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T prove The mcessaly e the aheeas Ioem o= aze e beegin oy b ermeine 1hal
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oontRin: A enmpdess S-arc. TE s prervidad By oane cwaslid i The, o jesmve 2=spuacr,
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amallest ~nsaihie size o o8 eomslete one 45 6 Seorreen might cxisd an SN
ol gy 3 vonspdebe Seawc Ulwene doc ooame winowen ATR2 1 |4 17 28] ar
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the ar; Il'rj_!rlhu:‘:r wil s acrAn s {]‘u’nl‘ﬁ 1 |*|:‘||'|'|l.'i__l A1l 1';"-rrl||_1l|‘:|:' I Tt i1 hlwks
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pmg b b easy when b A0 Noweever, o peaceal comsiushion & Freseolly analer
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Hokoowaka r_&;:] Nhe chebmes an 57, 4, 1) wath o= spe | v AL e Fosllerwes | o
any e Mocks Oxp gy amd 0y g loere exist e bhocks T2y 21y oand
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1. Imirdeatidin

Tel £ ln. & sid ol § punnls mmoa linwe projective grometor PEGE o) of
dowensiun: wleew (=2 F A& Land 5 s a poime power, W) FO1E] = m farary
hyperplane & in PGl ) ood (b IF 1 H|=m for same hyperplane F in
PGt ) thon Foin said o he an {f, meqd, gl-mom- hyper fon e [F, ol g
ity o wheey oo and {A] Jemobes he oenlser of peimie cnoche se1 4, The
aoncept of 3 oo - hyper (caled a minlkpper) bas bean intrndoscd by Hamada
Al Tamatr [27] In the pncial caee d =4 an {f er; 2 g -min  hvper 5 B called
am aesblorsidan, se. i0F comames oo 1-0al 0 PO, g1,

Ler £, ) ba the ser of oll ondered aota ey, oo, . . o )l integora 2, wich
thed e,z =1 =00 .. Fp—=10 2ad §5) &g, .., £ 20D D),
Con L0ry o D Lles se ol wll croenad e ey, m-. .00 s b OF Inoegere © Bz
gosueh thol =< g—L1, L=AR=(r—1Mg— ) LS - =gy |
amd R ] =p— 1 o =170 00 1= 1 ahere miir] demodes the numbey ol
2D He I o= ey, Moy oy n] S Hlal e =4 for dhye praen integor [ Rote
thar thare 13 2 08 10 008 eolrespasence Detween e el B0 a0 amd the sct
£ qhas bollows:

P fy Ml =r, dafpl=ry oo, = i)

whiete = (e dee oiad amd T5T o0 — A For enample, 204, 2 i1 B4, 5)
Arwrcspoadz 0P, L LD B T Fad A3 1 owak Indlevas . war sha ! omse an
wiend a2l i e, Efr, o5 me B, ql,l'l ke Uhordxonn clerraamde,

Lot 1¥(#; @) ba an » dimensienel vecror spase comsisilng of 0% VWSl gwir o
Gialois Aield Gy} of erder § whinie & is a mdlive miewT A baimenaonal
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with length m, diveoskan &, A~ pncioome Cialagpes o] £ e oo
{Tlamming) dilance of *he sode C is equal 10 4 whete g~k 3 and &=} (o,
Blake aod Mullic [ and Macw™ Hams ancd Sinane 291

It iy wall kposwn (el Oriteioer [11) aod Suboweos. amd Juilec f30[5 Dl 30 e
existzan om, ko gh-cosde for gives inegers F, 4 and g, en
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) E |-—|| (.20
e 14l

where |¥! danooe the smalled inemr foo [ owlnl fobows, we slall coufie

aorecl do the eore k3 und L& d = 4% — g, Inthis coze, of cob be 2xprested os

[11Thres.

rF-7 i ; k =

d=g¢" ' = % rn4g" Iﬁmd“ﬂ'"'—',ﬁ'?—z-ﬁ""]]' {13
»=0 aeedl .

