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Abstract: With the rapid increase in the number of deep packet inspection rules, it is necessary to store
deterministic finite automata (DFA) representations of regular expressions efficiently in order to meet the practical
requirements of network processing. First, a new hybrid FSM construction method is proposed for compressing the
states of DFA. DFAs are built in different ways for the regular expressions. By analyzing the states of the converted
DFAs, the distinguished complexities of DFAs become noticeable. This leads to a change in state of the DFA from a
quadratic/exponential expression to a linear expression. Next, an efficient compressing algorithm, called Weighted
Delayed Input DFA (WD?FA), is proposed for state transitions of the DFAs. This algorithm can reach a reduction
rate of about 95% for the regular expressions with any complexity. The analysis shows that the performance of the
WD?FA is better than the delayed input DFA (D?FA), and D?FA is a special case of WD?FA with weight 0. The
experimental results show that the number of states for the FSM can be controlled at the level of linearity, and
transitions are reduced to 7% based on the compression states.

Key words: deep packet inspection; regular expression; multi-pattern matching; hybrid FSM; D?FA (delayed

input DFA); WD?FA (weighted delayed input DFA)

H B MERAGANANKB QAN K ATEENELENYE R, LM EFENEELXH
DFA(deterministic finite automata, 5 694 F&k & ShAL) AT & 269 A% —7 @, 2+ DFA 69K & 240 B #AT/E 4 32
T —AF 5449 FSM(H TR B shAL) a9 Aty 77 ik 38 3 af 1 N FCA S50 AR, DFA 69K & S8 B B2 R e oA 5 R R A4
JE A E N FGE KR R 69 77 KM E DFA TR T 7 BAIG SR T Z B AR A SR TEK3) T XK. 5 —F
@ 4F DFA 69 RS B4 8 #H4TE Y 20 T —FF & 2069 /R 4% %, BF WD?FA(weighted delayed input DFA, # A8 iR
DFA) ik 2t FAE & H 20 B 69 E W) A XART AR S 5645 30 B B 45 A R k89 5% & & AR%FF D°FA(delayed input
DFA iR 4§ DFAVH £ 64 /R4 48 71,7+ FL121F D?FA 2 WD?FA A4 0 LT 9456, a2t R R0 AR A 3h
WADAR A B Ak B AL 9535 A R B FF BLAEIR S BUR 45 04 Aomly E AR A4 A5 40 B R4 4 R R4 T%.

FHEE A QAW E RN Rk X 2K KR A A4 FSM;D’FA(delayed input DFA);WD?FA(weighted delayed

« BEETH: B [ RRE 4 (69601003); 75 4FE A} 34 (60705004)
W I ] : 2008-10-17; 5 Fa i 7] 2009-08-19
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input DFA)
HEAS S TP393 XHRARIRED: A

F T D 8% 22 4 ) 7 S S R A 0 A 1 ok i T 2, 20 A G I o oAy G B 1 R i, 1 D 2 ik =X PR R
TR 2 IE BE ) IE AR Ak Ge IR RS i 74 R 2R 1E WA 211 DFA(deterministic finite automata) /)
F- NFA(nondeterministic finite automata)EL 75 5 4f (1) b B 1k g, (5 L A7 FH AR A7 it 225 TR0 2 B R I il L. DT b, A S0 3
TS DFA [WAE it M 4 >R T g

1 3l

TR T LR I, B 1 5 B0 0 11 B Sk S A R AT P 2% X D 4% 22 A B I 4 W s A8 O EE U & T (1) D 4 b 2
S L 0 75 B P ARG N, B S AR A R B8 B A R G R0 B K B 5, FL Y ik 22 R 4 2 Bk SE B ).

EIR AL I v, 22 45 X DG P 2 S BB A4 86 (R A Lo A B e 4 4 WSS, A s 4 o (i A X
T2 SCA (T H B A% G 1) 22 A5 5 D it T2, A 22 2 AN R 1“7 4% B (191 41 apple, banana) (¥ 45 & 1 38 fL 77
T AR A S TE AR AIE, TF D) 208 2L A R SR 10 2 3K 18 0 R0 RIS, — AN IE U 3k 3UAS B w2 — 4L 75 R I B
T D00 2% X T 7 3 R 0 1100 7 55 e A 3 B A A8 o DG P 55 24 A, JLAS P9 AR 51 8 L8 T 0 IE )3
IE M SZRE B an Snort MRS R G Bro NMZ KT R SE . Linux N H RS 43 2 88 (L7-filter) 4.

FFE )RR 20 A 2 B VO RS, T 5 PR 1F ) 2R 0 =i 3 B FSM(finite states machine), £ FSM X SCAS
AT FH, T SEASE A SCA A (1) D0 .DFA (R L AR B i L NFA S5 1T Bk T B & 1 B 3L {2 DFA 77
BAR R A7 it 255 0] X 2 24 A1 5™ T 1) PR ol R 25 IR e A SC 2 L4 X6 DFA (047 i IR 40 1B AT 118

DFA IRA7Aif 25 )2 HRZS sV B0 H FAREANIR S SRR S R A 40 B 3 W) whe s 19, S 6 I 9 7 Th 3l 64T T
PRI B 58,07 FSM IRPIR A s H AT IR 4, 38 H T —Fh & 46 1) FSM (WAL v, 383 5% 1 W) ik X% 16 B DFA
(1R A A58 H 5 2% B (R 40 T K S ) 52 244 B35 19 1 38 R LA TR 11 5 sRAG . FSML A5 T A Y- BRI 4 B
STON B BRAS SUBCH BRI T 26 ML LI N DFA PR FERECH BT i, 45 T — P 2300 i 4 40923, B
WD?FA(weighted delayed input DFA)S ik, 125010 0 H0 42 4% 9 15 W) 2654 X HL A o 4 10 s 4 2 L, FLAR G T
D?FA(dDelayed input DFA)f 5 56 [f) 4 fiE 71,73 DFA J&& WD?FA ZERUIE A 0 5L B R4,

AILE 2 AT 4H FSM A7 FR 48 AR OC AR 56 3 T XIRZS A8 B kAT R 4628 4 1S BB HH 1k
L b L R AE VA I A AR A 15 6 TR S IR R AR A RS B 7 WA SO AT BV

2 EEFMEXRIE

illf3

2.1 BRI EFNAL IR (A

N T XA i 2% TRV HEAT TS 45, B 2 2% 18 1 JU) 238 XU 4o 8 1) 1 JU) 238 S0 2 T FSML SR 26 R B e 4 1
A TE 2 DFA F NFA AT 5 10 1E W 2638 3K, #00] BiAT — AN EL A e AR 25 25 % H 1% DFARA,

