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Dehn twist presentations of finite group actions
on oriented surfaces of genus 3

i i CREEERIRE B T AA)

M g oF Al 5, Lol 2 ROAMEEROES Homeo, (5,) 13, BEHRD
ARAEMEE L T2 LT, HRACBLART I LM TES, A8, 22T, fi,
f2 € Homeo, (%,) IZX LT, fifs € Homeo,(%,) &, fi 2{EAZE, 208 f,
TEAXE2bDET S, 512, HWIT isotopic b DZRI—HL TTE 3EEIZ,
Homeo  (3,) DHEHEE LS BRICEL 2BMEEICL VL AL L bDE S, DBHHE
BEM(Z,) LR, B, EOHMPAE c Ko T S, 215C, BfRAL—EEI¢TE

FIGURE 1

72RDEOE2HETHRSNS Figure 1 Ofk% £, LORBEERBRET 2 M(Z,) ©
JL% ¢ 2> 7 Dehn twist & PN ¢, T, Dehn [3] & Lickorish [9] 12 & D, M(Z,)
%3 Dehn twist 12 & D BRI NZ2HIRIN TS, —JF, Dehn twist DL L TR
NEBEROEABLFEU Y —HAOERIIERE LT Vo, A LomEZFED
[AtHEBR % Dehn twist DETERTHIIERZ2HEET 2 L CERTHILEZLONS,

JARAREARD Dehn twist 281, hyperelliptic involution & FJ#a%BRIZD W T,
YRR 5] Ik > TR N T WS, T, D 4 UTOBAICIE, [4
KBV TRDSNTWS, —F, B 2 OB EOAREEIEMAD Dehn twist £
AOHEBIEK L PHEK (10 itk hRkDdonTwd, 2D/ — b T3S 3 oA
I LOHREEF D Dehn twist BARICDWTHEAMNT 5.

1. %3 EORBNELRD DEEN TWIST ERICDOWT
ZOHEITIE, Iy EORHNEM/RD Dehn twist BRIZD W TR S,

913, Nielsen 12 & 2 RHINEGRO B OV TRR S, #iFd ¥, o5&k f 2
%M (periodic) TH 2 &%, 1 M EOBE n T " =idy, K2 SDHHFET S
ETHY, 20X n DN, RADE%E f ORE (period) & &5,

WE, n 23, FORBNER f ORITHE LT3, 5, Losild f & n E{EA
FEBIEILLS>TIMDMEBIZRSTL 3, IFLEAETRTORIIHLT, ZD/EHA
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1 n BAETH 205, FINIGEFTIOMBEICKR>TL 2L hkBH2. DFD,
Bl &, EOBHZE p IKHLT, 0<k<n B3B8 LE TP =p LE3bONHF
FELTLEIDED, 2D p DI L% f O multiple point & k&, F/z, My T f
@ multiple point EEDEE L KT,

B 2, ODHOW, fTIDHNHIbDEAEHLTTE3%EM% 5,/f Thob
L, f OBEZEM (orbit space) L), DL E, T, DM p IKHLT, T,/f D
Tp DRETELD [p] zNIEDTEER 7, 2EZ 2L, T nBEDEBEL %o
Tw3, Thob, 5/f DIFEAERTDED LT mp 1HEHD n BERETH 527,
[f @ multiple point | € &,/f IZBWTHKL T3, ZI T, [f D multiple point ]
% f @ branch point £ "0, B (= m;(M;)) T f @ branch point 2FDHEE%Z H
5b¥. TOLE, mlsam, ¢ S\ My = (S,/f) \ By 138HD n BHEL 5oT
W5,

