ . BRFRP

FF XEN Z 28 (/) H LA W 5 HE 22 vpr , ol F i
RT3 7ot B ApL P 28 DL PR S
& 2 G0 R T A [R) 1) 0T 3R 5 Ay e M 45 43 38 43 1 A
KB AW R B NAERE Z N1,
JIT DA 45 B AN 4 52 B0 5 R 1 R 4 9 i 3K N T B
W2 U T XEN f0F | C /R B4 38 21 BT
DART RIS W5 95 2 5 B 09 080 X B 5 e AR ]
W, HybridHP DA He Ak 1) 7 2 A TE 98 5 R 48
HAAT R T B M R G A R R A AL ik
AR W R G 58 A R EC ) BN AE R BE T D Il
HybridHP i 35 3] 5 38 Of 37110 42 75 22 fif T 1) G B
[i] .

HybridHP £ 4858 1 # B C /940 0T, B ot
W JIT AE 0145 B0 I B 7E VMX Non-Root &
AT Rk s A RAY. it v, HybridHP 4
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B B 1 Ry BRI 1 — 0 4 R AT W s AR L R4 B
A SRR EERENNARE S FIE 3.1
LEIPS 2 S Ak v NI I R S WL N R
ALY EE e HybridHP #9485 L £ 4 5 &
=R S # HybridHP #3538, HybridHP 7] DA &
P Fir A X S R Tk 1 18 .

Sk, HybridHP 9 5 3% 48 37 g 1 1 153 &
RABHIT AR ZETHEERENUEZN,
R W R G0 WA 6 LR A7 18 el g BCRR  Jiir A mp
PLORIE A B 1% 4
3.3 HybridHP X BRERZ = . KEEH

kTSI SR W RUATL A ) 43 5 DA B W 1) TR
Hr, HybridHP A< B 52 81 HO2 WS i LD W45 3R
s T 2 ph AR IR BT 4R 4. 7E AL GE 3 T R B U
PTG R AULPIL W 4 4 BT SR A i 4 SR ey A
3 Domain0 $2 I, by I 5 W& 11 ¢ 42 1 B DomainO f
ik 78 HybridHP 242, HybridHP A S & —>0f
fE AL CTCB) L 1 B Wi 5 R G & A A5 19, A4
T WA R o AR LR A5 B B i R e %
BT UG A W A 8 B A R R R
I K% % HybridHP, 824 8 A4S W 45 HE 42 02 R Al {5
1. [al ik, HybridHP ¥ A 4 B DomainO 9 8% /&
R T U HybridHP 56 W {5 A > 5 0] 8, LA
KR W BB WS 4R RS0 )2 A B Hy-
brid HP 75 [A] 33 FE— 45 48 4 0 5% s i A 86 48 A [ 3L

FFH — &7 W 0] (5 F B 7R N SR o, Horp

FERCT i HybridHP Jir fE 4 (1) 45 Fh SR 0% 15 8L 10K
wg O AR Sy Hybrid HP 58 g {5 5L 09 ok I8 0/ IE 1 3K
W {3k 1 22 . ) B SR FH B0 28 44 0 8 AR
(1) J5 ¥ R A R b3 1Y) R W L A i A B AR R R X DA
Femg ot R 15 1 HybridHP 5% W8 {5 & 3 {4 i H
Hash &3k (41 MD5 ., SHA # 3 %) 1% Hash 1,
RPASC B A 227, 5 0 B30 ik 2 T 28 44 0 BA 48T X
PR (I RSA L ElGamal® 25) , B “$7 2% 4.
ZJE DL b B 2% 2 TR AR B SO R S — R i T
K WEERGEERPEEX — B0 45E M
VMX &% 8 | Hypercall i3 = [m] HybridHP %
%, Hybrid HP Xt 422 Ut () 28 1 Jin 4% B 5 {5 B8 ik A7
Bk, Hybrid HP i3 (1) 5507 45 44 25 3% L v A 45 5K
R84 RN WA B SR IR SC. HybridHP 1 58 &
TN ERCT S M ECE R IR X R (E S
SO BRSO R RE Hash SB06A5 1 — A3 B0 i 22
FEAEIX A Fi B AT 45 5 AR, 45 SR A ) ) 2 44 4%
S GGIE , 75 0], 158 B 5 W A S A 2 AR A TR IO B AR
B ey B0 . Hybrid HP ) 2§ A 19 SR B8 15 8 K
To s AT ok AL X F 4k 56 0E /9 58 8 (5 8 S,
HybridHP i/ #5252 5 o 1 S0 3R ws A% =X
W= gl (AR, Sk . % ) S5, 0 S % 1 B i 5K i
TR IR K I A SR W JEE v I R AT R R 1 G B A
Pt PR 15 B 5 I 22 5k 2 A L X AR T LA PR Hy-
brid HP 15 21| i) 3¢ i — & 245 BN 5197 v 31 3R s
BEAHEZRME 3 s,

Trusted Policy Centre

Digitally

II Policy Info %
User layer | g
____________________ 5
Hypercall «— Secure Path ‘zzé

HybridHP

Kernel layer

(

Hardware Layer ]

E 3 HybridHP 55 W% ¥ 5

i T Hash 23 (MD5,SHA 25) fEE 22 2 PE Ry
(R R0, AN AT 5 Y 4 M 45 R 8 AT DA I — > 5 AT RE 1Y
TR SCAE ELAG AR (] 4007 40 27 1Y)l SR M SR JF
&3 45 HybridHP . H H N 25 5B o/ i 7] RE M
JE— BUR MG A T 2 e — BRLAY B U
i SRR A0 = 02 CRAR L 3 &) 45 xf i
HybridHP {58845 HA ). B F . 78 R IE 25 44 A4 42
AR G B SR EBAS T AE 8 MG 1 R g Gk

W5 3 1 SR W A B R A7 B 3 9 & 2% 44 HybridHP.
PH I 0 3 ORI TG V5 B 3R HybridHP 1) 58 48 1% L ff
UE T HEms A5 B AL M R AT 8 B0 A0 R BT Bl 3

HybridHP F 2 4 W5 45 09 B SR F AL A0 o
W KR 43 B9 1 2 LR I S el AN R B AR AR L X 2

RN L i ] o vl S N 7 i

@ ElGmal Encryption. http://en. wikipedia. org/wiki/ElGa-
mal_encryption
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JUL R, FE, &) B Aok e SR mE . angk 1
fiw. Hirp 23k 955 2 17 %8 B IR,
% 1 HybridHP 3% B Rl &
ik
L CRO PageTable IDT GDT LDT (ifiiflg:i

WEER R R R/W R/W R/W R/W
AR gtk R R R R R R

M R R R/W R/W R/W R/W
HybridHP R/W R/W R/W R/W R/W R/W

HybridHP 5 W 3 14 7] U434 o] {5 B e R AT
SR N L K HybridHP. 0] {345 He 32 2 40 45 £5
N5 =5 CTAl 9 YIE 1 25 Fh 5z 2 9K sh #2740 &2
R R IR A5 s A E R A EEA R
B RNER = 7 PR T« 3 B R P A R A5 B 20
NAE S RIS AT Y B ATTR T 28 46 9% 6 Y 7 [ 2
HEE A BR s Bl W 45 28 46 1 N A 350 o 7 1 A 14 156 0
TR G IEE A R AT AR s /£ Hybrid HP HE
2, HybridHP H B 1E AR5 3, 0 R i H A
JIE A 1A 5 ) AR
3.4 HybridHP X ERARZ M. AIEE3

HybridHP {R3F 7 78 H 7 86 LUS (1 B fi) Py
ARG B2 7E HybridHP J& 3 Z Hi 19 B B
TCTERIE R Ge 1 2 A M. W WG R G0 i R
w LL7E HybridHP J8 3 Z 7 B #F HybridHP, 8%
A% 11 HybridHP 1)1 3.

1E M PEAE JE v, HybridHP )3 8 Z Bif 19 % 42 &
Pl T TPMY [ al {58 shok e, i 4 fiR.

Trusted Boot
A

HybridHP
A
|
|

( Boot Integrity IKernelRunning-time Integrity)

N

J

v
(Monilored OS Inlegrily)

K4 RGsetERy
& HybridHP JEAI 8 45 T thoot® . il 1f
W P2 Bl i i BT AT % B A Y S R R L BE S A K
i 75 1k 28 G0 09 % 2 AR R $8 AT PR I 2R 4520 Bl
LR R 58 B R, X B2 HybridHP i 45 IR 55 19

4 HybridHP By351E

HybridHP {45 & 4% 6l /£ 8 K SLOC. 477 fifi

Isabelle & 24k 4 Bh1E B T B & HybridHP #E 28
AR B B P 22 A R R W A BE D R I O R AT 4
I3

B 3IE 36 3 40 4% « Hybrid HP % “ 25 51 50 43 47 HL
7B BTG MO BRI B VR (A ] 55 B
. HybridHP H #& R 37 BT LA & HybridHP 5
B
4.1 Isabelle IF=ERT

X /N AR B AE S AR B B A S R R U
K M Tsabelle R G MAF 5 KR X FIAF 5 KR8 J7 i
5L G2 b ) 77 BEA A [R]. Tsabelle W] LA
BT 5 &R 48 I8 2k A A5 e, SR T Y Tsa-
belle/ HOL J& Isabelle /¥ %f & B 3% %5 (Higher Or-
der Logic, HOL) iy 32 357 Fl sC #1.

HOL 1)y —Fh 2R B 2 5 R 5t . HE R R 5
H5RHAEEES ( ML, Haskell 28) 2201 1Y.
AR AT A a0 SRS AT ROR. XTI
Tl U 22t 52 X7 . Tsabelle X 28 %1 52 #5
P 3 3 BN nae Lise T 52 SO A SR B4l R
MIZ) K int ser & SCHBIEZE RN ES.

£ Hybrid HP {4 4 348 5 15 3 5 72 o, o 33
T (AL i T ER AT 3 M E (5 3K datatype. types
Ml record. datatype 52 B XA K B4 & B i 4 s
il 4, %) T 2 A7 f R B E N

datatype reg=CRO|CR1|CR2|CR3|CR4.

types RN KB THIALIC T . A types nat_set =
nat set s & LT H 2B nat_set, B RN H IR BH
IDE SEE iR

record [} T 14 & 47 44 R JCLH S AL 51l X T
3.3 T 34 1 SRS A 2 E SR

record policy=subject .. string,
cond :.string set,
object . .string.

BRAL policy RAWKIEEE . EETH 3 MK
51 ssubject Fos KM AH B SN 1E F4K, cond RN
BEXE X B E AR SUAE B object KRR BEAH
B AR E AR X S X TF record, 51 ARG B
A LA TR MU subject policy, Fen 5| policy H
B subject ] G1. R & policy YA {H (| subject =
HybridHP,cond=READ_ONLY ,0bject=CRO|),

@ Trusted Computing Group. http: //www. trustedcomput-
inggroup. org/developers/trusted_platform_module/specifi-
cations

@ Trusted Boot. http://tboot. sourceforge. net
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BB RAE AT LLSR K 0 policy (| cond := READ_
WRITE|), RN ¥4 policy W14 cond B GAE BLK
READ _ WRITE, {H subject 1 object I Gt 1} F
ANAE.

XF T R EE 5 AT =74 S 3R OR R BUE SO
IR 3% e S X6 0 G AR eR R T 4 A T An
g(x ==y) Jr AR RIL. REE A b (E 8z 518
i ¢'Z={yl Jx€ Z. y=gx } Tk, FR K g U
BE Z Ry a5
4.2 HybridHP ¥ 5 1% 5

HybridHP DI i) 75 78 B 45 R G N %
25 () HP IS AT L R R R G B AT AT R AR AR
JE SCH SRS AR E6 3R G0 rp 0 B A HE AT 40 . o e 4%
ARG HEBIR B S HybridHP 52 5., Jf A
FLHIIE HybridHP WfE7E. RS & AP sl 1E 09 34T
MR T E R ZN RERESN R Z S & T®.
Hybrid HP 7 it 2 #2 v 2 3] W 42 A0 ok 5 /Y A HT L 4
5 fr7s.

R K&

G Hybrid HP @
N I

L3R %4

5 RIS F A

i Tsabelle % 4iE T B %} HybridHP [y %2
A PEHEAT B IR, 7F 24 HybridHP g 37 B8, DL X
SRR 7 2 7 HybridHP B35 BT, 6 48 44
(Y AR A X ROoR B T R RGOREZ
1) B 0 P 4 A Y 2 % X R DL & Hybrid HP
FEAE TR S5 R R X — I 5T A8 T T A 35
H i Fi] Isabelle %F Hybrid HP X 4 5 8 k47 45 5 1k
Fon IFAE R b AR B Hybrid HP % 25 451 51
PRAFALE]” B TR F0 8 R OC B 3 A Y
ANH] 55 Pk HybridHP B 3R AR 47 HLA] . DL & Hy-
brid HP S S5 A7 Jy 14 158 1 2.
4.3 HybridHP 2 & B 4L ik
REPAT IR  types entity_id=nat.
ARG HIAT HERE ] record /&
record process= pid :.entity_id,
pcb Ll peb_struct ,
Ho peb_struct ] EFEFEHI B PCB 254
AGHPREE LN
record state=mem . .entity_id => process,

regs..reg set,

pagetable .. pageitem set ,
next_id . .entity_id ,
curr_mode . .string,
Horpymem 7R 2258 N AF AL AL J o 2E 2 1 AR iR
A LA B AT B BE R A A s regs RN RG B A AF
s pagetable Fn ZGEH LR, 2t TR
pageitem H WA E S, pageitem & L HE va
P HE pa H AL record; next_id Fom RGP A
FHE BEREAR R s curr_mode $8 W] 2 58 H Al AY AL 1
{41 VMX_Non_Root #l VMX _Root.
BEXT ZE R Y S S B AR -
datatype action = Write CRO
| Write PageTable
| Write CriticalData
| Write HybridHPData
| PolicyUpdate policy_info
[ Null_Action.
action B &% CRO, T3 . L8 8045 f1 HybridHP %%
W A5 B 0 E sl 1 L SR 3B sl A S 2s 4 4.
HybridHP 1 %K 0% £ & & X N PolicySet
policy set.
ARG BRE R E LN S lstate set.
AT VE E IR B IE L BB Subjecto fAction:
action=>subject.
AT B 1E & R B i LR B ObjectofAction:
action=>object.
918 30 {F 10 8 1 H X B8 M Condo fAction,
action=>cond.
Hybrid HP 5 42 4 % 1 SCE X
policy_judge :.action=> policy set = bool,
policy_judge a ps=
(| subject=Subjecto fAction a ,
cond = Condo fAction a ,
object=0bjecto fAction a|) € ps.
policy_judge W s 1F 21575 TUE B9 5 W
AT A S A 51 R A &R GRS e A TR ek R
step: state=>action=>stale.
4.4 BAMLEIE
AT BT B A ROk U WA Bl AR G A 4
1+ A& HybridHP 4 fa] By 5 % 28 & 2k 07 20 9 5
TR G T A 1 o [ IR X0 34 s ST R A7 36 E
EI 1. CRO {4,
Theorem1l. Vs€ S. [ | action = Write CRO;
(policy_judge action PolicySet) =TFalse; s’ =step
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s action| ] — CRO (regs s')=CRO (regs s).

55 1 Ak J7 Al 1B 25 45 & 58 9 o AR 0 HIL A
(CRO.WP fii) . AT A LIE BUAE B N A7 L. i1 T
HybridHP %} CRO #4747, X Fhxf CRO /95 4
SE RIS E CRA S, HybridHP 5@ i VMX 9 42 il
Stk VMCS 352 B fh % J PR it I CR2 27 A7 i 19 {EL
6 1) B R 4% 1R B Mo k. 38 3 CR3, task_struct 4§
PAFHAT EAROME B BIXT AR 18 SCHEAT i b
I SR WA 5 DB Y 3 o 48 A 1 o kP AR T
AR ALY J7 A0 A5 R G AT A R L AT X
PAERTSS  RGUIRAS T CRO R A, @ 2 1 Ul ]
TERGEW iz 47 o B b, 0 2R 24 67 8 4E O 18 2 CRO
(Write CRO) . 111 7E 5 g 1 8 b 32 sl A /9 16 B A
FRAE B CRO, B I SR WA I Cpolicy_judge action
PolicySet) TG i (False) , H 4 R G B Z s 1E )G
R GHIREE P CRO 27 47 #4535 A8 W st m] LA
PRIE HybridHP Wil & 48 b BT A %) CRO [ #24E , fi
o W M A5 AR R AT A 1k R P L AR Y RE ) L B AR 2

¥ 8 TR AL
2. TR

Theorem2. Ys€& S. [ |action= Write PageTa-
ble; (policy_judge action PolicySer) =False; s’ =
step s action|]— pagetable s'= pagetable s.

X b Sty 7 2k B 18 v R v ) TR Y
HEJE M - DNITTRT 28 48 1) I AE T HEA T 0. X T3 il
Wit )7 A HybridHP W45 1 RGP IRE 5 %
F| IR, HybridHP HE 22 A1 45 5 W {5 2% & 42 b iy
ORI AL SUHEAT PR A s DR I A8 o 0 3R A0 B 0 5|
# pagefault B % . 1 HybridHP £ VMX Root #
T AT e CR2 2577 % 1 ELFS [a] 003K Iy 7
L. E B 2 YEH Hybrid HP 5 42 X5 51 2 1 18 2 3l
A AR 2 1 345 O 18 2 0T % (Write PageTable) .
1115 75 SR W ) T v 32 S VR 1 AR A B IE 2T 3%
BB SR W A C policy _judge action PolicySet ),
Jo ik it (False) s IR 4 RGAE L NE G IRDS 1 B
35 P ) DUR IR A AN L T PR UE 17X BT A fR 3.

EIE 3. REAURER

Theorem 3. Vs€ S. [ | action= Write Critical-
Data; (policy_judge action PolicySet) = False;
s'=step s action|] = mem s'=mem s.

Proof apply (rule Theorem1, rule Theorem?2)

55 3 Bl ly 77 SO0 A HR A O B RO T AT 1B
P 7 X 46 BT 52 B Hybrid HP i 58 W AR . 52 B 1 {3
UE 1AM AR Mt Jo s 25 B &R G 0 PR AP AL E B 2
PRAE T MR B T 12348 20 N A DU AE 3 P i DR 3 R

PE R 5 3 Fl Moy 7 X 88 25 i & Hybrid HP
Xf pagefault 54 YA 3K, JoIL SEid HybridHP f)
P I 3 B UENT S AR T A B B ORI E B 2.

SEMTER 2 EH 3 MR T HybridHP 4%
(AN AT 55 Pk

EE 4 HIERRP.

Theorem4. Vs€ S. [ | action= Write HybridHP-
Data; (policy_judge action PolicySet) = False; s =
step s action; curr_mode s = VMX_Non_Root | ] —
(mem s") HybridHP= Gnem s) HybridHP.

Proof apply (case_tac (curr_mode s) and rule
Theorem1, rule Theorem2, rule Theorem3).

e 1 R et Oy AR BOE o 5T P AR G
Yo B4k B HybridHP X 5% F0 8045 DL K 5 m% 15 5
FRAE R N AE 50 % HybridHP 347 % 3K, HybridHP
HEZE Y B IR AR B AE Ty 2 8 B B i A0RS B L AR
BUA b R s A5 B N A I E il 7E VMX Non-
Root x0T H kil 819, [FAf, R4 i) 8 B R
i£477E VMX Non-Root #E2, P33 Fi i o #5245
SK3 3 HybridHP i1 i, Jyitt, & 3 4 3508, 2 2R
BHPIR S () 138 47 858 20y 32 R (VMX_Non_
Root) , % W& 6 M ( policy_judge action PolicySet)
Pk HybridHP B 5 {5 B 64 Ak 12 3l 11 4] 18 o 3%
AR B AL R (False) o I8 4 3% A i 3h 7F Jo 18 2
HybridHP #){5 & . Bl HybridHP % %42 {5 5 ff 5
A, FATT LA BB 4 I T B E B 1 28 2,
FE 3 A Bl IF X &R G800 25 m A AR SRR A A
T DL B TE B SR W% case_tac K YFfift.

FEHE S, Hybrid HP 5 M 5 5.

Theorem5.

Vs€ S. [ |action=PolicyUpdate policy_infol ]—
(wvalidate_policy(policy_info) = True
(policy_judge action PolicySet) = True—

PolicySet= PolicySetJ policy_info) \
(validate_policy(policy_info) =False V

(policy_judge action PolicySet) =False—

§ = step s Null_Action )\

PolicySet®s= PolicySet®s ).

HybridHP >R F 80525 24 8 DGk 19 75 Uk A7
SR SR, I N Tk A A B B A AT X R
W& A5 B A MR . PolicyUpdate J2 55 W B1 8T 5
VE, RIEE B E XN policy_info . policy set. 2~
Xt 32 B I A B vk (Ul MD5  SHA 58 3 21 % RSA.
ElGamal ) fI B F % 2 i FE 4T T Isabelle #45%
BGAE , I H B e AE 1 op 5 AR A validate_policy
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Fe 1 FEAT fife il 6 TE R SRS 15 R A B A X (=0T
DU, T 5wk 5 S E g ik, AF 4 HybridHP
TR X U SR A A AT IR L A FR 8 Y SR s AR
B s AR SRR BB 8 i B E (validate_policy
(policy_info) =False) , B3 A o1/ W 25 1) 3R w08
BrahfE ((policy_judge action PolicySet)=False),
PR 2 B S E T T - LA B4 Null_Action 3k
7. [l SR A BARFR AL, o PolicySet © s R
RS s THRMESE. EFL 5 WA T 3.3 iR
TERE M RG] {5 PR BE T 5 s T 0 119 42 4 1k
DA LS8 TR AN 2 SR Hybrid HP #9528 B2 4%

A R RE BRSO T SRS £ R A B
TE B M A B ¥ & 19 PolicySet £ 5%. PolicySet B] Lk
A E 3. 3 71 AN R B A B SR A B T AR
W {2 VR Sk 4 28 4 P T SR W BT ) 8 A R AR RAIE T
i A B HybridHP H i 5 w5 5 A & 240k i
b ) IR A AR B T PR AIE.