DFA 1 7641(Q, 0o, A) K 7R, Ho1,Q MR s G ZH ERF R, 00 NHIIAIRA 5L A 2 bR ST, Sh R
BEBREL— DFA 17 HIH — MR S5 AR R VS EL A HAT 55,2 J5 R SCA 1) — A 755, AR H 4
BRI AL S TE T —ANIRES AL 08 B 28 RS S IRES s v 2 AN I )7 AR — /MBS Y NFA 5 DFA IIX
AAET NFA 5 B ST T — A3 2 N —IRA L1 DFA RS bR B Sl e ME— 1R R — IR AL

FSM T % 2 A7l 2 )2 PR A S8 H RV A IR A SRS e 8 0 B L IR e (9 18 190 4 A B i o, 7
FF A 1) ASCI 93X FE FEAVIRES AU 256 MRS AL 5 80 45 IE R GE U RN & e M 4t DFA I
P BT AR T, ULA T 75 8B 6 077 it 2 0] Bl A5 10 ) 208 2 I g8 m, 2 T 75 SO 2 A ] 25 20 0.

FSM 145 [ RN AL AT 8 FE L3R 1255 N — A>T 75 N DF A fE SR a2 ME— 11 R — R A 50, K AR PR AT 2 T o4
O(L). 1M1 NFA H1 T8 FANH 52 T A B — AN 7 78 I 1 5 3R 52 24 1 g O(n?). DF A B8R b B 43 2% JE AR & AR AL S s 1
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JER 2 (RS AT T NFA LB 25 (AR 52 ME 20 B, DL T4 Il R AR 2 H NFA KA 2 A FEe i),
KBE R n I ek S K DFA S5 Z0IRAS S0 2 O(2"), MK NFA 5 ZE R RAS S0 H 24 O(n).

YT EA m FENEEXNES A 3 FhorvE DI M HRIR B m AMAL FSM¥ G IR
FSM; 5 HL 27 1l k(k<m) ML K] FSM, B m 20 R0 23 B k 21, B 20 5 JF e — AN ALK FSMLUX T DFA 24
DFA £ 9 7T LA i A B 1 B 45 s i k ANST ) FSM, U AL B — AP RF I R 4 0 O(K), 1B k {f %N, DFA
o FH AR 2% DD KA T 3 8 e A P il 2 ) 4 2 SR T B B L NFA, & I AN RE 2 i A P .

Table 1 Space and processing complexity of FSM
F 1 FSM ¥y () FIAb 31 52 e

One Regex of length n m Regex not compiled together m Regex compiled together
Storage cost  Processing complexity | Storage cost  Processing complexity | Storage cost Processing complexity
NFA o(n) o(n% O(nm) O(n’m) O(nm) O(n’m)
DFA 02" 0(1) 0(2"m) O(n) 02" 0(1)

Note: Storage cost is the number of states; Processing complexity is the complexity of processing a single character.

2.2 TRIEE 2.3 WA TR DREA ARG SE VR0 AR OC TAE, AL 46 b 2 8 (B3 FR g 0k =) IR AL R A7
fitg 23 (R IR LG A 28 A R A (R DG RS J7 48 SCRIR [0 4 T Ml A 48 T ¥R P58 /B A ) i) 50 R AH G Bk
22 REEMHEMEZX

I+ i (throughout) /&£ 48 FSM 281 — UOIRAS 1 7% BE % A0 2T (1) 7~ F5 A4 FH DU 5 FSM IR AL 2T 1 8. DFA 11
AL FRRE 3 N2 — VOR SRS b P — AN T4 — T etk 77 925 2, 6 DFA FPIR AR R AT 3 e UL R 72 75 e 3k
AT RIR TR, 2E OB RS AL 3R AT SLAE AL BRI R IR R I N 2 AN PR RS FER Y R W R 2L T

Au,ab)=&&u,a),b).

AN T u REVIGRS S a5 b RERAFH A AHT BIPREHEER RS S u @A E5F ab
HIB R T LA B B AR i I — RS S TR f u B St A R U a TR A AT b = AR R IR
e

WPEERE R Y A4 IR AS e B B0 B TR, b B A7 il 2 F) A8 A5 4R O, DR b a0 208 L R AT e 4.

2.3 TFEEGEREE

TE )2 3% 3 rewrite H AR DY H AT $22 S% ) 5 20 B F VT IE 77 2K (left shortest matching) 145 s, 76 A4S 5% i T
B &5 S B 0 3 1E 2R A AT S T b T DA BRES RH .

6 1 25 B0 7B 2 0 2 v R 5 AT 5 K1) 00 39T 0 ) (224 (] — 25 A 2 o B T A AT IR S A
BRI AR R R RS R, TAFANEUN 256 b 3 T AR RIS B T R AR T RSB I8 H

D?FA 71 s 45 1 AR A1 PR A6 88 00 S 4 BoR AE DA m 068 T AR AR S 550 u BT v, S5 ) £ 35
JalmT B8 7= AR A [E] RDIRES i B S(u,@)=8(v,a) 0 T BT A R LT 75F a 7= AR RS e, LA IR S sl u o AR 7,
T LR AR A v R BRI R SRS A I F I — N8 BRYCIR A B4 B (default transitions) (IR & 75 % £
RE AU UIXFE, M TEIRAS s v ISR a F A I, SR BRI S 2 u, T el u e T RS AL

o7 PR s 455 P8 1O 2 — ol Bt PR AR T B 10 TR 4 535, T 256 AN B2 bit 2% B T ASCI B, bR H 7 7453k
il P 2 500 SCHR 201 A=A AR ZS £ H 2, 5 4710 BEAS 45 by Wl DK 5 2 1) bit A7 AR R 1,75 ) AR A 0.3C
BR8] A AR B R B B PR N2 1T DFA BRIV, LK S R bit 7 ARIRA 1,75 ) AR R
73 0.