20 n BEEZEAT R Q, - m((5,/f) \ By,x) = Ly ZRDBEHED B,
¥, m1(E) =2 %% 3, DRz Z2—oRD5, EBEH m((S,/f)\ Bf,x) DITIE
(So/f)\ By IO loop 1: [0,1] = (So/f)\ By TI0) =I(1) =z £52 DI k>T
REEINZ, D loopl D L, DIt 1:[0,1] » %, TI0) =% %2 bDEEZ
2L, (1) =11) =2z, 2FD 1) Z{(0)=20 flcksBE LichsnT, #
Bk T fHE) = (1) kB bOBHS, 22T, U(l]) ke, LEDD, IOLE,
Z, BRBECH B 720 m((Sy/f) \ By, z) OWHEHLT b b Hy(S,/f)\ By) 25 T,
NOHEFT w, 23 Q DOFEEING,

200 %, LORMNER f, fICNLT, AHER g T/ =gofog !t 5D
BEETDHLE, [ L f LHE (conjugate) TH B L9, (LA, Nielsen D
F3CTId topologically equavalent & FEIEN TV 3))

BB f @ branch point 725 By = {Q1,Qz, -+ ,Qp} IZ2PWVT, Q; ZHbE
T2 (fibd branch point % B F R WEEIC) +a/h I OHREICKEHRID O E 2 AN
bD% So, LT 5.

Theorem 1. [11] BAME S, LD 2 DDORMMER f, f/ BHETH 57 D DBE+

DEFIZRD IEHTH B,

(1) f DR = f DA,

(2) By DD = By D RO,

(3) By ={Q1, Q-+, Q) DROBFBSMIT Z@ELIZHZ4UL, & i ICDWTwi(Sy,) =

wir(Sar) BN VL. m
COEHED, n—f QR 0= w,(So) EEDBE, (n,%+-"+%> <f o

HErEeIciRE NS, ok 1) TEAZIN, total valency &FIEN S,
BRI Ty LORABINEARD Dehn twist BR %, ROBHIRKRD B LM TER,
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FIGURE 2

Theorem 2. [4] FHlE T3 EORBINERIE, ROBHERORF LHETH B,

1 3 1 1 5 1 1 1 3
f3,1—(14,ﬁ-ﬁ?+§),f3,2—<12,E+ﬁ+§>,f3,3=(8,§+§+Z>,

1 1 1 1 2 1 1 5
faa = (4,54’5): fas = (Z); fae = (12’E+Z+§)’ faz = (8’§+Z+§)’

1 1 5 1 2 4
f3,8~—(9,§+§+§),f3,9—<7,§+?+? .

B, INSDABNERIIRD L BY Dehn twist #BRENS, HL, k& Figure 2
ICE T B BHEAER ¢, 12> 72 Dehn twist 28T,

f31=6:5-4.3.2.1, f3,=6-6-5-4-3-2.1, fs3=7-6-5-4-3.2-1,
faa=1-2-3 4~5-6'7-(7'6-5-4-3-2.1)3,

f3,5=1.2 3.4.5.6.7.(7.6.5.4,3‘2,1)5,

fa5=6:5-4-3-2.8 fa;=6-5-4-3-2-5-4-3-8, fsg=6-5-4-3-2.1.8,
fs9=6-5-4-3.2-1-5-4-8.

2. B3 £ MaxivaL R EREEM & Z® DeaN TWIST TR

AIREE G 5 Homeo, (5,) ~DHE e WHEETZLE G0 S, KIEATZ2 LW,
G DEBGR {g1,..., 96} WKL Te(g:) ZIFNERE >TED, e(g) D isotopy
@ Dehn twist 12 & 23R %, G ODIEFAD Dehn twist R EMEZ & LT3, HREEG
D Ty ~NDIEA €1, €2 : G — Homeo, (X,) BFETH 2 £ 1E, G OHEAR w & B, D
MEZROFEAMBEER AT, 9 G IKHNLT, e(g) =hta(w(g)h AT mdbD
VHET2HETHS, HRM G OBRIHH L GO, ~DfEf e : G — Homeo, (Z,)
IZX LT, €|y : H— Homeoi(E,) % ¢ DEBIEHER LT3, (G,¢) 122V T, Dehn
twist RNVIRD SNdUL, 2 DEIBIEA (H,¢|n) D Dehn twist RRVB 5N 2 H
25, NTFTIik, EREEADEESEHAEDS & maximal 72 HREEFERIC 2T Dehn
twist R EZRD S, &8, ZITD Dehn twist HRDBEEIIFIE—EK (BIBK
#) HHEWR RERKRE) $AREHK (HEKY) OFIF S TAMT (Teruaki for
Mathematica 7)*& FiV>TfTo 7z,