Isabelle [ & 3IF #F 5% fit B >4 Studio XPS 9100
G, 2. 8GHz Intel 17 930 4b¥ 25,3 GB N1E,
¥EAE R 48 K ] openSUSE Desktop 11. 3 A4S, Isa-
belle 3% A Isabelle2009-2 _bundle_x86-linux i Z<.
#EA~ Tsabelle Bk TFEUAS H RAEAE 15K SLOC £
A SRR R UEFE RS 40 min 75 A7

Isabelle B IFZE R UNIE 6 fF 75, “No subgoals”
Ui Isabelle B9k 32 %8 56 %% , A A7 75 AT A0 A GIE 9] 19
¥ HAR.

L

Do X A4 X M o0
done

theorem CriticalData Protection[rule format]:

ply(rule CRE_Protection,rule PageTable Protection)
blast
(simp_all)

done
theorem Self_Protection[rule format]:
" f
. .
5 |

-u-:**- HybridHP.thy Bot L15240 (Isar script Utoks Scriptingiv--;

proof (prove}: step 1 I

goal:
No_subgpals!
U:--- *goals* ALl L1

(proofstate)---------ccccauccaonn-.

& 6 Isabelle & 3iF 4% % &

5 SKIEFMASIEREITME

Hybrid HP X #8211 28 48 (9 14 BE 22 i L H 45 19
AR R S 8 SR T A A

TEAL 5 (1) R AL WG 45 05 28 oh L PR BE PP AR AR 7 50
T WP AL A B iy >k 1 M BB 40 2 CFF 3 3 4 45
R PEREE G © T Z 0 W 5 R A i AR AR 1
PP B iR CE il . AT b 215 52 1) 1
PR AE SR T, 55 25| A% M FUHE 42 (0 455 4 1
B4 DomainO LA K& K B 4 XEND #& ] 19 1% fig GE
IO B). B B WP HE SR N B AR i 1k BB (O i
WEA O N W W 4% & G0 T R A5 1 ) BRPE fE ()
JRE FELHE ZEFE T (4 PE BE (8) i W 45 BIL 1 3 B0 451 2k 1k
(o)X 3 M ZFL B 0=a +B+e, B O W{E N
100 %3.

Bl AR R G0 T A 3 0 LSS MR R R DR T R T A
T LAEPE BB AT 3K — S TEAG FE AR R EEN
DL WA A BE HEAT PR RE PEAL - (1) M 4% & 52 i 4R
PRI SRR (o) (2) MEP A B il ok 19 M e i
4 (o).

9T VAL HybridHP (9 ¥ fg, % # 7 JLA
Linux (% 38 7 7, 255 UnixBench® D) H
BB 28 TS N R RS 4 R T XEN
0 M P AE SR LA S SIML i M 455 07 58 3R A7 %) T R 1t B
HybridHP {4 gE. Ml F & /& Studio XPS 9100 &5
L . 2. 8GHz Intel i7 930 ZbFE%E, 3 GB 1. B
WE A R G0 100 45 Fh A1 e B A5 B3R 2 iR,

x2 BUEBEREHRHGERERS

Eqi &S fic &
openSUSE Desktop 11.3 Standard Installation
UnixBench 4.1.0 Make run
Kernel build 2.6.34.12 Make world
Bzip2 1. 0.4 tar —zxv{ (kernel file)

AR S TR RO AT PR BE X LE L AR S B0 A K B
WEERGAE N AL 8 BE SR 3 T XEN 1Y
LA B SIM # i AE S . JHe o 4 B3k Domain0 3% JH
2 B4k (Paravirtualization) fit B . XEN % [ #r #
TiE L B N B R AR 3 R,

% 3 Domain0 1 XEN & 4B BEE 2

K WA e &
Domain 0 OpenSUSE 11. 3

XEN 3.4

Standard Paravirtualization

Standard Installation

T UL T B R SAE 3 FRAEZR TR T RS Y
PEBE (o) X H  HoH “fif Fe SCF 7 A 2 1fii ) CPU i
B CUPET = /O #EE R, M UnixBench &

@ UnixBench. http://ftp. tux. org/pub/benchmarks/Sys-
tem/unixbench
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— A, SE %M T XEN /90555 7 £
SIM A [A], HybridHP % 4 & ¥ 4 Domain0 [ 7
S UL AEIX 3 XS B, >R A Hybrid HP fE4
A4 W 2R 4 T AR A5 1 B 34 42250 1 9 B 2 HIL I gL
AR G e A, B T HybridHP RS X 8 W
FERGEW 1O BT T 0. R 1/0 Mg A
WA M. 248K HybridHP % T 2 45 51 2 484 19 5%
w1 XEN H 52 - 01 3R #4E X R G2 009 1% Be 52 e 2
oLy F2 A B ) F A A - S 4 ™ A g B S )
S 22 ]  Hybrid HP b 5 3 &b 28 (% Bsf 1] LA
K F 14 (CR3) f 1 ]

100
— ] | XEN
OSM
80 E HybridHP
¢ 60
= 40
20

fif R SO Gif 1F UnixBench

F7 0 BT R G A A TERE () X L K]

KAV T LIRS BB B, 3 BIAEZL T
PR AL AS B Bl ok i PERER 2k (o). AT LA Hi L i
PR BE 0K Hi O JF W IR T SIM B P RE Bk
Hybrid HP X 8 thi 5 58 58 09 24 B8 52 w42 1 7E AR /N Y
TR 2. 19550 5 Xt HybridHP (9 7EREZR
XA HybridHP S — i f ik 3 4% 56 8 1 1 %
I

R4 UEABBENEREERK (O

Wi e 2 (] / s AP B AR 2K/ %6
HEHL 3.487 NULL
XEN 28.039 704.1
SIM 3. 967 13.7

HybridHP 3.853 10. 5

1 g iE HybridHP W45 68 1 B9 A %0bE , JAiTik
B A PP KB rootkit Wi 75 X0 . Mood-nt ., a-
dore-ng.Synapsys Fl SucKIT2, 3% & i1a X% & H
FRifiAs T HCE & Y Hybrid HP J FEHESE. 5 1
Fi s o7 G B i 5 CRO A # ok i & WP Oy
0. AT 254 GUER AP BIL TR 5 265 2 b iy = B B ok
FRG TR R — iy HEE AR DT AT LAAT: B
BN 005 5 3 A T AR B Tt R g AR R
FIXT R G0 ¢ BE RS 918 00 5 4 Fh ek O U 4k
HybridHP Fr7E /Y 51, i 8 2t HybridHP 9 i

FECHE DT, 3 4 Fh Bl AR T 2 TA R G0 I TR S0
(NVD®) H iy #7841y py A% ey X Se s R i
HybridHP 0] DL A &0 W5 45 A BH 1k x4 Fp e
Jy =K.

6 ZERIF

ARSCHR T — R T MR R R R AR T
% HybridHP, B DI S ) 7 76 o M9 R G i N
A% 25 [B) v S it DY A% 58 8 M IR 5 IR 55 . HybridHP 1)
REH 4 A~ 8 H R R E . S BB R L A TR AR
P W T RN A A S Bl SR B RE AR A BOR X i R
W A5 5L 1Y R B B St OR A B I R B AT
F VMX Non-Root # 3, HybridHP iz 7 F VMX
Root B0, fRiIE T HybridHP W 45 (1 AS A 55 #% .
Hybrid HP F19{ W ¥ 2 G2 91 A A6 7] i 57 R A0 ] il
TR W15 R G0 0 B A T S 4 W s A B A 2L
K H HybridHP B0 RS F 8L 4 5 18 2% 88 T 9
REMNARE T NI AT HybridHP 9 B8 &
R4 T RE L B 1k Bl W5 5 R e b 0 R ot L AT
. Hybrid HP SR FH W 45 BL il R 5 s 2 9 1) JE AL, AR
B AR U268 07 o 3 o 5 s TR 04 77 XS R SR e
EHSY RN PR e R CE N O NI
e T 8507 28 4 T 1) 15 R DR IE 5 et I B AR 1 722 4
PE DL SR W A5 B BIL 25 M AN R B A AT B
PE. AT s R 27 Hybrid HP X 9 Wi ¥ R 4
Sl W 45 IR 55 2 BT A A L PRI B I AR R SR Bl
WA PR 2% HybridHP #4786, 928 1 Hy-
bridHP Y J5U %L, I ] Isabelle X H 1E 8 PE E 47 T
WEH.L (Rl A SCxF HybridHP #4717 3Bk il i A
RGEREVEAN L 45 R KW HybridHP RE A7 R M 17
BE X PAZ 58 B PR 1 ik () B X B M 4R R S P g
5 W 428 ) 26 AR /) 1 L

FER R CAE R K HybridHP 1 2 4% 4b 22
w6 AT B AL B, 45 HybridHP 32 47 78 7
ST AL BEESAZ b b W 4 b B B . Hybrid HP
PREAE T W N A 8 M B R R T 22 L e R s A AL
T B 2 4 S WS A5 (4 BLP ., Lattice f Biba 58 % 1
TR S5 25 45 LA K o] 48] 8 B A 2010 48 4 SR s LA
PRAEJS AT B8 22 19 B0k 3l 4R AN s 3 4 e 9 B ) s
2B SR B 5 B — > B T 1.

@ National Vulnerability Database. http://nvd. nist. gov/
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works including a trusted boot revolution, an operating sys-
tem integrity surveillance prototype based on VMM (0OS-
ISS), an operating system object semantics model (OSOSM)
and its partial formal specifications and verification. This pa-
per reports the authors” works on how to design and imple-
ment lifetime kernel integrity surveillance for OSOSM.

This paper aims to resolve how to provide lifetime kernel
integrity surveillance using virtual technology, but without
loss of performance of monitored OS. In this paper, the au-
thors explain the existing problems of the traditional virtual
machine monitoring approaches, such as system performance
loss, trusted computing base (TCB) expansion of the moni-
toring programs, and difficulty of obtaining the operational
semantics of the monitored system. This paper proposes and
implements HybridHP, a lightweight approach to provide li-

fetime kernel integrity surveillance, which resolves the prob-

lems above. To the best of our knowledge, HybridHP is the
first system that merges the management domain (e. g. Do-
main0) and virtual machine monitoring functionality into the
monitored system., and provides monitoring services in the
way of embedded module. The memory view of HybridHP is
consistent with the view of the monitored system, so it is
easy to obtain the operational semantics of the monitored sys-
tem. HybridHP does not intervene in the I/O operation of
the monitored system, and the performance loss is little. Hy-
bridHP has the small amount of codes with 8K SLOC, and is
easy to be verified formally. In this paper, the correctness of
HybridHP is verified in strict formal logic with the theorem
prover Isabelle/HOL. The authors also introduce the sys-
Hy-
bridHP. HybridHP can effectively monitor the kernel integ-

temic experiments and performance evaluation for

rity, and has good overall system performance.
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DR E BB S ARBE ST bt 100190)
POREBEBERIILAER  dEa 100190

W E NERERG(P2P-VoD) i iy ke #2455 S 5 AU T R R ] B A R B 508 7 R D Pk
“HIE A R R (1) AR DRAC 5 (2) ) B RE L AL ffﬁﬁféﬁﬂgﬁ(iﬁﬁﬁﬁ/\ﬁ,&ﬁﬁugE"Jﬁﬁ}t. R T
— P2 AL Y 18 R AR B (8 FF Mediacoop) s XA LATE A 4 B 49 s 78 N 4 bl 205K 17 HLAE ¥ PP AR AR AE W
JRER. BRI E  Mediacoop B 56 I FHIGHCIE 25k R 51 W & AT E R AR ENE FCEMF G ERMY
ATE NS2 BEHLEE 1 19 9238 & W], Mediacoop 76 I PR B FI R G T8 0 T w07 . R, 7E 32 bR R 40
CoolFish H1 ) 3#F & Fflliz F7 38 3F T Mediacoop 11 25 4.

KR X AE MU Y R A
HEES XS TP309 DOI S 10.3724/SP. J. 1016. 2012. 01475

Lookup Mechanism for Peer-to-Peer Video-on-Demand

ZHANG Tie-Ying” LIU Yue” ZHONG Yun-Qin"'® CHENG Xue-Qi"
D (Institute of Computing Technology, Chinese Academic of Sciences, Beijing 100190)
2 (Graduate University of Chinese Academic of Sciences, Beijing 100190)

Abstract A fundamental challenge in P2P-VoD system is how to provide random seeking func-
tion. To address this problem, in this paper, we propose Mediacoop, a novel structured lookup
service which can find peers to provide required data with good quality. In Mediacoop, we exploit
the unchanged playpoint distance between neighbors to avoid publishing large number of sharing
messages. In addition, Mediacoop considers the underlying network in order to find close suppl-
ying peers. Theoretical analysis and extensive simulations show that Mediacoop outperforms tra-
ditional methods with less overhead. We have also implemented a real-world P2P system based on

Mediacoop, called CoolFish. The running results also prove the effectiveness of our design.

Keywords Peer-to-Peer; Video-on-Demand; peer search; streaming

A Bk e 38 T s T AT (HUE Bk F)
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TR R R AL BRI, FRATT H BR R a0 PR =
Wil B P e N R X AR SRR A A R E A IR 0 4R T A R AR R

% (P2P-VoD) & & R 1 F Wi AT iy BB W i T 22 S IE AR JE T AL T R, — R A

. BURE O SR KRR s AE TR P AT DR B L BDY DERC, Bz S A R T A X — SR

1 5]

T

W H 93 :2010-12-17 ; e XA SRR CE B 1 - 2012-04-10. AR RS 31 [ 52\ =7 B AR BF 9 & Jig 10931 H % 45 (2006 AA010105-02)
B R = SRR BF 5T & R0 I 4 '(2004CBS]8109)*HI%€EI”%{%E/\(GO%BOOJ)&EJ HERER . 1982 4Rk, B HAE 5T
P EBEPFIE I AT FEILM LS A 25 P2P SR W 4% % 4. E-mail: zhangtiey @ software. ict. ac. en. X B, %0, 1971 4F2E
L BIBFEE 51 E AR LEON BA R LS R. SIE EE L L1984 AR R B gT A L EHE ST 5 i b T SO A B s R E L &
TS RREEMEL L1971 AR AR LR AT B T A O, RS AU O 1 B R AR A T
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FEA B RIR . TR BT UG . BP0 s A R Y
Py BRVERE L 1) A e AR AE IR . B DS AN ALY 2
ALY ) B, X R i BT R R T RO E
YEFH. Huang' . Puchat® Pl } Hefeeda % AP #4145
th L A AR W LR RE 4K 25 2 B BT i S AR A
B v R AL A ) PR M R A B B I A48 bR
SR G A AE R AR S e il A R A O A 4 A
it 9 HORE TE 7 3 B S S B A% s s T
U TR AT B H A 2 ST 3 W R AT T AR R
CEPY A 410 BT LA 583X — 18 AR AN 18 A 3C. 3
LB 2 15 RIERS 4 75,

WH L EEX P2P-VoD Wi R I ik A N1
K. AR J7 25 02 4 ] 23 A Ui Ay R (DHT) L 8 22
PRI 18 25 0T I 1 1 5 2 A 3] R0 2% o 2 i A 36 (A
SCHRLS .5 1) H g 33X 07 ¥ I T AL IR 55 +h 2 3
R S B 0 28 I PRI O A T R 82 b ) TN A 2 Bl
WA R RE R AR AR A 5T U AN W R A R
05 R Xl B T LR i 0 2% . R Sk (3 ]
VBB X5 s Wy B RE 5 T EAT TR L (H 2 AT 52
th B J5 ¥R I AN BB T AE P2P-VoD . SCHER[6-7 4
HPeth T DHT py4s# {18 R 75 vk DLk 5 KR /Y
PO £ T4 o {H J2 i 7] B 35 AR 55 i 4 B M R AT
WHoE.

TEASCH BT X P2P-VoD My FFAE, F T4 M T
— N EET A AL B JZ R R BRL (R FR Mediacoop).
ARTT Y — R AT $R BB A8 [R] I 36 J2 1 25 DE 0 A 5 J DL
PiE 1 XU 2R AR T & Mediacoop H £ 4% i 72 94
I3 R B B

X T2 E S 2% 710 e IR TR B i AH [R] A X R, 7
ST )45 TR B 2 AN A8 1) CBR AR A 2R A7 ke Fn e 45
BB R bk 0 1AL S8 7 vk 10 AR 45 T 5 5

(2) fEAAETT R IN— PRI 55 W (overlay)
izt B LLAS BRE] AE R K TP i 28 ok BE Al AT &
Sl HEAOE REB R B 5 A i 3 18 8 Fe/ i
AR DL SE Y 5 5 DL .

AT LIEW T UMK F 1% DHT )
A LA OogN) » Mediacoop RE [ I 58 i _F ik
P B A k. FRATTAE NS2 AU A8 1 K 5 X b 5K
5, 45 R 2 W] Mediacoop 1 i gl I 1] | Bk e SE 8 | 1%
JICZE T A 45 TF B B AR T o W . R L AR S
br P2P-VoD £ 4 CoolFish 523 T Mediacoop, H
BATEE R B UE T L 0 5 A

AT 2 15 B3R 56 AR 5 35 iR Mediacoop

MY FEAAE AL 25 4 5 A 18 Mediacoop (93114
5 5 A UG | AN 9IS B4

S bR ARG MIBATARDL 55 6 15 0 4 30T B
2 HEXIE

P2P-VoD W 4 — i 53 2 14 T 45+ R I AR 45 44
P2, T 45 k0 Bl 4 o (EUE B T 2544 9F A
ST AR P2P W%, H BT £ S5 7
] S TE PR 5. AT T B A RDE 45 1 2
A I 5. P2Cast™™ J&— A~ A0 1) SR A R 50 . & ff )
AT H AR AT B 4y K. SR 7E X B 4y K A
R — SRR T R — Y A0 SR T s R RO X
Xof T S ALY O 285 S 15 2 8 I AN 1. 5 A0 A Bh A PR AR
S ) P2P FREE T 4E 3T 45 04 S AR IR HE . 1 S B
HE,P2VoD L 43 & B A 4 2 R 45 4. 24 AR
e Bl R B HIA RS
SR R AR)R. A&, P2VoD I3 A 48 1 3E &
SR Y Bh 25 5 AR 9 G Bk A AL A N R 4% A A L
R A A BCE PR 285 4 2 B i S A A SR 5 .

PROP fE AR 25 4 i AR 3%, LA DHT fE 2 3
fili 4244t P2P-VoD i 55. 78 PROP H, L ZLAT 5 3K HL
B — A FHE P, e A B B i 1 B R A B W 4
Y SR B A 1 B, B e K Al DHT 3R 4%
PO T SR P25 B0 Ao T 1) 3 28 R SR B . X
Tl 5 Y e — AN ™ F 1 0] R, A2 LA 2o A v Al
S 1 PN 25 B G T B R AR AR A L IXRE S Y SR N T
b K A BT RCE 1 P A L X R T T R A
kT E KRB RE. AU, 2528 v X R TH 4L
e 1 5 70 0 B b B 2 A A O 1 I 5 £ .

PROMISE" 775 & i ¥ M R 1 iEAT THR &K
ST W S BR  T — A SE BE  E. TE R G
b, e R S B A2 A ) I A B8 0 o B 4B Y A AT
PASR AL R A 98 . AT 2 AT 99 0 1 Ak O E. 1R
SR o KPP T R AT A ) S 3T N 4 e R AT B
A2 Ky ) IR SR AT P A 0 2 1002 O BT ) U4 A (R
PR &8I 9 250 O S AFAE » H AR & #7190 2 57
AR AR R Wy B 98X —F8 bR T AN IE T T
SRR 5

AF AT T AE 4 R A 56 1Y 32 & OBNSY Al
RINDY'™ . OBN 3 /b 1 b3k DHT J5 355 o (1 9 45
TEES B R SR 28 vp X 1) & 5k RAY e dE DHT
M5 K1k overlay. {HJE , 19 23 97 38 1 i 1 F 98 4K 4R
WA TE OBN th8 LIS2 8. RINDY i I 250 i 7 i
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PR T — A Z R A 3R W 4. 25 0 3 4 /N PR JE T
HERIEEY RES FHEH Gossip PSE A7 4
BTN AT AL B, Gossip PR 237 ok &R 1
Do 28 5 0 Lk b 7 AR SR A 25 1T s B e
.

3 Mediacoop B R &1 EY

A EEAT IR Mediacoop [ 3k A4 B B L H 14 41
FTEIHESE 4 WA, Mediacoop B W K A0 F
5+ (1) T 4 43 i %Y 9 25 A 30 5 (2) G o] 4231 14
28 JE IR BAR I 19 . AH N HlL Mediacoop 48 2 5 2
G3 RPASBY B X A B BV G PSS [ Y B
WA AR 3.1 5 A 3. 2 4R B4 4.

