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3. XM

AELRASLRZ, EHEEREINAEEINEFE L EHE - MEF, HC—IR
RAH#TIEX LRSS, FTHINER. 5LR—FANE, LR -FTHEHCAHH
TH, ANESHBLAFERDRTE K. Fo, BREXSMEEN REHNZAFHLE
MR AMES, EHRZREEK. PHNES, BRFERACHRITHOF IR RELAE
BAR M EImT, AT ER. & B L IIE AT oy & F o fE

FEIEWE, ETERFENERY AL AEARRKLREETHHARE, HkEF—ITR
WHRB RS REMBIT RSB HEEZ FNEDFTENLZRRAMEEL.

31 XBAX
311 SBRER

EARRERE, BNAC—ET M THRE, RTUAAXEREC—EEHHE (F
T, B3 4. S REFEWARABERTHAKL) -

1) Bgl: %A (int) TEF#EEF AR (float) T EAH ERENEHEELEZH.

2) B2 (UFIntA % B A f #EATE B am F o 1E h iffewhiledE 4 8 & 4F; UR Int R fo
floatB X A b5 5HEAREZH

3) B3 (EAT el H R H#AT R E L, THEHATEEF Y.

4) Bik4: FrEXE (REBHENTS) WIERBMEL2 A0, WEFFHAXENTRE
4

5) fR&5: ZEA I By %k B E AL H R 4 E4 (Name Equivalence) #7%7 K.

6) Bi&6: K L&k IHATHRE E o

7) BR7: EMEFHRFELREEL, FHARAEMETHNEELEL .

UEBRIZ7H TN EK, RS FEEMEHR, A BN R )G @ L H17H
HIREMHATELR Wi, KT UR2HMBEAEANXE T L EER. N\SF . 3t
B URBERAWF L&, WA EMEAZSGEEE R (R T R A0 U0 8 £ B BE R
MWK o

AR FEES AN EHATIEXSN (MAX Y Tae @ k. FHKk. —Ehegsg
B4 HhEw T EA SR

1) #REH1: T EAGHHAEE Lo
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2) RAM2: i B B REE o

3) HRXA3: TEUAFAEN, AR ELWHEXANENEKL FEL.

4) BREBL: aHEAELZ N (FRHHBHRLHAT FE—KEX) .

5) R EA5: METH AW KA AL TR,

6) Rk B6: MEFTAHBEA—NMRAEMEH KL

7) BIRERT: BERXBICRABEHRRDEREFFCR (FlnERETES5HAL
B, HHA (REMK) RELSHA (HEWE) TEAEME) .

8) 4R AMS: returnif A 4K E KA 5 @ How AR E KR TR,

9) #HEREBI: BHFAAMEILEHNSHHERKA R TR,

10) HIRERI0: A EHRABREEA []7 (BTN BIEMF.

11) BRERIL: dEREEEA () & 07 (BIOAA) H#EF.

12) BIRERI2: KAy FEREF L] FHAEELR (flmall5]) .

13) BREBI3: HFEMEBREER 7 RIER.

14) BAR KB4 7 7] AR ke S

15) HREALS: SFMRPELEL R (FR—4HKS) | Sz Ut
7146 (Bl gmstruct A {inta=0;})

16) HREB16: FMAN LTSN E T X INENERATENLFEL.

17) R EB7: FEEH A E AN EMERE XL E.

e, BERZ & —RATHAXBWEMIE, ACES —#H, REHKAHEXE
AR R RATE Ay XA R ICE &, ] 4nint a[10][2]Fwint b[5][3] 8 & T F — X & ; — KA1
AWEBENWEMAETEZ RO AERE (L@ WllRAEe) , XEEIEE, 0t
AR R (BBt ndt, A REEEFARATERET LR EFHARCEHE
H) ; ZRMTEMEEBENNHE, BINELNENEREBRINAANFET M RENR
BAF, NWHTEENH

PRz sh, R AR 7 SR R U T #a adi EK:

1) ER21: BHMENC—ESBES, EHELN “"BHEBRT AT XZILTUHTF
W o BEMEXMATTUELEN, ERENFHEAN L BN FEATITUELZEA. €
—HBBEERFALEE, LM ERXEFEA. EFHBEST, FNEFEFERER
2% BT 0y 451 0 Am i ey AR A
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a) #REMIS: WHAATTFUW, HEAHE Lo

b) #RXBI: FHNFRFUEMAR (HEHAL %, BREEXE. BEH
RENSEBL—2) , AFFREREXZEEMHA K.

) HTC—EEXEHHEAEEEE ARt AR, BRRFELXZEHT
EABH AT EBFE AR, RANFFERIFHR Int foo(int, float)” X % 4
SHREGEEFN. ELRAREEEE, RORINZULEHE CHRE
B A 2y SR

2) ER22: BHAMEHC—IETHRL, HERN "RENEXZTREEA RGN,
ShEE AR R R BN BIEA ST ER E L (IR N R AE 5 R ik 1 24t
BIEAHRWRARE) , NEBARTEXWEEE THEEGRFRLSET, THEKEKA
EXHRBEETUMELESL” « AFHER4LT, TRERLXBIZI7THRE.