oeng some ariered seufE, £ .. Beos) | EGE -1 @) (o0 soms onderw e

O e My o Ja )i BTEE g ) reamnd omed the Gordescr bownd (2] CER e

enpneseerd g foilows:
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a=n ’ ~1

whes =g 1pfig L) for ety integer ¢ 50

Receothy, Homeda [12, 16] showed taot in the cose x =23 ond of —* ' —
gt or =" =+ B g™ there is s ude-o-ome curespomb: noe
hoiwoen the et of el LA, &, 47 g)oodes meeting the Grics—er beeend 1T ard
the get of all {2475 oty M e o sk — L g b-nun - hvpess dor the set of gl
et P, + & K vt E ) -min - hypere, reap.) 27 wa imtroduee an ey cvalince
rilatioy actwoen Pan w, Koo gl-oodes o Definition 200 in Homadn [ 6] (of.
Tl 331, Bemark 3.3 end ILxnnpe 1.1 a1 Seckion 33 Heoes v ooder wo
ebain & Jeessary and wbifivkens comdilion Turanlegers £, o and @ thas thore Jxise
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inthe case where there exis1 euch min - hypere.

Example LL Lo & beoa p-tud in PO 40 whers L=p=n Taen |F =iy -
Ny y=r, yard |[FOM =y or v, foo any Byperplooe oo PO, o)
queseding 36 & of f oz -2 Plemce s a o, 1,00 Jpemin- hypee (F & is a
1 fad i PEFE ). Tamad |31, 33] showed thal e coovesse holds, e o0 F s e
far_, -0 vyt h-nin- hyper, them Fis 1 e-flas in BOGG g Henes inocho spodn
VHsE pr=dq—"' =By gl 5 =1 Fy — o —Fo =0 far 70 h =1 ans
J"!I =,u-]|- F Lo {Up.-l-l- "_:li-l- -E":'“'ll'l . h!,';,'.l-l_."[ il J1ul ﬂl'll!. '.|~ [ II'S Eﬂ-ﬂﬂl i.ﬂ .FGI:!.. -!_||'_:-

Examphk 1.2, In Cwe owse (520, y= 3, =0 ad A =T, il 15 shown Iy Haonmle
TR 1A thal (1] in the eode Wy + iy 7 & TRERE 38 noo ol o+ ey %, T PR T
man = lppes and gZp am bthe fase g a -0, B & -I:rl_JI 1 M e
B s > g pmin  hyper 10 aml coly 1L Fis aovoion of iou -Nlal and a0 peellat o
rGI gy which ore momully disjome w-ere ©sow) =, <8

2, Dnoetrwaben of several min - hypen

Let bobr aosebask o lletiors ¢ I-flaks .. /0 (05 T]-Anks in PG, ) ohich are
mutnally oizjeizl wlere (sow, oo b e Bl gt Then 18| = X7 E 4L
[P 1A = EE e, v, Tor any hyperplang A in PGOE o) and the 2qoalizy nlde for
soce hyperplane A0 ow PLEE 43 Hems Foiga {52 e 0 TL mpryi gl
min + heper (ol Hacado |15,

Tor Fhea s of ©opoinds, 3 @, 0215 @ @, k... o3 g ot i~ PCEE g) which
wr Lwlually '|5'|I:||r't where v iy oy - el gk Them F i a
1k 1By +E Yo LU L --min - byper, Henve we have e Bollawing

Theorem L3, Led D0, v Byl ARuned Sl p om0 o g8
Jor groen ardoeed weet (0, v L G ) B B A amd [, Op, .. ]
Ui, o), rermermawds, cwhere Tl &, oL 5 SE0) denadey 8 famile ap oalf

PO L NN IS v ST NS C AN o il 71/ T T of ol e I T R RTRT | TU T
infabnd g k(e iy, e oo et d, ) SEmasin @ fameity o ai miony of ¢ poing,

et w T L ane B aer I, o] befioh aee daten iy dinjomm
. . .. . vyl -: ..
|_I.l| J_l'E F‘:T:trl:ﬁ'n. E ..o Frmiar l-d'i -'FH"I oy 1Lj.r—l Eyllet e I:l--l £ l'a: I',
g -ntie Appr
21 TR E ety e L Mgt gl e Fira Xl u e Bhe gl

min - Lpper.
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Rewawk 21, 1F thernt coaets oorelotuon berssen 0 T 00, Cp. ..., &2 )10 ETL @)
and 8 8=t (€, p . 00z, ..., 000 o LA00 G an [T 0p, then Jfplee, =, - % 1 LaF] —
::u':*-t Bpa H oo Mer L ':I'T'-

Henaark 1.F. It = knevwn {oF, Hamada ans Faman (23] co- esample) than (1] =
the wost A= 1, Meelw, oo, 320 bowoanny (e, 0 )0 00 50 and 420 i e vags
Bl el gy, g e i@ b8 01 aeed Only iF Bom g+ s — L

PFroklem B. Fird o ocwessury amd suffeienl condoucy [ve ao orcersd sel
(20 Bpa - - & (] in ETA q) (or a1 ardeecd 2o 2, jp. wa o0 e il LY g ) that
e comverse of (1) §or (24 in Thoorem 2.7 holds. Le &~ edgle, o, ..., &2,
) forowmy {Nhen. N unin gmin per FOofwe Ffe
SIbF R fa - et gl Foaroeny (R e B w0 L -min s hyper F
wep. .

