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Abstract A coing scheme using a rank modulation was proposed for storing data in flash memories.There are two
fundamental operation for changing the state of cells , called a push to the top and a minimal push up.A construc-
tion of a code with the minimal push up operation strongly depends on a partition of the set of all permulations in
dominat sets of a trasision graph induced by the minimal push up operation.In this paper , a necessary and sufficient
condition is proposed for a dominant set to meet a lower bound on the number of elements in the dominant set
with equality when the length of the erase block is 4.All possible partitions by dominant sets are identified using
the condition.Then the partitions are classified into some equivalent classes.
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D2EENDS. SLCIREFEZ 0L 1IZHEIEEZET1

1. £FAHx R N -
Yy b %5895 DI, MLC IXBHEE #EL THREOER

759 yaRrE) IEX WM ARLTEREDOAETY TH
D, RELS ERLTWS., 77y VarE) 2 AVERSA
7348 (Solid State Drive, SSD) I&/\—R ¥ A7 %#& (Hard
Disk Drive, HDD) iZ EERERADMHEN RS, HBEHL 5
BB EIZDBRVE Vo R EEROTWS. 79 TaiE
Vix Ve BEND BFPL BRI N, T2 0ETRAAIRE
NZBRREATD L TITD. BVIZfrDS Z L AR E
HIBIZIXBA®DY, BB EIMI LRI
IR BRE BREL R NTES By, BRIOEAIFEVEMAT
7255, BRHOBRRIEROLE VIO BRINE IOy 7 B
MTUDMTARY., 2070y BATOBROKREE 70y
IR R, Ty I HEIEIVESEIEE D, KEN
REX nd 7oy 7 HERBIZIZFIR2EHS. £ T, KEN
78y I HEEEFLRVED RFBEFENPREINT NS,

¥ ViZid SLC(Single Level Cell) & MLC(Multi Level Cell)

AWBZ LIz O 2DRIMIZEEYY N % 588&3 5. MLC
ARMEIC > THI S Ik g EOBERLY NVD>H 1 D%
BT28E, TWEVAL X qDTLTTRY DI VEREILE A
BETILHWTES. RBEEMADZOIZ MLC ZERTH S M3,
BEDMEIZ Fmd> TEBRZ EATD L XIZEBREZ BEIZEAL
TUEI A—N=Va—b 2 R o> TS, A—N—
Va—hilkoTHEBEOMELZBATLED L BEOR/NT
Oy 7EEEHEVNCLES DTHB. ZOMNEE BRTE 70
12, A. Jiang 5 135 > 7 & (Rank Modulation) % {#fF93%
FiE%E RBEL = [1].

SV BT, F—2% VOB ~ILO KNG
IS e VOBSOBBIZISI ®E. T0v s D8R niE
DENETE. nfADEMZENETN1HD n L TESEEY
H]3. BlxiE n =585 I13IEF [4,1,5,2,3] & o HRRIZRY
, V4 OBHEBNEE %< BV 3OBRENRE DLV,
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I OARTIHRERL ~NVOENRDHNIEE VOT, F—&iTx
XL -OOEE BBEL LRV, F/2, BROKNERKIZ
TF—ABHFEINTHY BEOMMEZ IJEERTH B 20,
FA—=N—=Ya— OMENEL I WE WS FIERHE. TV
JERIBIER TERE®, Yoy re kY N REAMZ
DETEZHABHEI NT WD [2], [4], [5], [6].
ZOFARTIBREDIEFZE BIOIEFNEFTE L K5 —4&
DEBIWRAEZFKRTS. AN 2 EFOHMEL 222545,
&) DBVI AN TIEFIZ BETLH I 370y 7 HEDOFEE
FifEz EIET Z L 12204 H 5. [1] Tik push to the top #fE%
IEF% 24 5 2D DOEARREL U THWERAI, BRIOE
g% WEE 2 HELREINTVS. ZO/FSREROEL
DO n WL THREKRIBETH S . minimal push up % VA
BA&lL, push to the top % AWV HELY L FELROE
REZBRTE2 Z L P FHTE 5. minimal push up % £
THIHAI n=23,4,56 CRADFSEE FRTDHIHR
IHTWD 3], [7]. 25 DFEZ BT S -OIZIRIEFIES
VS DO DOXMERITDETE BEVHD. &) B OXEL
EHIIDETEIL T, &) BVRBENERTES.
F2HTREFOBMNEZ HIRT /5% AT, B3
TlE, minimal push up % IEF% ZBFE S /2D DEARBEEL U
THWAZBEIBRINSG /77 /LT, n=4DBEITX
BEEAOERRCETS TRL ERT 2 XEELL2BRTE -
ODBERZRMEERT. X5, n=4DHEEICHERTRELZET
DTFREERT D XEESE KD, BRTEZLETORKROR
SREFOFESE2BRTS. F4HTRENS OFEZ AL
BRMEE Ko I N—T 0TS,