3.1 B A% = M (Playpoint Overlay)

AT 1 B Bty i i B A SRR

95 1 BrBeny HAn & N A LA it AT — &
Sor MO BE Y, BE Y s 1% O g
blocky sblocks, s+ sblock,, s B — A EE e %F W — > &

eswarm 35 B0 0105 Hofs

2

b
3

D1 Do
o0

Q< s — [ s —>]

C[2]3]4]

['9T1of11]

[14]15]16] -

JBCA XFE T s AR A (PlayPoint) PP, 3 X
TR p 2RI TE B R B B e S block ;. YA
TV 47 5 A1 1) 9 R U Ky ) — A swarm (A& 1(a)
FE7R) . W F L5 R AT S 38 BOZY R 1 3 2
—HEAY. BRI LE RO 0T & 4 A T ) B S A
KA AR (BR AR s AT Bk % s 45 /). FE 4 1
B B o FRATT A0 AR 2 ) FH 8 s B B 4 2R Y swarm
RE|TE—AFF (& 1(b). —A4 swarm H 32 37 4
R e B CR % ph 26) , Bl 7 4 et 2 v, A o
Z B A LA L swarm YRR & 2 T
IR R Bt R A T swarm B S
TR 4.2 95) 6 b 32 rP 0 5 2% 3R 00l BB O R
BSTFEAT L SESR A T R H A 4R BT H AR R
S R A RS BT E 4 Y Chord W
U NI Z A TE T BRATTE TR S B S TR 2
Hash {F. P, 476 B0 88 0 A AR P45 ST 22
FHRIE B RAILT swarm (R A, 3 A4 45 P
fiff Mediacoop K KU/ T I 45 FF 45 36 it ssi B 25 19 45
S AR 4.2 FH s .

Dos
W qe

o T

0

Ca) A AR R R 755 2503 4 [R) —Sswarm, 5 £
TR IBORE B AN AR B AR AEAT VCRERAE
& 1

A oA TR0 B Hh

2 )
o B 3 1

[2°~2"| p,(IP:Port), p,(IP:Port)

[2'~2")| p.(IP:Port), py( IP:Port)

[2'~2")| p,(IP:Port), p,(IP:Port)

[2°~2Y| p,,(IP:Port), p,,(IP:Port)

P2 5 A 000 B T 0 S R R R T
3.2 B P E = M (Prefix-Tree Overlay)
55 1 B BOA A P S5 SR IRATAR Z B L
ol 5719 0 N A VEC 25K L AR5 2 Bir B, JRATT Y

HTT Ji8)

0 b

(b) PifTswarm i & 5|76 1 R AN K 5 L, %5
5 L CEE R0 MR SR I B o A

o HOR

AR 2 AR 7715 At 4 30 0 468 328 3R e /1N 91 o
TAE. PR b5 2 B B A TR R R TR Y
swarm HFEAT IR DO AR A 5R 1 B B £ £k 0 A
f i LAY swarm gL Bl AT AR 19T R A
PG AN AT 4 swarm A ER 919 AR 51 AR 2 Bir
By BT 55, DR O A i) H B 2 HE R B /h L T S8 R
FIAS S TP i 88 SAT B D) 6 2= JR AT S A A
R IP AT AE [ — A swarm YT AR 51k
K AT 3Ch) B i 51 . XA . i STk 1L i J7
U5 AT AR AT 4 JR HE R 2 AR 12 6 i T A A OB A
/NI TP FTZRIF A A i) H AR FRAR GG B 3 (h) fir R
ARG AT R E & T H AR 1P BT 2015 8. AR 40
TR AESE 4 1 Im LA 4.
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PN Py,
S p
T BB TP 4 0 AN
159. 102 * 02 11 2\0.77.%
OO
’ ( ),o @ ‘ @@
o A \ /)u /)“ ) Destination
O sl Swarm H T AT u

) A4 H 1P 2 w/&
ok

(a) 1B

(b) %rZKJIExﬁ}k

B3 R R T

4 Mediacoop ¥ 4Ri%iT

TEATT 8 S5 41 Al T R0 2% SE SR A S
PV BB 0 40 B A o . A S AT 400 4 R AS T[] 42
R TRETEH N A2 KA RTEE UZ HH
FO WM HL L I 23 G fe] {58 1 B% ol SR 0 AT A 00 s IR S
BB R GE M 4E 3 AU AR G T 4.

4.1 T RWEMEBENIKE

VE S 58 R0 60 I P2 P 28 48 % iy 3 i 7Y
JE IR R ARG R R AE SRR R S P
2 HAE AR B A (N S Bl Bk R AE AR L
SR A RE R AR K, 25 T B A Y S I ). [
R 6 G114 5 3O g i, 3 T K 2 s B
FH LA 150 ms AE Jy ¥y BRBE % | i 3 g SE 3R 1) F FR.
PRI I o A SR, SR P I 6% B 38 A Ay A o 50 i B
REMFEFR . LA 150 ms A Sk vy 21 3 SE 3R 49 B BR. AR
i 381 ity S2E 3R W] B Bl IS ] 2B A8 Ak H 2 b 20 RS A
fEXTFRATT SR U AN K. FR AT A 75 90 S 1 4 (]
(1)1 24 4 IR A 3 HAE 38 A /N i A S <08 1 A
I s FAT e 50 1 2 T ART 4K A5 sy 3 g ZE R S PR F
H B & B £ AS(Autonomous Systems) I8 2H
B LT A — A~ AS By AUEE B B AT A ER
AS FI B P 2% SER AL AN [F] AS (8] 19 B i 7 X
H PR R 26 B (BGP) 48 5. AS &R X 73 24 B /)
38k (Cluster) . iy TP B 28 43 H1JF K. XA H 5 2248
3R] AE IR, PR A ) SE IR g/ i R rp Y R AR
AR FE . AT SCERC 1L ] i 5 vk R A5 4 B 5 )
14 3] ZE 3R 3 L X A A AT DA% 3R rh 3R AT JE R B/
1) A S ) H bR, 1 A8 IR ARy i AR A R A 4
TE B B Z 401 ] LA 2% S0k 11 ).

4 R T BRI A R A R 1A AT A
R P RIS 345 B S A AR I BGP % iy 3R K&
W Hr{= &, i )N RouteViews Chttp://www.

routeviews. org) 1 RIPERIS Chttp://www. ripe.
net/projects/ris) I A] 3. H X 2L B 3R, AT LAY
R AT 5 D 2 kI L2 R DL TP i 4y
B 25 3 (Cluster) . FATTLABEHL A9 75 20 B A 5
EI”LEXQ/I\%SVE?@VWE’J“W%” EEMANEZ
JE1) 14 428 3R S 5 2o Al FH L King ™ 0 5 x6f Jiy “ AR 37
MY HE R AR AT B S5 15 B A3« (1) TP 5550 1 1y Bl Y
B 2 (ICMT) 5 (2) 38 5 38 2 1] (1% 4B 3R 3= (CCDT).
B ICMT, 5 s ] LR A C )& 193, B CCDT
PAF G HPrE e R /N EARIEL R 1AW T
CoolFish 4% CCDT (4] . 4% 5 K W .0 AT 55
S Q] 41 3 2 B 2 2 R B L R A R

% 1 CoolFish §§ CCDT (BF g : 2009.09. 02, 15.00)

JEIR /ms
159.226.40.% 202.127.200.% 210.72.15.%
159. 226. 40. * 0 31 8
202.127.200. % 31 0 58
210.72.15. % 8 58 0
4 e e
P2P &5 H T A7 35 1 P 2 (ICMT)
IP-Cluster B i %
BGP# ﬂ
(CCDT) Kin 1
g too.
Cluster-Cluster £ 18 % =

P4 g A AR AR 7 1

TEASCTT R BT A 380 4 20— SO 4 &5
B s R AN I SRR — A R M A A
B K A4 AR A A HORAH S 9. AT R DA
YRR HEAE AR R CHP TP 580 . FER BB X 2 H
Xof AT 2R T 1 AT R 2 AR R
M ATHT 2805 Y S B FAR I AP L IR TR
Y

Dippresic (nlsn2) = Prefizx,, @ Prefix,, (1)

TR 1B B3 n HAR swarm g 15 g 50
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G HOAE X B -5 v A0 SR AR D 2 2 S
745 5 o a5 (AR 3Ch) FIF 7% ) o 3X FE 0 25 I 715 45
FESEPRERAE AN S R TR k. A5 2 A BE & 42 1
JT € » A A FRATTAE AR TR 45 4 ok 2 40 TP if 6 W 2
i DR S AR 7 B SO I S R BE B TSR TP
T2 1) B B 1 AR — 3 L AR R R

4.2 VWEKHBRHHE

Tt Mediacoop H . — Y25 4% Hy 9 By B A 43 5]
T S 55 0 R R A R R A R A TS B R
AT 3R 5 B A R B RO TP RS PR
%,

B A s R B R s R T HE
swarm B ME B DL S p W% S th R R
B, i R A logM (M 2 E RSO AT. 5 17
(0=i<<logMD IR A& a 77 I FE A E 1%
NS p WEEEE R 20~ 27 RO (py—>
Do) WA SCANTR < GBS At 7 5 5 a5 2 55 I CEP L 1(b)
BN ER) py ~ po B9 BE B B2 98 4k @ %
N

Dy (1 + ) = ((PP, —PP, ) +M)mod M
(2)
XA M RSB PP, 2 R p MR TS
K5 Ca) 25 1 B A B8 AR Y &5 0. BEATIE R T
a=2 T EMEEGXEM a=2 BRATH S KA.
T ARAIE % R T R R L U AR I R
FERE 1 BN BOR T D,

T 2y iSRRI
2° p(1IP:Port), p,(1IP:Port)
2]

<
B %

| %mﬁ%mﬁ|

(a)

| i mk |

~

~A

TP i 26 15 i £ T R
2° p,(IP:Port), p,(IP:Port)

2! (b)

Bl 5 Y XU By %

1P A S h 2% - DALY o p 0], 3L TP R 28
FATGE T AE O BTE R — swarm H BT U5
K IP RTSUH 1 R A logK (K &7 s i D)

1. 55 7 47 (0= <<log KD IR A7 BT s TP i 4%
FRELVZ B NE p WATHMIEE N 2/ ~27" ZE
BT T B (D FrR. B 5 (b 43 i T TP 2
P& H R A5 s AL
4.3 #HifERE
PN S UG TE A 3 BT 95 ik BT 5 0 e BE AT Y

51 BrBedil, & 6 il Tz A sAA PR, A
TR AR I L IR R 2 A A B AR
HE.EEEREX OISR A C S BREdssny im
B D ARG Z RN SR bkl
D 5 5 B IF A H B % kK 4 B A
BRI R (D R A CMBEE % T D, it
W CAE NPy R 1l (2) B A HiEn 1y
FOAT DURE J o P 2 i1 s AR D R 1 s R [l
/3 B RR RS Y R T
D,,=(((PP,—PPs)+M)mod M
route_nodes=NULL;
/A0SR 2 Y A SR O ) T R [
if D,y ==0{

return Node A;
b oelse {

/A5 ) R AT IH R R

Let entry_key= ﬂogD/,/,—‘ 5

//get_value(i) iR 15 ¢ T HL A5 0

route_nodes=get_value(entry_key) ;

while (route_nodes==NULL

& 8. entry_key>0) {
entry_key--;

route_nodes=get_value(entry_key) ;
}
A B
if (route_nodes!=NULL) {
forward to route_nodes;
}
}
/ /A0 SRR AT B E 4T 3R T2 AR
If (route_nodes==NULL) {
return Node Aj;

}

6 A A DT BE A i 5k D AQTS (Node A WCE N %F
AR R PEAT B 9 i A

oA DU TE £ 360 - BIES 1 Br Be kAR 1 B 1 A
e AE TP R i P P R AT S 2 B B A il A
WHERLEE p 9 CCTD i ZER f /N . R 5
Y&k N IR U R W < 4 TR =D S L I R W N =
C 14 TP Fif 25 i 1 2 b 4R B B 2 H bs fieale 19779 L OF
li) JURE R AT B, 58 1Y A B A AT IR R AR
HLEN A T A AT e R (T X LR B R A
HRAAEATE BATHY B 2 A5 5 2 1939 1D . fE AL
W R AR AR A 2SR (TP b bk A1 H bR TP AT —
BO BT s R OR ] A0 R e 5 AT A R HE A Y
MR A p 2 ZORM T R AL A R (9] £ [
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— swarm HRY T R RIAT PR R 3K 6T R AR AT
TRAYIEIR (R AE N 2 LAR R W R 2R Y. 18] 7 25 i
T %AWk m DA,

//VE G BRI Y AT 2R B Y
Dipprefin = Prefz'x,,@Psz’xB 5
route_nodes=NULL;
/ /G0 SR A R R Y Y AR B R [
if D}pp,(,/,', ==0{

return Node Bj;
b oelse {

/ /A R IEAT I B R

Let entry_key= lrlogDI,)p,»t,/,,—‘ 5

route_nodes= get_value(entry_key) ;
if (route_nodes ' =NULL) {
forward to route_nodes;
}oelse {
forward to CE€ RouterTable s. th.
Dippresiz (p+C) is minimal;
}
}
/AR AR AT e fy N A 3R TR Y AR
If (route_nodes==NULL) {
return Node B3

}

[ 7 VG A A 9 5 D AU (Node B Ui 31 i i

AR L HEAT K%y 13 A
—AEWREGE 3 AT INEERE po IR
AW, WA 3 R, po KEEIHHE . H

F ORI 8 5 B4 B 9 B B 2 Dtagpoinn (o 5 block8) =6,
SRIG I B R AR JE ps ki I 2R DL IE " EE 135 2. LA
AR 7 2K, ps TR H B O H AR ECE S iy i 25
D=1 RJG K 2 pis 28 T HAR swarm [,
UG prs ME R FP T R 1. 2 R ok, po MAC W
Sl ) 4 38 3% R 4R B H AR TP FiTSE 210. 77, % IR LRSS
2 Br AR . po M FP 5 8L pos KM TP I 28 A 0 9
B CnE 3Ch) BN AR S - ps N B C Y TP R
e RP R p O IFETE B RS pu. LA
FER 77 pr BB WITH B R4 ps G E) T N7
F 210. 77. % NI HFR T .
4.4 FEMANERZLER

MR p A 45 I IR, B e R — ol
CAEMT ST p LT MG EM G a C i
B 22859 05 p LA E C R B AR GBS A IP 20
HEAT — R B B AR, A Z G, T p
PAR T BRI M B O RIEm Y,
BJE s p Y BB iR AR R B C Y% R
R Ba XM ATERZ: R Y CEEHE p
B B AT p SRV AT AR B LL Y BT Y
WRAER Y [ B Hy 2 NIAE AT DLER L. A I el 3R

R AR, p AR A W B AR T HET
RO B RR .

AT p ATk B E AF1ESE VOR 4R W)
AFE 5 p 23 38 148 8 1 A5 Ol P 2 P I 30 ) A
BT 10 498 R T R 408 25 5 AR Bz ) 45 L FEFRAT
89 753 e 358 ) SEE 3R 40 R 38 AT A S 40 i 55
ar b IR Be 5T ICMT A CCDT D2 it & i
s, A — ST EERE AR . CCDT i 5 iy & - 14 48
B DT R R G B8 S 1 BRI Al 55 45 17
K ICMT Fi1 CCDT I AR 55 4 9 58 47 9 26 34F 47 %K
P o CFEFR AT R Ge v BB A % & 30 min).

5 ERoHEEKW
5.1 EBigaH
TEA H L, FAT53 BT Mediacoop (14 A5 &% %4,
RZIT Y B B W B B A ) nT LA S AR A B
B

P(M,K) = Priusiuee (M) 4 Psceonasiage (KD 5
Horp, P (M, KD 2 S0 25 900 Bk 280 Pricsiee (M)
Pscconasiee (KO 73300 52 55 1 B Be F15S 2 B Be 19 2 if ik
B, MO BOE B B KO I CRP I 795 50D I 8
ST 1 B B RO Priasie (M) . Me-
diacoop J&— A5 F AL I R 7 i A R i R 2
L5 0 DHT J5 ., ] i Chord. {H &, o474 1 19
SERE TR AR SR PR - R 51 PR AR SO
MR ZLE 5 DHT J5i i O(logN) , T 42 #5 iX
ST PG IO 1 B 11 8 A RO ML R i Ry
AR 2 S HUBE B b 25 CRIVBCHE B AR SR 5 850
LA 2575 2 5000 T R YRR (Y i 33X BN T
K=N. [H A RN 1% I35 1) e/ ME BD

Prirasige (M) = min{O(logM) ,O(logN) } ,
BXCHL N 2 rh AT S A B Bk B X T
TATH P2P RS, 47 mi 1 B0 02 T 40 e K 1 —
TR R 500 B ) 0 e S S B AL 26 Bk
HRYERATL PR 50, 6 FoF K 2h (L 52,720 4>
APt 2 2T W2 vl M< N, F LKA 1A
Priasige (VD =min{O(logM) ,O(logN) } =O(logMD.

TESS 2 BB 3 ARG R S B R AE R
Prop A4k, B 565 2 By B s s e a4k i
B[] A2 2% B — 3

Psecondsiage (K) = O(logK).

XL K R R B 2 B R R A — A
BONRIE AT RIS 1 B B B AR swarm. i
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VIR AR SR S A A A B B Y
RIS swarm B9 M8 n=N/M. X F:. K /N T
ST 0 K WU KAE n 0955 2R A BIELF R
— 0 R L Mediacoop B8 R B Ny

P(M,K) = Prisine (M) + Poionisiane (K) <

OUlogM) + O(logN/M) = O(logN) ,
I
P(M,K) < O(logN).
WLV AL T8 DHT — IR &M ECE T,
AT RAEAT W5 B B A 1 BRI S T A B R T
Yy EPEBE A5 IR T
5.2 {FMIEMRERSH

P2P-VoD By F8 45 3 P A J7 T — & JH
Y I RGY R, 1 E 2 B St ] Bk
R ) R % B R s O R 55 4R TE T R 2%
FEES L FEAR SO BRATASAURT LA E L5 ¥ 7 5
HE. 38 % 8 R BT T .

FATH Mediacoop 43 2 P A4S MUAS i 47 X 1
51 AR AN AR R H A I R R A FR
Mediacoop(no-DA)) , RI% 2 By Bt i A 18 2 BUm R
Z I AHFH Gossip PRSUE 719 50 58 2 M RAJZE
iy BO#R A (PR Mediacoop(DAY). 2 1 il H Hij 5
RAT I BT X e, AT B T AR
3T DHT (4 P2P-VoD &4 PROPY™. [} F 4 3¢ it
WHIN 2 TRATEA LB PROP o i vt IR 55 2% 2
. (AT 5L G0 Z AL &7 R 5 P2VoD HEfF
Xt E @

FATHO XS H ik B R 7E NS2 Bl 28 b AT Y.
BT BCE ) 3600 s, i35 500 Kbps, — /48
XF R B A BT 10 s, fd R AR $D 45 A R A
GT-ITMU" A= g 1 BT %) transit-stub P %%, Hif 4
T 860 N H A% . Z IEBEALIERE 100 4> stub 15 g1 4R
3 43 B T S @L AN stub WY 2 TE] Y AE R Ch
10 ms~ 60 ms. [ B A= 5 8000 A4~ 5 L 24 57 43 4ii 1
T KB A4 b A S 4y 12 AT X
7 B SRR N 100~ 8000 ANEE. 7 £ A LL 4§
Hoash oy AT

A = Ae T
KA RR IR I A B 2, o S S5 A N L, 3
BN AT A [R5 s, P 3 AE SR R R
1800s. T 4 96 1 Mbps, FA7H 96 W] LLSC R 2 4>
FEAT L. It Sl Ak A B 1 9% o B0 Hie 5y BE B L S s
(50 H . B 56 AR P 48 1T KT 5 AL Dawning
4000A b, @ dLig TR T2 4d.

5.3 XHWHER

(1) - X BB AEAS IGHE B 5 PR A 36 30E 1Y) o 13
FENH AR BT #ET 1 BEE RS0 S5 A e & O
WA L& P2VoD. [ 8 45 i T 12 41 52 56 Xt ;.
1)1 S5 Bk 5 A S 0 H i . S SR TT LLE 2L PROP {4
BT R 2 T DHT J5 2 9 “logN” 36 W, 1M
Mediacoop B LA (1) 2 LB 5 T PROP. S8 Fe ]
A #) Mediacoop(no-DA) Bk %> F Mediacoop(DA) ,
RS2 BA R A 5 2 BB my 8 R AR

—a- PROP
—6— Mediacoop(no-DA)
—&— Mediacoop(DA)

0 2000 4000 6000 8000
R ¢

P8 PRy Bk Bkt i B AL Al

(2) W 45 ¥ 8. 0 465 JF £ 32 B2 35 45 5 B W
B, o P2VoD JE&: T 45 44 . I 3E Wk, 9 ik 7
AR IFHEFR R % P2VoD. W 9 Bk . PROP
FE = W LB 2R B g 22 DR Oy ' AN WG il % A
T BR N2 A5 B 3 30T R i #1615 B Mediacoop
(no-DA) [ W 4% JF 8 & S8 58 T PROP {H & % [b
Mediacoop(DAY R1FZ . [N A ETES 2 BB T
Gossip Pr, ok T K& M6l 5 2. Mk
. Mediacoop (DA) fE % i /b 40 % ~ 70 % 1) ™ 4
TFHH.

B Mediapcoop (DA) ' ' M
[ Mediacoop (no-DA)
(] PROP M

Wl

500 1000 2000 4000 8000
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Background

As Peer-to-peer (P2P) technologies have obtained enor-
mous success in content delivery, more and more video
streaming providers have paid attention to developing P2P
streaming applications to reduce server costs and accelerate
user downloading. In P2P architecture, clients’ resources
(bandwidth, CPU, storage) are used to power the P2P sys-
tem while optimizing network resources utilization. As P2P
networks do not require any special servers or routers, the
cost of such solutions is appealing. P2P multicasting is an el-
egant alternative to CDN infrastructure which each end-host
(peer) may act as a potential server for other peers. This
avoids dedicated replication servers altogether. The approach
is self-scaling, as the number of peer “servers” and peer cli-
ents increases at the same rate, hence it avoids the bottleneck

The

approach, in principle, would allow a highly dynamic support

of a central server (or dedicated replication server).

of changing multicast demand at very low cost.

