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1. 13UBHIC

SNy VAR, - 2 PERICECRRIETS S, WIS, HERYRTAQI T FOL S I
EOF —DESIIHLT, 2OHEAD 1 2OBERIIDVTELRT IS, FRIHRNTHZ, DLHUH
fsF —DESICH LT, Ny vV IIERETIRTAIERE ST, F—HBaR FEED IS 2 &0k
THb, %ZIT LFELoNy vV IBRELT, F—HEEED ] 20+ - L TRE 1 BLES TH 55
ey v B (perfect hashing function) [1] #EZSH3B,

ey YV TTARO 1 DOFEKRELT, B8l (associated value) 2HV3HE
(2] b2, COFHER HHEOHEIAVEZEETIKBHEORLENL Y T -0y v 2 HEEHET
20T, FBTORTICRELUTHEBEME B3 &0 RRERD,  LHLESAS, TOHETR
Jaeschkeé[3]®%m%ﬁﬁi?§ﬂ<,%éﬂvVVV%&%%kﬂw&éﬁ#—@%ﬁﬁﬁE?
B ZITAWTR, ¥Y, 5BXONIF—ORAGICHLT, SRELRNERE Ny ¥ v VBIBOFET 2
12D DOUBERRFITDONTER L .

F@Ny v Y TBERBEETNEL, Ny Y2 7 =T VORE EMIEF ~OEEDEROHn UL TH 2
C@&%,”77;?*7»@55?M~ﬂ@@”#7FHE@“TD&DO BWE (loading
factor;n/M) HlotE ZORBRGNERN Ny vV /B (minimal perfect
hashing function) [1] &ifh, HERORENX P DEN S IIIEBITH B, C.'B‘
U7cHig i BV 3 NsE ey & v TEBRICDOVT, FEEROMEN TR CH B ZEARUA,

§ 2T, BANERULE (4] OFBHEEHVE Ny ¥V VEAMICOWT, €D NEMOEERE,
BRI AR € L TRV NEROFERICET A REMMICONTENS, § 3T,
Cichelli [2] #ERLAEOIKICIONT, § 2 LAROMANAIIETHS Z L&l~, 5B

OEFEERMETRT.  SOIK8 4TI, WO 2 P &FHIRIC Y 2 BEE HORRMMOmEA o, MR

~1-
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RNy v FEIEHBUTRN T 3,

2. WUMOEAVB5ER Ny v Y TR

2. 1. HER

UTORBTLENXFORMESE, S= (r1, Te. = Tm) &L 1= (w,, W,
wn) ¢ £l g4 AL, 1 OTEREF - L4

B8l TKRT3TXTOF—-OREVELVERELTH—MEERDIIL, hid, RXORL
2% —0EAIIHLTH ZOREDOF—DORELIDENF—ITi__ (FB) LVIXFELEDT, R&% ¢
KT3I ENTERNSTHA0

E#®]., XFEx, y eZidlT

d (x, y) =<0 (x=y)
1 (x#y) O
EL2. F-—u, velixlT

2
u=v < 2.d (ulk), v(k))=0
k=1

coie wlil it 2—wo i BROXFET B0

FH/3. *-welddb, pHEoxs:;wi:) wlit) o wiis) (1<p<e, s<t =

1Sis<i: £2) OFT, 1 €LEHLOKZOEEAERDE S 12 <o

Cig . » i ) p "
lwl, Pp-d W oy O
k=1
1. w=ABCBC ¢&795 (2=5),
(1. 3. 5) (1. 3. 5) (1. 3. 5)
lwi, =1, Iwlg =0, |wi, —20

B4, h:l1-oN OIR1ER: HCHTa5eny vy 7IRESRS, SIS, N 0BLEOS
BO2UTH 20
EHS. TIHTIRENy YRR S
maxh (1) —minh (1) =n-1

2A7c9EE hE LICHT ARy v VB EE LD
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EH/E. a:I—Z:aZzimiuvey, a (7)) EXFroOdB#gLrEs, Ik ZREMOSET