2. BHOEBMEZFIRYT2/HS

2.1 minimal push up

RY¥ nOETOMEFZ S, 5. REZIEFE L TER
U, BEDQIEFNZ u = [u(l),..,u(n)] € S., EBLDIEFI%
v = [v(1),...,9(n)] € S, £ ¢ 5. minimal push up IZ& D
b TE ST DBROERL RNVOBNE 25 &5 12 vicEn
TEHE EATDIRETHS. i=n—-1,n—-2,..,LITH/HLT
JEBIZROBAEZ 17D : { BN v; OV RNVE RN v DL A
NEDERESTS ). FZIE, u=[1,23,4,v=1[2,41,3]
T3y, £FT 3 =1% vy =3 DBEHL N)LE 2 HBL, vs
PRECRD LD B ANEHMI LS. KT v =4L
vz =1 OBRL NVE % LKL, v, PRI RBD LD IZER
LRV BEINXE, RBIZ v =28 v =4 DEHRL NLzez
HEU T vy RIS BB LD ITBHL NVE X E5.

2.2 1 R b

minimal push up &> T u % vIZEETEIR/HOI A %
Clu—v)ed3. ZOIANIHIWZAHORKROERL X
e, BXBWIBEORKDERL Vi KU 28 X OBINE
2L, BRTERINS. Clu—-Vv)=1THhBILIR/ND
BREM NIVOEMTEI WA 2T L2 BHKU THY,
HWIZZDE> RBSPAN TR R HFEEEEKTH L H
B $5. Clu—v) IRRXTERINDS [3).
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P

,'// i\\
H
| ;
LN
1 n=30EBI>7
Clu—v)= g%(v‘l(i) AR O)) ®

ZIZT M ={1,2.,n} T3, HIXi, u=[1,23,4,u=
2,1,4,3| A5 Clu—v)=1, u=11,2,3,4,u=[4,3,2,1]
ol Clu—v)=3LR5.

2.3 BBIS7

BRIST Gp= (Va, An) ERDED ILEHTS. V, EE
IV nDFTARTONEF S, THD. AT u— vIIFEETS
HY, Clu—=v)=1TH3ILIIAMIES &S IEE A,
2EHTD. HRueV,k re{0,1,.,n—-1} BEIX5hiE
L¥, Brr(w)% Bp,r(u)={veW|Cu>v)Sr}eE
#95. Bar(u) DEZEBIIUTTERL NS (3]

|Brr(w)] = rl(r +1)"7" )

TIT, A ALKHLT AR ROERKE TS5, M1
n=3DERTST7THB. E¥OIEL IR 1 DREERZ R
3. push to the top % AVAZBEITIEXEROEBERL »TER
VA3, minimal push up % IREEBB D/ ODBIEL U THWS
DOTHNIXHRRO BB L TEeL 25 (push to the top IZ2WT
X 1] % 288).

24 XBES

G. POTEMES%R DL $5. DHOERE R 2TOHEK
» D OEANDOERLE: K254, D% XEESGL TR, |D|
% XES D BEDIEFIOETHE L T2, |D|IXROFER
% W79 [3].