HLI 42 14 93 4 (grouping) £ R PLKE 2 A~ DFA A 3F—A DFA, LU w4 BEVE 6.4 T A3 A 4 10 17 fik 25
(], SR 0 R B 5 75 % B4 DFA JEATRI 43, %199 7 B $cm 0k B 8 /D 9 AL — N9y 78 IR R DFA
RS AU E A I R 537 B %% DFA IRZS S50 H (1 2R

BEAN K I REAE T 6 A Bl AT $ AR AT DLk 30 4R 47 16 1 B A ) &6 W) A3 PR P s IR S s - L — F DFA il i i
A0 L0 AN A I AT A B A A5 A0 B A K S A 18 g O(L). SR 3 o 58 e 52 2 A ) 4 14 53,
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BUASE - 2 4 5 B 6 I % (reconfiiguration), T /& FPGA Jik— MR IF [k #6120, 55 ob, 24 10 00152 250 H e K Ik B
VR T B A K 0 UHEAT A7 45, B T A A a8 P BE R B 21300y FSM A2 R (e A7l 35 o I, T UAR 5 77
i 4 HO B0 H AR BEAT RE RO BEUE AHN TR FSM A7 T 7 P A7t o 0l 25 [ (0 P 4 A S Dy Tk (9 285K

3 KRERMESE

1E D0 2R 20 ) — £ 1 DU AE S 850 7 6 Y 1) DA 22 07 B K I A7 i 25 8] SCHR[BTAE A AT 17 16 MUARRAIE 1 it
AR T K 20K rewrite B AR, A TT IR T —#B4> DFA BIARZS sS8CH AT E WA AESEAT T 50 40 1)
AT, 2GR R A FSM AR 7 5, WA BT 1 77 BRI 8 B0 2 24 1S IR A U H PR B 2R e 2028 3.1
F6 IE )R I8 A i DFA PR S 20 B B 2% AT T 43 A6 SL ik fitk b5 3.2 542 TH 410 FSM (144
7 3.3 1~ 3.5 WA T M E G FSM [1IAHGH K.
31 MEEREST

Py 2R S AR IX BLJE 4R IE MR IA 042 i DFA PRS2 B R 24 KSR n 19 1WA X R ol

BT 2 2 450 T VRGN IR i A R o KRR IE B A
Table 2 Complexity of constructing DFA for regular expression
%2 MEIENFREA R DFA R

Complexity Regular expressions # of states
“ABCD K+1
“AB.*CD K+1
*ABCD K+1

Linear size *AB.*CD K+1
“AB.{j}CD K+1+j
“AB.{j+}CD K+1+j
“AB.{0,j}CD K+2j+1

Quadratic size “A+.{j}D K+(j+1)(j+2)/2
“AB["\n]*CD.{j}EF O(K+2))
Exponential size *AB.{j}CD O(K+2)

*A[A-ZJ{j+}D O(K+2)

BATLLNAB.{0,j3CD Al W] DFA LA I 2 AE M 22 DFA Ij RF85 1,00 75 288 i —AN IR 510 45 0 11
SFLFIH A C HAE C PP SLXFEIIRAS S E A K+2j+ L. H 2V E 2B iE DFA [ IE MR A XA
“A+ {30, FORAS S H AR T R BZ DFA 75 250 5% A+ 5 (M E & /5 M DFA B RS sUEH 11 2 T 4
Ko B A EA A RHIGHA A LR, S5 K T R IE MR IE DL *TF 3k IS TR G 5K RS
A MRS AU H KB R B T 850 B2 8, A SO BIE SEAS IR s 25 AN B 4k 48 1)
T VG P15 50, ol 75 22 A 22 PR A AU IR TR A AU B R SO KR Rt A T 2l SR = LR AE B
“AB[MN]*CD.{j}EF & —FPA AR ik i) % 2K, 2L BLAR DU A7 A7 TR 46 AR P (RIS [\ 58 24 T < B0V A A3 384N IE
ik 5 *CD.{}EF —FEA IR BB M E IR,

32 E&HFSM

AR 1 D0 8 Al DFAIRAS RUECH 152 2% B2 K AN () 52 20 JB 2 2R 110 1E DU 2 a2k k) At s A TR S 2R FSM,
X SR R 2R ) FSM 414 i) FSM 5 9 & 4 1) FSM(hybrid FSM).

frin 53 % P TE 2 2P 1) JUAS B — AN T v PR A7 22 TR TR 2 2 00 R B2 45 1Y) FSML T S B0 L A
Sy AT D B v 4 i A A 8 P DFA 50 N A Y- T G R R A0 H 1 TE )2 0k 58 — 38t s s Bk 1 ok,
M SURF R 1) DFA, LUREIRES s H 18 82 A% BRI B 22 1 21

4 FSM ISEIL ikl 1 s SE 0 iF ) 2k x4 & (U 48 )2 FR A 1 DFA (W52 28 BEREAT 7 2848,
2R PR 9 52 T B I 1) 1E ) R 3R L A0 ok K DFA -7 90 52 2% P2 6) I 1) 1 0 3% 58, BLAT A+ [P Ui 56
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rewrite $5 AR CEAT 505 FREE ALk T30 19 DFA, HL AT A+ 3D B 210, A0k 0 v 5088 1) DFA R 502 55 2% FiE o)
1 1E ) Kk 58, B A *AB AT AB[NN]*CD.{j}E M H rewrite R4k @ 1) DFA, B4 . *AB.{j}CD FI
“AB[M\n]*CD.{j}EF JE 1, 4k 4 Lazy DFAR,

| Classify by complexity |

Construct Construct DFA Construct lazy
DFA with counters DFA

Hybrid FSM

Fig.1 Constructing hybrid FSM
1 HEEAM FSM

3.3 XfRewrite ¥ KB DHTF0Y R

Rewrite $3 APV ST 77 AS S0 T it 45 S 05 L R FH o 2 5 060 00 D 12 7 3R0), % 2L A 4 SR A0 1 1 )
Feak R AT IS, NIk 21980/ DFA RAS s 8 H (19 H 1. Rewrite BEARTE BT W 4% 5 5 R0

F 1. K B AR GRG0 R IA K0S A ALY X R S E FRR R T K+

HM 2. FEEF X *AB{YE#E FAB[A-ZIGHE A I IE MR A S, S br b gt 2 18 M 5 2 5 J 1 77 AT VR IR,
XA DFA RZS RUBCE 5 K+,

LT 3.1 A0 IE R IA S 24 B 1) 40T, 3k FEL B 0 — 4% rewrite 30U, RIT:

B 3. XHAB[N]*CD. {3 2 1 1E 0 5, 5 2 doe A VT TiE U7 A4 2 DFA K AL IR BB H N K+,

Rewrite 5 A R LK —3B 41 5 SR H5 B0 8 52 2% 2 11 10 W) R0 5 o 5 O B A 4 P 0 0 20 B 1) I U 5%
1R AE e S UK BE BRI (BRI 3 o4 8 4310 1E M 38 3K, JE 10 Ab ¥ A+.{j3D,"AB["\n]*CD.{j}EF &k # *AB.{j}D
T 2 1E ) 223k A BT 3 Fofr 8 2 (0 08 W) 208 X — L4 U A 1) 5 225805 5 DGV 15 H T A9 10 DG Pt ot

EEXT rewrite AR AN R A SCR W0 F R U5 vk 5 T OAID TR IE R GE SR T A U AR
DFA;Xf T *AB.{j}D F"AB["\n]*CD.{j}/E =¥ i W £k X, R Lazy DFASE 3.4 15 A5 3.5 iR T X 465 2.
3.4 FitHEFEHIDFA
341 Hitabr