ERT.  akWBETEEE,

h (w) =a (whi)) +a (wlie)) +ota (wlie)) (wel)
CERXNDEK D : 1oN %, QEEBOSE Ny Y IBRE DL, S MBICA -1y v v 7T
i &g a0

2. +~DORSELT, KEQADLMEER 5,

Function : h(w)= a(w(2)) + a(w(3))

Associated Values

*e

a(A)= 4 a(B)= 5 a(C)= 2 a(b)= 0 a(E)= 0 a(F)= 0
a(G)= 3 a(H)= 0 a(I)=0 a(d)=0 a(kK)= 0 a(lL)= 6
a(M)= 0 a(N)=0 a(0)=5 a(P)=1 a(@Q=0 a(R=65
a(s)=0 a(T)= 6 a(u)= 0 a(v)= 6 a(wW)= 0 a(x)= 10
a(y)=5 a(z)=0 a()=20
I (Set of keys) ~ Hash Values
w, = JANUARY h(wl = 4
w, = FEBRUARY_ hiw, )=5
Wy = MARCH_____ h(w3 = 10
w, = APRIL h(w4 = 7
W, = MAY h(w5 =9
W, = JUNE h(we = 0
W, = JULY h(w7 = 6
Wy = AUGUST____ h(w8 = 3
Wy = SEPTEMBER h(w9 =1
W10 OCTOBER __ h(wlo)= 8
W= NOVEMBER _ h(wll)= 11
w12= DECEMBER _ h(w12)=‘ 2 a
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2. 2. ERUNHROEFERY

A=y 22 TTHETIR, 522y v Y IBREFESHRRNE SR+ —ORG [ 255 (BI3) o
#13. *—@%ééb'c. [ = {AA.bAB. BA} (¢=2, w, =AA, w; =AB,
ws =BA) #EX 50
($EER) i) p=1, i, =1 O&%&,
h (wy) =h (wy ) =a (A) &li5,
i) p=1, i, =2 D&%,
h (wy) =h (w;) =a (A) &35,
i) p=2, i, =1, i, =2 D&%,
h (we) =h (ws) =a (A) +a (B) &3,

BT, HBALA =Ny oy IERREELILND

ER]. F—DEATIIHLT, 5ZRIEA-y THBDEET 5,
&= 3 p, i,, , 1, ! i) 1=p=t
i) s<t => 1Sis<i: =S¢

i) {EZmOu, vel, urv IHLT

(i, ip) (1. o

. ip)
lTk —“Ivlm |#002

m

2| |u

k=1
(3EH)

i—1
<) a (r;)={(p+1) (l§j§m) ETBE,
(i, , = ip) (iy. ip) (i, ip) m-1 .

h (w) =]wl]y, X1+ 1wl,, X (p+1) ++ Wi, X (p+1)

eup, 0wl " 5o kb n (w) 12, miid (p+1) #EELTEDENS, Lbb,

(ig. ip) (ig, =~ ip)

m
;;J'U‘Tk =1Vl |#0
Lo, EED, |ORIEE2EHU, vIIHLT,

h (u) #h (v)
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=) SERMA-/Ny vy VBIh BEET B,
<> 3a(r,), v a(rm) Yu, vel, usv IZXLT,
i) h(w) =a (wl)) +a (wi)) 4eeta (wh?) (wel)
ii) h (u) #h (v)
LoWsnd
BEY. B3 b iy, ip KHLT, RAMA—y v v SHROGELIET BT,
O (n logn) OEWMINE, il XFOMHHL (n), v—*t+ (n logn), £LTHIK

(n) KB sRMITHL0

2. 3. REERIZONT

EI | DUEVITR L& 3 OB D S TH TR, Say & ¥ SR OBHEAI DTS LT
MENB, COBEE Cichel i [2] ARULIES Uty 2 b5y b v IIC X BUBEDED KT
DHET, BRI L To 5,

NE, IR B XA SERATF LT p AR HT T~ TOMBEbEEROTXTIIORS | £2
Z (F4) . ZhEt m-— pfafniEd &0Ess

B4, 3-3WEEA LR S= (A, B, C) &ETBEE.

