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Abstract: A collection I = {Hy,H,,..., H,; } of induced sub

graphs of a graph G is said to be sg-independent if (i)
V(H)NV(H; )= @, i # j, I<i, j<r and (ii) no edge of G has its
oneendin H; and the other end in H; , i #j, I<i, j<r. If H, ~ H,
Vi, 1<i<r,then I isreferred to as a H-independent set of G. Let
H be a perfect or almost perfect H-packing of a graph G. Finding
a partition {H,,H,,...H,} of H such that #; is H-
independent set, Vi,
1 <i < k, with minimum k is called the induced H-packing k-
partition problem of G. The induced H-packing k-partition
number denoted by ipp(G,H) is defined as ipp(G,H) = min ipp4,
(G,H) where the minimum is taken over all H-packing of G. In
this paper we obtain the induced H-packing k-partition number
for Enhanced hypercube, Augmented Cubes and Crossed Cube
networks where H isisomorphicto P3 and Cj.

Keywords: Augmented Cubes, Crossed Cube Networks,
Enhanced hypercube, I nduced H-packing k-partition.

I. INTRODUCTION

For any graph G, let V(G) denote the set of verticesin G
and E(G) denote the set of edges in G, [V(G)| and |[E(G)|
denote the respective cardinalities of these sets. An H-
packing of agraph G = (V, E) is a set of vertex digoint sub
graphs of G, each of which isisomorphic to afixed graph H.
A perfect H-packing in agraph G is a set of H-subgraphs of
G such that every vertex in G is incident with one H-
subgraph in this set. An almost perfect H-packing in a graph
G is a set of H-subgraphs of G such that at most [V(H)| - 1
number of vertices are not incident on any H - subgraph in
G [13], [14]. We define this concept as follows: A collection
XK ={Hy4, H,, ..., H;} of induced sub graphs of agraph G is
said to be sg-independent if (i) V(H)NV(H; ) =&, i #j, 1<i,
j<rand (ii) no edge of G hasits one end in H; and the other
endinH;, i #j, 1<i, j<r. If Hi=H, Vi, I<i<r,then K is
referred to as a H-independent set of G. Let ' be a perfect
or amost perfect H-packing of a graph G. Finding a
partiton {H, ,H, ,...H;} of Hsuch tha H; is H-
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independent set, Vi, 1< i <k, with minimum k is called the
induced H-packing k-partition problem of G. The minimum
induced H-packing k-partition number is denoted by
ippy(G,H). The induced H- packing k-partition number
denoted by ipp(G, H) is defined as ipp(G, H) = min ipp4 (G,
H) where the minimum is taken over al H-packing of G.
Packing is an extension of matching. An Induced matching
and induced matching partitions of certain interconnection
networks was studied [2], [11]. The induced H-packing k-
partition problem was studied for certain interconnection
networks such as hypercubes, Sierpinski graphs [12]. An
approximation agorithm for maximum P;-packing in
subcubic graphs was studied by Kosowski et al [10]. Xavier
et a [12] proved that the induced P;-packing k-partition
problem is NP- complete, aso induced C,-packing k-
partition problem is NP-complete. In this paper we obtain
the induced H-packing k-partition number for Enhanced
hypercube, Augmented Cubes and Crossed Cube networks
where H isisomorphicto P; and C,.

II. ENHANCED HYPERCUBE NETWORKS

A Hypercube with extra connections called skips is referred
to as an enhanced hypercube. As a variant of the Q,,
enhanced hypercubes Q,,, (n =2, (1<k < n—1) are proposed
to improve the efficiency of the hypercube architecture and
have found substantial applications. Inherited from Q,,, @y«
is dso a regular graph [15], [20]. But the enhanced
hypercubes are much more attractive than normal
hypercubes due to its potential nice topological properties.
The enhanced hypercube @, (1<k<n—1), is a graph with
vertex set V(Qn,k) = V(Qn) and edge set E(Qn,k) = E(Qn)U
(XoXaXa, ey X2y X1y X - Xn-1, XX1Xo-- X2, Xty Xk --Xn-1)-
The edges of @, in Q,, are hypercube edges and the
remaining edges of Q,, are caled complementary edges
[41, [71. [8]. [9], [16], [17], [18], [20], [21].When k=0, @» o
reduces to the n-dimensional hypercube. The enhanced
hypercubes Q,, , (1< k < n—1) proposed by Tzeng and Wei
[15] are (n +1) regular. They have 2" vertices and (n +1)2"'
edges.

Theorem 1.1. Let G be the Enhanced hypercube
network Q,, n>2, Then G has an almost perfect
P;-packing.