ID| 2 3 .2’;L—1 3)

2.5 HEEK

r=10%a, TLLLEIIIAN 1 TEXH IBELEE
2EXD. RBITHIEBWIURVE i€ {1,.,1}2TE. B
B57 G, DEHAESH, BVIIERKXERES Dy,...,D I
DETEALIRETS. 2D ¥, Di,..,D;, ..., DITTNT
NERBY YRV i 28 ST, D, hOJEFIETE2 &Y 4T
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D1 |[1,2,3,4] [2,3,4,1] [3,4,1,2] [4,1,2,3]
D |[1,2,4,3] [2,4,3,1] [4,3,1,2] [3,1,2,4]
D3 |[1,3,2,4] [3,2,4,1] [2,4,1,3] [4,1,3,2]
Dy | [1,3,4,2] [3,4,2,1] [4,2,1,3] [2,1,3,4]
Ds | [1,4,2,3] [4,2,3,1] [2,3,1,4] [3,1,4,2]
D¢ [[1,4,3,2] [4,3,2,1] [3,2,1,4] [2,1,4,3]

®1 (3) DTHREERT D XMEAITE D HR

HNEEERY VAN IIIERTS. BORESLRE FOHFSE
BRT3 2012z, n! BOIEFI%Z TX5 £ 132 OXRE
BiIzHETENRE LV, EFRERIERY VAV iBEZL N
FBEIT, ED UTO BBV Y BV i & —BT BB DS
T, REQEFANS O AN BEL /NI WIEF% BT, n! @
DETOIFEFUZHL T Y AV E) YTE5ENTWEFE:
full-assignment F5, 2TOIEFNIHL TV RVHEY 4T
5N TWERWHS%E non-full-assignment 5L IR, KT
1%, full-assignment FEDHA%EED . [3] Tlkn=3,4,5 D
BT, [7)Tikn =6 DFEIT, ETOXEEARD (3) DTH
2ERTIRENRINTVS. K1 n=4DFEDO—HIT
H5.

8. n=4DBBICTREENRT 3 XEREGEHE
B 3O DBERMF

n =4 DB TRE 7T XRESZ BETSOD+5
RKEPRINTVDS (7).

EFE 1. GBS DTREELVWEARAZ X & T5.
ZDLE X BPROMEEWAETRLIE, X BXEEART
H5. X HOKEFO 3 BEOBERR £D5 L {1,2,3,4)
LB%. ARKIC4BHERDTY {1,2,3,4} 4 3. §
Bbb, {zs : [z1,72,73,74] € X} = {1,2,3,4} »»D,
{z4: 21,22, 23,24) € X} = {1,2,3,4} £ & 5B,

ZORME, BEFHEIZEZ->TVS.

EE 2 GiIBIBHEAE X% (3) ODTREERT S XEES
95, ZOLE X BROWER #- Y. X HORIEFID 3%
HOERL EDD L {1,2,3,4} L 2%, AR 4 BEE2HEDT
b {1,2,3,4} L 55, §RbY, {z3:[r1,22,23,74] € X} =
{1,2,3,4} D, {z4 : [x1,72,73,74] € X} = {1,2,3,4} &
25,

. n =4 DXMESEBETIERBOTHRIE B) &£
VD A4THD. X = {z1,%2,%3,24}, T; = [Tj1,Tj2,T43, Tjals
Ys = {ys : [y1,92,93,94] € X}, Ya = {ya: [y1,52,y3,54] €
X}, {a,b,c,d} = {1,2,3,4} £ ¢5. £/, 2 0DEF%
u = [u(l),..,un)] ¢ X,v = [v(1),..,v(n)] € X &L,
¢i(w) = $5([w(1), ..., w(n)]) =w(5) £ 5.

¥7, V3 = {a,b,c,d} L RB L % RY. Y3 # {a,b,¢,d}
EBBINE—-VIE Y| =1, |Ya| =2, V3| =30D 3:&) TH
5. ZHh DHAI X BPIEREL LRV L% RT.
1) |Ys| =1D8HE
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Ys={a}&§5. ZOHA, u=la,bc,d ¢ XTHd. 22
R DFER (1) B, C(u - v) = maxiep (v (6) —u~1(5) 2
ua)—v i (e) =22 RV, [a,bcd 5 X FONEFIANE
BID20Ila AN 3 By 2BBLERS. LT X R
FEEAITIIERY BBV,

2) V3| =2 DHA
Bs ={a,b} 5. ZOHBEIIRD 3B BEXLND.