I1={AAA, AAB, ABRB, BRB, AAC, ABC, BBC, ACC, BCC, CCC} Th5s0

HE3. m-pfafES | OBEHROEn L,

n=,H, = (m+p-1) '/ H{p! (m=-1) !} TH30]
m—pRIFIES LITHLT, v 2 35 v+ v Ik > TREINZEEMOF D BT,
a (r;) = (' "lo1y (p=1) 4C
(1<p, 12jsm, CRIETOKER
ThHb, TDOI&F, RDIHIILTHATES, THbL,
a (r,) <a(ry;) <<a (1)

CRETES, T 10O, XFITHTIHHMEDS, 1#) ol a (re) #a (rj) ThiFh
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Wi, a (r, ) =C &T3, WIS, 7, &1 NPMHSNEF—IILT, TMEERE, oy
Va T =T NEARIRD/NETBADIC a (v ) =C+1 %2%DHTE, IIT rvy &ve i
NoWHF—DPT, Ny Y2 INRDAENDODIL (C+ 1) Xp &b, ESIT, 7y, T2, T3
MO+ —IIx LT, BRMEZRSE, HONy v aF—TNEEIERD/NESTEDI a (13)
=C+1+p %%H™UTE, IH5LT a (r¢) =C+x FAbYTSO a(fu,)=C+x
+p BEOUTSNE (B5) .

#i5. Plastd 5%y 7 1 5 o & VI KBZURBMOH Y BT, KRDOXIITNES,

Function : h(w)= a(wfl)) + a(w(2)) + a(w(3))

Associated Values : a{(A)= 0 , a(B)='1, a(C)= 4

I (Set of keys) Hash Values
w; = AAA h(wl ) =0
w, = AAB hiw, ) =1
wy = ABB h(w3 y = 2
w, = BBB h(w4 ) =3
Wy = AAC h(w5 ) = 4
W = ABC h(w6 ) =5
w, = BBC h(w7 ) =6
wg = ACC h(w8 ) =8
wy = BCC h(wg ) =9
W, o= CCC hiw, ) =12 O

. T OENTR LB ST a (1)) = (p+1) | EMum-— pHaRIES 10
M BA-SERN o SEHORINE 1 [ i,
| f=mHp/ (p+1)
E15Bs —F. Nel b5 F LB HDNMT a(Tj)=(H*1—l)/(p—l) 1AVl
AORERL,
I f=nHp/ { (p" =1V (p—1))
L5D, BEIEADE > TEROTEAIHT 5 A —2ary ¥ ¥ VEROBS TR, WITIOH D S THI

L BMMBRDFEICL, - —DORTHREN,



2. 4. muEAISBHMORER]REE

i19

STRIA =Ny vV TARREET 20, BRNERMA -y v 7 TEABREELRIEN K i+ -De

1255 (B16) .

§I6.  F-OEAELT

(1£ksn-1), Wn=7: Tn

= {w, ,

&‘3‘50

Function : h(w)= a(w(l)) + a(w (2))

Ex.1 (n=2)
w; = AB
w, = BA
Ex.2 (n=3)
wy = AB
wy = BC
w3 = AC
Ex.3 (n=4)
wi. = AB
w, = BC
w3 = CD
" wgq = AD
Ex.4 (n=5)
wy = AB
wy = BC
w3 = CD
wg = DE
Ws = AE
Ex.5 (n=6)
wy = AB
wy = BC
w3 = CD
wq = DE
w5 = EF
Wg = AF
Ex.6 (n=7)
w o= AB
w, = BC
w3 = CD
w, = DE
w5 = EF
We = FG
w_, = AG

h(wl)=
h(W2)=
h(w3)=

h(wy)=
h(wz)=
h(wz)=
hi{wg)=

h(w; )=
h(wy)=
h(wy)=
h(wy)=
hwg)=

hw )=
h(wz )=
h{ws )=
hiw,)=
h(w5)=
hiw, )=
hiw,)=

N W

N W+ O

N s W~ O

E RS B N B S I

(1

, Wn) 223,

a(A)‘: 0 1 a(B)= 1
a(dA)= 0, a(B)=0
a(bD)= 2

a{(d)= 0, a(B)=20
a(bD)= 2 , alE)= 2
a(d)= 0, a(B)=1
a(b)= 2, a(E)= 3
a(G)= 4

T2, 28N, We =Tk Tka

7

1

I3

’

