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1 IELC®HIC

k &2k, k% k O0MHE, G = Gal(k/k) % k O#ixt Galois B2 3%. ZorE, k FoREBTL—5
AT ¥, Gt LTo T OEENE X(T) = Hom(T, G,,) OEDOIRESH ST WS (/N [Ono61]).
FRZ, kDRBISBUAT T 23 v 41 =5 ZADEEE, T OELUEFIOREER TR LT A(T), T ®
Ny ) VAFHORG%F T E Y LT Shafarevich-Tate #f [II(T) 23 b, SEE2RY

0 — A(T) — H'(k,Pic X)¥ — III(T) — 0

A5 TWB (Voskresenskii [Vos69]). 72721, PicX 3T D&k a > 27 Mt X ® Picard Bf, v
1% Pontryagin AU % £ 5.

INIHTRRZDEIPAE XA, FHAEZA L OHFEIFET b B3REIERT K/k 2315 XL T b &,
K/k D/ VL1 =5 AT = RY), (Gp) (H LT HI(T) = 0 DD SOMEH5 52 PE LTz ([HKY),
[HKY?2]). K/k DZRBXR2 513 H (k,PicX)V = 0 BRILT 5 Z 225 X 5% (Colliot-Théléne, Sansuc
|CTS87, Proposition 9.1] Zi). K/k 73 Galois kKD E 13 Tate 12 K 2230 (Tate [Tat67, 198 _—])
BRI TWS DY, JE Galois IERDHEE K/k DXEH 8 AL LOEHED & 23 RICBHI ST W o
Jo. TR, HERIVICHHEMNICS TRENLTZ LIV X LEHVWEZICED K/kED 15 ROLEETT
NTRR L. ZORROICHGIE LTEIE 7(T) Z5tH 32 2 e B TE S (NF [Onob5]). #LWVAEIE
M E R TV it T, ZOWMEETIIFHE T T GAP 2o T30 Ot GAP DFERRDE
MEZA YA =L OMHHZEZDTHM LIV,

SEEFE LAY XMW TIE, BEULWEY 7 F GAP D707 02D R — L=
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TRHLTVWEDT, fThErru—RLTiHHTA2IeDTE 3.

BiEE. BHOMRE G XTI o 7/IMME XA OUNKY), IEMRRIX A CEREERIRY), RIFEX
A FHERE) CE#HWEZLET.

AFFEE JSPS BHFE: 20K03511 OB EZ 3725 DT,

2 #fjg
ZOFTIRESHSNIZEREEE L, BHELZEHZ XS,

&R L k2 fRBEEUR, T2 E FORBI N5 235, TokAHAREKBOEESE T(k) tXRT. kO



RNBHROEEE V(K), v e V(k) TD k D5EMLE ky TRT. T(k) & [[,ey, T(ko) X AINICHDAL
v, T(k) OEtE T(k) TRT.

A(T) = (H T(kw) JT®)

veV)

T OFELOML E5. A(T) =00 ZHEMEHIRIT 5L E5.

ER 2. k 2RBEE, K %2 kOARXIERE T 2. K OA F—ViEE A, TR
(Nse(AR) NME*)/Nicyp(K*) =1

BRI DOY &, K/kE Nyt / VAFEEEMEZTEVS.

EE 3. BEE E EoRBI »—F 2 T LT

II(T) = Ker {Hl(k,T) “ P Hl(kU,T)}

veVy

T Shafarevich-Tate #f [I(T) ZE&KT 5.
EE 1 (/M [Onob63, 70 R—). k 2BEEUE, K & k ORRXIEKRET 2. 2O E
H—[(R%k((@m)) ~ (Niyw(Ag) N k) [Ny (K7)

PO D, RFEL RY) (Gm) B K[k DAL b=F 2T 5. TS, TI(RY),(Gm)) = 01 K/k ©
Ny ) OV BJEHEAHE D OB RIETH B

EZE 4 (Drakokhrust, Platonov [PD85a, 350 ~x—2’|, [DP87, 300 R—]). k BREMEIA, LD K Dk
EHRIILRKDOHNT LIk k E Galois ERKE T 5.

Obs(K/k) = (Nr/x(Ag) N E*)/Nicjp(K)
Z K/k Dyt 2 v LB total obstruction,
Obsy (L/K/k) = (Ngi(Ag) N E*) / (Npji(AL) N &) Ny ()
ZHBRXRILKDFN LD K D kWS T 5 K/k Doyt L AR first obstruction & FES.