Proof. We prove the result by induction on the dimension n
of the Enhanced hypercube network Q,, ,. We begin withn =
2, P?= {(00, 10, 11)} is an amost perfect P,-packing
leaving out one vertex unsaturated. In Qs,, P3 =0P% U
1P%is an amost perfect P;-packing leaving out two
unsaturated vertices inducing an edge, where iP?denotes the
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set of paths in P2 prefixed by i, i = 0, 1. See Fig. 1(a).
Assume the result to be true for Q,,. Consider Q..
Suppose n + 1,2 is even. By induction hypothesis P7*1=
OPTULPT is an amost perfect P;-packing leaving out two
unsaturated vertices in each copy of Q,, in Qn41,. By
construction the four left out vertices induce a cycle C. Let
P be a sub path of length 2 in C. Then P"*1=0P"U1P" U
P is an amost perfect P;-packing leaving out one vertex
unsaturated. Suppose n +1,2 is odd. Since n is even, each
copy of Qn, in Qu+1, contains an amost perfect P;-
packing leaving out one vertex unsaturated. The union is an
almost perfect P;-packing leaving out two unsaturated
verticesin Q1.

1010 %

Fig. 1. (@) An induced P,-packing 2-partition number
of Q;, (b) An induced P;-packing 3 - partition
number of Q,,.

Lemma 1.2.ipp( Qs,, P3) =2.
Proof. Let P: pip,p; be a path of length 2 in Q5,. Then
|Ui, N (p)] = 5. Hence consider another path Q of length

2 such that V(P)nV (Q) = @ contains at least two vertices

from U3_; N(pi). This implies that ipp(Qs,, Ps) >2. Now
let P ={(010, 000, 001)} and Q={(110, 100, 101)}. PUQis
an optimal induced P;-packing 2-partition leaving out two
vertices unsaturated in - Qs .

Lemma 1.3.ipp(Q4 2, P3) = 3.

Proof. Q,, is packed with 5 vertex digoint paths of length
2, leaving out one vertex unsaturated. Suppose
ipP(Q42, P3)= 2. Let [V4] and [V,] be the induced Ps-
packing 2-partition sets. There are two possibilities. (i)
[[Vd]|=4, [[V2]]=1 and (ii) |[V4]] = 3, |[V2]| =2. We claim that
[[V4]|> 3 isnot possible. Suppose |[V4]|=3. Let P : uvw bein
[V4]. Then [N (uUN (V)U N (w)|=8. Now V (P) and its
neighboring vertices constitute 11 vertices leaving 5 vertices
unsaturated. If Q and R are the other two paths of length 2 in
[V4], then N(V(P))=N(V(Q))=N(V(R)), a contradiction. If
[[V4]|=3 is not possible, |[V4]|>3 is adso not possible. This
implies that ipp(Q,4,, P3) = 3. Now let P = {(0010, 0000,
0001), (1110, 1100, 1101)}, Q = {(0110, 0100, 0101),
(1010, 1000, 1001)} and R={(1011, 0011, 0111)}. PUQUR
isan optimal induced P3-packing 3-partition leaving out one
vertex unsaturated in Q.

Lemma 1.4.ipp(Qs 2, P3) > 3.

Proof. Qg , contains four copies of Q,,, say (Q4)i , 1<i<4.
By Lemma 1.3, ipp(Qs2, P;)>3. Let [V4], [V2], [Vs] be the
induced P;-packing 3-partition sets of (Q,,), 1<i<4. One
vertex u;, 1<i<5in each (Qqp)i, 1<i<4 is not included in any
of [V11, [V2], [V5], 1<i<4. For optimal induced P5-packing
3-partition, it is necessary that the sub graph induced by uy,
Uy, Uz and u, contains a path of length 2 in Qs, Consider uy
in (Qg2)1 wWith deg(Q42)1(uy)= 5. If uy isadjacent to vertices
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in [ViY, [V»'] and [V5!] then the P;-path containing u;
cannot be included in any of [ViY], [V.Y] or [Vi] a
contradiction. Suppose two vertices adjacent to u; are in
[V.'], one vertex adjacent to uy isin [V'] and two vertices
adjacent to uy arein [V5'] then a 3-cycleisinduced by these
vertices, a contradiction. See Fig. 2(a). For the same reason,
u, cannot be adjacent to 5 vertices in [V;'] With [V{'] | = 1,
1<i<3. Hence u, is adjacent to 5 vertices in any two of [V;']
with [[Vi'] | = 2, 1<i<3. See Fig. 2(b). This argument is also
truefor u; in (Q42);,2<i<4.

