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1 ïÄ�µ

1998c§HollmannÚvan Lint�<�éêi�«�Ü*N=?è¯K§ÄgJÑ«l

è(codes with identifiable parents property, IPP)�Vg"

2001c§StaddonÚStinson�<ò«lè�Vgí2������/§��w-«l

è(codes with w-identifiable parents property, w-IPP)�Vg"

�Q´i1L§C´��è"X ¡�èC�fè§XJX ´C���f8"Qn

¥��d ¡�C�fèX���§XJéu?Û�Ii§3X ¥Ñ�3èix§¦

�xi = di"C�fèX �¤k��|¤�8ÜP�desc(X, C)"

�d ∈ Qn
"èC�fèX ¡�d�I�8§XJd ∈ desc(X, C)"3C¥§d�¤k

���êØ�Lw�I�8|¤�8ÜP�Hw(d, C)"

½Â.�C´��(N, n, q)-è§w´�ê§w ≥ 2"XJéu?Ûd ∈ Qn,3C¥Ñk
½öHw(d, C) = ∅§½ö ⋂

X∈Hw(d,C)

X 6= ∅

¤á§@oC¡�w-«lè"
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��~f

�w = 2§C = {(1, 1, 1), (2, 2, 2), (3, 3, 3), (1, 2, 3)}"

�Äd = (1, 2, 2)§-X1 = {(1, 1, 1), (2, 2, 2)}§X2 = {(2, 2, 2), (1, 2, 3)}"

w,§H2(d, C) = {X1, X2}"

?�Ú§·�k
⋂

X∈H2(d,C)
X = {(2, 2, 2)}"

·��±y²C ´��2-«lè
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<��ïÄÌ�l�`w-«lè�5���EÐm"

�

Fw(n, q) = max{|C| | C´��n�q�w-«lè}

XJC´��n�q�w-«lè§�|C| = Fw(n, q)§@oC¡���n�q��`w-«

lè"
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(1)�w ≥ 2§q ≤ w§C´(N, n, q)-è§StaddonÚStinson�<�Ñ§d�§X

JN ≥ q + 1§@oCØ�U´w-«lè"

5¿�§é?¿w ≥ 2§��n�q�­Eè

(1, 1, · · · , 1)(2, 2, · · · , 2) · · · (q, q, · · · , q)

o´w-«lè"Ïd§éu?¿w ≥ 29q ≤ w§Fw(n, q) = q

ù�§3�©é�`w-«lè��35?Ø¥§o´b�N > q > w"

(2) �w = 2�§Hollmann�<31998c�Ñ'u��n�q��`2-«lè�

.µéu?¿n ≥ 3§�3~êc > 0§¦�

c(
q

4
)d

n
3 e ≤ F2(n, q) ≤ 3qd

n
3 e

(3) 2004c§Vu Dong TôÚReiheanh|^ãØ��{§)û
��3�q��`2-«

lè��35¯K§��'�Ð�."

(4) 2004c§Alon�<¦^VÇ�{�Ñ��w + 1�q��`w-«lè�.µé?

¿w ≥ 2§

Fw(w + 1, q) = (
2w − 1

2w − 3
− o(1))q



•First •Prev •Next •Last •Go Back •Full Screen •Close •Quit

Äu±þ�ïÄyG§·�ïÄ
��w + 1�w-«lè"
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�G´��n-Úã"éuG�?Û��º:v§Úº:v'é�>þÑy�ØÓôÚ

�ê8¡�v�ÚÝ§¿P�dc(v)"

�G´G���fã§G¡�G���n-�ª§XJGTdG¥n^ØÓôÚ�>|

¤"

XJ�3��q�èC§¦�C∗ = G§@oG¡���q�èã"?�Ú§XJù�

èC´w-«lè§@oG¡�q�w-IPPã"w,/§XJG´q�w-IPPã§@o¤k÷

vC∗ = G�èCÑ´w-«lè"

G�?¿�«ôÚip�Ñ�fãP�Ti(G)"�G´q�èã�§N´u

y§Ti(G)�z��ëÏ©|Ñ´��ì§ù�§rTi(G)¥�4�ì�ê8P

�#Ti(G)"w,/§#Ti(G) ≤ q"eã½n�Ñ��n-ÚãG´q�èã�¿©7�^

�"

