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The automorphism group of p-th order cones
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Abstract:  For p € [1,00], the p-th order cone K, , is the epigraph of ¢,-norm in R"~!. In 2014, Gowda and Trott
proved that any automorphism of K, , for p € {1, co} is a positive scalar multiplication of a generalized permutation matrix
fixing the main axis. In this work, we determine the structure of the automorphism group of the p-th order cone K, ; for

p € [1,00],p # 2. We prove that the automorphism group of K, ,, for any p # 2 coincides with the one of K, 1.

1. Lo

p €100 ICHT % p R IIRD X I ICEEINS.

K, = {(t,x) eER x R*! | t > ||ac||p}7 p € [1,00].
22T ||7]|oo = max; || BE K ||z]l, = (Jz1P + -+ 201 [P) /P p £ 00 TH B,

p KD 5 B, ZRHEIAMLD p KHfE L HARTE K DA BIEE DS 2212 > TR D, Radfb~ DS & IFFIZIE
T D, ZRHEUND p KEEIZOWTH (B ZIAXHERRACE PR Lo~ 0) BELICHZ S, ot FEOMFED
7o DI p RFEDEAIREE RTINS 2 EDIEIETH 5. AWFZETIE, ZREEDSN D p KifEIZDWC, HAFEBBEORE
WERET 5.

K K'cR" %ML L (T4bb KIZMEAD»D oK C K, Va >0 Ziii7zT), NEzbbEREaEh0wbo L
T2 KK DPRABTHLIEEL, HD AcGL,R) VPHEELTAK =K' L7532 L ThH 5 (A ZHABGH LS.
K 76 K HE~ORMNEH (T4bb K OHCRANEE) 2EDEAZ Aut(K) L0, £/, K WEETH S LT,
ERED u,v €int K I LT A€ Aut(K) DWEEL T Au=v %5 2 L Th 5. HOFEMIL, BB LICETIEN
RIELWo 73 RLDORF e EICEEREE 2 873 (2] I S REEZFEMETH 5.

Gowda & Trott [1] % p KEERCZ D—MALDOMWE %X, FFC p = 1, 00 12X L TIFHARAIBEOREEZH & 22 L 7-.

T 1 (Gowda and Trott [1]) n > 3 IZRL T,

1 0 .
Aut(K,,1) = Aut(K, 00) = {a < 0 diag(o)P > D a>0,0€{-11}", P:EHfTs } .

2 2T diag(o) ENZ L o OBEEE AR K ATIITH 2.

COEMDPS K1 BEY K, oo PWEFEHETHOL I EXRINS. FEE u=(1,0,...,0),v € {a(1,0,...,0) | & > 0}
EEMURERED A € Aut(K,, 1) = Aut(K,y o) ICH LT Au#v TH 3.

2. FrER
AWFZETIE p KD H O FMEEOREE 2R L 72,

EE2(ERBR) n>3peloo, pA2ITHLT
1 0
Awt(K,, ) = : , —1,1}", P [E#fTE 5.
ut(Ky,p) {Oé<0 diag(a)P) a>0,0€/ } BT }

ZDRERD S, “XRHESN O p KEEIZTRTH U HCHEBER 2R 2 £ %, X0 HARBRE O 20
L 0&"%7’3% [3] AKmQ = ng ifl ¢ AKn72 = —sz VG%Z) ZEk ATJn+1A = ,lLJn+1 & 7I;!:Z) W > 0 Zﬁﬁ&?% Z
ERFAETH S (7L Jpyr = diag(l, —1,...,—1)). 7o, ZXHHIFHTH %03, 2 UUHND p KEfEIFFH TR 2
EHThr5.
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3. FREHROFEEH

FAERDFEHIE Aut(K, ) = Aut(K, 1) 2033 2 EBHEE RS, 209 LEEGBIR Aut(K,,p) D Aut(K,1) &
EH L 26 HWTH 255, Aut(K,,) C Aut(K,1) ZaEHTUE v COAERRZ n > 31220 TomMNET
AT Z 5T DI SO HER S 2 & T, p € (1,2) DEAICER> GEHTUERWZ L 8b» 5.

A€ Aut(K,,) Zl%. A€ Aut(K, 1) ZRTICE, AD K, 1 DIRREEROES B(K, 1) = {a(l,0e;) |a >0, i =
L...,n, 0 € {=1,1}} (2L e; 1Z R* T DHAJERERZ L) I2Do0»T

AE(K,1) = E(Kp1) (1)

PRIV (Kn,l ¢ E(Km]) DML TH 5 72 &))
£, p RFEDOBFR S T2 R 1B E

M = 0K, ,\{0} ={(t,z) eERx R |2 #£0, t =|z|,}

BHEZDE,MIZBE f, R7IN\{0} = R, fo(z) = ||z], D77 Th Y, I EREDOHLEEZ LS. ZOLE, A
EM»5 M BY~OAMOFAHEER L%, ZDLE, MO CFHERTEMEEIT ATk > THY M O CF #dify
GRERIZ) D ENBD5, UTD I b s.

3 Lo M2 T Zilu= (fo(z),z),v=(fp(y),y) e M B Au=v Ziili7c T E$T5. CDLEDH D kITHt
LG, fp e DEHTCFTchHB Ll f, 0y DEHTCOFTH 2 2 LIZFMTH 2.

ZIT, f, OWOTREMEICDOWTEZS.pe (1,2) THRLE, [, Dz DEFTC?UTHHI L L o2y 1 #0
THBEEFAMETHS. Lo THIE3 ICKD

AE=E, E={(|z|p,z)|x#0, z; =0forsomei € {1,...,n—1}}.

WE,n=3D5K6%%25L, E=FE(K,1) BEDLH, (1) BRIl

n>40583, E=U" En Bi={(|z]p2) |2 #0, 2, =0} EELTEZAZ L, Do e S, 1 ICHLT
AE; =E,4), i=1,...,n—1 »F 32 b 5. TIUIO EDNIRRIGTO p RHED HOHARER %2 FET 2
25, HEDIREZ VT, (1) 282 2 L 3TE 5. GEWIK)

HHEr
AL D —ERIZ R, 29 4EBE AR R FB T 22 Ze R A T LRI I 9 2 G 2 U L 2308054
BEET7 L) ZLOREE,) 2R EZ T 5D TH 3.

4. B3k
[1] M. S. Gowda and D. Trott, On the irreducibility, Lyapunov rank, and automorphisms of special Bishop-Phelps cones,
Journal of Mathematical Analysis and Applications 419(1), pp. 172-184 (2014).

[2] Osman Giiler and Levent Tungel, Characterization of the barrier parameter of homogeneous convex cones, Mathematical
Programming, 81(1), pp. 55-76 (1998).

[3] R. Loewy and H. Schneider, Positive operators on the n-dimensional ice cream cone, Journal of Mathematical Analysis
and Applications, 49(2), pp. 375-392 (1975).

[4] M. Ito and B. F. Lourengo, The automorphism group and the non-self-duality of p-cones, arXiv:1808.01578 (2018).

1198