Tt ¥ he n A-Ant n Firfn, ¢ whors 20 §< 6 A set 8 of mopointa n 179 #0id
bz wn sr-ate o Kk po 0 — 1 poimils 0 X are linsarly depzodent sheoe o= 8 -1,
In (€ uoocial cese & —p, 8 jkowaid Wb a0 grosre o PG ) For comvenience
sakc, aact X of B pounts in the #-fet Vs soid 20 he o B-arcin V3 @ prvicra in 5
g Jimzanly dodependen. Let ||.:ﬂ, g0 g deoowe a Laondle afl o] s FFAY ol w
g-fac VinBaL giamd a (g + A — el-are N in Vwharg 3= d=pand 0+ o< g,

1. "iﬂ?[H: DI oy M- mn ) donmde 8 TRtaily oF R wek3 VR ALY
of gkl FAb o L0E, Cor g, 2 sel A of 5 potils in PO i) el @ se1 B i
B ML L maR gy smeh e VO -6 (VAR F B and ANBed
whete wthe- (a1 d=0l, 2 G2y |, E2N, a3l ahd 1 5 <e or B 1 =f =
=3Iy = 1], 2=y, Ex0 220 D4 5-Zg awd U om0 a0k
C'ie g). Munig that St . 7o M n @0 — 2 Lo the case f=C and A=t
the, rase £ =1 The fellosving thenram coe ine Hamala [18] grues annther method
ul s wzbican af sonn - Dapes.

Thevrem 2.2, Ped W8 mpe gm gl TG 52 7 man ... B L 0 £ for
FEUEN frtEper T,
N IF Ec B en gk e F s g (TITHe Dt e T Y e
L g b-rhen - aynAr.
M Rl SE e ny a e e B oo YTy - L,
Pl H 0+ E RIZi il — 1 + B Lt §)-neie - apper,

Helleszth [23] ohmeacierimed wll (n, &, o gh-oodes meaiing the Cigsmar bawnd
for the emsz w23, = 2aod LS d <2 % In terma o7 0 mim- Byper, ihe el of
Llelloseth can b ogressed as follcas,

Theorenw 3.3, Lor (o g Moo L] Be oan ordered oei in LR D) and fr
F=Iign, g —ramdm=T"u wime n =¥ —1 forque ingeger £l
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(1) de e case R—1, Flieg W= 8 Vuin 2 i hoper If and onlv &
Ao Jod ey oy 4 2D

(N e cwe AL o tpemi—1 wd (m owd=0LMN OF o oam
[F e 21 mebe - myper BF ot oy OF FC 300 fe . B, o - M T, 20

(3 dm the o B0, 1 — g r—=1 amd (e FL AL M 5 A
{fomn 2 h-meie - hpwer.

4) dmohe cane ¢, (g e L B =LA R ard 2k e
Mr—oF == 1], Fican {Foms s Foaerin - depoer it o criy 6 e M0+
1o e 2) wbpere ¥G 4+ 1, D0d, Z1=10R +1 056, 2) onad Bh—2, 1, 21—
ikt Loipr UM+ L, 0:1;r 21

(51 d the cmge 3 F L, (g oy L =1, 02 LA el 2l =2 e
Mo vy == 1), F i an {fimi S)-min - fbpper 3 amd oalv i elther
FEXAA 12 ..., Rt chor Fedfitk ) L e X or Felligh T:0, 0,44
1, o ke 2y for some oureger Pin (2,5, 0 A4 und lirke ronme gl
detarapn pne & ook s 4+ F -

{h] fu ine et BB Spg e, .. L fep =L 8 I gl amd

pp ok o= — 1 fowr soene oueeger U223, F byogyn [, e, 6 2 fornen o fepser B
and arly i efther Felfe g by g 3) ar FeER! [ B ow,
Erin - o fer I0I) far somie lareger ot (2,30 @) ond wwne
NoEnEwai seders & e 3 suwk e O S =k