{i: ¢a(za)} = 1 (4)
{i: ¢a(zs)} = 2 (5)
{i: a(z:)}| = 3 (6)

@)k B)ixal b2 ANBINERLIZERS D, (4) & (5)
DIFEEEZD.
(4) DEHEE

1 = [z11,%12,0,%14], T2 = [T21,T22,Q,T2], T3 =
[s1,232,0,T34], Ta = [Ta1,Ta2,b,7aa] E LU TE — MR &£
DRV u = [o,244,u3),ud)] ¢ X LD EFIZEZ B .
DL E, Xz = a LRBIEFBEFELEL BV, F
o, a2 1X e EBRY BERVED, ul X IZEE BV,
i1=1,2,30r ¥, C(u— z:) = maxiepm) (v () —u1(5) =
uwla)—vla) =21 RB. i =402 F, Clu— z4) =
maX;en) (V1 (E) —uTH(E) 2 uT (Tae) — v (waa) =28 BB
ubb X FOIEFINEBTHEOIZI AN EDELLE 2.4
BLRB7=0, |Ys| =252 (4) DBEIT X EXMESITITEL
DRI NAN
(5) DFE

1 = [Z11,%12,0,%14], T2 = [T21,Z22,Q,T24], Tz =
[€31,T32, b, T34], T4 = [Ta1,Ta2,b,Ta4] £ TB. (214, 2T24) HSEL
D> 388 =V i (b,), (c, c), (d, d), (b, ), (b, d), (c, b), (c, ),
(d,b),(d,c) DI NRE—=VTHB. ZhdbThThIzxHL T
(w34, Tas) DAY 5 B 38— D3 (a,a), (¢, ¢), (d,d), (a, c}, (a,d),
(c,a),(c,d),(d,a),(d,c) D YNE—VFETS.

(x14,x24) = (b, b) DIGE,

u=[ba,ul3),ud))¢Xeddl, i=1,20%, Clu—
Ti) = maxiep(vT(E) — uTH(E) 2 uTi(d) —v (b)) = 3,
i =340t ¥, Clu— z;) = maxep (v7H(E) —u™1(9) 2
uw ) — v M) =22 BB, 0T, TDHBAIK X ITXE
BITIZERY B,

(%14, T24) = (¢, ) DIHH,

(T34, 744) = (a,0) BHIE, u=[a,b,c,d] &€ X LTBL,
i=120¢ ¥, Clu— ;) = maxepm (v (1) —u™'(5) 2
ula)—vHa) = 2,0 =3,40DL¥, Clu - ) =
max;e() (v (@) — vt (@) 2 ula) —vie) = 3L KRB,
$oT, ZOBAIT X EXREAITIZRY AR

(34, 244) = (¢, c) BB IF, u=l¢c,b,d,a] ¢ XL TBL, i=
1,2,3,4 D& ¥, Clu— z:) = maxemy (v "(3) —u'(3)) 2
uHe)—vHe) =3¢ KB. £oT, ZOBEIT X 3XEE
BITIEEY /.

(734, Ta4) = (d,d), (a,d), (d,a) 85 1E, u=[a,d,b,c] ¢ X
E¥BL, i=1,20LE, Clu— z:) = maxiep (v () —
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I nf ormati on,

u (i) 2 u(a) -
C(u— ;) = max;ep (v (2) —
3F&IE, Clu— z:) = max;epn ](vﬁl(i)—
v id) =243, &oT, ZOBE
DRR.

(z34,T44) = (a,¢),(c,a) "D I, u = [a,c,d,b] ¢ X &
Tdr,, i=1208%, Clu— z;) = maxien (v (3) —
w @) 2 u o) —v () =28RY, i=3,4DL ¥, Clu—
@) —uwt@) 2 uMa) —v T (e) = 3 F
&, Clu = i) = maxsem(v ' (8) —u'(4) 2 u'(c) —
v i) =28%8%. koT, TOBAIT X ITHEERITITAE
DB,

(z34,744) = (c,d),(d,c) BHIE, u = [¢,d,a,b] ¢ X &
TBY,, i=1202%, Clu— z;) = maxsem (v 1(3) —

@) 2u(e)—v ) =328, i=3,40DL¥E, Clu—
T:) = max;epm) (v (E)—uT (@) 2uT () v (e) = 3F T,
Ol = 23) = maxiepm (v () — w2 (1) 2 (&)~ (d) =
22 8%, &oT, ZOBAIT X IXBMESITIIRY BRV.
(14, 724) = (d,d) DFAE (c,c) DHBEL FARKIZL T X X
AL BD B,