½n. �G´n-Úã"@oG´q�èã�¿©7�^�´é?ÛôÚi§Ti(G)�z

��ëÏ©|Ñ´��ì§�#Ti(G) ≤ q"
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��w + 1�è¤�w-«lè�¿©7�^�

½n. �C´��(N, w + 1, q)-è§N > q§C∗´C�n-Úã"@oC´w-«lè�

¿©7�^�´3C∗�?Û��(w + 1)-�ª¥§�õ�3��ÚÝ�u1�º:"
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2 4�w + 1Úq�w-IPPã

�Ø©�Ñ4�w + 1Úq�w-IPPã�½Â§±c¡�����(N, w + 1, q)-è¤

�w-«lè�¿©7�^��Ä:§�[?Ø4�w + 1Úq�w-IPPã�5��(�§

¿�Ñ4�w + 1Úq�w-IPPã�©a"ù���)ûè��w + 1��`w-«lè�

�35¯KME
^�"
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 S'X�
Äk§3¤kq�w + 1Úèã|¤�8Üþ�Ñ��'X<q"

�G1ÚG2´ü�q�w + 1Úèã"G1ÚG2�mk'X<q§P�G1 <q G2§XJ

(1)é?Ûi ∈ {1, 2, · · · , w + 1}§Ñk#Ti(G1) ≤ #Ti(G2)§

(2)�3i ∈ {1, 2, · · · , w + 1}§¦�#Ti(G1) < #Ti(G2)"

PG1 =q G2§XJéu?Û�i ∈ {1, 2, · · · , w + 1}Ñk#Ti(G1) = #Ti(G2)¤á"

�G´(w + 1)-Úã"5¿�§G�±À�§�ëÏfã�¿§ù�§G���
ëÏfãP¡�k-ÚÜ§XJP�¹k«ôÚ"Ïd§G¥�ëÏfã�©�w + 2«

a.§Ù¥§0-ÚÜ´���á:"XJ3G���k-ÚÜ¥Ñy�¤kØÓôÚ

´i1, i2, · · · , ik§@o8Ü{i1, i2, · · · , ik}¡�ù�k-ÚÜ�Ú."

,�§3¤kq�w + 1Úèã|¤�8Üþ�Ñ��'X≺q"

�G1ÚG2´ü�q�w + 1Úèã"G1ÚG2�mk'X≺q§P�G1 ≺q G2§X

JG1¥3-ÚÜ��ê'G2¥��"
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��§½Â8Ü

L = {G | G´q�w + 1Úw − IPPã§�|G| ≥ q + 1}

¿3Lþïá S'X�"

½Â.�G1 ∈ LÚG2 ∈ L"G1ÚG2�mk'X�§P�G1 � G2§XJG1 <q G2§

½ö�G1 =q G2�§G1 ≺q G2"

�G ∈ L§3L¥§G¡�4��§XJé?¿G ′ ∈ L§ÑkG � G ′"
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4�w-IPPã�©a

e¡§·�o´^G L« S8(L ,�)¥4�q�w + 1Úw-IPPã"ïÄG�¤äk

�5��(�§·���§�U´e¡Ê«a.��"

a.�. G�¹��3-ÚÜ¶

a.�. G�¹��k-ÚÜ§�4 ≤ k ≤ w + 1¶

a.n. GT�¹��2-ÚÜ¶

a.o. G T�¹Ú.©O�{i1, i2},{i1, i3},· · · ,{i1, ik+1}�k�2-ÚÜ§�k ≥ 2¶

a.Ê. G T�¹Ú.©O�{i1, i2},{i1, i3},{i2, i3}�3�2-ÚÜ"
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3 è��w + 1��`w-«lè��35

�½è�Ú��ål§XÛé�äk�õèi�ê�è´?ènØ¥���Ä�¯

K"

�C´è��n�q�w-«lè§·���C���ålØ�uw"Ïd§�`w-«lè

��35¯K´k'w-«lè�ïÄ�Ä�¯K��"

è��3��`2-«lè��35¯K§®dVu Dong TôÚReihaneh��)û"Alon�

¦^��E5�VÇ�{�Ñ
è��w + 1�q��`w-«lè�èi�ê�."