(T In che omme R (M, Muee . Neod— (L2 . 8-10 Mur 0 gnid
Hr— =+ i, == 1_,""ﬂ-l' ML ke AR H: ':!-r ey pope {j_, L, :.:'.}-l:l;lm' - Fl_;'prl'_

Heanark 2.3, Thentom 2.3 shows “hal in the case g =2, thare &= na {F, mer e, 25
i s Ispen speppl boc {7 o0, 3 -oow - Dypacs given by Tlomems 2.1 ad ¢ 2
where Fand m are integers piven it Theorem 2.2

3. Cheracierizstion of cortsin mmm « hypers

Tn what falkmva, we shall Adtye) reecnt works 8550 moapoct W0 A cRdtacter: aatinn
ol a I8 v, +e Bb v gl-mn-hvper wkere =2 gxl aad
(8 Ky W oo, HebE B0 G0

Theorem 3,1 [Tumuri [33]0. Led & wmed g dwe sy Sacewers such hed g e {0, 1) and
lpti Then F Ir & [Puag Vi a,id g -tis - Jyeor 8 ond only iF Fe
AnlE pon gl

Theoremi A2 (1 lamacd: and Theza [P 1] L8 F ozad e 7 any smtegers stk oo
Oeio=8gy — 1 pad 1 p L
(L3 e case 0= 02 W, Fis @ pua+ 3 i g0 AN - foper o and oy of
Fedule, oot g .
(2% S ke cise pR=Yyg oarnd g=p" Jur oo prime poungd o ponioe aeseger T,
M prics 2 JeEr ome (UL CovL L F)-wnl - Avoar Fosueh par Fo
del= Ltoa)
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BErmak 3.1, Let F be u sguece-rue, subplase (culled o Bae: subplee]
POy g) where g=g*' il p BL In Hughes and Plper [2E]:. Thea |F|—
wF Y+ L, L O] S+ 1 dar amy L-tat dF o PG ghend [Feoke = | hor
some 1-flar & i PCGE yh Heove F s 4 {os+ ¥ 123, g bomine Lpper which
rbtRinG o et on PG, 40

Theseom 3.3 (Thunmda 1210, e fe. oy, p: oo i b e any owidered se1oin
PNt g) mecr dhart €40, 2}, S Amddd 1o than - B R
(2h M the ware gyt == oo (B w -k Bl gl
o hyper (R and o i F e R0 B e 40
FX) M the case g ML it one XM w . e BF gl
reefry = Apper

In what follows, Doln w2y, Bz, ..o My 0o Wl e doecled By 304, A ...
oitogb ahere 5 =f+z A0 =120, ., &) amed by —p; dp=1 7"
L3

Corullun 1.1 Le! cohd [ 0f oy olegers siok faf & g = [0
(L) dptie ease dra+ 41 Floa oy, oy v+ 0 g)-wiln - hypar IF
oo oy F £ oF Bl Azl g)

M I the v F o+ O, fhere ey np L, S u g U o f e b depper F
e I ' T | F

Loyollary 1.2, /¢ e, [ aad  fe oy Uegoes sich peat Dz <08 <Dy o0t
(L i the gl (20 =1, Fiv o fumdo o b ugg, v, 4 up Fe d el
it - fgveer i and enfy R o ale £ovon g
(P dw e meve L L3, Bhave i an L, Mg D e, g Lk )
i+ Juper,

Toe bulle-wing peegiidiiion coe lo Hlamada [15] plays an omapadarts -nle o
sobring Prubkenus A and B.

Propositiom 3.0 (llamaca [1A]0, P (00 d 3o L0 00 B g exddered 52t in
LT, ] e SRar e Zmed By — d F0— T et T ey peanini o (meeger sueh S
ntise—L I FUoli ha s anifeg) Jor amp [F00 2 Yiaby L g
mim - |'a_','.|:1¢-: I+ then I:I} ar M pale | e D |:E - .5." 1= .I.,.I:i.l".:'.J ] F'.'.__l“,l:..il.] +4d;—
boo oo A h g Bor wiy {0t Ml e i g i devmer oo () in
He cate TR —ia_—d. W2 tere I8 om0 (Pt Tt by
Jmen - e f