(b,c), (c,b) DFE, u=[bca,dlg X FTBL,
vTHE) —uTh(9) 2

v Ha) =28 R, i =340k %,
ul(@) 2u M (a) ~v H(a) =
@) 2w H(d) -
X FXEESITITK

xi) = maX;e(n) (v

(w14, T24) =
i=1202%, Clu— i) = maxep(
wl(B) — v (D) =3F 2 Clu = x) 1) -
vrE)) ZuTH ) v o) =28RY, i=3,40DL ¥, Clu—
;) = maxiep) (vI(E) —uT (@) 2 uTH(b) — v (b)) =28 &
5. &2 T, ZOBAEIC X FHREESITIIRY BL.

(b,d), (d,b) DIFE, u=[bd,a,c] g X &THL,
Mo —uT(@) 2

= maX;e(n) (v

(z14,%24) =
i=120&%, Clu— z;) = maxem)(v”
u”l(b) — v (b) = 3 F/21E C(u — x:) = maxepm) (v (3) —

(@) = uid) —vid) =2 RY, i = 3,40 ¥,
Ol = ) = masicqu (v () —u™H(0)) 2w~ (b) v (8) =
28B85. £-T, ZOHBEI X BEXEERITIERD BEV.
(Z14,24) = (¢, d) DIHE,

(234, 44) = (a,0) BHIE, u=a,b,u(3),ud)] ¢ X £T5
&, i=1,2340r¥%, Clu— z;) = maxep(v ') —
(@) 2 uHa)-vie) = 3FAZE Cu —» ) =
max;en) (v 1(3) —u (@) 2 v (a) —v i(a) = 2L RD.
&oT, ZTOBAIL X BXEESITIIE) RV,

(234, T44) = (c,0), (a,¢), (c,a) BB, u=[a,cdb ¢ X
L95L, i=120L%, Clu— z:) = maxiem(v (i) —
@) 2 ule)—vie) =28 RY, i =3,4DL¥E,
Ol = 2:) = maxsepn (0™ () —u~' () 2 u(e) — v (e) =
2F721% C(u — 2;) = max;ep (v (@) —u '(9) 2 u ' (a) —

v Ha) =385, £oT, ZOBAIT X IXEESITIIE
D BR.

(34, 244) = (d,d) BHIE, u = [d,c,a,b] ¢ X T3

X,, i=1,2340r%, Clu— z;) = max;cpn (v '(3) —
@) =2 uid) —vid) = 3F2IE Clu = ) =

max;em) (v (1) —uTl(E) 2 uTlie) —vTHe) =28 KB,

and Conmuni cati on Engi neers

X B XEREEITIERY /2.
(a,d),(d,a) 6, u=la,d,c,b] ¢ X LT3
£,i=1202%, C(u— z;) = max;epn (v 1 (8)—u""(3)) 2
Hay—vHa) =28 BY, i=3,4DEE Clu— x) =
Ya) —w™t(@) 2 uia) — v a) = 3 E A
Clu = zi) = maxigp (v (1) —u ™' () 2w (d)—v7'(d) =
227%%. &oT, ZOBAIT X IIXEEAITIHY) BRV.
(c,d),(d,c}) B5E, u=[c,d,a,b]g X &£ T3
ROk

v e —vie) = 3FAKClu = ) =
1) — u—l(')) 2uid)—vid) =2L5R35.
£oT, ZOHA X BXEESITIIE) BEV.

(w14, 224) = (d, c) 0)%‘%% (c,d) DF/ELARIZL T X EX
REELRL R,

&0 T, |Y3| =252 (5)
4N

U T, |Ya| = 2 DBAEIT X IAKEEEEIZIKERY B2,
3)|Y3| =3DHFE

Yz = {a,b,c} 3B, =
[le, x22,a, IL‘24], r3 = [11731,3732,5, ;c34], T4 = [1841,11?42,0, .7344]
ELUTE —BERZ KDEW. (114,724) PEY 5 B /5% —
vk (b,b), (¢, c), (d,d), (b, c), (b,d), (¢, b), (c,d), (d,b),(d,c) D
INRR—=—VTHD. INLETNTNIZHL T (r34, aa)
DEY D> B INE — VW (a,a),(a,b),(a,d),(c,a),(cb),
(¢,d),(d,a),(d,b),(d,d) DINE—VFLETE. Zhbd DI&Z—
VIZHL THOBEL Rkkiza A OHERTO L, |Y3]=3
DHFAIT X IFHEEEITIZRY BRI L D5,

BAEEY, |3 =1,|Y3] =2,]Y3| = 3 DHEAT X EXEHE
BLBLBVWED, X PEEREGLRDDIR Y3 =4, 8D
b Ys ={a,b,c,d} DHEEDATHD.