P2P streaming focuses on real-time video streaming
applications, which include both live and on-demand stream-
ing. These systems are harder to deploy due to the real-time
playback requirement at the receiver end. Many technologies
exist for real-time video delivery. Broadcast video as used in

TV is very good for delivering a limited number of streams to

a very large audience. Point-to-point delivery is currently
used for VoD and interactive video, as well as much of Inter-
net video streaming, and can support a small audience with a
large number of streams. The middle ground is covered by
multicast delivery. Multicast delivery is very flexible and can
enable a large number of senders to deliver content to any
number of receivers.

IP multicast was the first solution to provide multicast
functionality in the Internet. It put forth an ambitious vision
to support all multicast functionality within the routers in the
network and proposed a powerful abstraction to applications
where a group address identifies a multicast group and any
host can send a message to a group by simply sending to the
group address. However, due to many technical and market-
ing reasons, it is still far from being widely deployed. In-
stead, P2P streaming not only provides the same function of
IP multicast but also off loads the central servers.

This work is supported by the National High Technolo-
gy Research and Development Program (863 Program) of
China under Grant No. 2006 AA010105-02, the National Basic
Research Program (973 Program) of China (2004CB318109)
and the National Natural Science Foundation of China under

Grant No. 60933005.
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Abstract Interactive network scenario reproduction is an important method for generating realis-
tic and responsive traffic workloads. However, due to the complex traffic generation mecha-
nisms, controlling traffic volume based on accurate mathematical models in interactive network
scenario reproduction becomes a challenging problem. In this paper, we design and implement a
volume control system for interactive network traffic replay, and formulate the volume control
task as a target tracking problem where the output traffic volume is regulated through adjustment
of input traffic volume. We then adopt a function approximator (FA) in our system to generate
the desired input volumes. The FA characterizes the mapping that takes system measurements as
input and directly produces controls as output. Meanwhile, simultaneous perturbation stochastic
approximation (SPSA) algorithm is employed to adaptively estimate the parameters in control.
To validate the system and the method we have implemented it and conducted experiments with
actual traffic traces. Empirical studies show that our system can track target output volumes ef-
fectively under a wide range of network conditions. The performance of the control system is fur-
ther investigated in terms of its convergence time, generated input/output traffic volume and tar-

get tracking error.
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Background

Generating realistic and responsive traffic workloads is
of particular importance in many areas such as network secu-
rity, network management, network testing and evaluation,
etc. Recently, a new traffic generation method called interac-
tive network traffic replay is proposed. Besides as a com-
pletely new method for testing in-line networking devices,
this method is also capable of transforming traffic workloads
under a wide range of “what-if” scenario due to its novel abil-
ity to maintain consistency of protocol semantics in the gener-
ated traffic.

This paper considers the problem of controlling output
traffic volume in the nonlinear interactive traffic replay
process, which is a rather challenging new problem due to
the complex traffic generation mechnisms (i. e. , the instabili-
ty of input traffic, the changing dynamics of the replay sys-
tem, the impact of testing environment such as transmission
delay, packet loss, connection blocking, etc). In this paper,
we design and implement a volume control system for interac-
tive network traffic replay, and formulate the volume control

task as a target tracking problem where the output traffic
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volume is regulated through adjustment of input traffic vol-
ume. We then adopt a function approximator (FA) in our
system as a controller to generate the desired input volumes.
The FA characterizes the mapping that takes system meas-
urements as input and directly produces controls as output.
Meanwhile, simultaneous perturbation stochastic approxima-
tion (SPSA) algorithm is employed to adaptively estimate the
parameters of the FA in control. To validate the system and
the method we have implemented it and conducted experi-
ments with actual traffic traces. Empirical studies show that
our system can track target output volumes effectively under
a wide range of network conditions. The performance of the
control system is further investigated in terms of its conver-
gence time, generated input/output traffic volume and target
tracking error.
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A Download Time First Self-Adaptive Incentive Protocol in BitTorrent

LI Zhi-Jun JIANG Shou-Xu
(School of Computer Science and Technology in Harbin Institute of Technology . Harbin 150001)

Abstract  The goal of current incentive mechanism for BitTorent is to guarantee the node’s fair-
ness between upload bandwidth and download bandwidth. However, the file download time is
more preferable than such fairness for the users in real file sharing environments. Therefore, a
new self-adaptive incentive protocol denoted as AIPS to minimize the file download time is provided in
this paper for BitTorrent. This paper firstly analyzes the influence of incentive mechanism on file
sharing, the file transfer structures under incentive mechanisms based on Markov model. The
conditions to minimize the file download time are inferred further based on the transfer structures
and then a game with file download time as its utility is defined in this paper. The AIPS is the
strategy adopted by nodes under the Nash equilibrium for that game. Simulations show that the

AIPS can improve the efficiency for file sharing.
Keywords BitTorrent; incentive mechanism; self-adaptive incentive; Nash equilibrium
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Peer-to-Peer (or P2P) techniques have influenced the im-
provement of many research subjects such as Internet, net-
work, operating system, computing communications and
have influenced the peoples’ daily-life, especially under the
prevalence of BitTorrent and P2P stream system. However,
the selfness of P2P will hinder the performance of P2P and
the incentive mechanisms have become a focus of P2P resear-
ches. Nowadays, the incentive mechanisms for P2P are all

fairness driven, i. e. aiming to implement the balance be-
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tween the supply and consumption. But comparing the pure
fairness, the nodes in real P2P systems are prefer to the effi-
ciency of the download. Therefore, a download time first
self-adaptive incentive protocol is provided and implemented
in this paper for BitTorrent. Specifically, a game with file
download efficiency as its utility is designed to analyze the in-
centive strategy taken by nodes, and the download time first
self-adaptive incentive strategies are depicted by the Nash
equilibrium of the game. With best of our knowledge, this
paper is the first work to design the incentive protocol aiming
at the improvement of the file sharing efficiency in BitTor-
rent. Sufficient simulation results show that the incentive
protocol provided in this paper can improve the file download
efficiency by 20%.
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A New Security Evaluation for Steganographic System Based on
Vague Set Similarity Measure
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Abstract  Since variations of statistical features caused by image steganography are indeterminis-
tic, vague set similarity measure is introduced to steganographic system for security evaluation in
this paper. The first-order and the second-order security measure based on vague set similarity
measure are defined to measure the similarity between cover images and stego images in the sense
of the first-order and the second-order image statistical feature, respectively. The newly defined
security measures are then proved to have the properties of boundedness, symmetry and unity.
Finally, under the assumption that the pixels’ statistical distribution is identically independent
distributed, the first-order and the second-order security measure are proved to be equivalent.
Simulation results show that the second-order security measure can always capture more obvious
statistical changes than the first-order security measure. In addition, compared with the security
measure defined under a deterministic image statistical distribution model, the newly defined se-
curity measure is more sensitive when the embedding rate is lower than 0.5 bit per pixel, thus
providing better guidance for the design of steganography and steganalysis with a small embed-

ding rate.

Keywords steganography; security; vague set; similarity measure; boundedness

Wk H 9 :2011-01-26 5 e ZAE BORG IS E) H 91 : 2011-05-26. A< PR 13 B B K B SR B2 2k 42 (61171124,61103174,60902069,61005049) . )
RARHETRIITH (2011B010200045) ) A48 m AL F5 AN HT A 4 (LYM10116) BRI s 5250 % 42 73 H (CXB201105060068A)
Vil BRBEEB IR . L, 1974 4R LR A B, 2B 907 1) O 15 B B &% 43 BT E-mail: oycj001 @ 163. com. 2 5&, 55,1982 4
AT PR, RSO 10 MR R B R R 22 R GEMEIERD &0, 1968 4R A4 4, 9T, 1 AR 5 0, 32 BB 5 S A Ak
YAl RS B . E-mail s lixia@szu, edu. en. £ 88,20, 1977 4248, W, B082  E2ERF 8 U800 3 AR A0 1o A =0 ).



7 BRPAFRIAAE . 25T Vague SEMIBUE BAYIER RS R 5% 2P 1511

1 5]

Tt

B 5 RS J3 A 2 A L BRI 5 4004k ) — A~
T AR —FOR 1 AE B AT B R e T
8 SR 2 Fi Ry T B A . A 5T A0 3 . K 22 Bk
AR PN TR B S Jr i b R ERE L et
KB T RE RS, &1 T Kerckhoffs #ff
WS R S E H B OR KA I 2 T %4
PEZ &, H AT, 78 8 1 BaE BOR B AR R i R dE T
XFBaE RGN IHe IR BT BRI RS F R
oMoy im Y 22 Ak e SRR AL D T 1 B 5
R P A0 SR HE N7 56 35 119 22 4 M) A5 A 2 B
B ARG AW ), A TRE KRS 5t doR
R AR S I S UE RS

HEl B S RE M TR 2 0% 202
Cachin' ™ 7E{B 1% 3R A3 1 20 7R B0 4 0 48 %5 5004 o
FRABE 38 20 A1 BRER, 42 ) A AH G R 1Y e-secure 45 F5.
Wang 45 N\"06f Cachin ) 25 19 8 3 £ 50 @ W7 28
i, XF Cachin BLR o 9 48 0K B30 E 47 802 /AL %
R 2 BT p v 0T A AR A B B X AR O
AR R A 45 1 % 4k 52 SC. Sullivan 2 A
F B R AR R A G R AR ALy B R AT K ik
(Markoy Chain, MC) BT, 545 28 4 B8 205 5
ST MC 22 50 46 5 10 B8 B 5 S T A5 R %%
(22 . SCERC6 ) BRSNSk I BIR T 30 1 25 Al
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B G AH S (5 8B A T L R R AR 2 B R IO
AR K. Pevny 48 N R Y e i 5 AF 4R X R
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NP UG AR e B B R AT SR (n -MO)E R,
K Hilbert 454 J7 XA & R A n B B R AT Rk
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BRI R R Gt 73 A BT L {48 Shannon {5
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PEVEOY HA — 7 B9 JR BRPE. A SOR R RS i R
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[Fi) B 5 5800 9 3 PR PE » O LN 8 AT X 20 A ) B2 5
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J3 SR DRI L 300 B AT LA S i S T B e Ak
MRS k.

2 MERXTEERRERE—MK
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SCHRL3 I B 5 22 A MR BE 2 SCR < B B

G COAR B KBRS G o« FIECE RIGAEA
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HOP A RE S B Py P R POAL PR AR X I
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B — B et H 4 AR A B2 L Z0€ SCRT DL BRAR AN R -
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X “ee X,

P.(x)
P, (x)

AIEH D(P, || P)=0.%4 D(P, || P,) =0,
WRE RG R L 22 0<<D(P, || P,)<<e,
LB S RG I e 2 4 0. B T AR MEAG T 4k b 1
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J 0 57 [] 43 A S5 T PR TR SHe il 148K 36 4 A1 o 5K
2.2 EBBREREZ-_MEITSHhREENE

T I A PERAR 2R Z ) 4 AH OGP L SRS ]
3 1A R R R] e BEASE R T SR oy A 1 R
PEE T BB IRS RGN B Ge it o A i bk,
B C S 4390 4 KAl 4 2 1 1 0 28 A7 .8
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J

(D

DM, .M,) = EM?}‘ log
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(2)
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J

gM : gM ST S B AP (R 2 (%
WIRE § BURE j MR, % i€ R.[0.R]H
FG A% Z N BUETE . 7 3E DM, .M,)=>0. 24 H.
1Y M, =M, I} ,D(M. .M,) =0, I a5 55 &4
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R REAE R S B S oA B S i
SR A T I 5 00 M TR (60— ) 4 A
CH— e 7 R T )« — B S AT (22 43 O
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VRS T R S HR S 6 R 96 4 b BLAT
A S T L B 2 A AL T
B B T R 1 A 0 8 B 1
G4 2 T L 75 s S B R R
f. ST PR 2 10 7 UL UE S e 1 48 3 0 0 L3
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Horp

P 15 e Ak R SR 2 2 M 2 A1 B DL LR
B ERAE 2 51k ER  Jr w22 A [/ AP AR AR 2 A
i % 19 PR 2R Cln A A% o A b 32 3 IR R R D L I
A B AR Gt R AE 2 7 A 2 A5 A8 A B X —
BARmEAG A& R E#H TR, TR E T3 X
Y SR i e L TR AR AR 2 A 2 1. IRl AR SOR R
B 55 o 7 S S DAy — A AR S 0 S A R SR T K
A B 0 28 B0 His A 56 Vague SR 0L B 0T A
U E SRS R G % a1k

3 Vague £HXHIR

RORI 46 J7 vk R RE AL PR A 1Y SR AR SRR 5 2.
XA E 1 SR JE 5 BB . Gau 1 Buehrer'™ F
1993 4E4R T Vague S FLIE RS0 42 #1611
IR R Y ST — A X [A]. Vague 5 R ]
HARSR B R EOE X TR RSN E T 548
TR B A . 5 RO AR AH LL L B SR R IA A
T PERE ).

BN 128 B X =L 2,2, &
B, V() FR X EFTA Vague EMES V(o) h
LR Vague 8 A W] T — A~ EL SR & R B 14 F1— A~
IR R AL fa R ea: X—>[0,1], f4: X—>[0,1],
Horp e Cae) g o 3CHF o IR A T 2 8 19 45 SR s 2
IR FE S fa G MR SO e, (I 4 i 5 7 75
EIBEM TR H 0 (x) + fale) <1. BE x, fE
Vague £ A Wi )& BERLIX (B [0, 119 — 7~ X [A]
Lea (o) 1= fa (o) JFT 58 FRIZIX T 2 78 A P
Vague {H .20 Va(z,).

XfF Vague £ A2 X B .2 K

—Ai

A=>Ttaax) 1= fale) ]/ ais 2, € X.
i=1

EX 2 i X={a . ap.
J X ERHA Vague 4.
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Ey(A)=—> [tp(a)Inty (a) + fu(e)Infa (2]
i=1
4
b Vague #£ A & T Vague % B W {m /i (partial

entropy).
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FIESHLE Vague B4 Kb 3 5 B

4 EHF Vague EFHUE=ER
BGRERSELZEHNE

X FRE RE, Lt B AR A ]
ARG T AN T JER R T SR AR PR IE B A R AR
53R REAR 2 R) il — o R R BRI R, — A
RS RGE AW
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hCHBEEAE ARG M BRI, S H
BARFEA LS K B 90R 2
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(2)G: SXK—>M 2B 5 5

() XER c€EComEMEE K, G(F(com, k),
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4.1 Vague EHUEENEGRRESEREZ—MEZE
4 i
E)Z 3. Xﬁﬁ%“g%/‘b Z:(FyGyM’CaK’S)a

Hp ChEiRfFESHEG M NI RIS WEER
SEA VK NEYIE & X PC F1PS 43 51 0 # kK
BEBIEEALES C MBEEGBIEEALES S B
WER AT AR P A RS (0 B 5 00 A1 4 5 4H e B
V(o) FER X EFA Vague £
ML N PCFIPS 2 X LIPS Vague £,

X={ax),22,", 2,

PC=>[trc(x) 31— fre(x) ]/ ais 2, € X,
=1

PSZZI:fps (I,‘) alff‘ps(‘l';)]/l',»,
i=1

xE€X, i€[1,n],
[Lon o EBAR R B BUE L L 4% Vague £ PC M
PS AR T(PC,PS) E XN EMR RS REEM
— B 2 PR

nln2(E(PC)+E(PS))
Epc (PS)+Eps (PC)

Hrft ECPC) E(PS) %y 3| Vague & PC #1 PS 1)
. Epc (PS) i Vague £ PS & F PC 0 1m %,
Eps(PC)ly Vague # PC X% F PS (118 . ¥ E
0X1n0=0.

M T(PC,PS)=1,[05 RE e h 0 L2, 4
T(PC,PS)=T,T€(0,1),e=1—T,M[E&E &5 &
e ZAM. Y PCEARET X, PS E2AHRE
T XLBIY HAY Ve (2D =[1,1,++,1],Vps(x)) =
(0,0, 010, T(PC, PS) Bldpe/IMA 0. M} [ E &
B R YR ANE A.

FE1 & T(PC.PSONKEBIE ZRGHRKT
Vague AL EE 7 09 — B 2 D0 B2, W T (PC,
PSH W F PR .

(DA FE. 0<T(PC,PS)<1;

(2) X FRtE. T(PC,PS)=T(PS,PC);

(3) —F . T(PC,PS)=1&PC=PS.

. (D)

Epc (PS)+Eps (PC)—nln2(E(PC)+E(PS))

T(PC,PS)= (5

:*E [tpe () Intps () + fre (x) Infps (2) +
o

tps () Intpe () + fps () Infpe () ]

P2 v G Ity () fire G fre () +
=1

Lps (I,‘)lntps (I')+f1)s (-T')lnfpg (T):I

o - lpc (1 ) fp( (1 )
—IZ:;[ZP(‘(I,’)I ts( +f}’( (I )1 fps( +
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Zp((

ﬁﬁ*%iﬁ:lnl'ZI—f,J:iﬁﬁ
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fp( (T)
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+fps (I )1

[ps(I,)l

fPs (1”;)
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el

prs(T)

)+fm <x>(1— )+
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B LA
Epc (PS)+Eps (PC)ZnIn2(E(PC)+E(PS)),
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(x;) +

prs(]',')
tpe (x;)
FREF 0 WRERM R

tpeCx)) =tps(x;) s fpe(x;) = fps(x;) s
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S.MC.MS 4535 25 C TS B30 . A3 % 250
Fi [ MC . MS 5 X R A~ Vague £, A HT UE i 1L 4
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Sus () Infae Gmy; )] (8
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(3) —F k. T(MC,MS)=15MC=MS.

FEHE 2 (W E BT S B e 1 TR (B

EHE 3. R BIEER S8R EERNER RS
A Wl 2 ST R gy A AR BB RS R G R T
Vague F AL BE & 19 — By % &R EE T (PC, PS)
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HRERMICR i) AEBRBERME v, 3B R
i 7.7 B9MER 345, N
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tys (my;) =tps (xx;) =tps (x;)tps (x;)
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S AT
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2 [tme Gmi;) Intws (mi; ) =+ faae (i ) Infus Gy ) oo A tys Gmiy ) Intwe (my; ) = fus Gnig ) Infye (my; )]
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i=1 j—1
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WA RGN, 2t TR L. E 1) il 15, X
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for steganographic security are founded upon the assumption
that image statistical distribution is deterministic. However,
it is impractical to obtain infinite data samples, which means
an exact probability distribution of the cover and stego ima-
ges cannot be derived. As a result, we propose to consider
the steganography as a fuzzy process. The vague set is more

effective in revealing the indeterminacy when compared to the
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fuzzy set. Thus an evaluation system for steganographic se-
curity is introduced in this paper to measure the similarity be-
tween cover images and stego images. Firstly, the first-order
and the second-order security measure were defined in terms
of the vague set similarity measure between the distributions
of the cover images and the stego images. Secondly, the
newly defined security measures are proved to have the prop-
erties of boundedness, symmetry and unity. Particularly, the
property of boundedness limits the value of the security
measure in the range of [0,1], which is an absent character-
istic in other evaluation systems with a deterministic image
data statistical distribution model. Besides, when a stegano-
graphic system satisfies the property of unity. it is perfectly
secure, Lastly, under the assumption that the pixels statisti-
cal distribution is independent identical distributed, the first-
order and the second-order security measure are proved to be

equivalent. Simulation results show the effectiveness of the

proposed security evaluation system for evaluating different
steganographic algorithms. When measuring the security un-
der the same embedding rate, the second-order security
measure can always reflect more obvious statistical changes
than the first-order security measure. The new security
measure is more sensitive than other measures with the deter-
ministic image statistical model when the embedding rate is
low. Experimental results also indicate that the proposed se-
curity measure may shed a light on designing steganography
with high security level.
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The Optimization of Configurable Genetic Algorithm for Covering Arrays Generation
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Abstract  Covering array generation is one of the key issues in combinatorial testing. Many
mathematical methods, greedy algorithms and evolutionary search methods have been applied in
this field. Since the performance of evolutionary search methods is significantly impacted by their
configurable parameters, we take genetic algorithm, one of the typical evolutionary search meth-
ods, as an example to discuss the different influences of its five configurable parameters (popula-
tion size, evolution generation, crossover probability, mutation probability, variants of the algo-
rithm) on the performance of 2-way covering array generation. Meanwhile we design three classes
of experiments to systemically analyze the influences of each of the configurable parameters and
the interactions among them. Our contributions are to answer the following questions: whether
there exists an optimal configuration of genetic algorithm for a particular 2-way covering array
generation and whether there exists a common optimal configuration for all 2-way covering arrays

generation.
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ATCER 2 59 GO SR WE ST I 4 A A 1Y ) A
55 3 1 4n BL TR AR N SRR S ME 5 BB 4 T X g
TR BE 4 SR B R R B 125 p & R AT 1R
55 5 R B SIS 55 6 T L IR A
PEIFAF I E5IE 20 7 W R B A MR B

2 HEXIERFERE-

Ghazi % N"HE 2003 4 5 56 4 38 1% 5005 13
TR AR A AT I S AR AR S B RO 4,
RS ROBUEA AR N 3 MR & g2 b, A s AL
FVEAT AR B0 & 11 45 005K A i — 4k 4 55 3% S
T e W 3t A% B vk AR BT SR R A W AT S
AT — A0, 9280 it of T 5 HA #17 IR
AWIWFSE.