Obs(K/k) = 1 & K/k Dyt 7 VAREBE DI DD DRBETDEMFICHRsTVWS. £z
Obsy (L/K/k) = Obs(K/k)/(Np/k(AX)Nk*) T 5. —Hac Obs(K/k) DFFELEHE LA, Obsy (L/K/k)
DHEFRDESWHATEZ ZePHILATWS.,

EI2 2 (Drakokhrust, Platonov [PD85a, 350 ~*—|, [PD85b, 789-790 ~*—’|, |[DP87, Theorem 1]). k %
REWIBUA, L > K Dk ZARKILKRDYIT LIZk E Galois kR 3 5. G=Gal(L/k), H= Gal(L/K)
EIBHLE,

Obsi(L/K/k) ~ Ker v /1 (Ker 1)z)



B 3D, AT

HJ[H, H] ~Y GGG
@ (@Hw/[Hwan]) L) @Gv/[Gva]

veV wlv veVy

WZBWT, ¥, @1, oo W$EODAAHCG H, CH, G, CGIZEhZhZhEREINS. he H, =
Hnathz[G,,Gy] (z € G)iITxtL

wQ(h[HUHHw]) = Ir_lh-’l?[Gq,,Gq,]

v E Vi WHULT Y 2 D, Hu/[Hw, Hy] CHIRLIZD D% ¢§ ERT LTS, £z, o 2 Lk D
S (B X OHEE) IHIR LTS 0% 2B Y (BEO ) L ETC2IcT 5.
i@ 2 ®fiio T, first obstruction ®itH % GAP Tl TE A L5127, 72721, first obstruction &
total obstruction 23— T3 LIIR sV, 22T, LORbHIZ L #&1 k OFRX Galois ik L T
Obs(K/k) = Obsy (L/K/k) 2D iDdDE RO 0. ROEHBH STV

FIE 3 (Drakokhrust, Platonov [DP87, Theorem 3, Corollary 1]). k, L D K Dk, G, H % &M 2 O D
YL, Hi<G; <G A <i<m), HH<HNG;, k; = L%, K; =L ¥33%. Obs(K;/k;) =1 23F~XT
D1<i<m L TR,

é 3(Gy,7) <2 H3(G, 7)

B 24172 518, Obs(K/k) = Obsy(L/K/k) 2D Lo, B2 K/k OXEATHE T %7 g aug
Obs(I/k) = Obsy (L/K/k) A D L.

X 4 (Drakokhrust [Dra89, Theorem 1], L ®1F{El& Opolka [Opo80, Satz 3]). k, LD K Dk, G, H %
SEFL 2 DD e L, LD LDk % Galois Hikodl, G =Gal(L/k), H=Gal(L/K) ¥ 3%. GixGoh
DERTL 5 A G—G—1, AN[G.G] ~ M(G) = HX(G,C*); G ® Schur multiplier, ¥ 32 (Z
A inflation M(G) — M(G) 23BEC 5 2 & ¥ [l (Beyl, Tappe [BT82, Proposition 2.13, 85 ~<—
). ot = Obs(K/k) = Obsy (L/K/k) D25, $12 G 45 G ® Schur cover D ¥ & (F74bb
A~ M(G) D %), Obs(K/k) = Obs,(L/K/k) 2D 7D.

SEF 4 XD Obs(K/k) = Obsy (L/K/k) BHALF 3 L OFFEMRESNTWS. L L Lk DX
WY EFEKE ET Obsy (L/K/k) %318 T 2 0HWEHC 5. ZOBATH, ©H 3 %2AaLT Lk D5 5K
PEND D% GAP THIT 72D DB SchurCoverG(G), MinimalStemExtensions(G) % 1f - 7z.

3 GAPOA>YRA K=l

DITFTWX, Windows PCIZGAP 24 YA b—LFTE5HDELET.



¥7, PCOXA Y AEUHNSGBULEDH S Z & 2R L TLZE W, ['Windows+x Z# L T WinX X
Za—%EWTHS 1Y) 23 3FHMERIEL 0T, [EERAM) PREINTVE XL Y XEYDHERE
TY. XA Y XEVUD2GB R 4GB LARWHER, &L T8GB M E (TEAUX 16GB L E) icL T2
X, ZDF DDR3, DDR4, DDR5 % DIMM, SO-DIMM & DE WK 2T T ZE W, X2V IZ
ZUIUEZVELRWTT.