PAB+[M\n{3}D Al o0 BT — N BA 7 Gk i 55 A2 R I IE R IE U A FSM IR 25 R 5 AL 81 2(a)h
"B+[M\n]{3}D Xf Miff) NFA LR S5 H b O(n) fEF A5 0L AL FE AL I 5 4y O(n®). {1 ¥ i A #: 4 BBBBD, /L
Pt R A R PIR S S U {03, {13.{1,23,{1,2,3}.{1,2,3,4},{1,2,3,4,5}, th T &5 — MRS HE AT LIRS
5 T A4S UL AT 2 15K & ASIRES SR P RIRES AU B S >k, T AAS B NFA AL I8 (9 7% B I 01X, " B+["\n]{j}D
XFRE ) NFA IR LT 148 IRECA (j+1)(1+2)/2. 18] 2(0) A B+["\n][{3}D XN [¥) DFA, T 54 B 7& B+5
[Mn{3} E & H L DFA DAL RN TR B BUREF T G % 12, XA L B 71 7 GRS s 8 B RS T
PE A B+[\N]{j 3 DFA JT 5 ZAPIR A 8 H A i+1) (+2)/2, W 2(0) PR 1 1R A& 4 10,

I F IR 44 R] A0, DFA e 5k R AR 75 ZE IR U H 55 NFA TE 5 U B0 75 22 10 4 21 CEOM 45 X
TG4 T S T F P S i DA F JEUEE, [ It R B TP 07 SR % BE ) DFA 45 K 2 AT T ).
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B Not\n Not\n Not\n

(a) NFA for Regex "B+["\n]{3}D
(@) "B+["\n]{3}D *f N[ NFA

— Not B not \n

(b) DNA for Regex “B+["\n]{3}D"!
(b) "B+[M\n]{3}D I % ¥) DFAL!

Fig.2 FSM for Regex "B+["\n]{3}D
2 "B+["\n]{3}D Xt [V 1A R A AL

3.4.2 MR DFA

FATLLB+["\n]{3}D il fift B B ATV Hiads ) DFA UM IE T3 3% &l 3() s i Jekt IE WA 'S5
"B["\n]{3}D, I W& AH Y ) DFA;Z JG 5IN—A ik Hidds counter, H] LAId sk P s 4%, RIAC Sk MOIRZS /0 1 TFaR 238
AR 4 ZOEIELLN B N BUXFE IR /4 IVHAS T i 2 iR 5 B B 3L R e 10 RS i 4 IR

15 B 3@) s, B U 0~3 A0 M (FPARES 4 1 4 RS HEBE K.

SCAN_DFA_With_COUNTER(Text)
1 state=the start state, counter=0

DFA with counters for Regex “B+["\n]{3}D: 2 while get char from Text
The next state via ‘Not D’ 3 if state is not internal state
is determined by counter 4 state=move(state,char)
5 if state is internal state and is not internal endState
— Not \n 6 state=move(state,char)
7 if both char this time and last time are ‘B’
8 counter++
9 if state is internal endState
10 switch counter
The transmission operation of state 4: 1 case O: state=move(state,char)
counter==0: move(4,D)=5 12 case 1toj-1:ifcharis ‘D’
counter==1: move(4,D)=5; 13 state=move(state,char)
move(4,not \n & D)=4, counter=counter—1 14 if char is neither ‘D’ nor “\n’
counter==2: move(4,D)=5; 15 state doesn’t change, counter—
move(4,not \n & D)=4, counter=counter—1 16 case j: if char is ‘D’
counter==3: move(4,D)=5; 17 state=move(state,char)
move(4,B)=4; 18 if char is ‘B’
move(4,not B & D & \n)=4, counter=counter-1 19 __ both state & counter don’t change
0 if char is not ‘D’, not ‘B’ and not ‘\n’
21 state doesn’t change, counter——
(a) Example for DFA with counters (b) Scanning algorithm for DFA with counters
(a) ik Ha DFA 7R 1 (b) Hivh%as DFA T4 5%

Fig.3 DFA with counters
K3 v it DFA
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ARICKEBINNIGID R ARANIGHA A 1 AR (B 3@) PR S DA AN RE S (B 3@) ik
A R 4) o BIFR O PO B A 46 RS s (internal startState) R Y 3828 1R A s (internal endState); K p 75k 45 R 26 1k
A LA 8] PR AS SRR R 93RS st (internal state). 5 v B a1 DFEA K735 4258 B+[M\n]{jID 2
B ECBINN]{ID A4 SObr AE 1K) DFA, R ic 53¢ P SR A s 5 7R s A — 26 15 o B3R A DG 1 4L Lo
HASWILAA S 0,4 23k Py 3BT 45 R A 2 il R v B088 FR il SN AR AR ES S H R S B ML 8 H —
ANES BT EHE I 1; BIE NS RS 5SS AT EER ML R YUE T — B ARES . B+[N\n]{j}D i
PR A O~) FEE Y L BRI 3 1 IRAS B j+1 AeRES B Bl B 3(a)aT LAR I, S5 br B ARES
A AT 3 AL BRI counter IR I 4> 3 2 {0}, {1~ 1} RI{j}. A5 T 2 2% DFA (1A BEELZ 1 B 3(0) .

M Bk 77 s A B H DFA SEHL T 5 B+[Mn]{ID T i i A 5B B AR 2 s 8 3 NF
Ji R BRAREN T Ze . 50 by R ff 1 4 3 7R [\n] {3 — 323 1) % B RPIR A S8 H AN G+1)(+2)/2 3D ) T j+1.
3.5 Lazy DFA

Xt rewrite 1 AR JC I US 1K 1. *AB.{j 3D A1 AB[\n]*CD.{HEF (¥ 1 M 2 i 50, 2L HL AT Fi8 B Rk i 4
H X U SO % lazy DFACE AT NFA Fl DFA 2 [A], 75 NFA $4f A3 I 55 147 il SE B 75 2216 — 4% DFA
PRE SUIREEE MR Z4IE 4 O(n), AITAE X W 1 1F D) 2 X (10400 3 52 2% J5 AN G B0 PRI 21 T 2R 2.

4 REHEBHESE

T X DFA RS (080 H HEAT I 4, AL T — Tl i A7 1 523, )l WD?FA(weighted delayed input
DFA,# BUEIE DFA).WD?FA Lt D’FA HA 5 4 19I5 4 P i, H. D2FAPLE WD?FA BUE k0 1500 T f 4.