’

a(C)= 2

a(C)=1 ,
a(C)=1 ,
a(c)=1 ,
a(F)= 3 ,



GE4., PI6DLIUEF-DESIT n=4n" +2 (n° BOLILLOBR) DLE, RPNELITA-

Ny vy IERIFELIEVO

(RE) n=4n’ +20&&, BNEREA—1y vV IHRIFET S0,

h (wy; ) +h (wg ) #+h (Wyp sp) =b+ (b+1) 4+ (b+4n" +1)

=2 (4n®+3n" ) +1 (FE

EREB, =75, TEUBA-»~y BRI p=2, =

iy =1, 1, =2 OHBEIEFICLMFEELIILS
S SNEDT,

h (w, ) +h (we ) +4+h (Wi py) =2 {a (A) +a (B) ++a (7n) )
LI3h, FEMEL S,

(f&%0

U¥-T WHRICED, n=4n" +20&EITEBNERIEA -y v Y TBIBDTFE LI Z EHGENW

a0

RIZ, BPNFERIEA—y v v IV RROESEICET 2IREMBIC DN TELL S,

oo ip)
Hren = We ¢,

O,

ETBHE, HB p, iy, v lp T, RINERIUEA-/Ny vy ITAROEER,

(1) AXx=Db
NAXDEHELENETH S, CIC

- \__"_,

L1

M1l H12 ** cuim) x2 / b
Hop Hpp *°°lny | b+1 }
A=, . x=| | b=| I |
. | L)
Mrl Hr2 * **Um \ b+n-1
&L- £y, Y Lo ‘i%’&.

bit 0 L EDBHT, bIIZDOERDOEINEHFTLDEYT S, Ff, AIKEL
T,

My H ey 2 Tt by n=Up y T He 2ttt e oo

=HMn, +tHlns o+ Un,r=D

BBHENSH 2, ZIT, bLIOHERDHD, - Tn, FLUTDMTARDHNL 27 =2+ 1,

—8—
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' =LHtl, cn Tu=Tw+l, DT =b+p LLT, PROIOHEADFIORZ . 0 T, &
Ub’ DHIA(ESZ ENTET, - TIEREOMOMANGET 5 eI B, SOEMD, L, <OF
EROBATAHET 3151, 0Sb<p SUBMABTHETS, S0, bRANBIC SO TH~NLE
AN \
ST (1) B9 (RLEGR) EHROLEHRIE,
(‘2) rankA=rank (Ab) :
BB, T, ORE (2) 1 (1) SEHERENLBOLERN TS, SOLTRR (2) %l
Y
rankA=rank(Ab)=f
X207,
() rSm OLE, W (EEHE) B—EICRED. CANBEMTSEME S PRIEARTS 5,
i) r>m o&s (1) BNI—KRESERENS, | SO—KAEHER a, ntar m
fot A= AU O HOLTFS R,
(3) (ay, az, =+ am) IDb |
BB, ST (@r. o am) B a1, o an ORMAMERTHE, (1) B nHO—KRE
FRRALOE-TOT, SHEKDE S IR TL
T, W1 O—KRESEALGE (3) £l LTONE, EEOBEDNS 2 —§ & U—RIER 5.
SO—BEVET 2 O—RAEHERIERALT, BRIC—BIPERSD, SHARY KN O—RRESERICE
TROEHE (1) O, WHO—EKESND [5] . 5L.:®ﬁ@@b@¢¢f.&#(3)%mt
KA RAREFRRD G (1) 1 SRIIEE LI,
BLEDC EmD, ROBIHIG 5D, |
2. #-OUATIHUT, BINERNA—/y ¥ v S BIMAHET BOEIER S T, RER
e 50 |
GER) B (0% —HoAREOXZARDETIE N> BIEbER, 2\ — 1ADT, AETH5,
D121 DOBAEH LT, bisi?Abi2pily, $2EMEIn LANT, ©THLHRTSS,