3) ER2.3: BHwEHC—IETBRS, KEMEE B EMILE b4 FMB N EWE
# (Structural Equivalence) . fl4n, B4 HAR, EF MM KL Astruct a {int x; float
y; Vfustruct b { int y; float z; MAAZENH AR . F&E, EEMENHTER AR KA
W, fl4mstruct A { int a; struct { float f; int i; } b[10]; }#Fustruct B { struct { int i; float f; } b[10];

intb} X FNM. EHFHEEST, TRERXBIZI7THRE,

W
bl

\iﬁ

312 BHAHER

TR A2 B BN R — N2 C——IR R B SR SUHF, 1R R o o fe 2 38 LR IR
BREFFERBER—MRANXBELEEN S B, BERHEFEL Hcew MAIHL Y
testl. 257 fofy N UL T S 87 B T, A 4 % Linuxéy 44T T 24T ./cc testl B 7 3k 4% DA
test1{E Jy fir \ ST B9 Hi i 25 K o

313 HBAER

L ERBIAER B ATHRFNEATE R, M TALRAHIE RN, R
BFFFEMHEMAR A TALFAEE RGN, RORTF R Y fr A8 6 45R
R, XBAEREEMAREA. HENTTURRAXF, EERAN:

Error type [##¥H] at Line [75): [BHXT].

WX FHNERHERER, ER#RAVMHENT T —CEEH, EHXEH MR
HOERRTEERETERNE k. HEPBEFLRERTLENERLE, TNERE
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(GNP a e
WA TREE—NRF L NMER (EEARSRA-IER) , KOBRFFENRE
MNedndh R, SR, FRHERASXHEFE MRS EEHRN, 357 1A

SR (B, —IMAREXWEEEERANETREHALXE, 2EAHELERLENE
KA ERBER) , RINR2EZFLENEFEERE TBAFANHHR (W RAE U

AR AR — e, BWNGRETEAANEIR) o BE, WRFEEFEFETHRNETF R
AMBEIMENEREAL, XHFREFERAHERGEFHIE, HoPmrenLh

A

314  WRIFE

R P E W T IRE P W R FIET (HER—) -

1) GNU Linux Release: Ubuntu 12.04, kernel version 3.2.0-29;

2) GCC version 4.6.3;

3) GNU Flex version 2.5.35;

4) GNU Bison version 2.5,

— ke, REBAMERATTAITNREE, #/HEvRANLnuxk#GCC%, AL
FeHAFAETENNE. T8, SR-_WELEABRTF AL IR RRZRIIAEL T EHRE
W B E (drglib%) , B g F ZEARH AR F A el

315 RXEX
LR BERRIMTHE (FER—)
1) Flex. BisonVl % Ci& & 8 7 # IE # 45 1F 21T 0 IR AZ )7 o
2) —PDF R W LR E, WEEH:
a) RARFEIT Wk FENR I b fh. EH LA B T B &
xR B AR 7 BT SE I EY o B AT 6 22 B IR
b) AREGARF RZ AT H 4R 1E? T DUEE R AR makefile s Z i\ 91T R, 1E
V4L R AT e AR AR T o R R S E S BB BT R B AR T BT 52
I o e HATEF MR, AT E KA B2 B
) FRMENKESRAL=ZT! AULRREFFEZLHRNZIREETFFH
TR, ROAA R KA A, A R T AT MUK

48



BARBTH @RAFITENHFEGRARR FHFE 20225 F K

MRAENT A RAFEME T, LEBESABRAREEERD . LR E

LR CEVESESYESEE NEE SSIEE I

3.1.6 A (SHAZE)

LI Z WA B B AR 5 R ERBA T, 25 T S g Bk P W
BAHMEK EFHEAEHE, R SR ERU KA R E RO EME, X7 H 4 H
WA B

B

BN

int main ()

{

n

It

i 0;
i 1

+

i
]

g W N

)

B

HOMAFRE 5 KA, BRANEFTURE D THHRRTEL:
Error type 1 at Line 4: Undefined variable "j".

FH2:

NS

int main ()

{
int i = 0;
inc (i) ;

)

B

FO AT B “inc” KEX, HRFRWEFT LR THERRTE L.
Error type 2 at Line 4: Undefined function "inc".

HH3:

1 N

int main ()
{
int i, j;
int 1i;

}
e
HOMATLEE U WEALX, DN EFTURE 0 THERRELE E:

Error type 3 at Line 4: Redefined variable "i".

g w N

g W N
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HH4:
B\

int func(int 1)
{
return 1i;

}

int func ()

{

return 0;

QO Joy Ul WN

9 1

11 int main()
12 {
13 1}

e
HAlmAF B “func” HERZ L, FHIWREEFT Y TH4ERETEE:

Error type 4 at Line 6: Redefined function "func".