4.1 WD?FA

411 MR

X Wl DFA IR 211 35, B T 48 AT A6 A7 A8 K B AOAR (7] 7 i 8 1 AR R 60— IR 78 2 SN (DPFA kg it S8 1%,
WHE 4(a) T ), a5 D0 AR 2 28 A7 AE (1 01 ] 4(0) BT B AN IRAS s u R v 36T KA 2 55 SR a, 1615
S(v,a)=d(u,a)+W, H 1 W g — AR AT DAFA 3 S, AR ZS u rh O B AR ] 7 455 Bl AR 25
BAm By L BRI RO R R (0 5 B A5 B IR I — A A BUE (W) I BR VOIS F B BPIRES u & 4(b) Ik
AT QR BRI RS A BOIR A 2 IO 51 EOIR S A x K 2, B W6 2. 9 7R 25 o5 v IE TR a 3 FF 1Y) 7
I, 56 FER A% S e BPIRES A0 u, U —RES BB BUE 2 i b oo Fig i 0N —IRZS 5 x BRI BPIR S A 2

FEFE ()b HA R A 0 x Rz S A — AR S5 (W B 4() B oR), A g DPFA SEIAHEAT 1 45 N AT
" LR L, D?FA S WD?FA [T SR B AL R 4 O 150 I 5451

a —> — w=2
Oan O

(a) Constructing strategy for D*FA (b) Constructing strategy for WD*FA
(a) D?FA K935 1B % (b) WD?FA [yt JE %

Fig.4 Constructing strategy for WD?FA
4 WD?FA [ 3 %
412 —AHl+
FRATLAIE )23 50 B+.{3}D A BE— 25 3 W] WD?FA f) T AR, TR A e R B W 3AE R P — RoR
B N R AR 78 S B b B2 8] 3 G RS 518 T T A8 g 8 1) B SO -1.DFA (WENRES R
256 MR RS, IXFE A DFAF 3 072 MR 4 WD FA R4 G, — L kit 274 MREHE.
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Table 3 WD?FA corresponding to “B+.{3}D
%3 "B+.{3}D X N [’) WD?*FA

State Stimulate
B D Not B Not D (254 characters) | # of transitions
0 1 — — 256
1 3 Default to 0, weight=3 Default to 0, weight=3 2
2 4 Default to 0, weight=5 Default to 0, weight=5 2
3 Default to 1, weight=3 Default to 1, weight=3 Default to 1, weight=3 1
4 Default to 2, weight=3 Default to 2, weight=3 Default to 2, weight=3 1
5 Default to 2, weight=4 Default to 2, weight=4 Default to 2, weight=4 1
6 Default to 1, weight=7 Default to 1, weight=7 Default to 1, weight=7 1
7 Default to 2, weight=-5 11 Default to 2, weight=-5 2
8 Default to 2, weight=3 11 Default to 2, weight=3 2
9 Default to 2, weight=4 11 Default to 2, weight=4 2
10 Default to 1, weight=7 11 Default to 1, weight=7 2
11 — Default to 0, weight=0 Default to 0, weight=0 2
Total: 274

413 HAflisbH

TEJT WD?FA Ab FE A5 I, AR 57 H R, e R0 A A\ 5 R IO P DR A e B £ S 17 0 RO B 1 R
FEAR BRI RS AR IR S B A5 8 FLEE BIA T IRAS 5 1 U MR SR B B ACIR S sl AR B AL 3L )
YU T R SRS I BB R A 0 2 UCBRON L RS, U0 SR I ) BRI 38 B HEAT 58 0
A 3 PIFPIRES 1 3 A TR A BN 21 1LBUE ) 385 AIRZS 1 1 R 2745 A BRIAFRS 21 0, 8U(H
A 3,2 INA 651 AR 110 HR BIIE R R -1, 80H BOARRS I EAUE 6,013 21 5 2% (R 104 5.
42w ALk

15 DFA 52 IR b 5 4.2 52 SCT 26 55 WD?FA AR [ MERE, LLAE T WD?FA 143 T A 557k it

458 A DFA={Z,6,Q,00A}, 20 TR, SN B B H1,Q JIRZS s D ao A HIIRIRES A SR

RESCL(HRIN). X TAT R uveQ,uav fTH a,be S W R AT 71 7 H W, 113 &(u,2)=(v,a)+W, H.&(u,b)=&(v,b)+W,
VAR B 75 a 5 b AR s u A v AR ARABLR).

BB rrE {abedef}, REEKBHELIE 478 abe ZALUK,BERFRF xe{ab,e}, 7 &ux)=
S X)+L AV EL, FAF ¢, A2 ABL A 3t MR R SC,— A UG 7 45 55 2L 1 SO AR ABLRG, B 7 4 .

Table 4 Transitions of the states u and v

T4 KRB uMvVERGE

Stimulate
State b o d . f
u 2 2 3 4 6 10
v 1 1 5 6 5 T4

EX 2080 X 4Y). X TAER uveQuav FIEFRFRIM TS, 5, ... 5 H{J2 =2 Vije[ln]iz) 17
ZU=2 i Vae 5 ou,a)=av,a)+W; HVi,je[1,n],i=f G WigW;, UHR S, 5, 5 4 SEEAREA 2T u Ay o fg AL
X157

>={a,b,c,d.e,f}E IR A u F v AR 2 R 2={a,b.e}, 2={c,d}, Z={f}, H. W;=1,W,=—2,W;=3.

EX 3(HRIAE). TR uveQuay, ALK 48 21,55, 5.2

D= max || 1)

1=si=n

FRE R RZS 5 u AL v AR BLEE

B3 R R u A v BARUEE D=3, K0 & 73 1 B 2y={a,b,e} AT i 2 1) A 4 H

X7 TR BT RERAT 1A 2 AN D IE A 288 LIXFE,D AU G A [1,] 21 )5 SCHid i
Dy Bi# Dy KR AIRES 51 u A1 v HIABLEE Dy 55 Doy RSS9, EATZ S A — M5 B B BUEE D.

EX AN BRBAEBIUE). A TAEE uveQ,uay, B I AHIRI 43 b 23, 5, ..., 20 R 25 u Al v (AR B
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JZ D RIS TR AT ae 35,45 S(u,a)=0(v,a)+Wi AR & A u PR A E RS th 2558 35 b 7785 %0 I AR A e
B, Al 25 R A U R — AN ALt R BRI A%, D55 v 7 AR 5 X AN S I TR A 2 A% BRI A B iR
IR SR JE MOIRZS 55 u BIPIRAS A v IR IA B (default transitions). IEAR, R Wi IR ZS u BPIRZS v BRI B2
R, fRIFR R u BPIRAS v AU, B 1 Wy

FEH] a7 RS A u R v AR AL D Ot IR R oy 1 B b {a,b,e 3 IR AR AS u b L BR A a,b,e XY
PR HB AR R ER I EPRES v B R RS u BIRE v BB AUE S W,=1.

MR 1 X FATE uveQ,uav,F Wy,=—W,,.