Shiba % AN HE 2005 4E Ay 44 7 55 =24 B9 A

TR BEHOAR B SCE 0 35t S8V QAR i E G a4
GER IE VR oA BR L B 3C AR S OR M AE R AT T
W X o — 4 B AT T S, SCEE I A )
1515 AV AR B A 3R I R BB AT 3 T

McCaffrey"'" 7£ 2010 4F $& H 33t 1% 50 95 2
MRMIERESZ R H A S E S, JF R
HE R AR | e (R 25 4 | 2 b B 5 SR s A TR R AT
T b, B2 McCaffrey Hl o 5255 56 UE 1 78 H
— M SR BT 5 AR Rk A iU R I ROR [
WHAE L FEAREMERBEH LA X
IR 3% B JLAH B AR OV 80 3% P 18 1) 5% ) AR o 52 T
FEJE.

AT O A TAERBE R QIR R AL 5 A iU 757
FMPERE AR SO 5t A5 L M BC B S G T TR
TR B PREE a5 G TP RLASE L i Ak AR5 58 SO
AR SRR s A B W A R A X 5 A D
B SR R H 6 F 00k 3 A% B AR U G AR P RE 1Y
55 W Rt JEE R T 2 G 3 3 R 2 1) S 1R, KX 5
AN TC B S B0 BUE 4G 3T U010 DL s 3 55 36 46
WAL T I B e S BOBE i N E — 25 & s AL B
T AE A 55 3R A BT I )

3 BEXR

B B H A B KONV 2 R R,
BRI — S B[] 10, 2 5K — A 58 A% 10 A 7 3 o 20
A f% K 00 3k 2 PR 28 R A BRI OR R 51 R 1 4%
. 7 55 2% BN Ak 15 2 T LU B /b i
WA, ARG E SRR RS S H SRS,
DL FRATTSE 45 b 0 R 1 iy S, sk — > 4]
Nt AR 52 AR5 4 I B w R ) — e .

EX 1. KREMAG SUT A n S8 54
ZHA (It NHBE, B EE V.. n LA
(arsas s sa, ) BN SUT gg— i 4 (a, € V).

M1 FiR, — Rl &4 SUT 7246 4 40l fig
RS R C.C. .G Co. A S8
B 3 ANAFRBUE 0. 1.2}, WHRLAGF AT 4 A4
SN T A UE 2 A AT R FRATT R 2 31 =81 4>
I3 51 A R LR T 25 R 38R L 22 T 6 O R BT
S| % R AR A A RO XA B TE R &
IR 3% B LA B TR A2 2% i 1 D00 k1 v B Sl 1
Ty EL R R 2R BT R R A S RO 2 )
HAEEA B AR, I 95 B & A K EIUR I
NURE SRR
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£ 1 SUT T B R SO ARk RO TR ARk A Ak
G G C G HWAREEAERESR, REA OB Mk
0 T (1’ 0 R N = SR S O R o I PSS G M=K oy 1=
2 2 2 2 ZH B B S8 AR KA SCER X I — SZ B (7]

A DN J7 3 i AR R 0 3 ] A —
R I R 2R e A R R IR YA LA G AR
oA T 8 0 B 0 P A i DROOR B T T A% 1) 0 3K
191 o [ B 7 O E 0 35 A0SR 1 4R TR A 280 4 s 1
WIS R ELRE. 7238 1 MBIl I BB AT 0
P2 000 AR L6 R U LA 23R 2 g 9 %
W Nz R DA e TR S
1A 9 A2 A5 » 7552 PR I o m] ORIy SUT Hp i
AT PR g 1 2 5 )4 A PR 53 8 2 i .

K2 SUrMEZEER

C C, C; Cy
0 0 0 0
1 0 2 1
2 1 2 0
2 0 1 2
1 1 0 2
0 1 1 1
2 2 0 1
1 2 1 0
0 2 2 2

BEA AR AE Sy 20 A D Ak i )k ) 4 e X
mr.

EX 2. R —AF R G St g
A BANS R o P RECE. WA 5 & CA (N,
n.v) —A N X n BB B 1T X 0 F — R
1], B3 50X B — > ZEO A BUE. AR E S 0B
B FHCH N X B35 T % 0 A S 500 A BUE 1 A
oA coHEDHH TR Kb G E
DA R AR S b 4R B 0 P 2 e R R
t=2 WM B0 A U B e e R

TEH SR G 520 & 40 1 2 5O H 5K
HATREA S AHTA]. T2 AT B s R Y e JE il TR
EEHEHE MCA(N;t.n, (v .v5005v,)). e
BRI ILER ¢ DSECESBIEB AL v AEE
MNSEOCHM N X i FRAPRE T % S8
TR ¢ T, 2 vy =0, =+ =wv,=v I} , MCA (N;
tans (o yvy s 0, B CA(Nst,n, o),

BE 3 2R 0 A i 2H G D ) DG B PR, H R
A%k 2H A 0 IR A AR 22 BF 5 3 A R R UL BR
THCEEFEDY R R TR AL R
o —REE W I X — 2RI E A R

L LA 3 3% 3k — i Y ) 35 A 48 3 B T D ISR
G R G HIR R T T A I E S BN B0k R OB
B B A ROR ) 2 T PS5 R R W 7

4 BERERWEERE

AR — FoE i AL SR R A
AL TR AR [m) 0 e U A 1) AR A R B, © R
ZHH TR 2 LA In) B A st A% S v TRl —
2 i 9 e A % £ 4 1) T X B3 3 1 ) s R R L B
0 B — AR B e 8 A E AT 28 B S AR )
T 3 7 E R CMR X — PP s oA T DR (K 25 1
R OR B A N (B AF e e AR AR — AR B —
FANRE bt 03 0 W6 A2 T A SR 1 e gk L i e
o B Sy [ 850 1 S5 )L fide

A RATR AN RS SUT 540 C
Cyoo G I — D HUEA G Carsaz s sa MER P4
A o B 358 0 3K 461 5 DA 4% 2 il 3k 461 g o XA
W SR BB E W E 1 R, B R R
mr:

1. W EAL IR B4 TG(TG 7] #% 25 4, WAl i AT
T BRI G D s W R L Rr Il R 48 SUT rhils BB w5 1 — T
IS S BELA BRI G R R  BREE AL s 90 16 10 L
FRE T 90 4 A Bl RE A A% 119 5 17 {8 8K 4 fitness.

2. THEEREE & Y R 1Y 35 BE bR B0 35 R0 Sy
AR S R TG #5509 Z 46 X A4

3. XEFPRE A Y R AT HE R S L (S UM Ny
Po) SRRy P DA77 A2 30 0 FloE. o3 R e P 9
ASPRHEAT 38 R AE T o 25 37 10 R P AE TE d p g Ak o, )
HHAERE SR —SHNAEL B R 5 FMEE X
Hid i, HRERREGER T.

A TE AR RE b3 R I D
=R — SR ).

5. % ¢ JINA TG w3 S il 2 ¢ Frfa & —mdl &
XF. A S a4, BIY AT TG R AMAE S T A o4 d
XF B A5 T, TG By B sk 8 w5 48 5 0] i 2= 45 3.

W T B R BOCR 2 H A B E S B R
Wi, Ay T — 0 4 e SR AR U W R RE L LR R
AT BRI M ol B RS B AR AR KL T 38 XA %
Pe 7B 3 Pm DL Rst (8 AR R AL X 5 X
AR B B K ) B B R AT i — 2P .

[N R R Y (k]
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/5 1%/
Initialize (TG) /BRI B TG(TG W T u&ﬁ% WA A — 48 TR B
Tnitialize S; //PIE RS TGRS _THES
Initialize (group[m][n]); //RIEEA B, ﬁ‘#ﬂ’ﬁ% m, ﬁ%ﬁé@ﬁiﬁﬁ%ﬂhﬁﬁ B, nAERARSHEAEK
Initialize (T*) /1B EAIR
}:%agz;: Simmss [m]) //@J#‘%Kﬂ‘#ﬁ‘ﬁiﬁ‘hﬁf“ {EHE
Evaluate (group [m][n], fitness [m]); /AR R A
while (There exist uncovered pairs in S)

/ *3% 3%/

t=0; //EEARHALR S

zvhlle @<T) /AR ARE  BRFER T

Select (temp [m][n], group [m][n]); /7R IR IE SR group FHIBERBL LRI temp

Crossover (temp|m][n]);
Mutate (temp [m][z]);
Transit (group [m][n], temp[m](n]);

/7% temp I R HAT X IR4E
/73 temp PR Z BT R RERME
/748 temp FEI B AATRIA] group

E‘E%Se(;ﬁ;pgﬁlgz%}fgﬁsgﬁg Z‘c” in group {;7]‘{?5) BT
break;
z++;
o a5

if (There exists no best chromosome “c” in group [m][n])
{

Choose a chromosome “c” in group [m][n] possessing the highest fitness;

}

Vae: LY 2l
TG=TGAc
S=S—{c};

/I BRBBNBRABIE TG F
/7 S MR ¢ Bra & F— A & X

F1 A R A A gt 1 Tk R R

4.1 FEHE m

18545 S TP R Ay — o B Y e A2 R
TR v % o (R 0 00 R A o B B ASE o, 3 R R
B /IN AN RE 4 4 2 0 1Y) R A A o B 2 o R i
S B R K BLAR AT ARSI LAk 45 8. o BHL 1k R 2l 8%
(0 J A TG B 2 3 a3 i 3 I SR ) R

R T R AR B de i A A AR IR A 1E 205
S FRATREAS [ R B AR T 35t 4% 800 AR B i R 1Y)
PEREIEAT T 0125 B D T AR 45 5 B - B B RS £
6000 LA b It 55 2 A BT i 6 I HAR T [ R I AN 1
B B T A OR BAI s A LA AE 100 DL )L 55
A U 55 3R B B A M RE AR AR E

LR 75 PRSI i ME A FE RN A O AR IR R A
FhRE RS m (B 42 A M (100,2100,4100,6100} ,
I A G B AR I 52 50 BE 6% o v A 5 3 1 i B AL
B » SUPRAIE 52 50 52 % 8 A ] #2430 FEL A
4.2 BURET

AR T B e 5k B AR i AR 1%
PRRBGE B S A T WGk 28 k. 5 b e I ASE B
{ELAEARL o 28 1k F A ACES /0N DU A= i g Mg TG 12 422 3 e
DA s 3k K Wz A7 T AR A A A K. PRIt 7 52 B i) A
fif DRI s e SR 25 7 T R 2R L T R B — A

1 1E 25258 1T o AR 4 % A [R) 2 A6 A BOROE T s
R B8 A U i e PR RE 1 ) 20 DI FR AT A B - kAL
FREAE 100 AR B 580 3k AR B 55 3% 1 B ASE A 34 K
A P ACEAE 1000 DL b A, Bk A B 35 R

AT A T S Ul /D A L A R R R R IR 25
B2 RS AR RN A 4 S AR S T L
{H£4 7{100,600,1100}.
4.3 AT XMEE Pc

Xof AR o ) G € AR R AT 58 SCBRAE DL A R v
oA S 0T K [ AU A 25 ) 1 ) FE A R A8 U
R TR e AR TR AR B, 25 2 B IR A 1 e 3
JO7{FL P4 5 MR 2R RN, W) 38 SR VR AR D R A7, 25 fif
T ZRAT U ANH 3 IR AN U8

AL TR, AT R B 22 M H Pe X st %
L PERE YR B A B A R A A T R IE S 5
S5 T HERR 6 FLR A A5 1 IBU(E 25 (1) o 34 59 UL 1)
J5E . Pe I BUEEE S M {1,0.8,0.6,0.4,0. 2},
4.4 TREFEZE Pm

75 S A AR R A AL A A Bl A R T b
BE ) Z2 P L 52 b J2 ) (0] g 25 8] ) IR B R T
B S 728 S M 238 /N DO AR X 57 A= i A2 X5 A8 S A 38 R K
T 2 i 35 1 B8 10 W Oy BB LA R BRE 1t s 2R S st A R Tk
AR T A A

5 XMERE Pe MR, 28 S ME S8 P X 5805 M
RE 114 5% e o Y5 B S 8 ) P, Oy T R IE RE 6% o b
A IE W) Pm BUE A Pm BB{ESE A {1,0. 8,
0.6,0.4,0.2}.
4.5 BEEEINTHEZ

A CAERE GEast B 50 4 AT & S BT IR ER
P18 TR) B X8t 1 B0 ks R AT — o A B 1 ek By, DA R i 3t
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Bl
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L
&

AR O 3 R 1. AU R R B B k5
%IJ%:

GA: Mt L5 k. GA R F % 2% A= i 38 F 1]
() J7 3 s FE PR AL 2 B b A SR A 1A ¢ B
HEFAR AR Y K 1 3 15 SR B select S 56 45
PEPRIE S IENH [ N IZ RGO R & B R
XTAEI 3 58 SR Ry 22 1 28 S 78 S5 SR W 2 B a5 AR S

GA-: FEF B SEAL L B b GAKE GA i W fE
ORISR AR BT L Y A 15 T S B il
GA WL D A2 R 0 TR 45 Ik il (e = 1 IR 45 AR
Jp R SR select B HE, TSR #E A 35 R B
P EATS 2 3 IO AR B B 25 6 N B 2 A0

GAr: ZEF BEE L R b, GAr 8% GA Je o fk
PEPR TR M select Bl Bl AL 28 5 . BP A AR b 9 A~ 14 Bl
Lk £ A F 1R

GA climb: 7 GA By 5Eat R F € 74 %) A —
FRFNEE B L IR AT AL PR . GA climb B3k B —
A B AR ¢ FUAT R B Y AT 38 0 (E B e A A AR
e W) B AT — M S0 He B4k, Bk R
WE T AN 0 B BB 45 76 A Bl 58 AR S 3R
() At 1 A5 AN WA AL

GA- climb: 7£ GA-# JE Al | 2k 28 %) 4 — AU
e A AR B AL B A AT FR [R]) GA climb.

GAr climb: 78 GAr ) 3 fff I ol 28 %F & — 0 Fh
HEP R AR AL B, A PRI R[] GA climb.

5 IRt

SR E R A B BRI &%
AL 5 AR A E S50 /Y5208, Qe 7 & A1
V7 ) TAC 5 2 UL LA SR B 1 38 B 5 4 00 B i
X AP AL T IUASE Al OB, 58 SR8, 72
SR AT IR 5 33X 2 A ST Al R 1) 0] AL AR S
3 35 RHE W (GA-, 2100, 600, 0. 21, 0. 41) i A [d] 2
BOIC BN Y38 AL SR B P e E AT DU A LA
BIZ AR . (1) s H X 5 MR TR %
(4 VE BB 1 52 e B2 2 R PE BT ] (2) 2 W AFAE — 4
SOG4 B 56 R AL R R T4
AR E ), B RE R SRR R TR RE. (3) A e il
SR B A EA I A RO T R A
[') A, i 7 A 3 DL A

AR SN [6] 28000 T 3ot 4% B8 1 2 U o Rk
RE M PE R PR MR « B e 2% IR e A U s R A, AR
A 5 R /N B O B S BOBC 5 o AN R S 8K
T T A B i e AN [, D s B A ol i 3R

T T AR I5F ] e 20 19 Sy i 1 2 B0

WAL RE 5 LB S ECTE AR R (A Y B P = AR
MIE AL A CBP S50 B IR+ e KL 7R 3 H
ZHBEAE LT 2L 7742 6 X4 X 3 X5 X 5=1800 F
AR ) S 50L& AR A — B O B R Y 38 1% B
EAT 7 35 2 A RO LR AN AT Y.

®3 BEEESAERESHHNESS

(A7 FREERLEE  HEREL MR R

GA 100 100 1 1

GA- 2100 600 0.8 0.8

GAr 4100 1100 0.6 0.6
GA climb 6100 0.4 0.4
GA- climb 0.2 0.2
GAr climb

Ry T S R R A R ), A SR 3 AR S
PR AL S B AT R A 3 S ATE 2
Home B AR L TERf DR R UL S EO B AT ER R OR R
P T i R A T S A CRy T A T A D O fiE
SR SR U A SCR X R A ¥ 16 B SR
W3 o R o 4 AN [ B FRATHE L
50,1,2,3 3% 4 > HARBORH X D -

(1) pair-wise S5 i & 4

ik 3 4 SEW W Z A e A BAE 3R
I i — el G AR ) w5 R E R
pair-wise Bt B 4. Jy 1A 58 o1 b0 B BP0 I
AR SCBA R IR e /N 0 B o 3% T 2 A T 3
JUAR. W 4 PR, %M w5 R AH 34 AL S5
FCE % 34 XS R EB S T T A S8z i — 4
WA, WEZA SR B AR T % 5005 09 78 U 5 4
BEHRFEARBR NP RIS HEEP, (1<
x<<34).

3+ 4 pair-wise Bt & &

WikS a1 ar az ar a5 | WIS a1 ar as ar as
P, 5 3 1 0 1 Pis 3 1 0 0 4
P, 4 1 2 0 3 Py 2 3 1 2 2
P 2 2 0 4 4 Py 5 2 2 4 3
P, 3 0 1 1 0 Py, 2 2 1 0 0
Ps 0 0 0 2 1 P2 3 3 0 3 1
Ps > 1 0 3 0 Pos 1 0 0 3 4
P; 3 2 2 3 2 Py 4 2 1 4 1
Ps 1 3 0 1 3 Ps 0 1 1 2 3
Py 0 3 2 4 0 P 0 1 1 1 2
Py 1 1 1 4 2 Py 3 0 2 4 3
Py 4 3 1 2 4 Pos 4 3 1 3 0
Pis 2 0 1 3 3 Py 0 2 0 0 4
Pi; 5 0 2 1 4 P 5 3 0 2 2
Py, 4 0 0 0 2 Py 1 0 2 0 1
Pis 1 2 2 0 P, 0 2 1 3 1
Pis 0 2 1 1 1 P33 4 3 2 1 1
Py; 2 1 2 1 1 Py 3 3 1 2 0
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(2) Base choice Z% it B 4

Base choice & —F 4l & i1k . % ik
P — SR B AR R S S B S B (R A S
iz AL MERC & B B pair-wise ¥ BT 13l 2 5L
BCE P TEMEE Al b oo b 5 — A R i IO
IR FE AR TR UM A AZ » BT 7 A — 21 2 500
B SR 3 T7 IR X g AL Bk I A TR R O A
i o 15 B 1) 2 4UBC 4R Bl Base choice 2 $UUHC B
8. BNk 5 J2 AR 4 Y Py o BEES BT S P b
W Base choice it B 4E.

% 5 Base choice i B &

Wik 5 a M5 a1 a

N

as

S
S
&
S

2 5 a; 5
B, 5 0 2 1 4 B 5 0 1 1 4
B, 0 0 2 1 4 By, 5 0 2 0 4
Bs 1 0 2 1 4 Bis 5 0 2 2 4
B, 2 0 2 1 4 By 5 0 2 3 4
B; 3 0 2 1 4 Bis 5 0 2 4 4
Bs 4 0 2 1 4 Bis 5 0 2 1 0
B 5 1 2 1 4 Bz 5 0 2 1 1
Bg 5 2 2 1 4 Bis > 0 2 1 2
By 5 3 2 1 4 By 5 0 2 1 3
Bio 5 0 0 1 4

(3) ML 35 5 BORe B 4

J@ L2 1 5l e I — A S B ' A oy i v 2 g
B Co P Co H(5,0,2,1,4) (FEAR K HiZ%
FRUMETL & Co B0l pair-wise ¥ I 1 5 1 2 BOBC B
P WsHE SRS 1 A IC 2 8UE Fh A I IR K
WHBUEHAE Co Iy BRUE TR B AR S HORE A,
MNP A 6 A SR B LB 2 S RO T st
B W B 5 R A IO 1B AR LR B T 1 2
B & Co AR i 2 e & 1) a0 728 b B30k BUE Ry
2 WPRCR AT G =(2.0,2,1,4). RIS C) 13k
filt b A0 g5t 1% B 5 2 A4S TG B S BOR R R 11 X
B 15 2 4 S50 E & JF 7 4 Cy s B D R
IE N 1A USCR i J) €, =<2,1,2,1,4) . 4K
IR HE, B BUE S 5 AL E S ERRER R G,
Cs B I€ Ik A i dee e 2 B0ie . b oA i 72 150 B
J€ L1 2 O B S AE S vh — 20 2D S A A L.

Sh il S R AT TR R B S AR
Az R B 3845 4 1 1 H. COGA (Configurable and Op-
timized Genetic Algorithm). COGA #] H 3h A | ¢
F AR 1Y pair-wise % . Base choice 3 €1 7£3X 3
ZRIL R AL FIL 1 5 A R IT AL A A
[i] 19 51 2% R0 SRUAH 2 5 1 D0 A o A 810 0 D00 52 481 ) 2 5

Fk R R S B L A - (L) R 0 S 491 4
L3¢ (13 NS BAS A 3 A BUED
() MERILE S MR ESHAANSBIEES.
Bl (1D BAT 3 45050 fe 4Rk B vh i 55 R ik
JI KA T FE B () 45 B0 1T % 5 (2) BB K FR7 I 52 431
A B e G 7 3 2 A0 AR R i

6 RWAEARKNTH

R S 36 T 3 R AT AN [] B AR 7 5 Y00 52 461 i £ 7
T 6 A B A9 30 45 R I S 81 AE S [ G AR R AR
AR A R ) T T e BB R AR B ). R R A —
TR0 524910 1) 2 H00RC B Ak R AR T X 34 423+
23=280 AR S UL B T W 5 I 5 491 i A7 3 5 R
A SR, B R T DR E I 04 E A ML A SCXT Base
choice Bt & £ FIC 11 ff & 4 7 & — A id B AR AT
5 YRS I I WU M A Ok A s R T R (R R £ BT
PLHIEREC 15 A~ BLA AR i 75 00 S 49 0 47 592 30 (A
24 GB 17 -4 % CPU(Intel(R)Xeon(R) E7450, %
Wi 2. 40 GHz) 9 7) | Bl 2 e g iz A7, 52 56 J] 30
S 1A D H v R DS ) ) i B  8 JL A
(1) ZEHL 41 (3% 6" S BN H W R I 52 ). (2) 7
PR b A 55 2% A ORISR S R AH 25 8 K
TR 00 S A 5 LA o 2 56 P ) 35 B s (1A ) L (3)
B S BORE AR — B00 B0 S 1, DL PR AIE 52 56 25 18 5
IR W]

FEFRATT A B 3 AN A T A S50 A AT
H P HT
6.1 pair-wise SLI§

S0 JUT A A 5 2 1 AR AR R B ) 43 )
F 6. R TR RPE 1 G pair-wise it &
SAMNAFRLE (P, P2, , P34} 55 1 17 &4 11
DS 45] 0 4% FomZAF L BIA 10 >S50 B A
SRBUEA B g 45 7°675° Fom iz fE I LA 19
NS H T 6 ANSECE T ABUE.T N SECE 6 4
WH .0 HF 6 MS80H 5 A HUHE.