FE5:
BN
1 int main ()
2 |
3 int 1i;
4 i =3.7;
5 1}
B
FOMAT &G —NE R HRESL —NERATE, B R 7 U TR 4R
e &
Error type 5 at Line 4: Type mismatched for assignment.
FH6:
1 N
1 int main{()
2 A
3 int 1i;
4 10 = i
5 3
i

HHmATESL 107 WAATRETH AL, ARENEFTURE WM THERRTE

Error type 6 at Line 4: The left-hand side of an assignment must be a varia-

ble.
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HR7:
B\

int main ()
{
float j;
10 + J;
}

fir it
BT RAR 10+ @I RS EATER, B IR T Ui b4 T 8
HERTE R
Error type 7 at Line 4: Type mismatched for operands.
F518:
N

int main ()

{
float j = 1.7;
return j;

}
i
A MAT “main” BHEEENERLEH, FMAENETT UM Ew T RET

fz B

Error type 8 at Line 4: Type mismatched for return.
HH9:
BN

g W N

g w N

int func(int 1)
{

return 1i;
}
int main ()
{
func (1, 2);
}

1
2
3
4
5
6
7
8
9

Hr

HOMANF AR ER “func” HEZSHKEFEH, HMTHOEFT UMl w T8 2ET7
fz &

Error type 9 at Line 8: Function "func(int)" 1is not applicable for arguments

il

"(int, int)".

H410:
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BN
int main ()
{
int 1i;
i[0];
}

far

HOMATEE V7 FHARLTE, ARENBFTURE D THHRRTE L.
Error type 10 at Line 4: "i" is not an array.

B11:

N

int main ()
{
int 1i;
i(10);
}

B

HOABMATRE V7 FREBHK, BUEHEFTURE N THERRTEL:
Error type 11 at Line 4: "i" is not a function.

HF12:

N

g W N

g w N

1 int main ()

2 A

3 int i[10];

4 i[1.5] = 10;
5 }

i
BN P RAT AR EINT EERF K 157, H R E T A e T AR

T L

Error type 12 at Line 4: "1.5" is not an integer.
FEH|13:
LN

struct Position

{
float x, y;

}i

int main ()
{
int 1i;
i.x;

}

—
O WO Jdo U WN P
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e
HOMAPEE U FEHEEXBATE, RSN ETT LR THERE T EE:

Error type 13 at Line 9: Illegal use of ".".

14

struct Position

{
float x, vy;

}i

{

struct Position p;
if (p.n == 3.7)

1

2

3

4

5

6 int main ()
-

8

9

0 return O;
1

e
HOlMANFEMETE “p7 T R XK ‘07 , HIARGEF T T84
BRTGEE:

Error type 14 at Line 9: Non-existent field "n".

struct Position

{
float x, vy;
int x;

int main ()
{

1
2
3
4
5 };
6
7
8
9 1}

il
HOMANPEMENE X HEEE X, HREWEFTURE o THEREE:

Error type 15 at Line 4: Redefined field "x".

H A 16:

struct Position

{
float x;
}r

struct Position

{
int y;
}i
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10

11 int main ()
12

13 }

Fr
HOMANFHENENEN L FER, HREHRFT UM B THEESE L
Error type 16 at Line 6: Duplicated name "Position".

HE17:

1N

int main ()
{

struct Position pos;

}
e
FB NP AR “Position” k4w X, EWARKAEFT U H TR E R

Error type 17 at Line 3: Undefined structure "Position".

Sw N

317 AH (BHER)
XA P H R E R
AL
N

int func(int a);

1

2

3 int func(int a)
4 {

5 return 1;
6 }

7

8

9

0

int main ()
{

10 1}

i

RS R EERRERLL, TR TEEE RS, 5k RE LR, B
FHEEmE

R R R ERRERLL, SO T R, Bt R T DL
T EIRETS R R

Error type B at Line 1: Incomplete definition of function "func".

FE2:

1PN

54



BARBTH @RAFITENHFEGRARR FHFE 20225 F K

struct Position

{
float x,vy;

}i

int func(int a);

QO Joy Ul WN

int func(struct Position p);

\ej

10 int main ()
11
12 1}

e
WRGNEFEFETKER2L, MO MANTETLIEXEE: —ZEHK “func” B
BAFALF—F; —REH “func” ke X, BRFHEFTURHE B THERRTE L.

Error type 19 at Line 8: Inconsistent declaration of function "func".

Error type 18 at Line 6: Undefined function "func".

AR, RONAERETEEHITFTHER.

WREHBEFAFERZRER2L, IMFAMAFERLEEZER, HiRonEF T
i T IRRE TR &

Error type B at Line 6: Incomplete definition of function "func".
Error type B at Line 8: Incomplete definition of function "func".

