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Abstract

A replicative net of polyhedron @) is a polygon that serves as a net for ) and can
be subdivided into nets of (small copies of) ). The number of small nets is called
order of the replicative net. If they have the same surface area, the replicative
net is called regular, and if they are congruent, it is called uniform. When () is a
cube, which is called rep-cube. The notion is well investigated as a rep-cube in the
past few years. Additionally, there is preliminary research for the case where @ is
a regular tetrahedron. However, studies extending this notion to other polyhedra
have not been undertaken.

We investigate the case that @) is a regular octahedron, which is called rep-
octahedron, as another application of the notion of a replicative net. We note
that the classic platonic solids consist of five regular polyhedra, namely, a regular
tetrahedron, a cube, a regular octahedron, a regular dodecahedron, and a regular
icosahedron. Especially, it is known that a cube and a regular octahedron are dual
and the numbers of distinct ways of edge unfolding are the same, which is equal to
eleven. The purpose of this study is to investigate whether the properties already
known for the rep-cube are also applicable to a rep-octahedron or not. It clarifies
the similarities and differences between a pair of dual regular polyhedra.

First, we explored regular or uniform rep-octahedra of order k to exist. Then we
found regular rep-octahedra of order k when k is 3,4,7,9,12,16 or 64 and uniform
rep-octahedra of order k when k is 3,4,9,12 or 16 by actually designing them.
These rep-octahedra were mainly figured out by hand, although it was done using
a free puzzle solver called “Burrtools”.

Next, we investigated whether there is a way to generate infinitely many non-
isomorphic regular rep-octahedra. We found a way to generate a regular rep-
octahedron of order k& = 64i? for any integer 4, which yields infinitely many non-
isomorphic regular rep-octahedra.

Third, we proved to establish the necessary conditions for the existence of a
regular rep-octahedron. As a result, a regular rep-octahedron of order k& does not
exist when k is not an element of the set {z | Ja € Z,,3b € Z,a > 0,b > 0,2 =
a>+ 0 +ab} ={1,3,4,7,9,12,13,16,... }.

Finally, we analyzed the uniform rep-octahedrons of smaller orders based on the
eleven types of edge unfolding using computational experiments. In the computa-
tional experiments, the integer programming solver SCIP 8.0.3 was used. From the
computational experiments, we showed that no uniform rep-octahedron of order
7 exists. There is a dual relationship between eleven edge unfoldings of a regu-
lar octahedron and ones of a cube, however, no interrelation was observed in the
results of this study when focusing on replicative nets.
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F1E [FL®HIC

MR EBRIY ORI B W TR b ) 1ITEH LREN Thh, iHE
FOMELTHELTWS., T, D) 2ERREEL LEAETHD, T
FRAbER 2B I NG Z e s, FDEEIBTWS. RIS T,
Rep-octahedron IZ2WTH: 5. Rep-octahedron 1%, ##HEH1E/\HED EHX
ThHhH, hOEBOF/\HEKOEHRICOEREERZAEOZ L 25T, T E
TOMRTIHIEZHERIC I OE-ZEH T2 2 8327 KR e IEPIERICE £ - C
W3, 207, IE/\HERZNRICHCEHRNRERZINREST 22T, Zadn
5 DL R ERNC B 2 FHBITHILO Z e 3R I 5.

1.1 HFHEOE=

ERX X, ZHAEORIICTIDIAAZ ANT FH LICERMT 2 ZTEON
%, B TEHRDDPRVWEAETHS. K, UDIAAZZAEOIIZHREL T
BFon s EEXKZAEMX & .

Q 22K, F ZzBREET 2. HEZHIY P BXE kD Q D Replicative-net
Thdrl, P EEDN Q OEMKTHH, 2o k Ho/NX7 Q ORERKIZY
HARETH 2 Z 2o, KT, Q DPIFRDEEX Rep-cube, 1IE/\HKDGE
& Rep-octaheron & ZHNZHUFER. Rep-cube & Rep-octahedron OF %X 1.1,
L2 I ZZNZEAURT.

» % Replicative net # P £ §%. HEINLEMROBEEIETHFLLE X,
P ¥ Regular TH 2 W5, K, nElEWERHMNIETEROE %, P X
Uniform TH 2B W9,

1.2 IZ7/”R$ Rep-octahedron (% Uniform rep-octahedron T& D Regular rep-
octahedron T® 5. X 1.3 1T Uniform & Regular DWW 3 4L T D 724 Rep-octahedron
ZRT.