N [ T 1 7 s R A RS SR T DL R
LR A% B A i i R R AR 2 B A
B e B S0 5 AR K i an 78 S5 4 6% rh R TR S
BOBC BT 0 55 R A UM B 2 A 22 42 A~ 22 8E
oy B . 25 25 2 1 AR LR ASE R AR B[R] X
AR UE . FRATTAF 2] pair-wise FC &4 v 45 18 U SE 491 1)
S HRCE P, IF7E R H IR bR .
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* 6 pair-wise RERERBEERIUME
LTS
410 313 610 420 glo 320 620 430 630 101t 766756 82726252 6l51463823 64 513892
P 30 19 62 39 106 23 87 46 106 173 92 71 39 45 23
P, 30 20 61 37 106 22 84 45 102 167 89 73 39 44 21
Py 31 20 70 44 125 24 101 53 121 207 103 80 41 42 22
P, 31 19 66 41 116 24 96 50 113 190 100 76 39 43 20
Ps 36 21 79 49 151 28 120 60 139 245 121 95 45 45 25
P 30 19 64 42 113 23 93 48 112 184 96 75 39 44 21
P 31 19 60 38 104 21 86 45 104 170 91 74 40 44 22
Py 32 19 71 44 124 24 102 52 121 205 105 79 40 45 22
Py 31 20 70 44 125 24 101 52 122 205 104 78 44 43 25
Py 32 20 72 45 128 25 105 54 126 214 108 81 42 44 22
Py 30 19 62 37 102 22 79 41 96 162 85 74 40 43 24
Py 37 23 82 51 148 27 121 61 141 246 126 92 47 47 25
Pi3 30 18 64 35 100 23 77 42 90 157 82 75 39 45 21
Py 31 20 70 43 120 24 99 51 118 198 100 77 39 45 23
Pis 32 20 72 44 125 23 101 52 123 207 107 79 42 44 23
P 30 20 70 44 124 24 100 53 122 204 106 79 41 42 21
Py; 32 19 72 45 130 25 105 55 124 213 110 81 41 43 24
P 30 19 60 38 103 22 84 45 101 167 90 75 41 43 23
Py 33 20 69 43 123 25 101 53 121 205 104 79 40 45 23
Py 29 19 60 37 102 22 84 44 103 165 87 74 37 42 23
Py 31 20 70 44 126 24 102 52 121 208 105 80 42 43 22
P, 30 19 63 39 107 22 90 48 109 178 93 75 38 45 22
Py 37 22 86 49 150 28 119 58 140 250 122 94 44 47 24
Py 29 19 62 39 105 22 88 47 107 174 93 74 38 42 22
Pys 31 20 68 44 122 24 100 51 120 202 102 80 42 43 22
P 31 21 71 44 127 24 102 52 122 206 105 79 42 44 22
P 28 19 59 37 101 21 82 44 99 162 86 74 39 44 22
Ps 31 19 62 40 111 22 86 48 105 172 91 72 40 44 23
Py 29 19 64 42 112 24 93 50 114 188 98 77 39 43 22
P 29 21 64 41 109 22 91 47 109 178 93 73 39 43 21
Ps 38 23 82 52 153 28 120 60 142 252 122 95 48 48 26
P3; 32 21 71 44 123 24 100 52 121 205 104 80 41 44 24
P33 30 20 63 38 105 22 86 47 105 173 91 73 39 42 23
Py 30 19 61 40 111 22 88 47 106 174 89 75 40 44 22
Rz 7 pair-wise BEEEHBEREFENE
T FERT /s
410 313 610 420 glo 320 620 430 630 101t 766756 827262526151 463823 6t 513892
P, 1247 126.9 255.11 576.346  395.384 343.17 1303.92 1836.19 4256.82  785.918 3756 218.42 1224.05 38.657 151.883
P, 196.3 159.4 388.58  431.14 682.645 251.43 1014.19 965.365 2247.35 1147.47 2533 796.65 876.616 139.028 201.132
P, 12.3 12.45 27.285  59.717 45.849  34.663  139.309 206.733  479.157  89.622  460.4 36.036  140.635 2917 12.636
P, 1.96 1.716 4.477 7.113 7.472 4.04 17.191 16.942 39.359  13.713 18.89 4.244 7.02 0.811 1.825
P; 0.406 0.328 0.936 1.467 1.732 0.827 3.697 3.447 8.175 3.213 3.93 0.811 1.358 0.14 0.344
P 6.598 5.928 13.962  27.846 22.885  15.554 63.758  74.584 171.835  44.024 186.8 17.113 58.781 2.091 6.131
P;  696.1 485.6 1327.9  1341.4 2192.5 716.63  3033.81 2817.99  6692.29 3760.31 6569  1884.06 1808.05  575.207 703.798
Py 146.1 97.53 322.81  292.798 548.734 163.957  692.926 558.983 1311.05  949.984 1231 675.906  307.042 124.91 145.128
P, 1489 1123 3422.26 3282.93 6018.41 1818.74  7675.65 6090.19 14289.4 10288.7 13278  7073.29 3733.32 1218.49 1799.47
P, 121.4 88.69 266.72  305.04 465.10  170.07 713.938 657.934 1525.18  840.705 1699 539.062  350.222 119.232 118.296
P, 801.1 563.4 1586.3  1462.6 2565.8 852.28  3087.67 2516.31 6030.95 4446.86 5770  3602.51 1762.69  734.421 927.551
P, 2.137 1.856 4.852 8.268 8.3 4.259 20.047 19.547 46.27 17.332 21.92 6.864 7.098 0.687 2.199
P, 2.855 2.43 6.208 9.579 8.93 5.99 22.4 23.26 53.414 17.77 23.45 8.253 10.046 1.154 3.261
Py 0.343 0.312 0.827 1.295 1.342 0.718 3.042 2.995 6.927 2.714 3.34 1.466 1.077 0.234 0.608
P, 695.6 511.7 1564.6  1604.0 2714.6 800.39  3662.59 3314.43 7847.8 9516.42 7005  3282.45 1834.4 652.615 740.755
P, 370.7 281.5 819.29  881.27 1491.9 480.359 1993.18 1850.17  4284.3  5367.04 3526 1768.58 082.853 230.741 366.743
P,  79.61 68.48 178.12  340.50 303.51 178.309  802.344 927.036 2177.24 1590.6 1714 285.169  369.083  21.996  88.094
P, 18.17 13.38 35.522  40.763 59.202  22.183 89.763  87.719  198.823 223.908 180.9 77.673 57.346  14.602  19.687
P, 140.7 133.1 278.42  671.83 465.35  384.95 1505.13 2115.12  4855.7  4060.78 3386 532.322  815.682  45.302 150.432
P,, 136.6 133.0 268.63  578.47 426.79  338.01 1307.88 1914.07 4636.33 2481.77 3510 519.515  620.95 37.846 156.952
P, 84.396 80.48 182.52  396.96 308.69  220.68 904.743 1219.8 2986.44 2316.97 2333 336.588  501.044  21.201  86.394
P,, 136.4 93.88 273.09  266.43 463.05  147.88 607.062 515.365 1184.25 1263.51 951 578.545  293.594 134.925 147.421
P, 0.375 0.328 0.92 1.389 1.513 0.78 3.339 3.089 7.707 3.089 3.59 0.749 1.124 0.094 0.483
P, 338.9 257.0 721.11  774.65 1197.3 421.40  1712.39 1671.07  3744.48 3971.43 3159 939.906  906.459 284.624 417.49
P, 116.5 85.50 246.84  292.05 437.94  149.59 665.375 587.781 1403.49 1406.24 1265 301.191  346.977  95.909 127.531
P, 118.2 92.22 264.41  299.68 464.32  158.80 693.456  604.192 1503.99 1471.95 1303 305.512  343.109 125.409 133.911
P, 3.09 2.995 6.93 11.23 11.31 6.02 26.146  26.723 61.963  22.776 28.1 6.287 11.388 1.872 4.82
P, 849.1 557.5 1618.7  1628.9 2895.02  884.35  3437.12 3066.03  6772.35 7634.66 5555  2023.26 1846.54  838.849 966.489
P, 57.77 42.63 124.94  134.85 213.54 77.064  292.767 281.145  664.408 620.151 651.9 165.283  153.255  53.492  66.347
Py, 20.12 22.68 42.557 107 68.313  58.329  223.83  309.459  732.799 357.086 648.4 48.298  133.319 6.584  24.305
P 4.79 3.963 10.609  17.176 18.86 9.079 40.201  38.158 91.058  38.158 44.1 9.017 14.742 1.794 5.476
P, 382.9 291.2 850.99  882.16  1454.7 466.21  1954.01 1816.52  4260.86 4007.92 3378  1066.63 991.37  355.323 446.693
P, 1496. 1094. 3023.1  2786.1 4958.5  1579.9 6372.31 5476.74 12436.2 12170 9921  3844.5 3310.33 1256.71 1701.78
P, 816.2 562.9 1621.6  1632.3 2932.8 870.30  3540.49 2962.76  6801.13 6821.83 5463  2147.67 1859.83  834.793 866.039




7 4

S R 3 £ R T S O A 1529

TR DR A LI T 6, KA
S BB B £ climb Bk, d g w458
I 38 1 B8k A 7 35 R L BT B DL climb R
Bk

Pair-wise SCE XA BRI 34 MR S5 E T
{18 17 00 52 490 00 A 7 B 6 e A G, mT DAAR S OR TR B S 8K
i B X 2 5 e A Ak R R e AR KX — &5 98 I X 2
S ELAR R W — A S5 4L A Bk, 77 iF
Fr AT B PE Y 92 56 A BE T . B R X T G 4] B e
SR W A8 ELAE PR X B 7 T R AR R T i — [m) L,
A Bryce % BT S0 ETE 6 PR 5 5 1 R A8 L
VB FH B AR I 7T » TS 56 3o A0 SO R iR AR A . BT
DAL IE AR SC Hp 3 A5 5 1 S 808 TR L T D
Bryce 3250 & 11 2%, 5 SCHEATHE.

Pair-wise SLH F BB T ERILE R E S
B ) R A e RO R RCR I SE i, IR
3 4 I S 01 1) 7 26 R A R e e S B E P
B 5256 A X AL B 1 5 BB S R AT Bk
WABRFWTLEERIENX S MR ESEHL A
Xof B 12 5 1) S W R R R i R X AR AR KRR
R TSR SR e A . O T AR DX — [, 3
fIT7E pair-wise SEH 9 SEfih | %11 T Base choice 5%

I%. Base choice SZ 56 DA pair-wise 55 56 BT 15 #9 iid &
PRSP, i — A S
E A5 3 S 8000 & 5 0F BEAT 5290, B T R 45 i
B SRCH B BB BUR 5

6.2 Base choice 321§

T LA pair-wise TR B LS B E P.AE
NIEMES B E. th THE pair-wise S25; T 15 2 /A
[ 5 000 52 1) ) 6 =5 8 A BRI e f 2 B0 AN — 3K
(W3R 6.3 7 fir/R) o A B Y Base choice 5256 it B 42
AN AR TR]. 25 P 3 VA 48 R 58 12 i AN 2 e L AR SR
B — AL E A AT 15 YO IR I B P A D A
RN B R S AR A DA EE S HO
AL B A N i 2 SO 1Y) 5 e 1 Jo A 5 e R R
I C B S B S I (L
6.2.1 BHEHEER B L

AL AR R IR 6 A [A] Y A8 A L D
BRI SE 0T N 6 AN ASTA] 1 S 40 & i 6 T
BN A5 B AR A ORI FE I Al Ak 8.3 9 B
(5 R R L 45 ) - i FRUWES L E P~
— B0 AR ST LA e 5 O b v X A LS R AT 5 —
ey Horb P ARIC.

% 8 Base choice/[E LXK PRFRRE LM BEZ RO ERAE

. B KL
i 410 313 610 420 glo 320 620 430 630 101t 766756 82726252 6151463823 61 513892
0  33£ 19# 76# 442 1262 262 104£ 484 1262 2122 107% 78 382 44 24
1 36 22 81 50 147 27 115 52 139 249 121 77 40 45 24
2 35 21 82 49 147 27 116 52 136 245 121 76 = 41 42 24
3 28 19 59 % 36 99 x 21 T4 % 41 89x% 154 % 82 74 38 42 20
4 28 19 60 35 100 21+ 77 41 90 160 83 70 % 37 43 20
5 28 % 17 61 35x% 100 21 77 41 90 157 82« 71 36x 42 % 20 %
% 9 Base choice/[BI X HEFREAFEEZMNBERNIEREE
% THFEITE] /s
%:/k 41() 3\3 61() 42() SIO 320 62(! 430 61{4) ]0]1 766756 82726252 6I5I463823 61 513822
0 3.9# 2.9# 9.19# 13.2# 13.764# 7.94# 32.18# 2995# 76.3# 27# 32.7# 2225 1588.6# 56.1 2.93
1 4.24 3.50 9.68 15.09 16.19  8.22  35.21 3322 82.46 33.20 37.47 2204 1698. 8 54.7 2.18
2 3.68 2.9 8.83 13.79 14.15 7.83 33.38 1965 79.2 28.74  34.88 225.3# 869. 1 2.9% 1.69#
3 3.09 2.8 6.93x 10.42 10.25% 6.02 22.93% 2547 53.3% 19.8x 25.02 2141 1619. 8 44.9  1.83
4 3.14 2.7 7.01 10.16 10. 39 5.67% 23.29 2516 54.87 19.97 25.11 2034 % 1562. 2 45.4  1.93
5  2.9% 2.3x 6.48 9.58% 8.93 5.79 22.4 1524% 52.87 17.8 23.5% 218. 42 627.7 2.7% 1.78x

T HERH 43 B 2 R B L AR ST 7 A ad
25 0 S 451 1) 2 i 2R AR R B DL TA B TG A
AT IR R4y A={GA., GA-, GAr}; B={GA
climb, GA- climb, GAr climb}. 3@ b A, B 4E
AT LI RIFR 8 FIFR 9 e x"# L F B 4
A B TC I8 S 2 55 22 19 AE USRS 0 S T FE B |) , B 4E
G AR AR BT A £ 4. LURE I SE 4
10" R, B h 85 55 38 B KA OB ABE (90 A~ T 4

BDAREE A vh B i 3R e/ A IR (126 4> I 3
AT 36 AWK ] LI AR ] 0 F ALk
WY 0] 38t 12 B0 025 1) ol A i 10 1 1 BE A7 € 1L A fb BE %
TE TN PRG35 i S e 58 11 [ I A 2k B s 5 0 9 PR B
P B AT R BAE A B GA 9Tk
REEAIL T GA-FI GAr . HTE B H X FitPh RE b /9 22
L RE AR 9 G a3k 6 W 6 AL ) Y AS [0S 58 3 1 i
QLA SR UG 45 TR Y e 288 0 0t 6 L 1 22 08 I8 IK
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25 T B4 s 5 W PR AL ) A B AIL e AL AR LK o 2
Wi 23 5 Fof 3 B 01 1A A9 € L G A i e o 5 1 55
6.2.2 FhHEALEL

A2 LTS 4% 140 5% 0 ) 3 9 1 LS 3
i 6] 404 103 11 R (5 Y0 sk B A . L
H 4TS HEME S RO T P, %" HRIC A 2 Base choice

A% R RE AR G 2 MR S (100, SEIR TS 4% T4 S 1 ot B LAY i P R L
2100, 4100, 6100} F R 4 AR A SHILE Gk 4 BUR LI

% 10 Base choice LI PR FEAE MR MEN BS RN ER AR

e EEX I
AU ————— - — . —— —— e
4 31» 610 /1.0 81(! 320 620 /150 650 1011 7(» 67 o“ 82 72 62 52 61 Dl /16 38 25 61 Dl 38 22
100 28x 18x 59x  35x 100 21 % 77 % 41 % 90 * 157 82 % 75 39 46 20*
2100 29 19 59 36 100 22 77 42 91 159 85 72 39 42 % 21
4100 28 18 59 35 99x 21 77 41 91 159 83 73 37x 42 21
6100 29 18 59 35 100 22 77 41 91 157 83 71 % 38 43 21
% 11 Base choice 3%H F 38 4% 7 [5] i B¥ #4878 25 3R Y 0H A B )
i TH BT E] /s
FREHLBE —— : . : . : : — ——
410 313 61\) 4,_0 810 32«) 6_0 4.%() 63[) loll 766/56 8“7‘6"?)‘) 615146382" 61 :113822
100 3.09% 2.43%x  6.93*% 9.58x%  8.94 6.02x 22.4x 13.0x 53x 17.8% 23.5% 3.21 10. 733 0.05 1. 83
2100 195.1 58.52 381.1 240.8 197.4  249.2 544.1 476.1 1451 631 1146 93.5 307. 2 1.1% 113.8
4100 622.5 118.3 1239 506. 4 391 % 696.3 1177, 1371 3928 1657 3133 231 620.95% 2.92 361.5
6100 1363 191.7 2842 861. 4 599.7 1503 2002 2516 6354 3408 4914 218 1079. 3 5.16 799.6

#1038 11 dls R " R 2 B e — 17
RIFRHE RUBLIE 100 I 303 P BE e AL, i i ik — 20
OB FATT A2 B o Pl fHE RIS ECAEL A [+ B[] — 75 00 72 451 1
782 5 2 M OB AR . 22 () 22 B AN O L (ELI FE N ] 2
W5 Tl R ML P 384 T T P S 34 . e S 4] 6% e 4
ANHCE S BT 3 R A BOMURRE R D 773 FE I ] Y 22
B ORI AR 5 100 15 2 2. X R W AE AR 52 56 v A
FHERIRGE B33 14 32 W) 3 2 PR BUAE i 1] L B b e RS
(IR o 2 38 Jom sk ] $7H L (EUAR 23 O B3k M BB Y 42 T
PROLERAE By, AL B 7 fF I Sc 6] 60, bR 4 AL

PO L BE B AR 2 climb Bk, MR A W R
climb 53 0 T BRIEZS 18 1 1 0 M L FR AR 4%
S 481) g AMC T — 236 E S 6 o AR R R R (B
X GALGA-,GAr i% 3 4~3E climb 557 (1 1 BB 52 .

BUESE I A R R . e 3R 8 Ak 9 hiaE
climb B89 v BE H 6T 07 45 15 0 512 461 7 7 a5 % 2E AR
AL A 7 id Al 51, Bk R T
GA) L8R 5 F AR 25 R 00 52 ) R L v L & P, P iy
ok fEIC LR B 6. 2.2 1 SC . ST IR K HE
10" fk 117 PioR.