HH3:

int func ()

{
int i = 10;
return 1i;

}

int main ()

{
int i;
i = func();
}
Fri
IR AR 7 FERRE K22, EAEF AT FEEMREE. B H0E XK, B
FHE
RGN F A FETRER22, HOABMATHEE " HEEEX, HERGEFT
Ui T RRAE
Error type 3 at Line 9: Redefined variable "i".
B4
1 N
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1 int func()
2 A

3 int 1 = 10;
4 return 1i;
5 }

6

-

8

int main ()

{

9 int 1i;
10 int i, j;
11 i = func();
12 1}

Hr i

WRKMEFEERRERLL, BOAMATHEE T HELT L, ELREEFTLY
b TR E &

Error type 3 at Line 10: Redefined variable "i".
WREHEFAFERRER22, HARMANFHEE 1" WELERXTHRK, HifRe
BEFT UM THERETRE R

Error type 3 at Line 9: Redefined variable "i".
Error type 3 at Line 10: Redefined variable "i".

HAH5:
LN

1 struct Templ
2 A

3 int i;

4 float j;
S )i

6

7 struct Temp2
8 |

9 int x;
10 float y;
11 };

12
13 int main ()
14 {

15 struct Templ tl;
16 struct Temp2 t2;
17 tl = t2;

18 }

i

WREWEFFERRER2S, BMEAMANLFEEMAEE. FEFIELER, Bt
FTHEREmE

WREHEFAFERKER2S, #OAMATHIEG 1 =27 AMEFTAARERE
ARTE, B Rt 7 D TR R E R

Error type 5 at Line 17: Type mismatched for assignment.
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HH6:

struct Templ
{

int i;
float j;

struct Temp2

1
2
3
4
5 };
6
7
8 {

9 int x;
10 };

11

12 int main ()
13

14 struct Templ t1;
15 struct Temp2 t2;
16 tl = t2;

17 }

e
WMRGHRFFETKER23, BOARMNTHIES t1 =27 ARETHLTENXA
FUCE, B ARE R T DU TR AR R R B

Error type 5 at Line 16: Type mismatched for assignment.

WREWEFAFELKRER2S, MZMH S LR —HHaRErR &

Error type 5 at Line 16: Type mismatched for assignment.

57



BARBTH @RAFITENHFEGRARR FHFE 20225 F K

32 XB#ET

W T R ATEE AT 240, GRiE AR R 3 BT B AT I B — BT AR mh R M AR SR S ATIE X
Mo HATEXAMANFEEREE: —BIBZLERWBERGHT RO ENEHER, K&
BHERT o miFHEE N B TS ER WM. wh, RAVEIEZ QA I BT & By iy 296
ARFTXRAXE, NEFERTUBEE FTXRXXERAPELE - ERANERF L
TXHAHAE (AR EEFERAZMRETEEAMENT, —NERNBEXHREES —A
BHFREAFEALE) « ZEE ETXMANAEBLEE X TN BERELE, BEithd
AFsx — [ Beo £ T XA Xk 247 (Context-sensitive Analysis) . ok, IAREJ7ititiE
TR IANEARG, REFZEERBRAN. INXBRRTUNEFRITEE X
REWL, Alme T URBRDEETHANG L LM, HBEEHRESN, BTUERFEN
HEREGHHERRE. XT-MEARBRAAWIEST R, FESLAEHEIRERAN
BIFFHEMTHNREMELB R, HHEBIZAHRD EINEEH RN THERE.
wJE, A TEZEE N BRI SAT, HiFHEE TN — BT TR MIEEZ N A
BT i, BMANEFEH—NEBERE X, AR FELRERAHE:

) WwRxE—NEE, WLREXFHRMNEFLAAL? - NEHE. Tk, T£
—HEBERL T EE A E?

2) IRXE—NRE, WLEEXEAFFFELERA S F A =E?

3) WAXE—NEE, MLREXWEARFHZTIRYLRE S K 4 HEL
LA, AT 4R T XN T

4) mRXR—NRE, WLEZATAXDRAHEE? AP EXpHAATEELR,
R W G A R TR A SR A R R 2

5 tnRxR—ANEH, MLENBHEREMFLAEAHE? CFEBEZLONSH, xH
SZHXARA 4 EB?

xR Bl Boog X 8T, JLFHTH# L& & B8 E AT 2+ R 1F,
B S NAR T 60 % A AR BH 00 R R A R RIE S T R AN P A5 1R K

ML LI f1 E &, B XA T AN i 8 BB iy — MESR, & DUOFNH E #93E
EAMBREEFNFERFENRGERESR T, B THFUIANAERSTERALE
%, WAV R KTE W ey — S . HATT @ S 18 UaAT BT B 21 0 J8 M SOk B e
ENE, REMC—ETHFTOF T RMEBLRTITAE RN BHATITIH, KR ST B

K
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W) 5 % 52 B = B — S

321 BHSUE

ERES AR, ROEBT EN UL, EiBEamdEY, BNEHT ETXEXX
&y WEETEXN B, AT LRNFREXEERAFEL—E, RALLETXLX#
Rk A B BT UM K R TR ?