Rep-cube 13 TZHEHAZEM L Z L TTELHEMZAEEZIEIL T, 7EED
BEE—ZAZMHET I T, ZHLZNDTITOZHAK L HURZHERICKR 2 D DI
FET 27 LW ERBZIUTKICERL7Z3DTHD, Abel 51L& > TR
NBEERTH 5 (1.

SR & IE /R D ENTIIOBO & FHEN 2 BEfRD D 5 .
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1.1: REL 2 D Rep-cube

2 DDIAKDRNC BRI H 2 L 1%, —HOVADKHEDOELEEEE L, U
EHAETZEICNET 2 EARLZERTHAL L E, HEATET2HOELE
WRZMAEEHE T2, b2 —HDOUENELNZ I THS. K 1.4
Y IEJ\EK DRI B 2 W BEfR%E R T

ZHEKIZBWT, WNFELOMEMROAEOMENIFEICTH D, E/\HKE T
FHROAERKNIIES 5 1NNEEFET 2 ZePHIONTWS. K15 2K 1.61C
IE\HAER LA RDIERXZ 2 FiuRn L. £, IE/\HKE L GKRD 11 74
FOIERK ORICIE 18 1 B35 3 [2].

2] DFEEAZE B 21T LT, 11 EEOIERKZ IS T 2. Q 237K, P (1<
i <11) 2 Q O 11 FEOUEMKN, Q ZIE/\MHK, P/ (1<;j<11) % Q D11
FEOUEMKE T2, P,OETO6o0HEETENS, HOEHREZ AL T35 7
G 21E%. K. Q' D6 ODIHRZTER, P KEMT 2L 2iCY5 Q' 0ill%
Be$2277 G 2155, G & G BAMTHL %, UEHN P, & P %
WIS IT 2235,

IEJ\HA © 37 A R DA REBKNC BV 2 ATBER DA IEDF] % 3K 1.1 1R 7.

Rep-cube 1& 2N E TEEDOWHFEDL D 5 (1, 5, 6] 23, SLITIRDITH 5 1E/\[H
R L TR T TV W, RO HIIX, Rep-octahedron ZHF5E L,
Rep-cube IZDOWTHIGNL T W2 EERME OHRATREMEZMET L, 2 DD HIK
O OMEOHERE ZRZHSNMTT LI THS. 2LC, E/NHIKET
KDz 2 EEfRD3, Rep-octahedron & Rep-cube OMHEIZE D X 5 7 s
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1.2: X% 3 D Rep-octa hedron

1.3: Regular & Uniform ®W3 T D 72\ Rep-octahedron
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X 1.5: 1IE/\EERD 11 FEE 0 ERHX X 1.6: SR 11 O L ERX

ZHZTO0E0EHEKT 5.

1.2 Es$

Replicative net (B8 U7z 2 3HH3 5. Replicative net OBERIZAR Y 4 2
7 ¢ Rep-tile D 2 DO HEMZHETNS.

KUY A I 2, BEEOENIESTFOLRLZ DR NTTELZABTHY
Solomon W.Golomb 23 %R L7z [3]. K2, HIEREZ 5 DDRWTTERRY
I BRI Y, 2T REED L. REHEORY I ZK1TIZ
N

H'D-YzIVy IVEREEOETORY M3 EHAWVT 1D V10 DL
FREES HiEER L 3], K18IZRY M /) CTERLVARDREMKZRT.

KEk D Rep-tile &%, kiR E T2, BEILI=YPLETHEFATH L
DEAL M TDH 2ZAIETH 5 [4]. Rep-tile IZDWTH Golomb 3ER L /.
KEL 4 D Rep-tile DHIZX 1.9 127

1.3  FciTiA3E

Replicative net Z—f&{t. L7=1H5L & L TIX, Rep-cube ZXTRE L7550 Z 1
FTWVWL O fTONTE .

FIE 1 ([1, 5, 6)). k= 2,4,5,8,9,10,13, 16, 18,25, 36, 50, 64 O ZNZHZDONT,
Tk D Regular rep-cube DIFAET 5.