�Ø©¦^�E5��{§��)û
è��w + 1�q��`w-«lè��35¯

K"
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Fw(w + 1, q)�e.

é?¿q ≥ 8w−5§�r = max{x|(2w−3)x2 +3x+1 ≤ q}§@or ≥ 2§�(2w−3)r2 +

3r + 1 ≤ q < (2w − 3)(r + 1)2 + 3(r + 1)"4q = (2w − 3)r2 + 3r + 2(2w − 3)t + s§Ù

¥§1 ≤ s ≤ 2(2w − 3)"N´��§0 ≤ t ≤ r + 1"½Â¼êh(q)Xe§

h(q) =


1 � t = 0�§

2 � 1 ≤ t ≤ b1
2(r + 1)c�§

3 � b1
2(r + 1)c+ 1 ≤ t ≤ r + 1"

�â¼êh(q)���§·��Ñe¡éA�n«�E"



�E�µ� h(q) = 1 �§� x = y = z = r§ x′ = y′ = z′ = r + 1§

ni =







r2 + r � i = 1, 2, 3�§
2r2 � 4 ≤ i ≤ w�§

2r2 + s− 1 � i = w + 1"

�EXe�ãM1"

r r r

r+1 r+1 r+1

n1 n2 n3 n4 nw+1

�E�µ� h(q) = 2 �§� x = y = z = r + 1§ x′ = y′ = z′ = r + 1§

ni =







r2 + r + 2t � i = 1, 2, 3�§
2r2 + 4t � 4 ≤ i ≤ w�§

2r2 + 4t + s− 2 � i = w + 1"

�EXe�ãM2"

r r r

r+1 r+1 r+1

2t 2t 2t

n1 n2 n3 n4 nw+1

�Enµ� h(q) = 3 �§� x = y = z = r + 2§x′ = y′ = z′ = r + 1§

ni =







r2 + r + 2t � i = 1, 2, 3�§
2r2 + 4t � 4 ≤ i ≤ w�§

2r2 + 4t + s− 3 � i = w + 1"

�EXe�ãM3"

r+1

r+1 r+1 r+1

2t-r-1 2t-r-1 2t-r-1

n1 n2 n3 n4 nw+1
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Ún. é?¿q ≥ 8w − 5§

Fw,w+1(q) ≥ |Mh(q)| ≥
2w − 1

2w − 3
q−7+

9

(2w − 3)2−
6

2w − 3

√
q − 4(2w − 3)

2w − 3
+

9

4(2w − 3)2"

�q ≥ 25w2�§·�k

2w − 1

2w − 3
q−7+

9

(2w − 3)2−
6

2w − 3

√
q − 4(2w − 3)

2w − 3
+

9

4(2w − 3)2 >

⌊
w

w − 1
q − w + 2

w − 1

⌋
"

ù�§·���XeíØ"

íØ.é?¿q ≥ 25w2,

|Mh(q)| >
⌊

w

w − 1
q − w + 2

w − 1

⌋
"
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½n. �q ≥ 25w2
§@oGdÚ.©O�{i1, i2}§{i2, i3}§{i1, i3}�n�2-ÚÜ

Úw − 2�1-ÚÜ|¤§Ù¥§w − 2�1-ÚÜ�ôÚüüØÓ§��ÑØ3n�2-ÚÜ

¥Ñy"ù¿�XG´a.Ê"
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Fw,w+1(q)�þ.