ZRTUF R R R Sk, REARA: £—, RA-TMAZEHFEE— LT XUH
* 3, AN A B A & EP-Space Completelthy, 1t 23, 4 H LT XM % SCE A 4 4
BRNEALELRE; Ho, ZHEBFERINR L E ERAEEA £ T XX U HTHRD,
EREERNFEAEX NI RECELANELTE,

BRTH T 2R 8 R T XA ey it TR B M (Attribute Grammar) , ¥ &
B KnuthZ50F K Arfe . BUHCEWRCERE, A LT XRXAXEFHE - MLEFRFE
UM T—ANRENBEME. #TFAERA > X Xk, EERE L2 FX X B
MHEE Iy, XHEXNERANATERYME,; MEEBT A TN, ANERMERD
W, EZFERBEAZEL mEXe . Xoty BHME. L5450 B EER TR ZT U
3|, FAEHEWEMEEA A KR IECH ERITH

BT L4 R T KXWk K4 &% (Synthesized Attribute) o4k & J&
(Inherited Attribute) . ZEFHM T, —MEANEERBMHERL AL THE LN BEREITHET
ke, W—ANGERWAREEEN R B ZE SN RXGE R R G SR EEITET RS, R
MH—=AX#EP, VA - Xi ... Xo € PHVH G 2 X BB ETANBMZE AN, WAHRPYEKEX
%o WRBUXEAPREAZGRBMETRASRKEN, WHKPHSEMRE XK. WwREME T X
ANy ENERELR—NEERBY, BELRXM—ANREABME, I EHZ4 KB R RHT
X Xty B M FnAGy 4k K B M, AP LB ¥ X

MEMXE N R TAAEE —FEFBANBEER, RNFZHEEHTHB
(Syntax-Directed Translation®SDT) . #£SDTH , AMI{EE Mk # oy B 1 2 N A1t
HRMEHIEX S ERETR, HARES " Y FREK, wNTHENE £ XA
EMEENME L, XE-MIBEONPEXHEREN R T E. FEL, RNEZWEA
Bison'#t & 4 A 2| T & 1 5% #1SDT.

! https://www.princeton.edu/~achaney/tmve/wikil00k/docs/PSPACE-complete.html.
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322 #E%

FEERMTHEBEXREE., EHFIABRY, RESEAFTERIERERFFEMLF
WakfE . FIiE ‘4% &% BF4. 384, 834, AP eX X84, REL. ¥ E
& BFEA. w54 %, FHE “RREGERT BF: ERLAFWMHE. BGRXA. 43 5K
N BER B (i uiit) %

HERLWBECEERPERAMN . Lo 27 P 8 U B2 BB, SR =
RXHAETF, WREZHAXNEEESENFT XY, XELALENF. ERBENEARE
HIZ, FEERAERBENHRIA: EXWEX, aEREEMNEFNRE—FRARANE F
REWEAEN, RELFHHEEZLERUY—5, dTHALXBVEXRERNIES, WERE
FEAFTERENEA RS —HE,;, MAPEREFIEAN, FELERUBT T EN IR
EATRRTF HTRNAG T RMH S, TOUHEF UG AT ALK KK,
B UKFE M RGFTALARLT RN R (B, TAEREAUALR—KE, TABEKLALR
m—KE, AR EEALKR—KE, rAESEHEE XARR—KkR, £%) o HRT U4
BNMEA Y. BNEMEAHTRE KL, T UK AEARTHANFSL2THENER —K
FWo RN R A R M R QR E SR A B FERHF T &
UL RSB REN) , T UAR—KET UEAST UM B XHDSEH K. TRMA
P RAH RN ¥, IR0 BEH L0 — ke

ETERSRENZHEEMH 2, KEFREFRITETWAEHEX, ERATREFENK
EAS. RERBIE, TURNFTREHEANE! REFTEREN T XHREE RiFH
MXEW. LR -, FTREEVERXRELAAXY, ¥ TRHEEDEILKHARE
KB ZHENMBURSHEA,

ETHERNZAATHEFEEN LA, XANERARFETE-—WEE. FREEHESH
HAR N Z&E. SEEREUARRERE, RINTTETEILARE NHEF

Sh4k:

HFEREMANES (BRAnD, TH) MA-—FHEKERER, FA-IMIWFTRE
Wiz T mamRe Rk, HHRAEAREROD), AHLXFEXR—IHTFEFLATHES,
HEZREROM). ME—MFETREFEGZAFTABREM TR, FOEMZ A G TRNL
MBEPAT — R ERBAE LR B R M B ey 45 &, B B 8] &2 2% % 41 2. O(n) o

HERWRAF AT CHERFMBRBERK, " EFSRINFIHERA, ERBHER
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RRT oM, T, ERABERNWFACZET SN : vEmiEy, REES, TUHE
o WMRRERGHHERTOFEHERD (B, EEMEE T HET B FIETH
—EyEY) , BRE-ANEELENLEE,

P = X#

M TFRENTEAMERNELT S, EPE-_XHL#ATERRERE -2 EH. £—
ARG XOR SE I (A mAVLA ., 20 BASR W R 1E) EER—AME SRR E 4%
ZO(logn)o HAN—MFFH L THAT - RAMHERTXEFHANTE, HEEZLELE
O(logn). Mk —ME5 T EME LA, (23 05 & 42 A7 44 4 F £ O(logn) i &
Ao