1.1 13KE 2 D Regular rep-Cube TH 5. %7z Z3UE Uniform rep-Cube T
bH35. X1.10 £ X 1.11 1T Regular rep-cube D% /R .
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1.9: ¥4 D rep-tile D
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1.10: X% 4, 8, 9 D Regular (Uniform) rep-cube
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1.11: 2REL5, 9, 10 D Regular rep-cube



1.12: EH 3 OIFIHTHW % EREX

1.13: X¥E 18 (i = 1) @ Uniform ¥ 1.14: X¥ 18i* (i = 3) @ Uniform
rep-cube rep-cube

EIE 2 ([5, 6]). KELk D Regular rep-cube DFIET B REFEMIZX, k DEE {v |
da€Z,FIbeZ,a>0,b>0,z=0a>+b}=1{1,2457809,. . .} CEFENEZ
ETH5.

FIE 3 ([1). i« ZEEDOIERK L T5. k=18 Zii/lz3 & XX k ® Uniform
rep-cube DIFIET 5.

Proof. K112 TRLUZZEMMICEHT 2. ZoREMXZ ISHEHL T 1.13 D
EOWCHEFD B, T 5 X 18 D Uniform rep-cube 2G50 5. Tzl
b3 % Z & TH#FRIZ Uniform rep-cube 23T X 5. 1.14 X 1.13 /1t
L TIE 6N 7=2KE 162 @ Uniform rep-cube TH 5. L

EIE 4 (6, 7). 11FHEONFEROAEAKZLZIIRLT, ZhztdbricLT



H F o
%J%B@j%ﬁa%zﬁjz@ﬂ
2 x | OO | x| x| x|O| x| x]0O/| x
401 OO0 10O | x| O| x| x]0O]0O0]|O0O
510101010 | x 0O | x| x| 0| x|0O
81O 1 OO0 100001010100

7% 1.2: Uniform rep-cube Z M T % 2 4 ERH X

TEk <7 D Uniform rep-cube RN TE 2 0BT DD DI, £ 1.21C
RIBEHTH 5.

Rep-cube DUMZIEMUHIA DG EIZ BN SN T E 72 8] 23, EHLSDZH
I L TX ZNE TR IR TV,
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28 Regular rep-octahedron M
FEE

ZDETIX, XE k D Regular rep-octahedron 23F1ES 5 72 DESLF L 1
DEITONTRT.

2.1 NER L DIEICXT B Regular rep-octahedron
DIFEM

FIE] 5.k = 3,4,7,9,12,16,64 DZNZFHIZDOWT, XE k D Regular rep-
octahedron DMFET 5.

Proof. k = 3,4,7,12,16 ® & X DRXEL k D Regular rep-octahedron %X 2.1 &
2.2, @ 23157 0

EH 5 D% Regular rep-octahedron DFELE % MRGE T 4 BRICIE Burrtools[9] %
W7z, BurrtoolsE X 7V — DXL Y ILN—D 1D TH 5. Burrtools lZ 52 HHL
=AU T, BICE—RZDIAD DI DEHFHARDY T+ U 27 TH
D, BOBFET 2583 Z0MEHNTEILBTELINGFEY 727 TH
5. AP TCIE/\HAEOIREMX % ¥— X, Rep-octahedron % HEJD#:Y LT
BREZT-o 7. EHNOMNEZTHEE L L oJEMKO Y — X 2% S ERD
ZIEDALZ DB TE L0 502 THR LR o%Z KD 7. Burrtools &
FERIC X 2ERT LR DR Z157-.

2.2 Regular rep-octahedron MFEET IV EZEM

KEL k D Regular rep-octhedron DSFEIET B MEFRMFITOWTRT. RN
1 2R,

WE 1 AR Qo I HNPHMNMELX LT, QOEEDOREMNEZ P TS, 20
CE, PESELHBMN=AKTFR ECEHEST 2, PONE LD Q OTEHRZ TN
TR TR IO 22N TES.

BRBIIT, QDINTOHEKII P DHVE EORITE S Z RIS TWS [2].
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2.1: X# 3, 4, 12 D Regular (Uniform) Rep-octahedron

2.2: X#9, 16 D Regular (Uniform) Rep-octahedron
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2.3: XE 7, 64 D Regular Rep-octahedron

Proof. BN K Q OEREORERKE P ¥ ¥ 5. Jfi%E [5) T, Fkilop %
YR=DFEZF[10] ZHWT, P 2RMIEAETOLICEYICEET S, PO
WE LD 2 Q DIHAZETHRFICKFREICBITIZ2 22 RLTWVWS. ZTD&E
A IE/\HER =M FICBEZIZ 22T, fMd 1 2155.