½Â. �q ≥ w + 3"nw(q) L«
w+1∑
j=1

nj����§Ù¥nj(j = 1, 2, · · ·w + 1),

x, y, z, x′, y′, z′´��ê§�÷vXe^�:

x + z′ + n2 +
w+1∑
j=4

nj ≤ q,

y + x′ + n3 +
w+1∑
j=4

nj ≤ q,

z + y′ + n1 +
w+1∑
j=4

nj ≤ q,

w+1∑
j=1

nj − ni + 1 ≤ q � 4 ≤ i ≤ w + 1�,

n1 ≤ xx′, n2 ≤ yy′, n3 ≤ zz′"

½n. é?¿q ≥ w + 3,

nw(q) ≤ 2w − 1

2w − 3
(q − 1) +

9(w − 1)

(2w − 3)2 −
6

2w − 3

√
q + 2w − 1

2w − 3
"
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½n. é?¿q ≥ 25w2, Fw(w + 1, q) = nw(q)"

½n. é?¿q ≥ 25w2, |Mh(q)| ≤ Fw(w + 1, q) ≤ |Mh(q)|+ 10.

½n.

Fw(w + 1, q) =



q � 1 ≤ q ≤ w�,

⌊
w+1
w q − 1

w

⌋
� w + 1 ≤ q ≤ 2w + 1�,

max
{⌊

w+1
w q − 1

w

⌋
, nw(q)

}
� 2w + 2 ≤ q ≤ w2 + w�,

max
{⌊

w
w−1q −

w+2
w−1

⌋
, nw(q)

}
� w2 + w + 1 ≤ q ≤ 25w2 − 1�,

nw(q) � q ≥ 25w2�"
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4 �Eè�w + 1��`w-«lè¤I��{

|^e¡�Ñ�E,Ý�O(qw+1)��{§·�U
(½nw(q)9�A�n1§n2§· · ·
§nw+1§x§x′§y§y′§z§z′�A��"

Initialize q and w.

Initialize Max = |Mh(q)|.
Initialize (n1, n2, · · · , nw+1, x, x′, y, y′, z, z′) = that of Mh(q).

For x, x′, y, y′, z, z′ ← 2 to 12w − 17− 9
(2w−3)

+ 6
√

q−4(2w−3)
2w−3

+ 9
4(2w−3)2

{
For n4, n5, · · · , nw+1 ← 2

2w−3
q − 6 + 9

(2w−3)2
− 6

2w−3

√
q−4(2w−3)

2w−3
+ 9

4(2w−3)2
to q

{

n2 = q − z′ − x−
w+1∑
j=4

nj ,

n3 = q − x′ − y −
w+1∑
j=4

nj ,

n1 = q − y′ − z −
w+1∑
j=4

nj or xx′.

IF conditions satisfied, then

{

IF n1 + n2 + n3 +
w+1∑
j=4

nj > max, then

{

Max = n1 + n2 + n3 +
w+1∑
j=4

nj

Save (n1, n2, · · · , nw+1, x, x′, y, y′, z, z′)

}
}

}
}
Output Fw(w + 1, q) = Max.

Output (n1, n2, · · · , nw+1, x, x′, y, y′, z, z′).



•First •Prev •Next •Last •Go Back •Full Screen •Close •Quit

L1
�1 ≤ q ≤ 80�ÿ§F3(4, q)Ú|Gh(q)|��

q F3(4, q) |Gh(q)| q F3(4, q) |Gh(q)| q F3(4, q) |Gh(q)| q F3(4, q) |Gh(q)|
1 1 21 29 28 41 60 58 61 92 92

2 2 22 30 29 42 61 59 62 93 93

3 3 23 32 30 43 63 61 63 94 94

4 5 24 33 31 44 64 62 64 96 95

5 6 25 35 33 45 66 63 65 98 96

6 7 26 36 34 46 68 64 66 99 97

7 9 27 38 35 47 69 65 67 101 99

8 10 28 40 36 48 71 66 68 103 100

9 11 29 41 37 49 73 71 69 104 101

10 13 30 42 38 50 74 72 70 106 102

11 14 31 44 40 51 75 73 71 107 103

12 15 32 46 41 52 77 74 72 109 104

13 17 33 47 42 53 79 75 73 111 109

14 18 34 49 43 54 80 76 74 112 110

15 20 35 50 44 55 82 78 75 114 111

16 21 36 52 45 56 83 79 76 116 112

17 23 37 54 54 57 85 80 77 117 113

18 24 38 55 55 58 87 81 78 118 114

19 26 26 39 57 56 59 88 82 79 120 116

20 27 27 40 58 57 60 90 83 80 122 117
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