EE MRS u BPIRES vEERI D TS Yae 35,8 Su,a)=8v,a)+Wi, Bl W, =Wi. 5 — T Rz X E dv,a)=
Nu,a)+(-Wy), 3L b5 Bl R 2 v BRRES u 1R IE S RI W= Wi R, Wy =— Wy, u
4.3 Ak
431 | EAHr

AT I 3 A 1) L [ A4 AT JE T, R 51 H WD2FA [ 3 45440 35 45t WDFA (¥ 5280 H 4%

BRR 1. St FRAE P RS SRR BRI S K R?

FEIX B S FEARAS SR BRI B 6 R 48, B4 MOX AR A ACH R A F 1) FUAMUIR S AU BRIA B B8, B2 4
B BRINEE B BR X AR A 05, B0 W e L B R E e LA 2L AN B R4, Bl Snort R 4¢++h
1) NNTP L I"SEARCH\s+["\n]{1024} & = 1 H 1745 B {S,E,AR,C,H\s,\n}, R 8 .1 F 4R A 256 1~
P AER F8E DFA I, IEEAN IR 25 H 38 B AN R B FI 1K) 200 2 AN 745 J L 6 B A5 JE, 1T X S8 <7 5 1 1 R 4
) [l — AN R E 2 AT BRSSP AIRES 2 u By, — BB O, AT AR AL Dy, KT 200.

N T B KA 25 TRLAF G F 448, BT A RS B v 1R 4 — AR RO S BN B8 X R B — o 1 B
M T BRI EE RS ¢ R BR S WL A 11 P, 00 200 R AIE RN B AN B T J 3R, 185 U Kb B 7 435 B 4 BF N BB 70 38
Dk, 28 /D — AR AR B R BRI AN Bt 4R T JL AR A TR BN 3

BIRR 2. W AFARE SR A BINER B4 AvFe i LA BN #?

g4 WDPFA AT (1 JUBE  52 UAR VR — A B SL AR S s A BRI B, 15 ULKE 7= 2 22 A R B %

P _F AT LA | s BRA A8 110 50 45 W, RN e A% 0 M B T 1 R ) B L 3 W 70 AT 1o P R S AE AR R )
FB 2 2 W, AN IR 0 R B 2 FU — AN 4 T DA, A 1) B B B AR bR 45— AN IR A& S8 e R 3R
1) SLAIRES 2 IR INEE B T A X AN IR s I MR 45 A A5 IR AR 2 AT AN, DU e 1 Pl A, 65 ) AR AR

B1RR 3. KbFE—ANFRFIN ] BEELLZ th 2 BRINFL RS I8 2 BRAIN G B 1) IR BB AN L [ )2

TEX S(BRIAGEFEAE). 76 th BRI B A4 1 At v 0 110 e IR B PR b BRI % K B e A L.

7EH] WD2FA Ab B4 N b B — AN P45 B 52 2 5 2 O(L). 4 S ) L A AN 0 DA B s, AR 7T BB AR, I e
AR IS 25 500 5 K RN S0 T A EE M A DR b Kb B A R I BR AR B 1 L LA PR .

R TR A A B K B L, gl A R FIDARE £ 3¢ 32 X L Uy At — AT, 7 A 0 AR o AR T 1 7 IR A 1 B e
A HPRAE A v AT IO LA RS w, D=
max{ Dy} 45 47 15 2 Al A 4 A1) v, U ECER A5 o 11
TR TEE 5t /IS BRER 285 a5 00 SR8 m AR A A A A B ek T L,
o TR AR — AR P4 A E R RN
(1 P Bl A

M XE 3 A ) 4 AT, AT LA 3 WDZFA ()
TR WDZFA B, by DR 2 5 1) BT A7 R 2 A
SEERINEERS OCR, HLH BRIEE RS T AT 1) [ R O
LR BRI A K B () o BABR . ] 5 45t 77—
BRI LRSI (10 7 49, 1 rp oKL 1 5 4 1 AR R BRI B 7S
I KT BN B I AU, 1 1 AR R AR BN RS B, 100 1 10 2 B R0 B, AT T B T — RR LUIR S

Fig.5 Default transition tree for Regex "B+.{3}D
K5 "B+{3}D MERINEE R W
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RO RS L I KR (KRR L)A 2 w2,
432 SRR
Wik 6 FroR, BATE L T RARPIAIRZS s AAURE (0 B3 &5 0 LA KSR A R IR 2 A TRl AR AULRE A B9,

Data Struct:
struct resemble GET_RESEMBLEDEGREE(u,v)
{ w_maxPB=0
for each char in 2do
w=4&(u,char)-48(v,char);
insert char to PB[w]
if the number of characters in PB[w] is large than w_maxPB

1

int resembleDegree; 2

3

4

+ 5
The variables in the algorithm: 6 w_maxPB=w

7

8

9

1

1

int weight;
bitset (256) resembleBlock;

w_maxPB: default transition weight resemble rsb
corresponding to the dividing block rsh.resembleDegree=the number of characters in PB[w_maxPB]
which has the most characters currently. rsh.weight=w_maxPB
w: temp variable for counting default set bits of rsh.resembleBlock according to PB[w_maxPB]
transition weight. return rsb
PB[w]: dividing block with weight w

= o

Fig.6 Data structure and algorithm for resemble degree computing
K6 FHADURE (1t Bl 45 R AN SR A S35

71 HCHE 45 46 T AR ALK 43 B (resembleBlock) & — AN 256 ™ bit [RIA7 1], 24 5 455 I RPAR A e 4% 2 BRI R I

VUPAFTE ) it A7 A 1,77 WU, Dk 0.3 3 S A 77 5, 7 DG e Ak B b Ay N — AN AR B Je, BATTAE RE W ) 3 % 1 T
SREHHR AT A BOAFE R ST AT DA v ST AR s AR ABLEE PR I TR S22 2 2 O (1 2)).

N T RIASBEARZS I BN RS OC 2R, ZEM BRI o A &5 18] AR BRI B8 5 iR — A JE 1) 58
AT AR A RS HURPR S RS QAEMPIANTIAL u A v,u Al v ZIRIAFAE— ST 1) 3, 2 BB A TR u
ANV IR A AURE Doy £ 2 BT AT IR SRR BRI A I AN SR A P BRI, I8 2 it 2 XA T 1) 56 4 P o BRI — A
S RAUAEL A FRY . e T BR A A R P2 A A B, AT b AT TS S B VR AN e e K B A1 1 s AU AL 2 F b

F 28 A B B AR D prien 7%, O 75 JEHE A 2 BRSHIARY 7 9 3 A 3 e 8 R 1 £ B, WIDPFA 15 3 B A 7
BRONFCRS A b SR B 7 B S 70 2R B 2 DT A RS U3 A 1 e DR R OB AR O 4 3
JITAT 45 R JFAEAR IR G j P S0 B LA 45 K BRI RS OG3OS FSM ST T BRIV RS KA.