* http://www.ms.u-tokyo.ac.jp/ sakasai/MCG/MCG.html & h ¥V v u— FTE x7,
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Broughton 1 & h ¥ 3 OFHEAME =, LOBEREHOTEBINTED 2],
ZnEREICRBDLDS

Proposition 3. ¥; LOFRBEERIZ, ROBOIEAOEIBEEHATH S !
Zg, ZM, D2’1215, Z2 X (Zz X Zg), Zz X S4, ZQ X SL2(3), S3 X (Z4 X Z4), PSL2(7)

Y3 ~NOMEDFREHEMD, Zho DEREERD D2 BEAFEMA L Lo T3
Iz OVTIE §3 TR 3,

Remark 4. 1. —IHRE G lcowT, 20 I, ~OERIZ—ETIzAV, Lo
SEOBD Ty ~OEMAIE (AR L0RA—RTIE) —ETH3.
2. BB Zg, Zyy DIEAICDWVTIZ, BEIC [4] T Dehn twist BRAIRD 5N T3,

4 ) 1

(5]
o

7 s

FIGURE 3. Klein D#X [8] DRz #@E. AUHSOALFA—HT 3
L3123, JV—D3AKBLADIARE 1 DT28bE b
Klein 4 X0 HCRARBEDOEHOERFRTH 5.

2.1. PSL,(7) @ Dehn twist |R. Hurwitz 12 & 1, BEE# M(Z,) OB BRUEER
SEOMBUL 84(g — 1) LT THIENWRINTW S, B g=3 OHE, s
TH 843~ 1) = 168 TH B M(S;) DEABOFENASNTE D, 20, Klein
ARMIR {(z:y:2) € CP?|2ly+4P2+ 2%y =0} DEACABBTHY, PSL,(T)IER
BTtH 5. Figure 3 ICBWT P 2L ETHARERIDD 1/3REEZ G L L, Q ZF
DETHREREDD 1/7HiE:R F L L7z E, Klein 4 XROBERAMBI F &
G THERIN, ZOBUERIE F7 = G° = (GF)? = (GFG-1F-1) = 1 L k>T W3,
Figure 3 IZBWT, AULBBOAEFA—HL, XK IDDEAFEEEELOT—D
DIAHLETE BATE P ORYD6ODIABE—DILELDLDN A LHE

Zy BT LT B 2 ROEHTTI A Tdet(4) = 1 2WhTHOOETEE, {+E,) <H->THE
B8
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FIGURE 4

N7 3AM) L, Figure 4085605, ZORICEWVT, Gz AZHDLETS 1/3
HEETH Y, BEHBGZKEBNKKIZ XD Dehn twist BROKD 5N TWE, —7F,

FIGURE 5

F IX Figure 5 DEIKOWT, 1 52— 3731 E92F, oDl 1,...,7%

Figure 4 ® LICHIK LED@ED IC72 %, F @ total valency i 7,% + % + i;) ' 3o)

TEY, Theorem 2 BT 2 fou WCNIET 2. TOEETRD 5TV 3 Dehn twist
DE6-5-4-3-2-1-5-4-81F, Figwre 6 DELICEVTI 52— .. 71,9
DT EHIREALTS, &%, FLD T3 25 ETD U3 ~ORMEESRT, FALES
TRINDZHREELEIDDLET S, ZNoDMET 83 2U I & 1 >DHE
IZoTVRBHENP5, & i3 up toisotopy TEBHICEE S, rn=0(c) LT3, n;
1¥, Figure 6 DETDRRICEDTED, F =tobtrtrtrtototnt, £%5.
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FIGURE 6