RICGAP A VA P—ILTAHA ML= (BHIEC FI47) OBERENED TOAEPERL T X
V. 'Windows+x) 2L T WinX X =2 —%2WTH5 Y 2L CHMEREZHE, X512 MFEE
EIXVATEZ )y 7T LRTEET. REFRED 20GB 2Y]> T3 &5 ThiuL, AL —I %k
FTEIDRER T 7 ANV EHTHELTEEAEREZHPLLTLZX .

AAVREV A ML =UREELZVESIZLEL 2.

GAP 24 VA= T 57D FET, WSL2 24 Y A b —L LT Linux IRIRZ MR T 20ERDH D %
9. ZZ2Tl% Linux B51X Ubuntu 20.04 24 YA F—AT330r LET. EEMIBIRENEZ

https://docs.microsoft.com/ja-jp/windows/wsl/install

EHIRLTL 230, EHEMNIR T PowerShell %25 < 121& 'Windows+x| Z# LT WinX X =2 —%[{w
The TA] ZHLTLZEW.

Ubuntu %2813 2 7291213 'Windows+x | Z# LT WinX X =2 =%\ TH» 5 ) Z# LT PowerShell
ZHWA%ET, Tubuntuy & AJJLT MEnter] ¥—%2# LT ZE . 20T Ubuntu 25EH L 213X
Mubuntu2004 ) 2 ASJLTL ZX W, 2R TH Ubuntu 25EE) L 22370, WSL2 2> Ubuntu @4 ¥ & b —
A EL Vo TVWRVBDEERLNET.

WSL2 & Ubuntu A ¥ A k=534 - 72 5 Ubuntu 205

sudo apt update

PANLTEH 7 7 ANVEHRLET. RRAV—-FDOANERDLNZE0 TV RAV—REANLTLE
XV, BT 7 A A Ro»UT

sudo apt upgrade
EANUTHEFLTLAZZ W, L
Do youwant to continue? [Y/n]

EFERENS Y] ¥—¥ TEnter] F—%2#MLTHATLTI KW,
GAP D&y ru—FR=Y

https://www.gap-system.org/Releases/

o GAP &y >0 —RLTLKEIW, Xvra—F337 7 A0IE GAP O N—2a XIT&D gap-
4.9.3.tar.gz, gap—4.11.1.tar.gz Fr 2 D F3. Dl gap4.X.Y.tar.gz e EHEL Z 2K LET. Xk vru—
FL77 7 41% Ubuntu TEMIT 24E83H D £3. £3, Ubuntu 5 5JEHIC

cd /mnt/c
mkdir tmp



cd tmp

CANLTLEZY., ZNTC FI4 7 tmp 7 # VXK ZIETTT. X 'Windows+x) ZHIL
TWinX X=a2—%2f0Trs E) ZHLT7 7 ALz RAF0—5 20T ZE W, Xy ra—F
TANRERWT, BIEEX Yy rn— KL% gap4.X.Ytargz B3H 3 Z L R L TL X W, 35 —0
"'Windows+x| EJ 2L T7 7 A VT AT e —5—%WT, &2 C:¥tmp 7 A+ VX EHWTLEX
W, YYRATRI v Z7&Fay TEYya—-F7 3 L& 05 C¥tmp 7 4 VXA gap—4.X.Y.tar.gz & 2
E— LT 72XV, Ubuntu 225

1s

EANLTIZ7AADIELL ¥ —T &I 2R LTIV, XIZ Ubuntu 225

sudo apt-get install build-essential
EANUTHABREEZ A VA F— L LTSV, 51

sudo apt-get install autoconf libtool libgmp-dev libreadline-dev zliblg-dev

EANTLUTGAP DA YA P —NVIZRHERSDE A VA M =)L LTLZE W, BEIISE U T polymake,
asymptote, imagemagick, singular, pari-gp % A4 ¥ XA =L LTHRWVWTL x 5. XX polymake % A
AR =T B2

sudo apt install polymake

EANLET.
GAP O A Y A b= VBRI DTV XWX GAP 24 Y A b= L %79, Ubuntu 256

cd
tar zxvf /mnt/c/tmp/gap-4.X.Y.tar.gz

YAIL TR Y a—F L7 7ANVEBHTDFR—L7 +VRIZERLET. X2, JHIC

cd gap-4.X.Y
./configure

make

EANNLTGAP Za v AL LET. 4XYDEZAEX GAP ON—=Y a vy T ICHEYICHAZT AT
AN

cd pkg
../bin/BuildPackages.sh

EANL TRy r =% 4 YA =L LTLEZV. B&RI
sudo 1n -s ~/gap-4.X.Y/bin/gap.sh /usr/local/bin/gap-4.X.Y

EAJILTL X W, AT,



gap-4.X.Y

Y AT BT GAP 4.XY BEEIT 2133 TT.
FREGAP i LWwA—D a UG L THMRDAN—D a Y EHTHEIID D FHA. BHOAN—Da %
A VA=A LTELE, DEWEUTHENVTIZ 2B TEELT.