THE_IHENTREHEENT s EARENYE, AREnER8E (EERFHN
AFO(logn) W R F 4 R UER) URBIFH EERE (VT kAo 2 E A 4
BHH LMK, TR EXMHEREDFTEAENZE) « TH - MR EZRERE
B, RYERAFERE MR ANAIEMTFENHBELT THRERER ZAFHEE £t
IRRANBEEA LN T BR G BEEMN, ST U BT (FlLinux iy ZRA F)
FHAANG T BRIFERD

#wF*:

WAl R —F DLk B R R B S — AT H IR EAT LA B
Aol Bk oy P 2 B IR R 4 AL BIO(T). BB, HSOBMEREE LN RELEMTE, HIIRE
RAGEH EBREE: FiF—MAHA, HWE-MZ B HWE, REREZEREN LY HFS
HE| KA N TAHMEEN T, dTHFTRRE, — M2 Hs &% (Fhashw#) 7
AR T4 F W TR FAME M, SRS RN AN 7 UF X ES Whasheg %, %
EHRNRE—AFHGRFE, HPJ. Weinberger? 4 i :

unsignedinthash pjw(char* name)
{

1

2

3 unsignedint val = 0, i;

4 for (; *name; ++name)

5 {

6 val = (val << 2) + *name;

7 if (1 = val & ~0x3fff) val = (val ~ (i >> 12)) & Ox3fff;
8 }

9 return val;

0

10 1}

U KBEEMEEE T ——CiEEHRY , Mark Allen Weiss %, B5E1F, MAMIT L iR, %80, 3514089
W, 20044,
2 http://en.wikipedia.org/wiki/Peter_]._Weinberger .
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FEERNE, RGF7THE S (OXBfff) # < TH5 Rkl (B16384) , A F TR
TR FRERELTHURFARNGENF TR WRBFIFRUIA R, W LA A B &K
HILE T EHE— RN 7 X (- hopen hashingsiclose addressing! 77 i, ##F#EF) , =X
BRITEHZIBHEWET I YA STITRE —NERNF R (R hopen addressing =, #
rehashing?7 i) KMo WRIRIL o — L E R HA, drmultiplicative hash function
Funiversal hash function®, & @76 # 7| R 8 T F A E 3y — & o THII K LR
FEERBE AR E LR R, CEERNF TR LI FRFHRA N YL

Multiset Discrimination:

BARMIIRW FHEZHERS, EERTBERATECL2RBUHOM) N & EERK, TEHILF
AT 2 0 B ) B B A AP RN BN B Ah, BAIRITERIEN N 7S BAEE LA
FHRUINHARTHNHRELERES, BARK. WRENEAVRANBFHLEANE M T2
WA — NgT i E, EFRERA = 2K FRS? Multiset discrimination*zf & #

TR, EREMIEL, RNERTANEFFEANHTELST (BETEL. B4
%), REEXLFSHBLFHITHT, REFF - KREFFRUE—HANFTER, X
TR ETHELN 0 EREN.

323 XHFEEAZSHNKESTX
WRMHN R FBTFTELFLTENERAR (P FRFELHEFR22) , AT UKL ARATAH
, XL R EREN . BN, R TERERAD:

1 .

2 int f()

3 {

4 int a, b, c
5

6 a=a+ b;
7 if (b > 0)

8 {

9 int a = ¢ * 2
10 b =Db - a;
11 }

12

13 1}

U GHENBFRITEAR #3% #)/F5EF4K> , Donald E. Knuth¥, #iz5HiE, BTk iR, $4967,
20024,

DT ENEFRITEAAR £3% #/F5EHKY , Donald E. Knuth%, #EFiF, EHp T dRit, #5017,
20024£

8 «H#F®W» , Thomas H. Corman%f 3, %4 MK 2 a0k fovt 4%, HLA Tk B aat, 413852139
W, 20074,

¢ «Engineering a Compiler» , #2jik, Keith D. CooperfrLinda Torczon# , Morgan Kaufmann i\ jx#t, %256
Fa751 7, 201148,
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14 .

BB E LT R Ea, EIfEHFHEXT —MNEEa. WMRELFEASK, Ha: £,
BEBRTHAE “Inta=c*2” XAHFIE,; £, B4 “a=a+b;” PihatyE LIS E
X HatifE, EH ‘D=b-a” PHaty M ZRIES A E X HaE, TxFMEETD
B (LA S Z BRAN B 2 DR e B 4 AT 45 AT 89 45 5 R SRR R AT 0 R 2

F—HTEREY M T R BRSMBEHA—MEER, REHa. be K=K
BEWEX. AEFHEXABRFEAT M " B ) @awEAR (EC—-+HAELT
RILT CompStiE ik ¥ 70) B, CoRfFTRER, RAEHFE-—IMFFTL, IMFTELER
HEREBaE . LEARFTHAEARLRERINENR B, HEBLERLANET
&k, mREEREAEMERENZLE, WRETENME 5 RARE FTEMFE LB
ER, EAEF - NERRIWUFERENHE L E. WRERIANGETEARFEEZANAE
B, URELHBEALATEERENNHER. FLUESZESFEMEOHE, 2454850
MAEER, REMRT B —MESRERMEN YATOFT R XHFERNE S RAEBARY
Functional Style. %% 4 & % 2 ¥ iFdMF5 &, HPdAEARERAKEE Ko X
R B AT RAME R L RN BEEMNG T REIN. B iR fF52RA N E#T R &K
BEM, FESMIERLESEAREN .