O

F£HESIZOVWT, S={r|da€Z,eEZ,a>0,b>0,x=0a>+b +ab} =
{1,3,4,7,9,12,13,16,...} L EF*T 5.

FIE 6. 52 57z Rep-octahedron P 23 kEDF CHEDHEMX P, (1 <i<k)
POMKINDEETS. ZOLEke STHLZEPBESFHETHE., DFD,
k¢ STHIUL, ZD kI L TUILREMRNC X 2 KEk D Regular rep-octahedron
FELE LRV,

Proof. SEATH5E [1] THW7z Regular rep-cube OIFFELEMEICEI S %A%, Rep-
octahedron IZL5RET 5.

P, #HEIE=MAFE T8 OTHMTE 235, P, OEfEIZ 23, P OHEX
WBkERTILNTES., ZOrE, PRIOEX VE DIE/\HEEQ ORERMN
Thh, &% PIFHENEDDE D DIE\HEKQ; DEMKITH 3.

P, 2B =K T LICHET 2 2 2E 2 5. Q; D 1HORIIFHAEDRD
T, i1 LD Q; DIXRTOHEHADP=AKFR LIRS XOIHETES. Z
DExE, Q DIEED2EAMOERL, REEMEID Va2 +2+ab=1(a,bc
Z,a>0,b>0) ERTZEDVTES (LI ZTIHIERE).

13



X 2.5 [E/\HEHAKEDOLERKZ O LB
X 2.4: EF 5 OFFHTHW 2 UERX 55E|

PY QML THRABOBIEEITS 28T, a2+ b0+ ab = (VkI)? = kI?
(a,beZ,a>0,b>0) 2185. LEaoT, Xk D Regular rep-octahedron A3
FIET 27-D120F, 1L EOEBE o ¥ 1, 0L LD b BWEIEL T, a2+b2+ab = kI2
DL BBV ETH . O

2.3 Regular rep-octahedron MW EEY 3 1+93%
Z ZTI3IERAL 7 Regular rep-octahedron 23ERICIFFES 5 Z & BT

TIE 7. EEOIEEBEKE T2, k= 06442 Z{fi/z3 & XXk D Regular rep-
octahedron DTFET 5.

Proof. IE/\HEADHEFRKIZ S DDIE=AIEr oM S50, 5 FEL ZDFD
BETHILET, 4DODULETHERTE2bD0H 5. BRI 2.4 DILER
MZEX25D LSO LFEA4DOTHKT LN TES. OLEOZENIK 2.6 D
X212, FEOBREICH LT 2 RONIWOLIBIZHEITE 3.

O L% IE/\HEROUREFEK CHER L ZREDZAICEEZ 5. 2Tk
X 2.7D2—=2%HHT 5. K272 Fpp 55, K2504200 L%
pp CEEXHZ-DDZX 28 ITRT. ZOLXMMDFERL —BT 5 L 51T
ifefhicns e, IE/\HKDEMRKTHS. 2F D, K 2.8 DZAIIREL 64
@ Regular rep-octahedron TH 5. [AIFRIC 2 WD/PNX WO LUIBIZZEIL TS, [
FRINE WO LIEZR pp TEZH#Z % & X DD 72 Regular rep-octahedron %1%
B5ZeMTES. LIzDo TEHEDPMIIT 5. O

i =2 DY XHFONTZREL 256 D Regular rep-octahedron %X 2.9 127K,
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2.9: pp THDIAATHELN S, KE64i%(i = 2) D Regular rep-octahedron.
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8 3E Uniform rep-octahedron

Z DETIE Uniform rep-octahedron DIFIEPEIZOWTHL S . XU DHICEIEMSE
BRDOFNEZ RSB, ZD%, /NE72RENIH LT Uniform rep-octahedron DTFETE
DEMZ RS, HFRIZ Uniform rep-octahedron 23f74E L B WG E X R T.