% 10" Base choice RIFSRW MR E B MEN BE RN ERNE
i g EER I
AL — - — : e T —
4 0 31» 61(\ ,120 81() 320 620 ,150 650 1011 7(» 67 o(’ 8.7 72 62 52 61 31 /16 58 25 61 Dl 38 22
100 33 19 76 44 126 26 104 53 126 212 107 93 43 46 24
2100 30 19 67 41 114 23 94 49 115 189 97 79 39 42 22
4100 29 19 67 41 112 23 93 49 113 185 96 79 38 42 22
6100 30 18 65 41 111 24 93 48 112 183 95 76 38 43 22
F 11" Base choice WIF R M EREFMBEMEMNBEROHENE
s FERT Tl /5
AL —— . , - 4 — — P
4 313 610 4_)\) 810 3,_0 620 430 630 1011 7661 ;)G 82726252 61014b3823 61 :713822
100 3.9 2.9 9.19 13.2  13.76 7.94 32.18 17.14  76.3 27 32.7 3.94 12.32 0.047 1. 69
2100 192.7 133.8 430.6 466.1 707.7 261.7 1086 521.1 2339 1337 1162 69. 59 442.2  1.12 30. 56
4100 595.7 416.3 1410 1300 2242 706.3 3020 1570 6951 4314 3383 136. 2 1588.6 2.9 62.33
6100 1342 872.9 3080 2653 5026 1499 6269 2995 13553 9421 7072 225.3 2680 5.164 102
Bl WoR  BOARAE climb SRR MR ARPERE AN G0 s PR AR DI A A TE L A i ) 5
climb 3k AHTEAE climb Bk d . —E BN 6.2.3 B

b AR R T 808 Dol /N 8 5 2 19 2 LA,

DI FR AT A%t 4598 Fh A BB A climb g5t /%
LM PERE R A — 5 R W L 7E — % VO [ P A AR AL A
A B 1 BB (ELX M IR 22 B climb B AL

A% 30 A Bk A AR B BOfE & & O {100, 600,
1100} - XN 3 ASAS Al B TE B 3X 3 SRR E T %
o 0 S {51 ) A i 2 AR ORI A R T R I R 12,
2 13 PR (6 Wi U AL i) .
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< 12 Base choice XL FEFRFAFAHNU R BN BEERNWER MR
. B i R
AR — — - —
4 313 [ 420 10 320 620 430 63\) 101! 766/Ob 82726252 61014b3823 64 :11382_
100 28%  18% 62 39 108 22 87 45 103 178 90 73 37 42 % 20%
600 29 19 60 36 100 21« 79 41 = 94 160 85 71 38 42 20
1100 28 18 59 x 35x 100 21 77 41 90+  157=x 82 x 72 37 43 21
3% 13 Base choice X FERFEREFE N R B BEZ R H R E
. - THAE] ] /s
]&/ﬂ:{tﬁ 411) 313 610 420 810 321) 620 430 630 1011 766756 82756352 6151463823 61 513822
100 0.30% 0.23% 0.67 1.0 0.94 0.61 2.31 479.3 5.6 1.92 2.43 69. 1 52.28% 2.9% 0.44+%
600 1.78 1.40 3.82 5.40 5.04% 3.43% 12.46 2516x 30.1 9.77 13.4 218. 4% 330. 07 17.3 1.83
1100 3.09 2.43  6.93x% 9.58*% 8.93 6.02 22.4x 4463 53%  17.8x% 23.5x 602. 9 620. 95 32.1  3.78
WRAE IE 2 5o R AU U S X5 R UL AR AN 2 X /N A1 00 52 4] i ot 2

T B PEBE 7 AR AR SE WE  (HAS S 0 B s X
ANTR] /IR I S 401 4 8 i 3 A R A AR B2 i

P I AN AR R]. i) a7 2 O B o 0 S 3] 107 0 67
Hh L Bt A ARG 1 L 8 i 3R A R I R 5
EAE R/ o I 52 451 470 A0 3%, R AR AR RO A
[ b B 2 3 A LB AL AN R IR A5 e R B L A

A7 AR KR 0 (HL X T A5 ORORILASE o 00 52 497) ) B
B I E A KOTE — 72 VTR P IR ABOK A FE R
/N O T SRR A B AR T O i A AR R A
PR L AL BT 51 & » FATHE 3 A BE B Y climb
AL AR N AR climb 5035 I O i, 7 i 1)
6. 2. 2 1A B UE S L SE B AN 2 12" Rk 13,

& 12 Base choice RIERW SRR EH U R UM B RO ERAE
. EERI L
A A . 5 ; = — PP - ——
4|[) 313 GIU 4_() 81() 32[) 6,_[) 43[1 63[) ‘loll 7h6/06 8_7_6;52 6]0146382ﬁ 6\ 31382_
100 33 20 76 44 127 25 103 49 126 210 108 78 39 42 24
600 33 21 77 44 128 25 104 48 125 210 108 76 40 42 24
1100 33 19 76 44 126 26 104 48 126 212 107 76 38 43 24
% 13" Base choice RIEL I P FEREHE MR Y BEZ R B EEE
. 3 THAERS ] /s
HEALAR B — . - f f / — - —— — —
4 313 610 4_0 810 32(} 62(} 43(} 630 1011 766/56 82726252 6151463620 6-1 :]13822
100 0.34 0.266 0.8 1.22 1.29 0.70 2.95 508.2 7.22 2.56 2.86 34.58 119.4 2.9 0.25
600 2.06 1.685 4.93 7.25 7.69 4.19 17.6 2995 42.9  14.95  17.1 225.3 731.97 17.3 1.69
1100 3.9 2.9 9.19 13.2 13.8 7.94 32.2 5512 76.3 27 32.7 352.2 1588. 6 32.1  2.81
Bl R AETE climb 5ok b BER BEALAR 6.2.4 IR

B B AR REOR  BUWT AR A L B climb 8L Rk
HA ol B B D101 1 9 I L A i R 2 D 58 2R AR AR ROR)

AL AR IEE A M{1,0.8,0.6,
0.4,0. 2} X 5 DA ECE X 5 MEE T & FF
NS5y 7 T % 2B RIS A T FE IR [R) G0 46 14 .58 15

L YERERY R . R
IR (5 R R AL A%
% 14 Base choice LH P FEAR X XMEMBEZ RN ER AR
" EEEI N
LM : - — - — — =
410 313 610 420 810 52\) 62\) 430 630 1011 766756 82 72 62 52 61 14 3823 61 D1 38 22
1.0 29 19 59 36 100 21 77 42 91 158 82 71 36 42 20
0.8 28 18 59 % 35 100 21 77 42 920 157 82 71 36 % 43 20 %
0.6 28 18 59 35 100 22 76 41 90 157 84 73 36 41 % 21
0.4 29 18 % 60 36 99% 21 76 41 % 89 158 84 72 37 42 21
0.2 28« 19 59 35% 100 21 % 76 % 42 88 % 156 % 84 72 37 42 20
% 15 Base choice SEI F 8 £ AN [B 32 S48 2 B 78 25 3k BY 0 FE B 1)
e BT[] /s
410 31«, 61(7 42(7 810 3,_0 620 43«) 63«) 1011 7b6/56 8“7‘6"17‘) 61;)14b382.% 61 :)13822
1.0 3.42 2.56 7.254 9.89 9.13 6.08 22.29 2567 53.6 17.58 23.67 218 627.67 2.86  1.97
0.8 3.28 2.43 6.83%x 9.58 8.93 6. 07 22.4 2551 53 17. 8 23.5% 219.9 568. 05 2.87 1.83x
0.6 3.26  2.45 6.99 9.58 9.03 6.35 21.97 2516 52.8 17.58 23.84 219.7 569.9 2.5% 1.86
0.4 3.26  2.42x% 7.08 9.83 8.83x 6.13 21.86 2510x 51.6 17.63 23.70 225 620. 79 2.82 1.95
0.2 3.09% 2.54 6.93 9.55% 8.97 6.02x 21.84x 2574 51.4% 17.3% 23.80 214. 1 620. 95 2.92 1.86
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F14.3R 15 =" A oy El, B — BARKEW. N THRIFX —HRESED climb &

GIVECHE FATT K B 5 38 SO 2R BN [R) A s 5 ] — 2 000 5
191) By 78 25 8 A BB B K 22 BE AN R 2 A4 A 4.

A R A AR R R L AL BT SR . ] 6. 2.2 1Y s
ATHEAT T S0 UE 25 5250 BRI % 14" F1 % 157

TSP B 140 BT, T T SO ORGS0 R O % 0 SUME S B8 X 57 A W 954
AN PR TS Y BE AL 2l s RD A2 SOMERAE— € AR/ RIS SUAE 3 0h 35005 1 BE A 22 iy 7 1 5 B0k J2
08 FL A ) T80 A8 A 2 0 B i 2 A Y 38t A TR TR e 75 J2 climb 5k Tk,
% 14’ Base choice BiF LR HERFRAXT XM BN BE RO EMAE
EERI
ﬁklw/{%— 410 313 610 420 glo 320 620 430 630 101t 766756 82726252 6151463823 61 513892
1.0 34 21 77 45 127 25 104 48 125 210 107 76 39 42 24
0.8 33 19 76 44 126 25 104 48 126 212 107 75 39 42 24
0.6 33 20 77 44 124 25 104 48 126 211 105 78 39 41 24
0.4 33 20 76 44 124 25 103 47 125 209 106 77 39 42 23
0.2 33 20 76 44 123 26 103 49 125 209 104 79 38 43 25
% 15" Base choice WIFEIE P BERAF LT NERM B E R H R E
2y A AR [ /s
S X M2 410 313 glo 420 glo 320 620 430 630 1011 766756 82726252  gl51463893 64 513892
1.0 3.93 3.09 9.08 13.59 13.93 7.74 32.12 3008 78.66 27.86 30.78 225.3 1287 2. 86 1.53
0.8 3.79 2.9 8.92 13.2 13.76 7.72 32.18 2986 76.3 27 32.7 196. 6 1288 2.9 1. 69
0.6 3.65 2.93 9.0 13.39 13.57 7.74 32.11 2995 79.03 27.59 30.30 202. 1 1284 2.53 1.53
0.4 3.78 2.93 9.03 13.23 13.57 7.75 31.78 2974 78.08 26.83 30.75 196. 7 1344 2.82 1.47
0.2 3.9 2.92 9.19 13.23 13.37 7.94 31.68 3070 77.86 27.09 30.03 199. 2 1588. 6 2.78 1.59
6.2.5 ZEFMER ) S 491 9 A s 2 A RORLRERI T AR IS AT N 3% 16,36 17

AL A AR EE A N{1,0.8,0.6,
0.4,0. 2} %W 5 NAFAECE X 5 L E T 45 FF

Je R (5 U B A )

% 16 Base choice LB M EFRARTRBENBERNAERAIE
o PR
A5 SRR m P = ; ; P — P - - = P
4 31» 61(\ ,120 81() 320 620 ,150 650 1011 7(» 67 o(’ 82 72 62 52 61 01 /16 38 Zs 61 Dl 38 22
1.0 29 18 63 41 113 22 92 47 112 184 97 73 40 42 20+
0.8 29 19 62 40 112 22 92 46 112 185 95 71 40 42 21
0.6 28 18 61 39 107 21 91 46 110 178 93 71 % 39 42 20
0.4 28 18 59 37 103 21 83 45 102 164 87 72 37 % 42 20
0.2 28% 18 59 % 35 % 100« 21 77 * 41 % 90x 157« 82 % 73 38 42 % 21
& 17 Base choice LW ERAFNTRBEMNBEZERIEFERE
RS [ /s
SRR — : : : — —
410 313 61(7 42(! 81() 32\) 62() 430 63() 1011 7b6/5 8“7‘6"bz 61;)146382.% 61 :)13822
1.0 3.39 2.70 7.61 12.45 11.78 6.8 29.23 2973 69.7 23.68 30.3 219.9 689. 38 3.24 1.83x
0.8 3.53 2.9 7.41 12.4 12.06  6.93  29.31 2880 70.7 24.28 @ 30.3 218. 4 695.59 3.51 2.01
0.6 3.23 2.75 7.44 12.15 11.69 6.62  29.03 2883 69.1 23.56  30.2 206 % 671.1 3.49 1.90
0.4 3.09 2.58 6.93 11.03 10.23 6.02 25.49 2809 62.7 20.47  27.5 214.8 620. 9 3.43 2.11
0.2 2.9% 2.43x 6.44% 9.58x 8.93x 5.77x 22.4x 2516% 53x 17.8x 23.5x 197.2 588.11 2.9% 2.06
F16.K 17 xR E s — 17, A 00T A SR A e
Hh s R 22 BT Sk A A S M R A A0 IBRC(E AR R FIRE O TR IR X — B R Je & & i climb 53k

0. 2. 38 3 X 5 — 5 B8 1y i — 20t vl LA R L AE
Z R0 e e v AR LS R T R N () R B R
AR 3 P Ul /) A A S 9 B A 0 A R S 4] 8!
i A 72 S AE 3 1) 0 3 /0N 5 A I 2 AR U /)
713 AN ) [ B SR Y T AR B TR 11, 78 s
BAWE T 8. 93s. kg R R, AR 5 5 1 B
Xof 7 55 2R A L AL Bk R e B R R 2K

HA R SR DG MR B TE L AL BT SR L FRATTHEAT T R
UESEG, S P IR IF] 6. 2. 2 L, RIS 8 13k 9
P 3t 2 AR OSOR bR M R 45 E B B climb B3k
SRk climb 553k, SCE B N g 16" MR 17" FT K.
Wl B o B AL S A AR B D0 20 OB i 3R AR
PTI98 S AR 3 ) B 1%
PERE AR W A B 5 AR 2 climb RL TG,
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% 16’ Base choice RIF LW M ERARATRMERBERMERME
B R
5 SR — - - . _ = - — P
4 0 31«. 610 4_0 81(} 32(} 62(} 430 630 1011 766/56 827“6‘5" 61L)]4b3823 61 313822
1.0 36 22 84 51 151 27 119 51 140 249 123 78 42 42 24
0.8 35 22 81 49 147 27 116 51 139 245 121 76 41 42 24
0.6 35 21 79 48 143 26 113 51 136 239 119 77 40 41 24
0.4 33 21 76 47 139 26 111 50 132 230 114 78 38 41 24
0.2 31 19 70 44 126 24 104 48 126 212 107 77 40 41 25
% 17" Base choice RIF LW FEFRARNTRBRHBERNHEHE
S et o
S T AET /S
I 410 313 610 420 g10 320 620 430 30 101! 766756 82726252 151463893 gt 513892
1.0 4.17 3.53 9.83 16.29 17.93 8.82 38.92 3319 91.35 35.48 38.03 198.0 1485. 2 3.25 1.69
0.8 4.18 3.62 9.95 16.22 18.32 8.61 38.95 3362 92.59 35.13 38.31 225.3 1462.5 2.9 1.58
0.6 4,01 3.43 9.52 15.65 17.71 8.35 37.81 3262 90.75 34.71 37.22 196. 1 1446.6 2.49 1.56
0.4 3.9 3.29 9.19 14.87 16.37 7.94 35.88 3191 86.21 31.92 34.71 190. 9 1588. 6 3.32  1.48
0.2 3.18 2.9 7.58 13.2 13.76 6.89 32.18 2995 76.3 27 32.7 173.0 1382. 2 2.49  1.43

i bR S B AT LA B B AL L 5 AR
2 J0HE AN TR A D00 52 491 v ) 5 i 3 2 B B D02 B0
{EL FRATDRE X 28 e L2 HOBE AT AL 5 RIS 2 A [H]
T 0 52 091 g 38 e Rk A i 2 A AN e 0 2 R

N 18 Froi » g I S 491 AN T o HG e 110 2 MG et AN
[ T T AT M) X 4 i G 2 e AR A 15 >
SR E RO T R IESS SR A MERR P AT 10
YA S 2R v B DG

% 18 base choice THRFFERFNXFINEASHURERBERENER

S A5 =73 m T Pc Pm Size Time/s Sl Bk m T Pc  Pm Size Time/s
410 GAr climb 100 100 0.2 0.2 28 0.234 630 GA climb 100 1100 0.2 0.2 87 71.99
318 GAr climb 100 100 0.4 0.2 18 0.187 1ot GA climb 100 1100 0.2 0.2 154 22.09
610 GA climb 100 1100 0.8 0.2 59 6.724 766756 GAr climb 100 1100 0.8 0.2 82 29. 39
420 GAr climb 100 1100 0.2 0.2 35 11.75 82726252 GA- climb 6100 600 1.0 0.6 70 2413
g1o GAr climb 4100 600 0.4 0.2 101 252.6 6151463825  GAr climb 4100 100 0.8 0.4 39 69.51
320 GA- climb 100 600 0.2 0.2 21 3.57 6! GAr climb 2100 100 0.6 0.2 42 1.123
620 GA climb 100 1100 0.2 0.2 75 30.9 513822 GAr climb 100 100 0.8 1.0 21 0.234
430 GAr climb 100 600 0.4 0.2 41 16. 97

Base choice 525 B8 % 1 ) ¥ 4 35t 4% 53k 5 4
[ €S PO R7 R (T M) P S5 TS o
IR B — A IC B S B0 S [ 1 00 52 497 1) 7 s 36 2E
B I5) R A Y e R B H S 86 R B IA T B S 8
W R ULk B A 25 IR ARG e A M i 2 515 B 4 T
S B R L FE TR S 8 rh L B a2 IR /INVAE AR
FUREN 99 (WL 255 11 #) L 1 Base choice 525515 it i
RS H0B0 B 3 w22 AR U 101, B Bk A%
Hie B 2 500K B R FB S AL B SR AR MR BEAS — o B
P R T G AR 2R R A Y 3 AT B IR T
BLRATRI T 0 — RS R — RIS e 1L
S R 6% A - b Ak R JR S I S B b RN B
FEARPERB IR T Z W] B P40 06 RS2 30 X S 4000 1 B
— AR AR R TE b — AL SRRl AT S A
TR RE < WA B B S50 iz 4 i fk i — 25 2 32 5t
AT A5 380 A 5 3 B A 1 i 8 B e 1 1) 2 T
6.3 W=

S DL pair-wise SE56 T e S BB E PLAE
R FEWES B B B T L S 5 R A S 0 i R —
A0 % o A% B 0 T B 2 B AT R A T DA RC AR

=

=7
\Ely /,

w

&SNS AE U T R AR i R R R T S A AR
ARG 6 52 56 AT 3% 25 43 BT I 4% X BC B S 800
DEHUE. 25 58 B0 fh 4 R 25 B Ao e i
A7 IR PR A i — S s [ L, S5 DA 5 RS A7 45 R b
T8 IS A1 i A A R
6.3.1 LR IEM AR AL

T 58 A 5 A B Y AR R B X — S U
b T RES S PA—30 81505264 3 7
A 5 AN SR % B B R R S 5O SR 4G
WL 8.3 9. L B 35 A A A AR 0 9 E )
X PR A B o AT A5 3 B 5 1Y S G BT L T o
WS HECE Cy angk 19 iR,

F 19 JRWLKE RG] P ER MU M S HEEC

G ar ar as ar as S A ar a; as ai as
410 5 0 2 4 3 630 3 0 2 1 4
318 5 0 2 1 4 1ot 3 0 2 1 4
610 3 0 2 4 3 766756 5 0 2 1 4
420 5 0 2 1 4 82726252 4 3 1 0 1
810 3 0 2 1 4 6151463825 5 2 2 4 3
320 4 0 2 4 3 6* 5 2 0 4 4
620 3 0 2 1 4 513822 5 0 1 1 0
430 5 3 1 2 4
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6.3.2 FPHERLED BeE Co . Nk 22 Fron. il W8 3k 20, 3% 21 gk
TE Co By FE Al [ AT X B BE B B B 0E 47 ek P a1, AR BB G e A X v 1 e G B2 ) 3R K
AR BRI S B XN 4 AR B SR BUAE T AET R) b, X) 7 25 3% 09 AR B A e AR
MR 2 AR 20,58 21, = W BRI Bl R LA ) KW, Xt — 25 % jE T Base choice 52 B H %)
TS BOBE. B ot TR AT AT 2 45 1 I 52 1) 2 8 ZEie.
F20 BULBHEFRARAMBNENBS RN ER I
N a5 A
ﬁg}é*ﬂ*% 10 313 61[) 42(7 81(7 32[) 62[) 43\) 63\) 1011 766756 82726252 61314&)382% 61 513822
100 29 17+ 59  35% 99  21x 74x  40x  89%  15dx 82 75 39 i2% 20
2100 28 % 18 60 35 98 * 22 77 41 89 155 85 70% 39 42 21
4100 29 18 60 36 99 21 77 41 90 156 83 72 36 % 42 20
6100 28 18 58 % 36 98 21 76 41 91 155 83 70 38 43 21
£ 21 USSR EESERFEAENES R EFERE
- THAFERS ] /s
jﬁ]ﬁ*j”\ﬁ 41() 3]3 61() 42() 8]() 3247 62() 4.%[) 63() 1011 766756 82726252 6]5]463823 61 513822
100 2.99 2.28% 6.16 10.1x 10.25 5.67% 22.9% 12.7%  53.3% 19.8% 23.5%  3.68 10.73 0.13% 1.78%
2100 64.4% 56.1 135 394.5 614 % 246 897 459 1898 1529 1146 283. 2% 37.21 1.31 38.75
4100 131 118.9 269 1222 1972 679 2612 1354 5591 5150 3133 899.7 627.7% 2.92 77. 84
6100 202 190. 3 413% 2431 4379 1465 5272 2474 10500 9267 4914 2034 1079.3 4.56 132.4
% 22 €L ST 45 50 5K 4 ch o B BARAR L 6.3.3 EINEK
Xt RS HEE C 1E C, IRl b weAR HE A A B0 2 BB X
S0 @ @ a5 ar a S0 @ @ @ a a B S BB 3 A A 2 B0 E S I a5 SR
1 s 2 4 3 60 3 0 2 1 4 223,33 24 Fron oA 7 b A0 3 AR A Bl Ay B A B
3¢ 5 214 Lot 30 2 1 4 . B FRPa g, AT R MAE 7°675° (10" A1 8"
L I T SRR Y T 5% 1 o 0l PR K
v e ey e WEFRRBLEUN TR 37 4R 5 302 s A
320 4 0 2 4 3 6t 5 0 0 4 4 ALEE /)N ) 1 I S 4 7 5 3R A IR AR A Ak 20 9% A B
60 3 0 2 1 4 513%22 5 0 1 1 0 R X B UE T Base choice 525t Y 4518, S0 5
s 01z e 245 3 & 1 I SE 6] 1 S 800 B Gy, L3R 25.
F23 BLUXEAEEARHUREHBEEROERNR
R v T 5 A
L#/ﬂ:,ftéy 410 313 610 420 810 320 620 4.’50 630 1011 766756 82726252 6151463823 64 513822
100 29 19 61 37 103 22 83 43 101 166 90 72 37 42 % 20%
600 28% 19 60 36 100 21% 77 10% 91 158 85 70% 38 43 20
1100 28 17 % 58 % 35 98% 21 T4 % 40 89 % 154 % 82 % 71 36 43 21
F24 RBUXEHEFEARHU RGBSR EFE
. THFERT ] /s
ﬁ{t’f&iﬁ( 410 313 61(\ /120 810 320 620 /130 6:%0 1011 766756 82726252 6151463823 61 513822
100 6.11 0.172 39.1 1.03 58.9 0.61 2.34 2.36  5.59 2.18 2.43 45. 24 52.28 0.13% 0,44%
600 34.8% 1.7 224 5.71 339 3.34% 12.83 12.7% 30.0 11.6 13.4 283 % 330. 07 0.33 1.78
1100 64.4 2.28% 413%  10.1x 614x  5.67 22.9% 22.2 53.3% 19.8% 23.5% 489.1 627.7% 0.70 3.26
#25 RUSEKHUFFHEREMK 6.3.4 XM
xS M EE C 15 . (R A8 3 SRR A R o 45 14
PR e o o of @ e o o Sl 5 AR SRR SR A 26, % 27 7
6 3 3 2 4 3 796756 5 0 2 1 4 P AT L] 1 5 38 SOARE 56 110 40 AR X 78 5 2% 1 A R
;; z 2 i 1 j GiT:;:% : ; ; 2 ; T H FE R (8] A R IR, AS [7) 38 M SR IUE T 3
320 4 0 1 4 3 64 5 0 0 4 4 %i‘%ﬂ@i)ﬂﬁ%’fﬁzwﬂ%ﬂﬁﬁﬁd\,H&ﬁﬁﬁﬁlﬁ@%ﬂﬁﬁ
62 3 0 2 1 4 5138225 0 0 1 0 . 45185 Base choice 8258 — B 76X} 38 X HE R it 17
4 5 0 1 2 4