Pl 8 40 Hi T WDZFA 14 A J 57725 £y Dy £ A, Ak BB AS 7 15 () 52 4% DA O(L). vy, L oAy B A o K PR PR 1.

INPUT: Undirected complete graph (Q,D), Q is the set of vertices (state set of DFA), D is the set of edges, the value of each edge
is resembleDegree between two vertices. Length restriction of default transitions: L;

OUTPUT: MaxSpanTree whose depth is not large than L.

MAXSPANTREE

1. add qo to the empty vertex set Q;

2. Q=Q-Qu

3. initialize the root of spanTree with qo

4. while Q; is not empty do

5. for all vertices in Q; and Q, do  find ueQ; and veQy, such that D, is the max.

6 delete u from Q; and add u to Q;

7 if depth of spanTree is large than L when linking u to v

8 choose a new vertex x in Qy, such that Dy is max.

9. link u to x in spanTree

10 else

11 link u to v in spanTree
12 redress the root of spanTree, such that the depth of spanTree is min.

Fig.7 Algorithm for maxSpanTree with length restrictions
L7 PR A BR O e s A b B0
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SCAN_WD?FA(Text)

1 state=the start state

2 while get char from Text do

3 w=0

4 while isDefaultTranslation(state,char) do
5 state=nextState_default

6 w+=weight

7 state=move(state,char)+w

Fig.8 Processing algorithm for WD?FA
K8 WD FA {4 FE 5 i

5 FEEEMNBREERSH

G55 AL N B AR G T A e R ik R P R A I S R S DL, A 9 Pk

........................................................................

|Classify by complexity|

E Construct common DFA||C0nstruct DFA with counters

Construct lazy DFA |}

........................................................................

Construct WD?FA Table compression

Scanner

Fig.9 Overall structure of compressing algorithm
9 IEARFIRI ARG

HAEX FSM PR A f080H BEAT T4, 2 1 v 177 1) R e HE A i 7S G IR S B H TR A R Rl 0
FSM [FPRAH AL B B AT 48, B R 7 JE 2 HE 14 TR,

KT R S HE SR, AT DAXS FSM o T AR A7 20 ) S B e DR ) s 4 G0 o R 28 B ) s 4 s 10 U 4
HEAT 53 38,58 )5 23 S0l K S AN [] 1) FSIMA, AT T J 5225 1) S A7 T 47 1 U7 G0 R i i 52 2% J3E 1) 30 T AT 38 e
P BE— LR EATHPIREH AL B H HEAT R4, AT LU A1) FSM NI A ShHLE 1R — 2802 DFAX M &
T8 () DFA RIS TS 1 DFA; 53— 282 NFA X B i) Lazy DFAKT DFA SR d WDFA () ) S EAT
s 247, 00 3o 512 38, 5 AR W], T UK IRAS e B M H A8 b 45 O J R (¥ 5% e A7 0 NFA KT 3R I i R AT [
46,285 GE vk R LUK AT R 256 ST IRAEA 20 2 AN I 2R 45 T LICKE e A% i H 4 4 J5 oK 10
10% /e A5 A TR BE SR 45 5 3s L AE 55 6 17 b 4t 77 1R 4R AR S e A 1l ).

6 SCOIGEHELLEFN AT

6.1 RERHBMERLER

SHAE T Snort R 4E 2007 4 3 H FEMEAR AR S, AR K T 2 087 ZKIENRIAA. K 5 45 T 2 M 1
ANTFI T FSM 0 IENZGE A« PRSP B R PR (I 30k s U0 A B Rk i DFA & TG
2 W) A AR R R AT FSM X 1K) 5 AN 3 M i 22, Bt i (K 2 1) 1k e LR 6. s 45 il i 6 DFA 7 i 22 1] 114
GET AR BT ME AR RS 1O IS 4 XA, R A (1 FSM (i F ) S 23 8K 204 512M.
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Table 5 Regular expressions classes and RAM sizes

F5 MR N KA
Proportion to Average | Average length | Constructing | Storage cost of
Category Amount total amount (%) length restrictions complexity DFA (bytes)
Common DFA 1915 91.76 118 28 Linear 59 269 442
Rewrite rule 1 11 0.53 25 360 Quadratic 653 015 554
DFA with counters 5 0.24 63 211 Quadratic 58 918 912
Rewrite rule 2 81 3.88 43 520 Exponential To infinite
Lazy DFA 75 3.59 212 788 Exponential To infinite

Table 6 Comparisons of space occupation before and after compression
&6 RG] R O

Category of FSM Original storage cost (bytes) | Storage cost after compression (bytes) | Compression rate (%)
Common DFA 59 269 442 59 269 442 0
Rewrite rule 1 653 015 554 2070018 99.68
DFA with counters 58 918 912 1411074 97.61
Rewrite rule 2 To infinite 17 912 449 >99
Lazy DFA To infinite 430 966 882 >99

Total storage cost of hybrid FSM: 511 629 865 bytes

KA FRE 8, rewrite B A TL IG5 W 6 175 VAL SR 6 DFA, Sk T s i), S5 AR vE Y DFA A LE, T 7
IR AL BAXAS R K T B AT A 45 1 LA 35 i — A PO bR A8 s ) o 085 00 140 W Ak B8 A 0 T B8 1 B A
RHTE P AT 2% T X FE R A S FRUER DFA A0 A AL 2R 1 g6 T Lazy DFA,JT 46 14 33 FHIAT- A% B 2 NFA R S5 75414
A PRI F B AR 1 O B0 DFA RS AL S NS IR SR A U, R A R B A) . Lazy DFA SEILI 2E2%
FEGRT /N TE AT 3R B SR B AU D TR RS, AT B 4 T R B A 1 R A e A k.
6.2 REHBHENERER

AT I R R 4 0 S R A A B B kI WDPFA B4 PEfE ZE Snort FE N4 th 7 — /N 43 5 B 4%
FA 325 53 2% PS5 170 I ) % 08 3 OC VA L e M0 38 it DFA ARG T &, Linux  L7-fillter J I 48 22 S — 8 PRk S 38 e 0 T
Linux L7-filter [FRRII4E 338 113 4% 1E MIRA 20 e 50 45 AR 7, e 46 LU 48 FH R 4 b (90 550 Bk LU Jsok
DFA [ 550 H B A7 (1 113 460, WD?FA [ 5 45 LL /& 94.26%, 1] D°FA [ 145 Lt 2 83.87%. 4%, WD?FA
) 47 B8 300 T D?FAIL AR, Horh 47 57 4580, WD2FA 5 D?FA BLA7HH IR (1 JE 4 fig 7 5 41 HL 4 2 93.8206.3%
VW] T WDFA 7EB IR 1500 F 5 DPFA BATHI R 45 16 77, B D?FA J& WD2FA 1ERUIE A 0 550 (K454