3.1 Z#fm

11 O IE\HRIIGAERK 22U LT, 24z d 12 LT Uniform
rep-octahedron ZHH T E 2 B2 HN D FiEERT. FEERIIZBEGETH Y L
X—®D SCIP version 8.0.3 Z{#H L7z [11].

T ZTId, fEoEmE ETOXA VR B L TERLZITo 7. XA IRD
M IRPEDIVIRDZ AL 2 FHWWT, FREEER D %< 52 b7l 2B &6
»LMETH 5. AL TIE, SBITHSE [12) OFEZHRHA L. MHe 3 5I1E/\H
ROUEMNZ 1 D0ERN. Zhzpds. pO1lHORIE1LETSE. ZOLE
p DHEMEIZX 23 TH 2. p & k BEHA LT, WD 2v3k 5D Rep-octahedron
DIIRITHEZFEDNTE B & X, I k @ Uniform rep-octahedron FET 5.
WEFHDIX L LORIH VE OIEVEROKE - TT5.

FERZ, BE S O S RN S 12 RE k= 3,4,7,9,16 DHEZREATHER
& L7z, Xk @ Uniform rep-octahedron OTFE% HE $ % 72 D EARK 72 FE
ZLUNITRS. 22T, fleLTE=3 DHEEZHWS.

1. Q% 1 HUOEXN VEDIEN\HEHKL T3, ¢ D1HOEXIZ1ILTE. QD
FHZ 8k EOHN =AFICTE TS, BN=AFIC0»5 8k —1 T THEY
WHEEEOITS. M31CKEZEBLE Q 217

2. pDa¥—% Q OB =AF LI ZFHED 227 LT 5. BRI
Fp OECE Z B IE=AEOHES 2 HWLZER Alay, ar, as, a3, ay, as, ag, ar)
TRETZ. Ko, DZDp TBOLNTWAHNMNE=AFOFSEERT. £
RE—BICT 27D a) < a1 < ay < az < ag < a5 < ag < a7 &5
5. fle LT, K321 A0,1,2,3,8,12,16,23) = 1 DL ZD Q %/RT.
A(0,1,2,3,8,12,16,23) = 1 & Q OHALIE=MAIF 0,1,2,3,8,12,16,23 =&
IXIWp ZHME L Z 2T

17



M 3.1: HEZEELL Q

p DELEIZOWT, HRLPHiEZ Z02TORREZEEIIN LT, £
%i’%fﬁbtﬁﬁ%fﬁ%ﬁ?‘é A(ao,al,ag,ag,a4,a5,a6,a7) =1 @Z gbi P 72
agp, di, a2, a3, a4, as, g, Az Q:%&%%@f:iﬁé\"é, A(G‘Oaa1>a27a3aa47a57a’67a7) -

0D EFp BZICHELEWGAEERT.

B =AE 0 S il 2 EAT 5. HINRIEZ0GREES p O
ZRT. BTO 1D p TEOLNLZBEND 570, HlHNXoffz 11
WET 5.

5 @ OfilFE, ATERFEDZER A(ag, ai, as, as, ay, as, ag, ay) DFE LTHE
W3 5. DFD ag,ai,as,as,a4,as, ag, a7 DWW NPIT i DEFNBGEICR
D5 OFIRICED 2. [EHIIXEAN =ATF i .3 2 6KILLRT
L TE S

g Alag, a1, a2, a3, a4,as, ag, a7) =1

i€{ao,a1,...,a7}

. BTOHM=AETORWNR 27 SHIFET 20HET 2. TXTOH
B2 TP ET 25681%, EMK p B L TXE k£ @ Uniform
rep-octahedron 23F1E L, fEDTFLEL 7R\ E Z Uniform rep-octahedron &
FEEL RV,

SCIP OSBRI 23 3.1 IR

18



32:p% Q £D0,1238,121623 2FS X5 CE WL &

Y — SCIP version 8.0.3
CPU 11th Gen Intel(R) Core(TM) i5-1135G7 @ 2.40GHz 2.42 GHz
RAM 8.00GB
OS Windows 11 Education

# 3.1: SCIP OFETEEE

19




3.2 ¥ k @ Uniform rep-octahedron DTFEEN

FIE 8. 11 EEHOE/\HAROUEMXZAZIIH LT, 2% d & IZ L TRE
k<9 X816 D Uniform rep-octahedron T X 20 E0FE L H2d DI,
K2R THEDTH 2.