DAL BA A5 225 Fp I 52 B 9 2 KB 8 C L L3R 28.
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(o]
w
wl

F2 RUIBHEEFRAXZIXBENBS RO ERNE

. R
> %/“ 4]() 313 6]() 42(7 81(7 32() 62() 4.%() 6.%() 1011 7667 56 82726252 61314&)382% 61 513822
1.0 29 19 61 37 99 21 76 41 89 155 82 70 36 42 21
0.8 28 17% 60 35% 98 21 T4 41 89 154 % 82 % 70% 36 % 42 20%
0.6 29 18 61 36 98 % 22 75 40 88 155 84 71 36 41 % 21
0.4 28 19 59 36 99 21 75 41 88 156 84 72 37 43 22
0.2 28 19 58 % 36 98 21 % 76 40 % 87 x 155 84 71 36 42 21
F 27 RILEIEAPIEFERERZ X R E =R E ERE
> E%/\ 41[) 313 61(7 42(7 81(,\ 320 62() 43() 63() 1011 766756 82726252 615146382.’% 61 513822
1.0 37.44 2.76 416.4 11.2 607.7  3.37 23.1 12.41 54.2 20.8 23.67 283 626. 2 0.047 0.45
0.8 35.68 2.28% 407.2 10.1% 614 3.4 22.9% 12.24 53.3 19.8x% 23.5% 281 % 568. 1% 0.19 0. 44 %
0.6 35.37 3.06 418.1 11.3 604 % 3.45 22.95 12.71 53.3 20.3 23.84 282 569.9 0.03% 0.47
0.4 34.3% 2.67 411.2 10.6 611 3.45 22.74 12.25 53.0 20.3 23.70 291 620. 8 0.047 0,47
0.2 34.8 2.78 413% 10.3 614. 3.34% 22,93 12.4x% 52.6% 20.15 23.80 263 627.7 0.13 0. 45
% 28 WL SEI0 &4 ST 6 b 3 WA R AR AL 6.3.5 Ar AR
1 R B 5 % C . o NP
FHENSRRE C, T8 Co 1Tl 30 75 504824 1 S (B A7 2028 3
FH ar ar az oar as LA a 4dz a4z as as AN — S ST 2=
T e S 71 C2 IR e TE S Sl PR RS
w5 0 2 1l e s oo a1 4 203 30 He bR A8 SUME R Ay i fE B, 5 i
003 3 2 4 s |omes s 02 10 BT R B B S R A B 3 R 1 A
420 5 0 2 1 4 82726252 4 1 1 1 1 Sz NI Vb o
) Y TSR FE I () A 2 98/ B X R TE —
8l 3 1 2 2 4 615146382% 5 2 2 1 3
3 22 - =~ e 3
3 4 0 1 4 3 6t 5 0 0 2 4 Pl PN A S 0E 25 A B 8 /) 8 5 3R 2 I 3w A% B 0k
3 0 2 1 4| swr s 00 1 0 PEfEHIT. 15 Base choice K46 BL. SLI LA
430 5 0 1 4 4 N .,
15 2 & F S ) 1) S8 B Cs L L3R 31
F29 RUEHRAPERELARNTREERMNBEZRNERNE
) B R
AR ———— : ) ) TR el T T oTerey i
4 31 610 420 810 3_0 6_0 430 6‘:0 1011 /()64 06 8_7_6_5_ 61\)1463823 61 :)13«%2_
1.0 29 19 61 41 109 23 93 49 112 185 97 71 40 43 20
0.8 29 18 61 39 104 22 91 48 110 183 95 70 40 43 20
0.6 28 19 59 39 102 22 88 47 107 172 93 70 % 39 42 20
0.4 28 19 58 36 99 21 81 44 98 161 87 71 36 % 42 21
0.2 28%  17x  58% 35% 98 x 21 % 74 % 40 % 87  154% 82 % 70 38 41 % 20%
F30 RUERAPEELAETREEMAE =R ERE
A A 2% THAERS ] /s
X<t - 41[) 313 61() 42() 81(,\ 32(] 620 430 630 loll 766756 82726_)5_’ 61514&)382% 61 513822
1.0 37.71 2.87 431.2 12.1 716.9 3.84 30.22 16.47 71.1 27.5 30. 3 290. 2 699.38 0.047 0.44
0.8 38.36 3.70 425.4 12.2 680.3 3.74 30.14 16.54 71.5 27.6 30. 3 281 695.59  0.047 0.45
0.6 37.04 3.15 422.2 11.5 666.5 3.74 29.16 16.21 69.0 25.8 30. 2 277 % 671.1 0.047 0.45
0.4 34.3 3.01 413.7 10.8 635.4 3.34 26.04 14.52 61.7 22.7 27.5 273.4 568.1% 0.047 0.442
0.2 32.1% 2.3% 402% 10. 1% 604 3.31% 22.9% 12.4% 52.6% 19.8% 23.5%  279.5 588. 1 0.03% 0,43%
®31 RUIBEFULOPERHERMEML i IX 5 A S g L AT AR B A5 A S B
i3t S HEE G ) _
— — TR HEE. 3 32 Fix . AR ES
S ar ax as ar  as S B3] ar az az as as
DS TIT e Ta ad R R S R . T T A T
30 A O y
60 3 3 2 4 4 7675050 2 1 4 S B0 B A RS I S i A e R O TR
420 5 0 2 1 4 82726252 4 1 1 1 2
89 3 1 2 2 4| 654%322 5 2 2 1 3 TE S5 L0 e B FRAT N 10 W AR AR A5 AR EUE
320 4 0 1 4 4 64 5 0 0 2 4 5
620 3 0 2 1 4 513822 5 0 0 1 4 it
42 5 0 1 4 4
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£32 RUIBRAEEFUISNEASHRERBSERENER

S5 Ak m T Pc Pm  Size Time/s S5 Bk m T Pc  Pm Size Time/s
410 GAr climb 2100 600 .4 0.2 28 32.1 630 GA climb 100 1100 0.2 0.2 87 52.6
318 GAr climb 100 1100 0.8 0.2 17 2.28 1ot GA climb 100 1100 0.8 0.2 154 19.8
610 GA climb 6100 1100 0.2 0.2 58 402 766756 GAr climb 100 1100 0.8 0.2 82 23.5
420 GAr climb 100 1100 0.8 0.2 35 10. 1 82726252 GA- climb 2100 600 0.8 0.6 70 277
810 GA climb 2100 600 0.6 0.2 98 604 6151463825  GAr climb 4100 1100 0.8 0.4 36 568.1
320 GA- climb 100 600 0.2 0.2 21 3.31 6" GAr climb 100 100 0.6 0.2 41 0.03
620 GA climb 100 1100 0.8 0.2 74 22.9 513822 GAr climb 100 100 0.8 0.2 20 0.43
430 GATr climb 100 600 0.2 0.2 40 12. 4

6.4 RIBLi W LI IR AT A5 e SRR R AR R

A Sl pair-wise 25, Base choice 5255 LA A5 SRR 3 AN E S B0 B 15 A R s AT AR
KCI 85K 3 AL MR R MR R THE B RAE R RE R w5 K Fh e B0 ASE (%) 52 i B 44 B8 78 55 3k
I ) 38 AL R A T B S B U S AR AR G TH AR ) 1 3¢ SCARE 38 1) 52 M A /. He b Bk
L TEREMSE . 3 SRS PR AR R BIA TR RE Y M HHELL GA climb 1 GAr climb 8L # M, HiF bR
JEFNO (& A A A pair-wise SEH FERRBE  BURMEBOR 58 SOME 3 BUE B/ B s P RE 5 W)
LA ESHZ N g4 A LR AL RS G510 R W 0 TR AR () Y 4k 15 R
S, LIS SR RS S MR ES . AR SRR - RS R
() —JC4 5 3 75 . Base choice 52565 570 5 T & 4 RE R R PERE. & 33 PR LR A LI )5 s
25T B 280 8 B0 Bk O 0 5 ), S 50 0 st % B 15 AT I 52401 1 fe 08 2 B0 o R 7 o 28 A B &6 4R
5 ANECES BT T MM RAERR. RIS ST AR S ) v, 78 56 2R A ) e S 8K
W& X SRS AT B LA, SR B R ECE I 2 RARK, B — 418 H T i — 4t
MRE S A B — 5 S B 1 58 BT — 25 25 $ . B RAERN RS E.

£33 EFNXFNRARNEENESRENER

S| Ak m T Pc Pm Size Time/s S| Bk m T Pc Pm  Size Time/s
419 GAr climb 100 100 0.2 0.2 28 0.234 630 GA climb 100 1100 0.2 0.2 87 52.6
313 GArclimb 100 1100 0.8 0.2 17 2.28 101! GA climb 100 1100 0.8 0.2 154 19.8
610 GA climb 6100 1100 0.2 0.2 58 402 766756 GAr climb 100 1100 0.8 0.2 82 23.5
4?0 GAr climb 100 1100 0.8 0.2 35 10.1 82726252 GA- climb 2100 600 0.8 0.6 70 277
810 GA climb 2100 600 .6 0.2 98 604 6151463823  GAr climb 4100 1100 0.8 0.4 36 568.1
320 GA-climb 100 600 0.2 0.2 21 3.31 6! GAr climb 100 100 0.6 0.2 41 0.03
620 GA climb 100 1100 0.8 0.2 74 22.9 513822 GAr climb 100 100 0.8 0.2 20 0.43
430 GArclimb 100 600 0.2 0.2 40 12. 4

PEREAT 7E AN [F) A2 B2 A9 52y, HL b B3k e 4% B A AR
7 BREMRE HIAE S ME R X 3 A PE B 2 HOuh B ot R 2B 0 AL 57
T B AR BE B2 R 50K ol AR MLASE 1) 52 i A B A B
AL ARG T AR A REIE IR RERE ] L 7SS SORE 3R 14 B W X /N
TEFEAT B 2 2 A2 U ) PR BE L Ak 1R) R il i 3 A% 5 (3) X T4 o 19— 2 B i o A R IR) AL A7 AE —
Ko B LR R R AL L A AR ARk PR AN RIS BN B (8 A 3 1% Ak R R FE LA 1
B MR AR 5 AR MBI 8 0 T — e — 228 35 3 A m R, W7 7E X R
XL PERER 2R 15 LU 4598 — ZFL 3 A 5 DG 2 A . S T ) S A i ] R
(D g R R A A REZ AR S HERISHO B 2 A7 22 7 (HW B A —E iy 3t
PIE B R M AR K AN [R) 2 B0 BT 10 81 o R 2R R A PSR A5G R FEAS SO KB 15 A i I 5 461 Y
ZEAAHEZES GIMSRREFFLEESEN  RUSHEERES. HEEHEEDT T GA climb
GA climb 8 GAr climb I 835 A MBS R ML GAr climb 5k  2EACACBOBRE B AR L A8 S R
T B/ TR R O GA-IE L N 2 AR R R IR RN
P B i 2% FE LLJE 9 TAE b JATH AL A 1 TAR Al L
(2) BERIEN A E S B AR AR R X S25 BT 3 0 38 1% B0k a5 R 2 800 B AT IR R
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At — R4k 40, LS e 4516 o SRk YT R BL S 2
BB A — R climb 3T E R
B, T /INAR S MR ) 345 SRR PR AR A ) S B B
BRI S HEAT 10 YREE 20 R A 55 3R AR S
50 DA S 05 25 S ORS00 55, O — v I, B TSR ER A
BN Z4 BE S5 b — 25 38, FR AT 3T Rk 52 560 4 % 3
paua R Sk e L A R K W DR A R N DA i
B R b TR T R S i S

B0 B 5 2% A e B e a8 A% R Y e AR
TC B AN FEAE B B0 3R AT H F 52 R R AR S5 38 7 1k
P — Y B 2 LB I AT AL Sk T R
i pair-wise 2508 55 3R B — 41848 51k 81T
HEATIRER L R Ji5 1 B 3L v PR BB AT A IC L LASK LA D
B RS> SIAEIC 1L FD Base choice it &R 56,
T 77 A (R SR U B 45 SR AR S T AT AL S TA H 25 2R
KT XA T M ROR B Uk FR ALK o3 SCTig.

B X RE S 0  a R AE CSE ) S A — A i s
R R I T 1) 2 TR AT 40 R P G AR Y O
WAL FE rh R SE BE AL AR R — 4 381 R I AR
UG T 32 47X 4 i B NT I A 3 A5 ALk L AR R R
2 S 8 55 3R DR B AR A R A S 1Y
T B AU Ay 3 I R o, B SRR )N L 3
(L 75 o AT 6T 33X 4 P 5 0 A 7 35 o7 HE T o I % L ik
FT 3R 38 SURIAE 5 OB J8050 —ARFIRE. 6 % 7
LB REAS P52 5 sk ) I Rk SOhR o L R S5
XN 1 0 M R RN AR

2 % X #
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(BK2010372, The theory, method and application of combi-
natorial testing).

Combinatorial testing is an effective software testing
method which can detect the failures triggered by various fac-
tors and their interactions in the software system. To date,
the existing research in the world are mainly focused on test
case generation, the application of combinatorial testing et
al. we will strive to put forward the existing research to a
new height. Our research has got some achievements invol-
ving the following aspects: combinatorial testing model; min-

ing on the parameters., their values and interactions; various

test case generation and prioritization algorithm; the design,
evolution and application of combinatorial testing procedure
and strategy; software quality evaluation method and testing
automation. Our research can not only make combinatorial
testing find faults effectively with low cost, but also can di-
agnosis and reveal faults further around the exposed ones,
provide reasonable evaluation method et al. our work in this
area will enhance combinatorial testing and provide theory,
method and tool for its application and extension.

This paper focused on the study of test case generation
and prioritization algorithm. We take genetic algorithm, one
of the typical evolutionary search methods, as an example to
systemically explore the different influences of its five config-
urable parameters on the performance of 2-way covering array
generation, trying to find the optimal configuration of genetic
algorithm and further optimize the performance of the algo-

rithm,
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Type-Only Hyperblock Predictor

GOU Peng-Fei YU Ming-Yan YANG Bing LI Qing-Bo WANG Shi-Bo

(Microelectronic Center » Harbin Institute of Technology . Harbin 150001)

Abstract  Since EDGE architecture is hyperblock-based, high performance hyperblock predictors
are crucial to guarantee promising performance of EDGE. Based on the analysis of hyperblocks’
exit types, we find that the exit type of a hyperblock is independent on the exit ID, motivating us
to propose a type-only hyperblock predictor that predicts exit types without exit ID. Analysis of
the predictability of exit types for hyperblocks proves that exit types are correlated to histories
and/or paths, permitting us to incorporate aggressive prediction techniques into type-only hyper-
block predictors to harvest better performance. Compared with conventional exit-based hyper-
block predictors, experiments show that MPKI (Mispredicts Per Kilo Instructions) of our pro-

posal is able to outperform by 10%.

Keywords  hyperblock predictor; branch predictor; EDGE architecture; exit type predcition;
predictability
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Background

EDGE (Explicit Data Graph Execution) architectures,
with features of block-atomic fetch/execute/commit and ex-
plicit instruction communication, are one of the most promis-
ing alternatives for future processors. Contemporary EDGE
such as TRIPS and TFlex,
block-atomicity at the granularity of hyperblocks.

pProcessors ., usually maintain
Hyper-
blocks, formed at compile time, are single-entry, multiple-
exit blocks with possibly predicated instructions. To guaran-
tee efficient execution models, EDGE processors adopt con-
trol-flow speculation techniques to speculatively fetch multi-
ple hyperblocks onto execution substrates. Since the unit of
fetch/execute/commit is hyperblock, control-flow misspecu-
lation resolving and recovery should be done at hyperblock
boundaries. Therefore, EDGE architectures rise challenges
to conventional instruction-centric control-flow speculation
techniques, especially to the branch prediction, which is at
the heart of control-flow speculation.

To face these challenges, the next-block predictor was
introduced by Ranganathan et al to the research community,
enabling high performance control-flow speculation for EDGE
architectures. Basic idea of the next-block predictor is to em-
ploy the compiler-approximate intra-block paths such as exit
IDs to predict branch targets for each hyperblock. At predic-
tion time, the next-block predictor predicts exit ID of a hy-
perblock by an exit predictor. To incorporate conventional

branch predictor techniques into exit predictors, researchers

have to make modifications, due to inherent differences be-
tween the hyperblock exit prediction and the conventional
branch prediction. After producing the predicted exit ID,
which is inherently the speculative intra-block path. the next-
block predictor predicts the branch type of this exit, then ac-
cesses different target buffers in accordance with the predic-
ted branch type. Target buffers tuned for different branch
types finally produce the predicted address of the next hyper-
block. Published achievements reveal that though a bunch of
aggressive techniques has been evaluated, more than 50%
mispredicts are still induced by exit ID mispredicts, indica-
ting exit predictors are the performance bottleneck, leaving
spaces for future optimizations.

In this paper, our studies show that without exit IDs
(intra-block path informations), inter-block informations
such as branch type histories are effective enough in predic-
ting hyperblock branch types. As a result, based on these
findings, we propose a type-only next-block predictor,
which eliminates the exit predictor and directly predicts
branch types using non-speculative inter-block informations.
By employing TAGE technique in branch type predictors,
our proposal outperforms published exit-based next-block
predictors by 10% in MPKI (Mispredicts Per Kilo Instruc-

tions) across a wide resource budget range for SPEC

CPU2000 integer benchmarks.
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A New Method of Performance Estimate of Direct Anonymous
Attestation Scheme in TCG

TAN Liang"”'® MENG Wei-Ming” ZHOU Ming-Tian”
D' (College of Computer ., Sichuan Normal University ,
Key Laboratory of Visualization in Scientific Computing and Virtual Reality of Sichuan, Chengdu 610066)
2 (Institute of Computing Technology , Chinese Academy of Sciences, Beijing 100190)
D (School o f Computer Science & Engineering » University of Electronic Science & Technology of China » Chengdu 610054)

Abstract Performance is a most important problem to Direct Anonymous Attestation Scheme in
TCG. It is very necessary and important to analyze and measure performance to every entity
quantitatively for optimizing DAA. In this paper, DAA protocol is first analysed detailedly, and
then a new performance measurement method, called Normalized Statistics method, which takes
the machine period as the basic performance unit, is put forward. When using this method, all
complex calculates in DAA protocol must be found out and statistic, and better algorithms to ev-
ery complex calculate are chosen, moreover, to each algorithms, we need to compute the sum for
each basic operation, such as multiplication of single big integer, addition of single big integer,
reading and writing memory, and so on. Finally, the every entity performance and the whole per-
formance burden in DAA, whose unit is the machine period, are summed. The theoretical analy-
sis results show that the performance estimate is exact, meticulous and effective by this method
which is independent of actual platform. For proving availability of the method, we apply it to es-

timate performance of other one DAA scheme.

Keywords trusted computing; direct anonymous attestation; Camenisch-Lysyanskaya sign;

knowledge proof; performance burden
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Background

Performance estimate of Direct Anonymous Attestation
Scheme is important problem for trusted Computing, which
is the focus of researches in information security field.

Performance problem is a most important problem to Di-
rect Anonymous Attestation Scheme in TCG. The original
DAA scheme’s computation, is much more complex than the
Privacy CA, is based on the modular exponentiations, modu-
lar squarings and multiplications, of which the great problem
is complex and great time consumption. Due to the limited
computing power of the TPM, the complexity of the DAA
protocol is not only to the disadvantage of its practical appli-
cation, but also to seriously hinder development of trusted
computing widely and deeply. So the study of a simpler and
more efficient DAA protocol is very significant. It is very
necessary and important to analyze and measure performance
to every entity quantitatively for optimizing DAA.

Currently, performance estimate of Direct Anonymous
Attestation Scheme generally takes on “simulation method”
or “operator statistics method”, but these two methods can’t
exactly estimate the performance of DAA.

In this paper, a new measurement method, called Nor-

malized Statistics method, which takes the machine period as
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the basic performance unit, is put forward. When using this
method, all complex calculates in DAA protocol must be
found out and statistic, and better algorithms to every com-
plex calculate are chosen, moreover, to each algorithms, we
need to compute the sum for each basic operation, such as
multiplication of single big integer, addition of single big in-
teger, reading and writing memory, and so on. Finally, the
every entity performance and the whole performance burden
in DAA, whose unit is the machine period, are summed.
The theoretical analysis rusults show that the performance
estimate is exact, meticulous and effective by this method
which is independent of actual platform. For proving availa-
bility of the method, we apply it to estimate performance of
other one DAA scheme.
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They aim to find out an optimizing DAA
scheme to decrease complex and time-consuming of the origi-
nal DAA scheme, and to improve the practical application of

the DAA scheme.