4 NormlToriHNP @1 > X k—JL
FADFR— LR—D
https://www.math.kyoto-u.ac. jp/ yamasaki/Algorithm/NormiToriHNP/

25 Norm1ToriHNP.zip ZX v > H—FLTL7ZEW. GAPDA YA+ —1D¥ ZrFEICL T C:¥tmp
7 L& Norml1ToriHNP.zip # 2 ¥'— L T< 72X W, Ubuntu 2 5

mkdir Norml1ToriHNP
cd Norml1ToriHNP
unzip /mnt/c/tmp/NormlToriHNP.zip

£ AJ1L T Norm1ToriHNP.zip Z B L TL & W, & L unzip 84 Y A b=l Z A TWi TREETER
Ve Eid

sudo apt install unaip

Tunzip 24 YA F =L LTLEEW.,
HBIBOFE L WHBHICOWTIE

https://www.math.kyoto-u.ac. jp/ yamasaki/Algorithm/Norm1ToriHNP/HNP.html

ZRTIEZ V.

5 GAP && U Norm1ToriHNP DfEWLVA
Linux £T

cd ~/NormlToriHNP
gap-4.X.Y

EANILTGAP 23756 EIFEd. R

Read ("HNP.gap") ;

& AJ1L T Norm1ToriHNP ZFAAAES. 2O SHEHE LI
gap> Read ("HNP.gap");

ERRENBIETTY.



K[k %3 Vi = Cy x Cy Galois IEKD & 22BNV AERTU CICLELES. ¥F, 5, OaBHS
BEV & G EBEET. S 25 Sy FTL UV D50 X D KEDEVIHEEL 10V TR H5 R I
BT RTOESINTOVT, S $TIE GAP THUIHE S X510 TWET. Vi3 S, @ 2 HFHDABEL
HEEC

TransitiveGroup(4,2);

THUOHEES. GAP TEE G2V, ZRAT 2Dk
G:=TransitiveGroup(4,2);

AT TE RS, #E BT

gap> G:=TransitiveGroup(4,2);
E(4) = 2[x]2

EFRRENBIETTY.
PUFTE, GAP o AtH )z iiiic R P ATR T IicL£9. il
gap>

WHBITE GAP AN LTV BT, BRWTIX GAP 5D NMTTT. AJIfTTIE gap> &k D LA
7.
il 2 1E GAP DEIEL TransitiveGroup DWW EFANZ WL &1

gap> 7 TransitiveGroup

EANTIUIHADB R RENE T
GAP 3 A =7 VY —R7%DTa—F 2R ZENTEET. fIZR

gap> Print(TransitiveGroup) ;

3 2UX TransitiveGroup D 32— RBRRENET.
¥72 GAP TEANEZHTET 2 HEN 2D £F. 5 [Tab) F—%2M o AJIHTEICOWTEAL
¥9. HIZIE TransitiveGroup ¥ AJJ L7z ZIZHRAID 6 XFZTF AN LT

gap> Transi
Lo TWA L EIZ, [Taby 25 HBRNICH L 3 XFRIFANEIAT
gap> Transitiv

LD 9. T3 Transi THE 5 GAP ORI T RT, #id 3XFD tivIZRoTWADT [Tab) %
T HEBICANILTSNZDTY. &5 —F [Tab) 23 L

gap> Transitiv
TransitiveClosureBinaryRelation Transitiveldentification

TransitiveGroup Transitivity



TransitiveGroupsAvailable

gap> Transitiv

ERDMTMBEMEAZ TS NET. HIHEESEIC LRI LED 2 AT 20 F7 T AT UTHE
[Tab) Z# X TransitiveGroup BANTEET. ZOHNCET 2 EERNRMATEERMIE GAP D N— 3
X THREZPBLNEEA.