Table 7 Comparisons among number of transitions with WD?FA, D?FA, and DFA with ly-7 data
R TR ly-7 BEx WD2FA,D*FA F1 DFA IR AR 50 H 11 EL i

Data information Category of SM # of transitions | Compression rate to DFA (%)

57 Regex, WD?FA and DFA 348 382 0

D?FA have same D’FA 21534 93.82

Total 113 compression capability WD’FA 21534 93.82
Regex, 56 Regex, the compression DFA 464 643 0

average capability of WD?*FA D’FA 109 613 76.41

length is better than D°FA WD?FA 25 149 94.59
is 56 DFA 813 025 0

T%tz;elis D’FA 131147 83.87

WD“FA 46 683 94.26

T HE5 ] WD2FA [ JE 45 6 )17 T DAFA, A\ Snort B h Y 100 4% 1 U 263k 2t 3 Pkl e 1] 42

FRAE b BRI 1 S B (O U 252U P9 IR B8 ), DA ) 1 ) 2 211 52 2 Pt 5~ 349 1 5 R o U 3%
R e R A R BRI 43 A 1~12 RS S H R 45 5 LR 8.
10 J#/~ T D?FA il WD?FA HIXH T DFA RSB 5 H 10 s 45 o bl 4 K J3 PR sh 2 96 K 11 25 £k il 2. 74
i DAFA o () il 2k S B R 3 T I A O U2 3k 5 AT Ak B A T 4 v DPFA I TR 4 Y i A IR R BT
WD?FA X 14 il £ 5L b Tk 3, 2 1 It 45 10 D03 12k o 52 2% B 1) 3% T4 i WD PFA (1) i 45k B 7 i i B 7T
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Table 8 Number of transitions corresponding to different length restrictions
F 8 AR FERR WO N PR A& B A H

Average of length restriction
Category of FSM 1 5 3 a 5 6
DFA 400900 445200 480000 517135 577 280 637 440
D’FA 64 400 83700 105590 130005 155 855 188 050
WD?FA 28 960 29 215 29 545 29 860 30325 30 820
Average of length restriction
ry of FSM
Category of FS 7 8 9 10 o 2
DFA 704000 776960 860160 957440 1073910 1214720
D’FA 222825 261460 305230 355425 413 345 479 030
WD?’FA 31 370 31980 32 660 33 455 34 105 35 300
120
5 g 100 = m m § % 8= = =20
L«
s L 80 O
g2 g M ——D’FA
2 —=WD?FA
a2 40
IS
38 20
O 1 1 1 ! ! 1 1 1 1 1 !

1 3 5 7 9 11
Average of length restriction

Fig.10 Effect on compression ratio performance of length restriction
B 10 A2 BRI J 406 EE R RE PR S i

KT A FLVE B8 WDFA ZEFI3 7 A IAR XS T DPFA IAIAN T4 J 28 b R 56 0 I % B AT B2 Bk it
Z5h WDFA &5 D’FA —Ff A F853 % B #S L pe T B BRI L (0, B0 A0 B — A AR BRI B0 F &bl L R
R DR, T DPFA 1 R O 5125 b R PR 38 - WD?FAL
6.3 BIREIEHERER

M IR AFAt S0 AR S5 R 1R e vk P IRZS s 8 H S 4 I K Smort RN A (1 1 U2 ok SRR 9 e Ak H B 84T 73
B B DFA T NFA W28 4R 5 70 I L Gt b bR 2 4 7 ¥ H 2617 1 45, DFA 3l g 1t Ji WD?FA #E4T i
45 NFA FI R I BT FR 45,38 9 45 T FE 4 45 5L Tl E WD?FA SVARIR IR 46 5150 A2 45 10 FSM [ 46 4v i
A BPIRS R R H I 5 24 B 451,290 93%.

Table 9 Compression result of whole algorithms

RO BARGEIIRA SR

Compression of states
Category of Regex Algorithms # before comprssion  # after compression  Compression rate (%)
Constructiong for DFA Table 6 To infinite 157 545 >99
Constructiong for NFA NFA To infinite 352 605 >99
Total size — To infinite 510 150 >99
Compression of transitions
Cat fR
alegory oT Regex Algorithms # before comprssion  # after compression ~ Compression rate (%)
Constructiong for DFA WD?FA 40331776 2270678 94.37
Constructiong for NFA | Table compression 88 942 417 7086 111 92.03
Total size — 129 274 193 9 356 789 92.76
7 HRIE
A SCNPIAJT TR DEA A7 42 18] (1 PR 4 64T T 49
TG A RPIRAS sUEH BEAT He i A5 08 1E W ek U 2 1 DFA J5 IR 80 H I 52 2 BE 20 B 4 T —Fi

A1 FSM [KIF U 3%, B 45 45 1 22 Tl DFA IS A BOAHG AN 7] 2% B 1K) R )RR s i v 22, AR AR B A1 1 U 2%
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0P8 B 5T A P 1) 1E T 202 5O B R B0 H 330 30 T 2R P T A 45 ) DA SEBILEE T 15 ) 22 58 =X A
FRUCHC 2 20 Bk T 0] B K R 10 T A A LISk 1 D00 22 32k 552 2% B AT b — 20 A0 A, 53 AR K R (1) % J A7 i 3
BT IE UV, 7] B 7E 52 6 1K FSM A A AT RUEROE 8T 89 15 JUVAREAIE 5 1 NAH Y. P DFA F 248 452 A, DT A8 743 47 it s 445 7
b BRI REAS 2R .

FCUOR BT R AR S H AT IR 45 AR SC N T — ot I8 15 00 2 18 3R 10 28 718 ) 726, B BUE IR DFA, B B
9 WD?FA, B AEAR KRR Fisi/b T DFA HR 25 5685 305 i 5k 52 56 7T LUK I, WD?FA TR 45 5 PR 8 30 H
21K 5K 1 5%. % T A 6] 5 2 BE 1 1F 0 36 75 =X WD?FA  He 45 A0SR JE 5 B4 5 T .45 2% F35 8 vy 1 16 ) 6 5 =
WD?FA J1 45 25 S # 4F WD?FA [ s 4 1 B 4T D2FA, i HLZE SR 15 0L N LA 55 D2FA M [) (14 1 4 1k i, B D?FA
& WDFA 7ERUE g O 1% 3L [R5 451 76 B I (0 A v 7T LS A0 S B S v 24 14 5 DFA 3546 WDPFA [R5,
T A M 2 WDFA 1) 5 2% .
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