31 OX2.1) X O X X
4 X O O O X
7 X X X X X
9 X X X X X O(X2.2)
12 O(X2.1)
13
16 X X X X X O 2.2)
3 X O O O O
4] O(X2.1) O O O O
7 X X X X X
9 X X O O X
12
13
16 X X X O X

3% 3.2: Uniform rep-octahedron %A% T & % 4 ER X

BR 1. XE 7 D Uniform rep-octahedron \XTFETE L 72\,

M33% z MOMEMNE T5. R3205, k<9 k=160 %, 28 %
o> TTE2KE k @ Uniform rep-octahedron I XFELRWI EDRE R 5.

FH8 1. WOIERKZ D 212 L TTE % Uniform rep-octahedron W 31FEE L 720,

20
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FTAT BbHDOIC

ARWFFETIE, Rep-octahedron OBERZIRMB L TRD 2 RICHERZ YT, 1/
HZ, Rep-cube @b DOMWHEDI Y DFEFE Rep-octahedron IZHAIRAJRET & % 2> %M
AEL7z. 2 SEWE, AR E/NHERD I D 2 W BEfRAS, Rep-cube & Rep-
octahedron DHEICED LS REEELZEGZ TV A 2rEHERK L. MRELT, X
Bk =3,4,7,9,12,16,64 @ Regular Rep-octahedron DIFTEDHERR T X7z, XIZ,
Rep-octahedron (2 DW T ROMEEDEH S 0T - 7z,

e kDESG {2z | Ja € Z,3b € Z,a > 0,b > 0,z = a*> +b® + ab} =
{1,3,4,7,9,12,13,16,... i@ Ehnwe &, UEBEKIC X 2Kk D Reg-
ular rep-octahedron IX7F7E L 72,

o JEFZY72 Regular Rep-octahedron (ZEFRICIFIETS 5.

— [FEOEFER i LT, k = 642 DX EXE k D Regular rep-
octahedron 2’ F1ET 5.

o XEL 7 @ Uniform rep-octahedron II7F7E L 72\,
EREICHIIGS % Rep-cube OEEHIDAERIZRDED .

o XM k D Regular rep-cube DMFETET 2 EEMIZ, k& PEE {v | Ja €
Z,EL a>0b>0,0=a+b) ={1,2,4,57,809,. . ) CEENEZ
L TH5.

o JE[AAY: Regular(Uniform) rep-octahedron (ZHERICIFIES 5.

— EEOIEER i LT, k=182 ¥ EXH k ® Regular(Uniform)
rep-cube DMFIET 5.

o X4 8 @ Uniform rep-cube & 11 FED . A IRDIERHK T X TOEGETHE
JRTE 3.

JEIFAL 72 Regular rep-octahedron &, Regular rep-cube (& &% & & R IZIF1E
3 %73, Uniform rep-octahedron 23ERICTEFES 2 DIIRMIRTH 5. 1IE/\HIK
AL RDRENIE RN BARDI D 553, Replicative net & L THEHBE T % & ABFZED
#HiFH N TIIHEE ORI E D & 7z - 7z,

SHOBEIRO L BYTH 3.
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e Regular rep-octahedron H3fELE LR WA EESRM %2, JHRMKNCIRE LRV X
D =BG E RS

o z DNERK%Z $H ¥ I L TTZ %, Uniform rep-octahedron H3F1E L 72\
ZEEIRT.

e Uniform rep-octahedron DERRICTETET 2008 5 DIIREIRTD 5.

F 7z, —f&D Replicative net IZDWTH X HRAMEDFEI K-> TWSE. [ET
THARB LCEZTHERIIN LTI ED & 5 BAERICR 20 RKEHTH 5.
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ESE B

AT AR SR AR T K 2B R EIRMISEE T b2 b D TH 5. Aiff
KEFITT 5 LT, FEEFERICIIMAR SRS, CHES2HEHESE L, .
HRASFRBIZ, JUNTERF DR HRERICIEHE 7 —~ OREBRE 2 & Fm X F
METHRARIIEEZTEZE L. FOfFHEMBIBEZIEICD 35, LEH
REDOHFAIIILITOIHEZHETE LA LR L P ES. ®RiRIZ, KF
BEEZIC R R L, XEBE LT EZ MBI DG2ME ) TRE#Z2HL £
TET.
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