Kz, Ya = {a,b,c,d} L BB L% RT. Yy # {a,b,c,d}
EBBNA—=VIF|Ye| =1, |Ya| =2, |Ya| =3D3B)TH
5. Ihb DBAI X PXEREEL BL RN L ERT.

1) |Ya] =1 DHE

Yo={a} £ 95.

£-oT, ZDHE

(z34,744) =

maX;en) (v

(%34, T44) =
&, 1=1,2340r%, Clu - z;) = max;ep(v
u(@) 2

maX;e [n] (

DHFEZ X BEEESITIIRY #

[€11, %12, 0,214], T2 =

Z0EE, u=[a,bcdl g X&TE. Z

DEFIAME, Clu = v) = maxep(v™1(E) —uw 1(5) 2
uw(a) —v Ha) =3 AV, [a,bcd D X RDIEFINE

BeoAOIIaIANEARLL 2HBELERS. o T X &

KEESITIZERY BRV.

2) |Vy| =2 DS

Bu={a,b} £T5. JOBAERD 3B BEXL NG,

{i: ¢a(zi)} = 1 (7
[{i: ga(zi)}| = 2 ®)
i: ga(z)} = 3 (9)

(MN& 9iFak b2 ANEBZNEEL IZRE LD,
DEEEEZD.
(7) DFBE

1 = [1311,1712,1313,&], T2 = [2321,3322,:823,0], r3 =
[€31, 32,233, 0], T4 = [Ta1,Taz,Ta3,b] & U TH —fRMEE &

(& (8
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DRV, u = [a,bed ¢ X EWIIEFIZEXD. § =
1,2,302 ¥, Clu — z;) = maxiep)(v () — u (i) =
uwla)—v N a) =3L%BB. i=4DLE, Clu—z) =
max;en(vH(E) —uTHE) 2 uT(d) —vTH(b) =28 BB, u
Mo X FDIEFINER TS 2O AN PR LE 2 8E
BB, Vil =252 (7) DBAI X EERESITIERY
B/a,

oT, |Vi| =252 (7) DBAIZ X BRXEEAITIIRY &
2\,

(8) DHBE

r1 = [T11,%12,%13,0], T2 = [To1,Z22,Z2s,a], T3 =
[£31, @32, @33, b, Ta = [@a1, Taz, T3, B & U TH —MehE% b7
W u=[a,bc,dl g XLW)EFIRZEZS. i =1,2,30L %,
C(u — ;) = maXie(n (v (8) —u™'(3) 2 v (a)—v ' (a) =
3BB.i=402%, Clu— z;) = maxem(v () —
w@) 2uTb) — v (B) =28 45, udrd X FOMEFIN
BRTEZDIZaANIDRCLE 2BRBELRD /2D, |Ya =2
D (9) DFEIT X IFKEEEITIZERY BLV.

koT, |Va| =250 (8) DBAI X BREXRESITIZRY &
2N,

UZdoT, |Ya = 20BEI X IXKEESITIZERY BRV.
3) [Yal =3 DHBE

Y: = {a,bc} £ FB. 21 = [r11,%12,%13,0], T2 =
[z21, 22, T23, 0], T3 = [T31, T3z, Ts3,b], T4 = [Ta1,T42,T4s,C]
ELUTE —fEE kbR V. (z13,723) PVEY 5 B
2—ViE,Ys = {abec,dl THDIILEERTDHL,
(8, 0), (b,d), (c,b), (¢c,d), (d,b),(d,c) D6 /X —VTHB. Z
NEH EFNTIZHU T (z33,243) DEY 5 B 8% — 2 H
(a,b), (a,d), (c,a), (c,b), (c,d), (d,a), (d,b) D 7T IN&E —VFLE
T5. X5z, {z13,%23,%33,Ta3} = {a,b,c,d} L BDH L\
ARBRATS.