7 — % 7 WA Ak fFImperative Style, “ A2 W ES MFT K, MEHBELELNG
FREATHAEY . BREFEEAEIN YN BB FEREHa. by X=ALEHTE
Xo BHFHBXABHKFHAT —AMr {7 & ) QEWEFEAR, WAEXNEE R XAH
MEEENE, EaWARERANMAEETRE, YEARPRACTRAXEAENLE
o, HEERERIGH TR, WREREAN, WRE-NREREXHER;, WRELK
o, MEEEZNEEZ; WREAT EEERENEXENEHEXNERL, NERFE X
BEFRIGINE L. GFLHEFBETEMEARE, 2R MEGRT EANTELT AL
o M B

Imperative Stylexfff &k HEEMH — W ERK. HIE-MFRERWET 7R
fropen hashing# 7|5 #yImperative Stylefy {5 Kk it. XMt RREL: KT H7
RARE AT S REL SIS RZA, CAF—EERINEREFERTETR —E

URATEA G MR VOTEY (BHC. CrblRava) Sl MALT A58 T Algol, WAEMERE LS LA
EYNT LS 228
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Stack —»

Hash table

|-
R T S B B N

]

K1, 2T+ 4% & fropen hashing it 7] & i 4F 5 %

ERBHIAREMERR. ABF, av xEARBRAEEXNEE, i j. varFEFEH—EE
XWEE, v jAERNEZXWEE. Ll jXHENMNEBARAERL, #HOREHI R
Fl—MER. BREHMIIRFHANTE R, SEMHENNTEKEZE TEHELURZE
Pras B s R o Rk ko BRER TR M B EAME, N7 7 xAE TR IR
NG FFEFUHE—ANTE, W —RETURIE: WwREAT R ERASEXENEH
EXWEI, HEREBEERNENBMEL (ARRABEWEXF—EELSIX—E, B
WENEFERSRRBNENINRBRZ—IMRERER) « BFRINEHR, FEAE—
BiEAGHE-—NERARERZEFHEXNEE, BRBEF—MEAR, WFERERR
PR G b i R PR AR R A R

WAT B AE A AE XTI — K E R R FRE LA, L% A HEA
BT S ER, ERLEFRd s SRS ER LN, XEEEREMEXYERELEEY AR
A R G AT B 2 PR

324 %HRF
(AT BERWANER: —4E, WREXAE LN —RAFHE. SRNELXAE 2K

EHRTEF LN, RBERRTAET . —AMEARFEITES LA RA N 284
T A4

1) —dHEAXA, £C—EFF Y, ARAXBGHEintiofloatd .

2) A—HEBAMEHFRBAAN . AC—FF F, 7 LA & S Bk 4 T 55 A R A 37
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Variable
Name: a Array
Type: Size: 10 Array
Type: =  Size: 3
Type: e——— int

F2. Z 4B AMERET T Bl

3) AMANKBREEFMH M. £C—FEF, RAERLALEM, WREWETF
FTETRENR23, WFELAEHEN.

4) MR B EBIEW LA AL BN

HR R FitiEs R AR o AWM : BEB RS (Strongly Typed System) 7Fnig%
B A% (Weakly Typed System) . #[# 7 (17 & A £ AV H A EMERER, WEHT
DA B e R A AR M A SR AT B ). BB R AL R S8 iE & W 4EJava, Python. LISP. Haskell
*, MHEAAGMIET R AR MR E® ZCHCHIEF .

HEBZRERAMANEF TN LA LRI EHA N REXBRE, RFFATHE N2
WA, RARETHX TR, HHASRARE (Static Type Checking) Fngh AX A
% (Dynamic Type Checking) . W #REHFHZ#TEDLE, TR EELES
KWETEARRG, TEHNFEERFNANRDEECTHAREGRBHENGEME. BAR
A 2 W S AL R A By BATRAB R, SR A E BN, 3R AT i 20 R AL AR IR T e A
TR K. XXV RENFAREEHR 2T, B TAEAZARPT T SNAERE S
TH, RERRDHETHREEELT LRSEBRE,

KRTHLFNERRRES, AITFTT KB BATMXERHERNF R, HSLXBERE
BEEREAREFAMEEFRAE (AARXETEALTERELENRAY) |, WEA
BAXAREEFEEHRNBRFETHALONHR (BAXEETEETANSA) « BX
AEAZETEmEE, MEXBARBEEMER. K2, TRANXBAREAT—, BWE
B A AP RILT A LA e S RGBT

VAR KB RARABEHHEXEFTRN P FRRME, g —FER, BRARAERGENEEE AL
FWMT—ANEA, AHBEFAIRIBERNEDHSE., HRIfE, CRCHEesst N ZERERXAES, W
Mk A 2 4t Cat 55 W (% Basic. JavaScriptt £ 2 H AR EF .