Proposition 5. Klein 4 XRHIFR {(z:y: 2) € CP? |23y +y*2 + 2%y = 0} DHCH
BIRER F = trgtrtryboytryte brgtrtrg, G = totgtatytatat, TEREN, F' = G® =
(GF)? = (GFG'F )t = 1 BB L ko Tw 5, &E, r 1k Figure 6 12, g, d,
1 Figure 7T ICHDPNTH R TH 5,

FIGURE 7

2.2. S3 x (Zy x Zs) D Dehn twist F]iR. Klein 4 Kl B 2 FBEE DRI A0
KEW Y, EOBRBEMIE Fermat 4 XRMAR{(z:y:2) e CP |zt +y* +21 =0} D
HORBEMBETHY, S;x (ZyxZy) LAMTHS,

Figure 8 1%, [6] @ Figure 10 ZfREL 72 bDTH 3, ALHFEZDLZRIEOE D L
T, kb, BEDAD 200 3aKEAELE LD, Fermat 4 XD B D RIEEED
BEAERTH D, ZOKICBII2RALESOLZMD b, KWio 3 AL
b DD, Figure 9 TH 5, cg DELZHLE T ZHREHEID 0 1/3 HliE% P, Figure 8 D
BAHROEEZFLE T AREFIY D 1/8 BliE Q £T5 L, Fermat 4 XD HCR
BIREII P L Q THEBENS. QX Figure 10 DLEEICDOWVT, e = ey — --- — eg —> €
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FIGURE 8

FIGURE 9

£ 9527, Figure 10 DERIZET S ey,...,es % Figure 9 O EICH#E &, HERIDOR

2% bH, Q D total valency (8’é+411+§> Lo TED, T Theorem 2 IZ

BID fo, W—HT 3, f, =6-5-4.3-2.5-4.3-8 OfEAIL, Figure 11 DX
ED e % ) KETHDERSTWS, 2TV 2EED 3 2ETD 3 KE
THREBBRT e, % ¢, KETHDETBE, VILED, ¢ i3 s ICBES, ZnkDb,
Q = tsgtsstsstsstsylostostsstss CHD T EMBHD B,
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FIGURE 10

FIGURE 11

Proposition 6. Fermat 4 Xt {(z : y : 2) € CP? |2t + y* + 2* = 0} DHCH
BIFFE P = totolgtatlatate @ = talsststsstetsstsitsstsy THEBRE N, PP = Q° =
(PQ)? = (PQ*)3 =1 DBRRA L L>Tw3, 2B, s 1 Figure 1112 g;, g, (& Figure
12 PN TV B TH B,

2.3. Zy X SLy(3) @ Dehn twist /K. Zy = (c|0? = 1), SLy(3) = (01,0908 =
1,010001 = 0ao103) ERLTLEE, TITD Zy, D SLy(3) DIEAIE, o0 =0, TE
2o, T=0,8=0 8L, ZyxSLy(3) =(T,S|T®=85%=1,(TS)* = (ST)?)
ERoTW3, %L, ZOBDOIEAIL Broughton DRICIZR Y574\, ZDLEE,
TS i3 Theorem 2 (281} 2618 12 DFEHNER f36 (Ic—E L, BEIC Dehn twist &
THRDSNTD, CORTENKES TS D By EOERIZREI, Zy x SLy(3) D
fEF %S Figure 13 DB Y TH 2H3 02D, Dehn twist BRIRD SN S,
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FIGURE 12

7(15)} ST (75)* (7s)! S(18)’
FIGURE 13

Proposition 7. Zy x SLy(3) = (T, S|T? = §* = 1,(TS)? = (ST)%) ® T3 ~DIEH
TS = tegtestestestotes S = tatstatatatatota, TEME NS, &K, a,bc,do,d} 3
Figure 14 Wi T3 i TH 3.