O LTEBERMBAMICIRE - 22 FHBN (1) 1220 TI, BEMROEEENEINTH -7:OT, LiLD

_9-.
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FNTOESED L, +—DHEA LIS U TRINERILA =Ny ¥ v VTHBATEET B0ENE I M

REARETH B0

3. Cichellinmey MK

AWMTI, Cichel 1 iXERLINy YV ITHRIIONT, § 2 LEBRDMBARHTIETHE &%k

~N, BZoN/cF—DESTIIIHLTCiche l | i DLy vV VBAMMEET 51 DOLETHRES

Yo
3. 1. =%
KETIL, F—DEAELT, 1= (Wi, Wa, - Wo} cET 2215, THbb5, FAL:—0f

BOPT, BTLIF-DRIFHELCLNDDET B,

EH8. F—welDEXIEALT ROXHICEHT %,

¢ (w) :woRZ (12 (w) ) O
Pl7. W=ABCBC &73,
2 (w) =50
ERY.  atmmITALE,
h(w) =2 (w) +a (w() +a (wl@ ™)) (wer)
TEH{/INABEh: =N %Cichell iy rryJEERENSO

B18. F-QEEELT, BBAEOSWEEELZEZS (2],

Function : h(w)= g(w) + a(w(l)) + a(w(&(w)))

Associated Values
a(h)= 3 a(B)= 15 a(C)= 0 a(D)= 7 a(E)= 0 a(F)= 15
a(G)= 0 a(H)= 10 a(I)=0 a(Jd)= 0 a(RK)= 0  a(L)=0
a(M)= 12 a(N)= 13 a(o)= 7 a(P)=0 a(Q)= 10 a(R)= 12
a(S)= 6 a(T)= 0 a(u)= 15 a(v)= 0 a(W)= 14 a(x)=10
a(y)= 9 a(z)= 0

-10-



I (Set of keys)

wl=
W2=

AND
ARE

= AS

AT

= BE

BUT
BY
FOR

= FROM

HAVE
HE

= HER

HIS
I
IN
Is
iT
NOT

= OF
= ON
= OR
= THAT

THE

= THIS
= TO

WAS

= WHICH
= WITH

YOU

Hash values

h(w,
h(w,
h(w,
h(w,
h(wg
h(wg
h(w,
h(wg
h(wg

)
)

L L e I )

h{w,q)
h(wll)
h(wlz)
h(w, 3)
h(w, )
h(w, )
h(w; )
h(w) 5)
h(w, g)
hwyg)
h(wyg)
hiwy,)
hw,,)
h(w,;)
hw,,)
hw,s)
h(W,g)
h(w,,)
h(w,g)
hw,,)
h(wg,)
h(wy;)

3. 2. ¢ (w) DEBRWHIKHTIER

F-DEEG I DERDS L, RROF-DERS%

L=max?2 (I)

EEDT, VEF,

gt a (¢ (w)) =2 (w)

=7
= 13
=6
=11
=5
=17
= 18
= 26
= 30
= 31
= 20
= 14
=12
= 25
= 19
=1
= 15
= 8
= 2
= 16
= 24
= 22
= 21

= 10

= 23
= 29
= 28
= 27

123

IS LETLAD DO+ —DOREICEHT HIFME L HORLIXFOMMICEHSIRA T, &

BOFEATEIREL 125,

EEDHTTNSH LB I LN TETSH B,

CHTHEE 2 &IZH

&5, a (2 (w) ) 2HHICEDMUTEEE2HEE, §2i1cBi3% p=3, m=m+L OFEE

F 57 EOBAMTREEIEAD, Cichel 1 i OFETIIIRIIHFINTOIIN,

~11-
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3. 3. RNMMOEERE

¢ (W) REDXSIRS L, § 2 LIMZERMOMIATELNC i chel 1 iDNy vy IBIRNFET
BRBOLEDRMETA B C & DTS B |
EE3. +-OM&IIMLT, Cichellidmdny vy IBRNEET 5,
<> {¥EOu, vel, usv IKHLT,
)8 (u) #2 (v) i
i (D gy L )y o
(EE9A)
=) alr;)=(L+2)) (1sjsm) &¥3e,