2 TR T ERAALABRGNIES, A—HEIHEORER, XL EEXAT BHFEERZA” (duck typ-
ing) : WR-—ANEHERKE - AWT. WREGHE-AWTF, B2eHkt— KRBT (f it walks like a duck and
quacks like a duck, it’s a duck) .
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Structure
Name: someStruct StructureField
Type: Name: £
Type: —— float
StructureField
Name: array Array
Type: =  Size: 5

Type: «———» float

StructureField
Name: array2 Array
Type: - Size: 10 Array
Type: Size: 10
Type: o«—F— int

E3. ZM ey sk Lo Bl

NBREABASE, RNKERZA LW, WmREMET P RAERERA, HLEH
WERTHLBAEMEE: RNAFALEANTHERECRAGRBET. B2, £FIANT HA (&
HEZHEHRA) UREMEZE, RRHRTRAMBLELT . BE—TWREMANEF—
NTEAMRLEMEER, TXMEERF FENRR L EBA, LAz TERTR?

RERWERT T L RER SERANGE-EATUEN —MERE R, EMERE R
BENNE: BATEHNER, URBAW KRN, flt, int a[10][3]7 Mk N E2H w8
R

SEAR PR BE VT DUfE R A R R . B, 45 AR fkstruct SomeStruct { float f; float array[5];
int array2[10][10]; } 7T Pl k= EBFT = B # Ko

R EI L, R DUE A A T E X TypeE R R rC—iE 5 # oy R R

1 typedef struct Type * Type;

2 typedef struct FieldList * FieldList;

3

4 struct Type

5 f

6 enum { BASIC, ARRAY, STRUCTURE } kind;
7 union

8 {

9 /] BRI

10 int basic;

11 // BHETME B AR TT R SHE KM R
12 struct { Type elem; int size; } array;
13 /) EERRRRE B R — MR

14 FieldList structure;

15 }ous

16 };

17

18 struct FieldList

19 {

20 char* name; // HWHF
21 Type type; // BRI
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22 FieldList tail; // F—AMH
23 };

RS, XREARELRZEX QMNP EEHAKH L. C—EFETRXEAR
G, FH#THISEBLE. SBRNERFNCIETYRAMESHER, Al 4. |
A EALE . AR KB RAREEH, R XALAFFENEREZ 2R L
Fro =AM EHRBEENFFTERAIELBANECAB AR S, FEZNMH KRR R L#HAT
BHEE. hTHEHALRNEERNTURFTIAFLE, ENZEELHNREFENBLEL
TERRN S,

325 FAAMHRF

IR -_FEASR—WEM L ER, BAHRFEELR —IEMNIEER LK. SR
4R T EXEE AT IR N HATAE 5 RWAE X BIE U R R HE it 7 UHEFSDT
EBison X & & 45 NAE XA R A, B RATE I B BUE 2, Bison A RR TSR LM,
T € 038 XA AR % By R D A B — ANk SOt £ IRRA A — AL, FTHEES R
WEMEEREEALSGRYE, MRRXAE MM, RRAEXLRH.

45 %38 3|15 3% ¥ U ExtDef & Def, # %4 Sty T4 BT84 T R B & 3 e X
BR, RHEEYHXLELRAINTFEENNRAFREERFBAINGERE, §UE3E
EBTEXp, RWHAZEERETE AN R ERF A BHTER, INHEL L EFT LU
HAREEERE BB R EHFEURCANERERM 2. BRpA#aEASEER, BATH
MAERMER RGN ER, TR -_ERBRENERLARS, BREORDFELEN ALK
HERER, EHHETK. TH—AERER, EAA-NMEXERZEFAEIHREAF, B
A EBERF WA FTERGEFAH G NEHMANETF SR

ERERNLOHABREAUHEXRRFERE, KB RAP R ELRSXBHRE, Fd
AR, AREARAENER. HREMU, AERZHE, ©TUHAAERET
A REAEL;, FEREKE, CRREAARETHEL. B KA URE MK
—MEAEEXAEE, EFH REAXAPRERAA —MAAEETRALME. fln, WEx
HAX=3RAEN, E3=XxEFAEN; y=x+3ZAHMW, Ex+3=yR2FLEH. HER
W, RIAURMEELEETASEAEEE: MET AL 6 HIE RAID. Exp LB Exp RBU X
Exp DOTID, fiFfRECHRNIELB LA G, RIGOMEXBEREAN G EMEA L, EMHKk
AT E R BT, UG RERHAATERR
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ER2IGBEFNA X, BHFAFENEFEFAMFE£X, FEFTRFILTEN
BEHM RS BRENT, BAERBFE ARBEIN. BR229 RAER S, 1 LA
FEMXCE . BR2IHEREMEN, HTEMENRI, FRFEEHAB AKX
MEEMERFEEEF R LR AL, MR EME T NEAN BB AT LB LB,
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