2.4. D2)12.5, ZQ X (Zg X ZS), Z2 X S4 @ Dehn twist iZI_K. ZZT, %ﬂ?ﬂ@ﬁ@
AR EBIRTREEL THL,

Daas = (z,y| 2%y, zyzy~°)

1

Ly X (Lo X Zs) = (z,y, 2| 2%, 9%, 2% yzy 2t ayry ™Y maa™ 270y )

27, zyzyzyzy)

5 DYERE hyperelliptic mapping class group DETREE oo TV 3, BRI
HAK CRFEERR Y TAFARAER —) 12k D, RD@DH IZ Dehn twist

2,2 .3 -1, —-1 -
Zy x Sy = (z,y, 2| 2%y, 2% xyz ™y x2x
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FIGURE 14

THBONTVS, iE, ki Figure 2 (2817 % BRI ¢, 12#Y > 72 Dehn twist
t, BRL, klx ! 287,

Dypg5 iZDWT
2=(1-2-34.56-7)-(1-2-3-4-5.6)-(1-2.3-4-5)-(1-2-3-4)-(1-2-3)-(1-2) - 1,
y=1-1.2.3.4.5-6.

Zz X (ZZ X Zg) [Z2WnT
=(2~3'4~5~6'7)-(2-3~4-5~6)-(2~3-4-5)-(2~3-4)-(2-3)«2-7‘6-3-3-35-1,
1 3

Zg X 84 12T
=1-2-3-4-5-6-7-7-6-5-4-3-2-1,

3. O3 LD MAXIMAL TR WERBERADY 2 b

ZOHITIE, ¥ EOBFREMEMT maximal T2 \VWH D33, maximal b DD ED K
IREABEE RS>TVRE0RY ALYy 795, 48, TOYAMIGAP4 ZHWT
R 72, 3xx 1, [2] DRICK T 2 ERBEADOLEITH D, KIS, 3.at 13 PSLy(7)
DEF (§2.1), 3.as 13 S3 X (Zy x Z4s) DIEH (§2.2), 3.a0 (Broughton DRITITHE) 1F
Zy % SLy(3) DYER (§2.3), 3.ap 1& Zy x Sy, 3.am.1 1& Zy X (Zy x Zg), 3.ah & Dyyas
DIEF (§2.4), 3.aa 1& Zyg, 3.t 1 Zo DIEMA (§1) ZRL T 5,

3xx: 3yy D F) =k Fy =x%x[ ]



EEPNTVEDE, 3.xx 25 3yy OEWABEA L2 ->TED, 3yy DERROBET
R3IN B, B 2 3xx OFERZERL, -] - 28 F,F OfoBFRTTcH 3 Z
EZERLTW?

Baq:3as> Fy = P, Fy = Q2 [F}, Ff, Fy 'Fy \Fy \F VR, VR By Ay Fy Ry R AR
3.am.2: 3.as 3 Fy = Q, Fy = PQ'P, [F2, AR, F 2 FyFy, F8, FyFLFy FyFy Fy Fy F
3al: 3.at> Fy = F3GF 2 Fy = FG?F, [F3, R\ [y Fy, FY, FF Ry o B Ry )
3as3> F, = QP F, = PQ* F3 = PQ'P,

[F2,F2, F3, AR By By R Fy By Fy By L, By Fy FyFy )

3.ap > Fy =ya ' Fy = 2, [F2, F}, R R, Fy FyFy Ry |

3ak: 3.ap > Fy =y, Fy = z, [F?, F}, F,F\FyF\F, F,F,F)|

3.8 : 3.00 5 Fy = T, Fy = STS™, [F3, F}, Ry F\ Py F \Fy VP

3.0i: 3.ap> Fy =, Fy = 2, Fy = yzy~, [F2, F}, F3, B, F\Fy ' Fy, FyF\F; ' Fy, FyFy Fy F)
Bagh 3at Fy = F, Fy = GF3GIFG™, [F3, Ry Fy2Fy Y Fy\FyFyFy Fy Fy, FY|
3.ad.1: 3.ap> Fy =2, Fy =y, Fy = zyz, [F2, F2, AR\ By Ry, FyFLFy Ry, FyFyFyFy, FY)
3aml> Fy =, Fy =y, Fy = 272, [F2, F, FyF; R P By Fi Ry Fy, FyFyFy By, FY
3.ad2:3a03> Fi=8F,=TST F=T71ST,[F?, F2, F, L3 F,F Yy F, FyFF3F Fy Fy)
3acl: 3.as > F = Q2 F = PQ2P, [y \F 'R Fy, FY, |