GAP TAJIMiTEER T 28 5 DD HERI =Y L F—%2{5FETT. HliL

gap> Transi

YioTWBEEIZ, 1) 2T, AOBEREDOH DS Transi THE ZITHIHICZ2DIE> TERENF
.M T 2o THNDITEERZ e TE LY. [Enter) ZHEINEALTEZZOEEMS 2 TE
FT. BALMTERBLT A2 TEFT. 2O, [+ (=) 2o T—XF I oM -V L EBHXEEL
Mz, TCtrl++«J , [Ctrl+—) THEBTH, TRICRIZ L TEET.

HYLT, GO REEHZID 7.

gap> H:=Stabilizer(G,1);
Group(())

EH 2 @ Obsy(L/K/k) ~ Kert/p1(Kerie) B 257 F = Kerpy Z3HHE T2 GAP O BB
FirstObstructionN(G,H) T3 . 7272 L HH» G O —REEHDOL ZI3EW T2 TEET. X5t
LWaitH

https://www.math.kyoto-u.ac. jp/ yamasaki/Algorithm/Norm1ToriHNP/HNP.html
ZRTIZEW.

gap> FirstObstructionN(G) .ker;
crc 1,00 1,0 111

—H/EDEZEERLZ TKerthy) =0 &R2Z200HhD FT.
G @ Schur Cover G #Hl->TtC t BEET. ¥ GBI HOWIRH # tHr BE % 7.

gap> ScG:=SchurCoverG(G) ;
rec( SchurCover := Group([ (2,3), (1,2)(3,4) 1),
epi := [ (2,3), (1,2)(3,4 1 > [ (1,2)(3,4), (1,4)(2,3) 1, Tid := [ 4, 31 )
gap> tG:=8cG.SchurCover;
Group([ (2,3), (1,2)(3,4) 1
gap> tH:=PreImage(ScG.epi,H);
Group([ (1,4)(2,3) 1)

G, HORbDIZ G, HIZHLTHT = Kerthy, DEORIIEKS = o1 (Ker it 23HE L 3.

gap> FirstObstructionN(tG,tH) .ker;
(21,0021, 0111711



gap> FirstObstructionDnr (tG,tH) .Dnr;
LC 1, 0C21,C 111

—BEOEEERD LI DDT ~ )27, HROFNIERS ~0 72830 EF
L/k DIEFES v St L, Gy 13 G OFHEE, G, D Schur cover I & 318 G, 13 G DHHREL 72 %
T. G ORISR L2 Gy BZNCH 0T 8 BIHRD v 5 = oy (Kerd) ZFHILEF.

gap> tGs:=A11Subgroups (tG);

[ Group((Q)), Group([ (2,3) 1), Group([ (1,4) 1), Group([ (1,4)(2,3) 1),
Group([ (1,2)(3,4) 1), Group([ (1,3)(2,4) 1), Group([ (1,4), (2,3) 1),
Group([ (1,2)(3,4), (1,4)(2,3) 1), Group([ (1,3,4,2), (1,4)(2,3) 1),
Group([ (1,4), (2,3), (1,2)(3,4) 1) 1

gap> List(tGs,x->FirstObstructionDr(tG,x,tH).Dr);

ctrt i1, tr21,0 111,
cf 1, 0C21,0 111,
cc 1, 0rC21,0111,
cc 1, 0rC21,0111,
cf 1, 0C21,0 111,
cc 1, 0rC21,0111,
tf 1, 0C21,0 111,
cc 1, 0rC21,0111,
cf 1, 0C21,0 111,

tf21, 0021, 00111111
gap> List(tGs,x->StructureDescription(Image(ScG.epi,x)));

[ l|1|l’ IIC2|I’ IICQII, Illll’ ||C2ll, IIC2II, IIC2II, IICQII’ ||C2|I, IIC2 X C2l| ]

—BEOEHEE R B L REUIMNE [ 1 BOTHRD v B0 LIRSS 2D 3. B%E G, = G TG
LTWTHRD v RE Z/2Z LIRBB S EF. ZhED G, =G 2553 v BHEET 2220 K/k 5
Ny )V AFRBNL OB D, MSRTWAEIRE — L 3 ([HKY, Section 1] Z8).
GAP OFEFERER 27 7 A M LW, 01213

gap> LogTo("gap.log");
EFTHERVWTT. B 7 7 A NMANDEZAAZLD D L 21X
gap> LogTo();

ELET.
GAP #7352

gap> quit;
ELET. 27 —TCGAP 2 EHEAPTILF ot 2T - okiF oL &

gap> quit;



ELET.

v 77 7 A V% Windows 2255 { 7292 C:¥tmp 7 # /X2 —7F 5121 Linux 5

cp gap.log /mnt/c/tmp
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