Corallary AL 8 Fro 501 Lt og) for gnve [0, 2008 g] mila - Aveor FY, o
(17 m e ocmee d3=0r 0 13RS, FeFi g g Sor omry (R 2y gl

it hvper Found (10 in b case 3= g+ LAd = du, shere iy oo (2o, Do g)-
rein - huper F



i arcerfreinta af fre, o, ) §leear q]

Corolary 3.4, JFFT € (L 5. Liv, ) for sny {30, 32 o, g )-amn o hyper BT, s
(1) e the wame 723 | 128 Fedly, g, u.0,q) for amy {3ar, ), 20t 9}
g hpper Fond (2 in theowe I F a0+ 150520, vave 500 { 3o, Jua oyt
MUR - Beper B owaew g =L

Cocollary 3.5 Ler ¢ b on integer suell that 220y JP N2 31 1w 5o b
any vy — 2. 4 2 s gl -mum - fvper B pqem (1) ie b ease Dm0 -
oy P P iy g forany fo 0 20 0 e L 3y 0t 0 )
aid s kwper Found (11 in e oeare S 1=l gere 6o ono L, 4
p LIPS vt pTEY 4 :',T]--"HJI'E «hyper 5

Thewaem 34 (Honpde 13,
(1) It e cate 7= F I;oa (%, 2w gl -mbn chvoar #F amd only [
Ll I A R
[:.] I b cau.'e,!:ﬂ, phEre O e [24.!,:, :I.l'l;!r '-.'I"-"":I‘.-"I =Fr”.lt'r £

Thewrem 3.5 {1 lamacdks (175
(1] Fechecure i =20+ 128, Firu [2vgo, 2v,, 0, g min - Aoper 15 und ondy &
Fe S Hih g
(2} B P cgse 025 20, Hoere woeee (o o P g bamo - g b

Thcorcm 3.6 (Humwia [13]0,

(1} Mt the case F=2 and g =3, Fiv 5 {20+ v, 2up + gy 2, 5barnar - fisper 7
and onfy i Fe lEE 1,2, 31

(2) P dor cmre m 3 and =3, Fira [Ton oy, 3wy s 3) i fsper I
vned owily (7 oither &2 LT L0, e Pa G T 5

N frrrecase i~ 2 und g oed, dhera b e (o4 2, 3 U 2, g fomdn s Avper
F.

(b I oadee cage (23 Snd g=4, 0 s CZve oo ey g o L -diid - Ayer 1)
ord onfy FFe w112, ).

Tletvwem 3.7 (Hamada [14]].

(I ie caze rr2 and g =3, F iz g {va+ 2. 0+ 32w, 3)-min - hyper
and  cmfy i aither FERN N ) ar FeIlw v Lol (2w
Yol U¥ady fvq+ vl [evig 4 Zovg & vsb} For somne drrteger o i {1 2} o some
wonceinesr pofie (). Ova) and Dl & PG 3T

(2) dm the mase P27 end §ed, Foiroa {ig |25 v | Yy, 4 4)-min - e o
el cndu i ity o BOUWL 1o a, @) a0 4 e dvg v b [oveg F WD Loy +
ek Ceva 4wy + vy loacs + o 4+ vk Ceovg = o, 4+ vy foer pove
rieraent ¢ U {1, @, @y snd rame poncelficcae points Degl, [v) and {vq) ér
PO, o) where w63 u pranitioe efesre o GLETE]

(¥ Qi Recgrr rw? ond g d, Foioa {oe T, v+ 2050, gt-min o voer i
ewod cly F B E 0,0, 1Hd g0



4 V. Hamaeau, &f Flegae

Theowet 3.8 {Haradn [14, 15] ani Hamido ol Dezn (20 Let o, B and ¢ be
anp inenars vl N eiher b= o = By S ror e < f= w2 f wliore £5 2 and
g =3
(1) thee ranse T2 8 1P L], Fira {ugy e 1. o0 | By 1 Ty Lo -
oir + eyper o wad owly JTF e Ula, g7, )
(2) I che oot P 3= phare oo v = Ve F Ve et ) -
nrisc - feyner F

Thoorem 3.8 (Hamada [12, 17]3,

(1] do the e g = 5, thowe & ae (g + 2y, Zany 2rpge, g o - Rvper,

12 dndee case @ =3, I ix g [Zoe 420, 2o 4 2opc 2, Atanin - Rpper i amd oy
FAel22:2, 3 phersuy =0, v, =Land v. =4,