3ac2: 3am.l > Fy =ze7  Fy = 277} [P} F2FE Fy R E PR T R R
3ab.l: 3.am.l > F =y, B, =z, [FE, BRFF VR FS

3.ab.2: 3.as 5 Fy = Q7P Fy = Q°P, [F, L Ry Fy Y, F2F2, F3, F]
32:3at> F =G 1F\ Fy = F3GF2, [F2, F}, F\F; \F Fy \FyFy ]

8.as 3 Fy = PQ? Fy = PQ-'P-Q~°P1, [F3, F}, FF\ [y Fy, Fy b\ Ry Fy Ry Y

3ap > Fy =z, Fy = yzy ™!, [F3, F, L FyFy)
3y:3ep3 Fi=aFi=fi= yzyely L [F2 B2, B, By Py FyFy, ByF\Fy ' Fy, FyFy Py Ry
3.ah 3> Fy =y, Fy = oYy S, [F2, FyF\ FyFy, FY]

3x:3ah > By =ya) Fy =y Yz, [FO2E2, FU2F; 2, Fy P Ry Ry Fy |
3v: 3205 F =T,F, = STSTS™, [F}, FyF\F; ' Fit, FyFy)
u: 3.ah 2> Fy =y, [F}3

351 3.as5 Fy = Q1PQ 2 Fy = Q°P, [FFy By \FTY, F, F2F2 F2FY)

3505 Fy = STS™'I™\, Fy = ST'S7IT, [RFFyF, o Ry VY

3s82:3aml1>F =221 F=¢ 2y”lazz [F2, Ff, MR F)
Brl:3apd>F=xF=yF=2wy'y 2

[F2,F2, F2, Fy FsFy Fy, FyF\ o Fy, By Fy By Fy, FyFy Fy Fy Fy |

dam.l1 3 F =z, Fy =y, Fy = y l2zez,

(F2, F2, F2, F,FsF\Fy, FyFyFy Fy, FyF\ FyFy, Fy FyFyFy Fy |

wlw

*branching indices ¥ (3,3,7) L Bbh 3
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3r2: 3at > Fy = FIGF'GF,F, = GF!GF2, [F2, F2 B, R\ B, F R, )
3.as > Fy = PQ7'P, F, = PQ®P, [F}, Fy, i F, Y FS Y

3.0 3 F, = TST), Fy = T-1ST,, [F2, F2, F\ Fy F\ Fy F\ Fy F\ )

3.am.13 Fy =z, Fy = y22, [F2, Fy ' FLF; Ry, F)

3.q1 (z,z,y7 % y): S.ap >h=zF= z‘ly‘l [F2, B F Fy Ry, F

3am.l 3 Fy =y, F = 272 [F}, Fy ' Ry, FY

3.q.1 (z,2y%y,y): 3.as 2 Fi = Q™% F, = PQ'P, [FZ, F{, K\ I, F) Y

3.80 3 Fy = S, Fy = TSTS™'T, [F2, Fi, FFyF Fy 1]

3.q.1 (z,y% zy,y): 3.ah > Fy = yay, Fy = %, [FE, R F\Fy 'y, F)

3amls Fy =y F = y‘lxz [F2, P F R FY)

3q2:3ap>F =2 y LBy = zyz 27 [F2 R By Fy Y B

3am.l3 F =z, Fy = 22, [F2, FyF\FyFy, FY

3p (2%, 2,2): 3.am.1 > Fy = 2, [FY] 3.p (2% 2,2%): 3.as > F} = Q' P, [F¥]
3.0 (z,z,2°): 3.aa > F} = 18, [F7] 3.0 (z,z%,7%): 3.at > Fy = F, [F])
3n:3apd F =2z, F=ywzly " [F F, R F)