(3713,123) = (b, C) DBE,

(%33, 743) = (a,d) BHIF, u=[a,c,b,d] ¢ X L TBL,
i=120t%, Cu— z;) = maxsep (v () — v '(3) 2
v Ha)—via) =3LRY, i=30,¥, Clu— )=
max;c(n (v (1) —uTi(@) 2uTM (@) —v i(a) =2, i=40D
¥ Clu = 2i) = maxiep (v (d) —u™(3) = u'(c) —
v He) =28 %3, £oT, ZOHEI X IFXEESITIEEK
D RR.

(34, 743) = (d,a) BH X, u=[a,bc,d| ¢ X L TBL,
i=120r%, Clu— z;) = maxep (v " (5) —u '(9) 2
ua)—v i a) =3LARY, i=30DL%, Clu—>z) =
max;e[n) (v (@) —u" (@) 2 uTH(b)—v T (D) =2, i =4DL ¥
Clu = z;) = maxe(n) (v (1) —u ' (4)) 2 u” (@) —v ™ (a) =
28R8%. £oT, ZOHAIZ X BXEEEITIIEY BRV.
(x13,223) = (c,b) DBEE (T13,723) = (be) LAMKILT X
BEEEEGE 8D B,

(13, 223) = (b, d) DIHE,

(w33, 43) = (c,a) BB, u = [c,a,b,d] ¢ X & TBL,

i=120¢%, Clu— z;) = maxiem (v 1(E) —u () 2

I nf ormation, and Conmuni cation Engi neers

uHa)—via@)=2LRY, i=3DLE, Clu— x;) =
max;e ) (@) —uT (1) 2 uTHe)—vT (e) =2, i =4DL ¥
C(u — ;) = maxe) (v (@) —uw (@) 2u™ () —v (c) =
3B, £oT, ZOHAT X BEREAITIZRY B2V,
(x13,223) = (d,b) DHAD (213, 723) = (b,d) LREKRIZLT X
BEEESL BL R,

(x13,723) = (¢, d) DGEH,

(x33,243) = (a,b) BB, u = [ba,c,d| ¢ X &TBL&,
i=1,20r%, Clu— ;) = maxep (v (E) —u 1(d) 2
v Ha) —vHa) =28 ARY, i=30DLE, Clu— ) =
maX;e(n (v (@) —uT (@) 2 uTH(b)—v (b)) =2, i =4DL ¥
C(u = ;) = maxiem (v () —vw ' () 2u™ () —v (b)) =
3LBB. &oT, ZOFEI X FXEMEAITIIRY) B2V,
(z13,x23) = (d,¢) DHFEE (213, 223) = (¢, d) L AL T X
BREEEL BD R,

&2 T, |Ya| =3 DFEIC X FHEERITIIED BERW.

BAEEY |Ya] =1,|Ya] = 2,|Va| = 3 DHET X I XEES
LBRLBNED, X PERBERLBEDIR|Ys=4, T8DbB
Yy = {a,b,c,d} DFEDATHS.

O

Zhiz&Y, BTAbh»s.

B 3. GaIZBWT, ERBEMW4DEEE X LT5. XN
ROMEZ AT X WTREER TS XMEESTHD
ZEIIFAMETHSE. X HOEIEFIDO 3 BEBOEREZ KDDL
{1,2,3,4} £ %23 . AR 4 BEEHEZEDTH {1,2,3,4} & &
5. TR8bH, {z3: [r1,72,23,74] € X} = {1,2,3,4} D,
{z4: [71,%2,%3,24] € X} = {1,2,3,4} £ &5

BE+HEMEE VT TRE ERT S XEESE S TERT
BIYMNTER. THEERT S XEESIL 14 BFEL,
ho DA EGHEIZEY 24576 &Y OFS% #ERLU 7-.

4. FSOHE

1 DDXEEENPD RED XEMEEGEBRTE S HEE BX
L.

Sn 2 BI nDETOIEFE TS, EBDIES a € S, ITH
LT, beSn% aD1FEHBBL 2FZHOEREE ANEZ IEF
E93, a,b~NTIAL 1 TEBTEDIEINDESE Su & Sy &
5L, S \{b} = Sp\{a} DSERY O LA [7] TRINTW
3. TOIRFIEH% EO/IHE, Se=5S %85, 2>TRD
EEHRY LD,

EE 4. XEEE%E DL, IBH z = [51,%2,%3,...,50] € D
95, o =[x, 21,%3,...,2n] % D\{z} IZHIX8E D' X
XEEETHS.