(1. 2 (w)) (1,2 (W) m
" X (L+2) +=+ 1wl x (L+2)

(1, ¢ ¢
piap, 150 (w) SL, 0siwly 7 g2 X h (W) i (M 1) O (L+2) e

h (w) =2 (w) +[w]|

LTEbEND, Ldvb,
i) 2 (u) #2 (v) Fhi,
i) {u(g) ) u(ﬁ (u))} £ {v(l) , V(E (v))}
0, 8D, 10RIE52EHU, VICHLT,
h (u) #h (v) &3,
=>) CichelliDRe Ny ¥V IHUNEFEET S,
<> Ja(r,), = a(rm) :Vu, vel, usv Z8LT
i) h(w) =2 (w) +a (wil)) 4+a (W@ O
i) h () #h (v)
E0BSH0
RS, F—OMAIRMLTCichell i Dmdry v v SENORELRET BITi2,
0 (n log n) OWMITHHTH50 |

~12-
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4, BEEOHEICET33X b

SEANA-Ny YV VEEERVT, | HO+ -2 BRT 3 DOBMNA X FTAR, KOS KEST
BEONLETH B,
TA=p (t, +ta) +ts +tc
I, ThEHMT 3R, Jaeschke (6] SEBULARINESI Ny & ¥ VHIK
h (w) =LC/ (DW+E) Imodn |
OBEEKETINMNa XTI %,
TJ=tm+ta{td+ta+t2+tc
EEHTS, i
p : ERREZID I XFOHEK
ta:BMORLHE ] BEICEYT 285
tm : BROIHE 1 BICES 28R
td: BROHHH 1 ECEY S5
t ¢ F L] EICEY 2550
ty 1 DOXFORAREES DICET 255
te Ny VaF—ThoF—% 1 DIEROICET S
ts : BHMORERE | BERD 5 DICHET S8R
C, D, E:8&X%
ETB,  MMARAEEEMe s —D FACOM M—200 i3 FORTRAN-GE X
BTRSSAERTR, ta=1 EURES, tm=1, td=20, t, =1, ts =22 THots
Iho%ETA, TIORRRATS L,
p<22 &%, TA<TIJ
L3, W DI1~SEETHENG, A—Any sy SEROSNHICENEOL B,
7o, AROHREDIividingdk [7T] KRE3 Ny vy BRI LTHIT-2H, p<11L5 O
L& A=y ¥V ITIROBIEN VS BREBL,

-13-
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9. bbic

B —DREKNTBA -2y Y Y VBIBOREPERL, Cichel ]l itE&LESEL Ny ¥

Y VBBNEET A RDOLBETIRMEEL ., i, BIRELHFT 3.0 0KMEIZ X FORT, o

Ny YV TBEREHERLT, A-5E2ny Y IERMBENTNA T E%RL,

S8, RNTRUBMOFET S+ —DRAKF LT, TOMRMITRDYTLEHE, XU, A-T2

"v97?%&#@&?5#@#%&%%6@&@&&@(NP%%T&%C&#%E&&%)%E?hT&ﬁ

LTH&E,

SEm

(11

[2]

£3]

4]

(5]
(6]

(73]

Sprugnoli;R.: Perfect Hashing Functions : A Single Probe
Retrieving Method for Static Sets,CACM, 20,11, (Nov. 1977).
Cichelli,R.J.: Minimal Perfect Hash Functions Made Simple,
CACM, 23,1, (Jan. 1980).

Jaeschke,G.,and Osterburg,G.: On Cichelli's Minimal Perfect
Hash Functions Method,CACM, 23,12, (Dec. 1280).

EB AN EREERVRe Ny vV 7B, BRS 6 FERREELAMIBASALMIIRN
% |

WA VISRBEGRIAR H2R FEUHR
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Minimal Perfect Hashing Functions,CACM, 24,12, (Dec. 1981).
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