38h 3 Fy = oy, Fy = ay™5, [F2, F2, FF\FF\Fy F)

3 3.at 3 Fy = G'FL By = G-'FGF5G-'F, [F2, F}, L F,F\F)
3as5 Fy = QP Fy — Q—1PQ3P-1 (F2, F3, F\F, 1 F)

3ap > Fy =z, Fy = yzyz~ Yy~ 'a, [FE, B2, R F Ry FY

3.ah > Fy = 2, Fy, = yz~ 'y 'z, [FE, F§, L Fy Py Fy Y

3k: 3.a0> F =STST1S7ITS!, [Ff]

3j:3ap> Fi=x,Fy=z [F},F}, bR F; R ; 3.ah > Fy =y, [FY]
30l 3at > F = F2GF-IGF-3, [Fi] ; 3.as 5 F, = Q-°P, [F]

3.a0 > Fy = TSTS™IT, [F}] ; 3.am.1 3 Fy = y22, [F}] ; 3.ap > F} = zyz, [F}]
3i2:3am 1> F =z, Fy=y, [F} F2, R B

3ap > By =yr Y Fy = zyz Yy tex™)) [FE FE R, P\ B

3h (z,2,y,y,zy,zy): 3at 2 F1 =G 1F Y Fy = GF2GF2, [F} F2, L, F\ [, F)
3.as 3 Fy = PQ P, Fy = Q% [F2, F2, L FF\ )

3.00 3 Fy = S, Fy = TST-1STS-'T-1, [F2, F2, F, F\F, Fy)

3am.l1 > F) =z, Fy = zazy™?, [F2, F2, KRR R F)

3ap 3> F =zyz a7 By = 2 Wyl [FE, FE, Ly FY)

3h (z,2,9,9,9,9): 3.ap 3 Fy =1, Fy = zyz" Yy lay™), [F2, FE, FaF\Fy Fy)
3am.l > F =, F) = zaz, [FE, F2, B P Fy B

3.ah 3 Fy = 2, F, = yay, [F2, F2, FF, FyF)

3.g:3aml>s F =z"'27 [Ff];3ah > Fy =y’ [F}]

31 (z,z,z,2): 3.as 2 Fy = PQ72P71, [F}]; 3.a0 > F} = STSTS™ T, [F}]
3f (z,z,271,2z71): 3.ap 2 Fy = 27y}, [F}] ; 8.am.1 3 Fy = 272, [F}]
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3e: 3.at 3 Fy = GF2GIF?G'F, [F}] ; 3.8 3 Fy = Q-\PQ*P~1, [F}]

3ap > Fy =z, [F}]; 3.ah 3 F} = yzy 127!, [F})

3d:3a0> F =T, [F

3.c:3ap > F =zyz ty tzy7 [FE; 3am.l 3 Fy =y, [F]

3b:3ats F =G 'F L [F?]; 3.as 3 Fy = PQ'PQ*, [FY] ; 3.0 5 Fy = S, [F2)
3.ap > Fy = ayzyz 'y 'z, [F}]; 3.am.1 > Iy =z, [F?] ; 3.ah > Fy =z, [F}]
B.a:3apd F =gz, [F?];3am.l 3 F = zzzz~t, [F?] ; 3.ah > F) = yay, [F?)
Broughton DRICED D (b, c|b? = ¢* = 1,beb = ¢~ 1) (order = 16) DIEH

3as> Fy =Q 2, F, = PQ P, F3 = PQ*P,

[F2, Fy R\ Fy 'Ry, F) By 2F2, By By Ry, Fy Ry Fy )

B¥ RIMSHIERE (BB "EHE2# L T 5 REMMHEERY) CoRHEIEL%
TE o> 7FARNREEOEBERK GREMNAY) o ofilR L LifE .
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