R2OPTFHADHTHS. XMEALRZ>TWVWS 4 DDIEFID
#£5 {[1,2,3,4],[2,3,4,1],[3,4,1,2],[4,1,2,3]} OF»H 2D
DIEFI [1,2,3,4],(3,4,1,2] 2 BR. ThE¥h 1BHL 2%H
% L CTIES [2,1,3,4],[4,3,1,2) # 85 . jud 2 DJEFIE,
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I nf ormati on,

11,234 2341 (3412 [4,1,23]]
4
[[2,1,3,4 [23,41] [431,2] [41,2,3]
Fz2 EH4DH

([1L2,3,4] (23,41 [341,2 [41,23]

i3
(ENDAIVTFYI A% 153,232,334, 4—-1IKEFETD)
J
(32,41 24,13 [4,1,3,2] [1,3,2,4]]
%3 EE50OH

1%&BE 2FZFE% U TERL ZEF%2 ANWSEX T, Hilwv
#£4{2,1,3,4,[2,3,4,1],[4,3,1,2],[4,1,2,3]} 85 . Z D
EEALFAXEERL BR>TWS.

ZOEENL Y OFHEEED ak bDORTERHBLTEH, T
FhERTEXMESICLIEI[ELRDZIL DM, Ok
BART DRI & > TR ND BIBERS 5 70V HUTH2
720, AURRMER2FE L EX LS. n=4DBEITERL
7z 24576 D EE, ZD&D BRT ORHIZ & > TR ATEE
BIN—TIZHETE. EBEDNEFR 22 $5. 2D 1HEHE 2
ZHE ANEBZAEAE ye U, x MBSV HRIV I, y»ME
WOV RNGRENTNERIND LTS, 0L ¥, EEOK
Dzl y DMK TERED i L j 2 RKBTEH. ZORKIZL
THERTIIRER2AL N7 5. HRLLUT, ThTh
4096, 4096, 4096, 4096, 2048, 2048, 2048, 512, 512, 512, 512 DFF
SR 11 BRI HETE .

AN DHER () &Y, IAMNRIVTY I AOBEEIZ
Ko TEEY, 1V TY I AEKRIIELL BWAEORDI &N
E25.

T 5. LD VTV I AR ERIZEESRTS. tOXEE
BN RNDREZILL>TELN-EERIFTRHERSTHS.

RIZITEFES DR THS. THE5EITRTOXEEAITEA
UTRBRBRBRBRFEZHERTES. ZhiZ&), 11 BEIsEL ~
BEEXLIZEL DRI HTE . 11 EHIHSEL 2BE0D
HTA YTy 7 ADMI BRI > TERTEZHEPRAL S
N—TThdrT5L, ThTh 12288,6144,4096,1536,512
DRBEEFD 5 DDTN—TIZHETE -,

TEEAZ {r,121,24) LU, B % 2 =
[i1, Tiz, Tz, xia] & TB. EE3 &Y, ¢ = 1,2,34 T
Ty = [xilymiZ,xi4,xi3] CLUTE TR2ERTEIXIHES
EDBBERE. ZOBAOFEL T8, ThThHh
12288, 6144, 4096, 1536, 512 D S% ¥D 5 2 DT N—T b
DEALIX R o 2.

5. ¥ & &

AHTR, n=4DHFEI TREERT S XMLESZ KT
BrODOBERMER R 2. £/, n=4DBR/ICTHREZ
R$ % XEEAS® £THAL, minimal push up % AW H&
WCEROMEY $IR$T 2 FEDOHT n =4 TRAOFE{R

and Conmuni cati on Engi neers

EROFEEETHERL . 35612, BL5XMESEBRT
BN TEXZEERRL, JHhIZk> THERL Z2F58% 98
U7z, DEINAFTSEIERY S 7MEL, a2 Ko T
WBEEXLND D, BRDEZIAN 2 BHRL ZBERE TR
HefFd> L XIZHATES.

HE ZOMSIIRAE (BEHR (C) BEES 23560439)
DBIE%Z ZTWD.
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