(V) Dol cage g =4, F i 2 [2ea 1 200, 20 1 2y 2, 4-min-kepper if amd onfy if
were exirl some nobcelfivedre aoisis [ved v amef D) in PLCE, 45 quch mag
eleher (4], oy o (o} w fialtoran:

() Fom Fo J2 U (e b vy D% Doy 1y 1), (v 1 e b}
Jor some glemiats g ¢ oand o m {11, o, a®)

i) F= Ly Jdivd (vb v (oot v = v, (ow = w4 v (eam, =
v | owl, [ewg | @ v 1wl leade  atvy 1)t for some ofoeend o
o1, a?

i F=Lt e b Dby 0 )] J O W oy + 200 ey o),
I:n.‘:ﬂ'l'l.'| 1w} for aowc efemena o in [, A, .:'2}.

Wihere vy=Llh =1, wa—5 Ley—iwqd @ v) Ly —[va) @ (eh M:—

O E e e v and (w )P leed denges @ e i PG D poesiag

Harnugh fer pooineg [ ) anc Cnipd in POOE, 4) @nd s @ prmtifive elemiont 1a

GE T weck wraf of = 2+ 1 ad o = L

Tueapent AN [(Harmads end Dern [15, 1) Lot od { be any teioeers mech tRo!
0= g =71 Wiere ri=-2 and 535,

A} Mheeame e 3+ 1, Fjve {2e0,, 4 30, v, -2, -y - Rynar IF

amd il of F el o B2t G

) fnothe sgue ¢ =20 Mhere aa ro 20 o 1 Zao 2 b 2o ) g bemen e

F

Byvuiiwk 1.2, LIt s conjechired by Hamads {ok Hewark 4.1 oo LG Lot wo the
cace Frd, gmB, gm0 hi=Damd p =2, Ve koo (BT v, L R 0 )

ine ryper™ or MF o (Bioge, o Bl st gl-minc hyper if and only if
Fau, de . L M gy aocording as fy ) e, =00 Lo, — iy =t = 1L

lct Wiks g) bz o x-dimemsiongl vector spase over GF ] coraigting of cnlmmn
wevters. Then every pone e a Zoite wojacave gevaucly POtk — 1, ) aaw be
epretenied by (o) using some nomeen vooor coin WOk ) whete (o0 o)
whon and only whoen tr2re sl svme nonzern clemort 0 0° $5Fg) snch that



A a1 1 o e ri_r |:|!. ﬁ. [ | :l-r il B4

¢x= oy, Homodo [ 18] ghowed bl thare 5 the following oonoemion Betweeh &
men - hyper an:l um anlicnde.

Thearem 3,11, L&t b cnd g b arp fndager =3 andl anp prime power, recoceizel),
and b Fand m De wnd ibegers sech ther e m o, lote (T 12,00 Fi
D¢ ["pourers vectors fa Wokogh svok thed av fwc vecrors 00 £, .- g ) are
finearly  independeni, Them  [le) (2:h o imdd @ s 7wk gl
stin - fyser A POKE L gy and ondv 5|y, fa. L Be] RS R R penerater sitne
of B ogeir g RAET CowfE with Remg M P anderiimacen Jistanes [ —m

Romark 33, I iz wall koowe (0f, Che 17 Secncn 6 .0 MoeWillloms and Sloume
[2]) that in dhe case k=50 and d=g* '—Biiru, . (r d=g*" =i+
mrooert T, dleece Boo vieslusoie voLepELcs l!=l.'.m==1| v sz ol al [ s, digh-
endes mestn? the Gelasmer bound (1.4) and the zer of all g ary catlendes.
gcrmt:l:l op oA i'h-!'_f' matnr  whhss Ay Twi Chlrmm uedhhre Ane |1m_-='.rr|:,"
indepanident weer GB(gh with lenud 7 oand oz detance ©—% 0 we
infroduce some equivilenes roloten Beween two codes whaee F— B ooy
andwm =Tt 2 . torf—e+ T8 v qand =10 ,_1.,."- Llemce Lhennems 5.11
Ehows thar in the vee k=3 aml d=g*"" —‘.l"" g™ furd=y4"""' -+
v a®)0, thort is u oneto-onz comesomdoii belween the st 28 all 15, &, & -
-.udn.-.: mtenspg  che  Urisstier bound (140 anc the aet oo- o all
(Rt e, A s v k— L ogo-min chyoers or e osel ol oall ls+
v Bk Lgi-mim - hypess, tesn ) F we incoduice some equiv
al-_ntt relatios b-:t'l.t-cn Pwn 5 &, o g ernrkes

Finally, we& shall gi'.'a L':ua t‘ul]nwin_, example ir. ordar top shew 3 comnection
bemwesnm a {58 yo o —F Dhim ik L gbmis  hyrer and a0, KL od) gdonde
myelioy e Goizscwn ll:l'l.-l.lll-.a im e wase o — :.r‘ IR L_.... T u-]u:lc
fe, g, juze - - ELE = Log) ood B — e, — e~ F'C w0 del, Theorem X
and J_"x.amplf S5 Lan Hlamaca [16] in dictal].

Example 3.1, Comgider the et =3, d=d umd ¢ =35, In this emee, n=1, ¥ =1,

wp="1ard ey DES N =15 Letp- F=1 2 ... . 131 he |2 vectoms given
by

oo D, by e L By Ly L D Ly K

IR | T (. 1 Y A O R 1

noL 1L N | A A .

P02 | A VR R X,
Then awy Lwo eectaors im ig-, os. crs] are lincarky mekepeneznl ower GT05)

Herme 13 points in P02, 3) van b oeapoesed by (gy)0 4 o rpd e
F=tioe fgel i, (o) (eahiedls G =0 f-a 0] amd S =[rom - o]



i) A ThoHele M. (ke

Lar O* be a ewbspace in ¥ 803) genarated by 3 row vaetoee of &% ond i1 Che o
sibapacr on U8 genoeated by o rowe wootods of 1V where V0o derodea an
asdimeensicaal voebor s omee cousisting, ol puw seclons wve; GEYY, Tlien it b euasy
oo osea et Flea {6, 123, ¥3-min - hyper such thac F ol 0. 1,2, 53 (e Fl 2
ger of & Er {0eg), fead, D), (oo F andd haer OaAR1s 0e) and e pom PGP Y whuch
arg sl ly desgeins and % peos Iy aabivde wille leopth & soed oaximem
diztamee § cod C le 3 47, 3, 4, 3ycode mestbg the GHesmer beend, [T this coss, ©
15 s 10 b oa 0,4 :ll-l.:l'“lll.1l:] ) roacied I".:.r uxiTpE I=Hat H;']':ll [Cal. Lrra). 42}
and b Defli e {yq) and (pa] in POGHE, 30

4. A vommsolion byivssn u mim - bypur and w lnear programming deetved e
1 BIE d¢sign

In iz well krowr that thers sre e, poeats and vy, Dypeplones b PG, @)
whoes myp=dg' 1 e 1) Afler aimbesing b hypemlanes ead by
poists L PO oY resaeclively o qum war, el e Jesole v, byoerplanes ynd
Py PRIRS n PO gl by TN =10 ) B0 O = LT a )
ccapoctvely, amd et W o=(n;] w"cre A, = 1 a0 acvording do whetber ar not the
foh peoind 4, i PORE g b is ecotainzd i iee el bypepplane FL in PO ok Then o
is che ingilpne: mairy o 3 BIE deslgn (danoted by PGL g3:e—11 witn
pramctors oein g, U 3 by g1 Consider the followans mbeysel Hoear pro-
gramaonir.g denved from ihe B18 derige PGS 10— 1,

Proklem C. Find a veguor v, %y, o0 ) of intagem w, =008 0 6!
that miniree 7 the acnmabior B2 g subpect to the 2 lowing ey alitivs;

N w=ra [f—1,2, ... v, ENH

w

cagamrm -1 e {2
rm|

fur wvew nlegens o on moand § where 12wk, w0 Ead o, =g

IHWeg 1)

H 6 knewn thal if thess oxist nonmegadye imeges v 4i=1 2, ..., 1) wheer
auligly eenditons (4.0 knd (=21 far given intcaers F oo o and = 250 o,
then

r 1

Tyrg
E .h.l; E'r e |.:'|.3::
f=1 T

where O~r.=~g7-1 for o¢—1.2....,¢r L Heree we shal armsnier the

Ev nwing

Freblem D, (11 Find o naeessaty ond suftwaent condition e an miegsr o and ar



Limwerartoioatesr of 1 & g s B
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