Claim that the binding edges in ((Qs2)1V (Q42)2)\(Q42)1
incident at vertices of [V'], 1<i<3, have their other ends in
exactly one [Vi], 1<j<3. Suppose if not, Let all the end
vertices of binding edges incident at vertices of [V,'], be
adjacent to vertices in [V,?] and [V5®] also end vertices of
binding edges incident at vertices of [V,] be adjacent to
vertices in [V47] and [V;9 end vertices of binding edges
incident at vertices of [V3'] be adjacent to vertices in [V,
and [V,?] then no vertex in [V3] is adjacent to any vertex in
[Vi4] and [V, a contradiction. See Figure 2(c). This
argument is also true for [V/Y], i = 2, 3. Vertex set V(Qa42)
can be partitioned into [V 4], [V,] and [V 3] such that, each of
[V4], [V2] contains at most 6 vertices of V (Q,) and [V3]
contains at most 3 vertices of V(Q,2). We have |[V{]|=2,
[V2]|=2 and [[V3][F1. Let [V4] ={P,Q}, where P: p;p,ps and

Q s ae in (Qsz)rThen Ui, N(p)N(Qs2)2l=3 and
JU?iN(@)N(Q42)21=3. Hence UZ_;N (p)N(Q42)2 and UF_;N
(@)N(Qs2). are not in [Vi]. ThisimpliesUf_;N (p)N(Qa2)2
and U3_;N (g)N(Qs2)2 are in [V4] and [V3] . Now let [V]=
{R, §,where R rirorg and S 518,5; are in (Qs2)1. Then
JUZiN (rN(Qa2)2=3 and | Ui_;N(s)N(Qs2)2=3. Hence
U3 N (r)N(Q42)2 and U, N (s)N(Q42)2 are not in [V].
Thisimplies U}_;N (r)n(Qa2)2 and U7_; N ()N(Q42). arein
[V3] and [Vq] . Let [V3] = {T}, where T : titotz isin (Qs2)1
Then [Uf_;N (6)N(Q42)21=3. Hence UP_;N (t)N(Qa2)2 is not

in [Va]. This implies UL ;N (t)N(Q42). isin [V4] and [V] .
Similarly (Q42)s is partitioned as in (Qg2), and (Qs2)4 iS
partitioned as in (Q42);. Let u; be the unsaturated vertex in
(Qs42)1- Then |N(uy)| = 5. The edges incident at vertices of
N(u,) are adjacent to vertices in any one of [Vi'], with
[Vi']|=2, 1<i<3. Without loss of generality let u, be adjacent
to avertex in [V,'], Similarly let u, be the unsaturated vertex
in (Q42)2- Since [N(up)| = 5, the edges incident at vertices of
N(u,) are adjacent to vertices in any one of [V], with
[Vi|=2, 1<i<3. This implies u, is adjacent to a vertex in
[V4%. For the same reason us is adjacent to avertex in [V,?],
and u, is adjacent to a vertex in [V;*]. Hence the edges
incident at vertex u, 1<i<4 are adjacent to vertices in at
most one of [Vi], [V.], [V3], 1<i<4 in each (Q42)i 1<i<4.
This implies u;, 1<i<4 is adjacent to at most two of [V,],
[V2], [Vs], 1<i<4 in (Qs,2). Since (Qu2)1 =(Qu2)s and (Qu2)2
= (Qy,2)3, the unsaturated vertices from
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Fig. 2. (a) and (b) Possibilities of adjacent vertices of
u1 (c) Possibilities of binding edges

each (Q42)1, (Qa2)2, (Qa2)3 and (Q42)4 induce a vertex
digoint path of length 2, leaving out one vertex
unsaturated. Thisimplies that the three vertices u,, us
and u, are adjacent to at most two vertex sets.
Therefore ipp(Qs ., P3) > 3.
Lemma 1.5. The induced P;-packing k-partition number of
Quisatisfiesipp(Qny, Po)> |5|,n=6,andk=2.
Proof. We prove the result by induction on the dimension n
of the Enhanced hypercube network Q,x . We prove that an
unsaturated vertex u;, 1<i<4in (Q,-,,»)i, 1<i<4 is adjacent to
[HT_‘*Jvertices in lnT_‘lJ partition sets of (Q, ), 1<i<4. We
begin with n = 8. Q g, contains four copies of Qg say
(Qs2)i, 1<i<4. By Lemma 1.4, ipp(Qg2, P3)> 3, leaving out
one vertex unsaturated. Let [V4], [V2], [V3] be the induced
Ps-packing 3-partition sets of, Qg 1<i<4. One vertex u;,
1<i<4 in each Qg,, 1<i<4 is not included in any of [V,],
[VZ], [Vs], 1<i<4. For optimal induced Pspacking ||
partition, it is necessary that the sub graph induced by uy, u,,
uz and u, contains a path of length 2 in Qg,. Consider uy in
(Q62)1, degQ(s2)1 (u)= 7. If uy is adjacent to vertices in
[V:'], [V2'], [Vs'], then the 3-path containing u, cannot be
included in any of [V.Y], [V.Y], [Vs!] a contradiction.
Suppose u, is adjacent to vertices in any one of [V;'] 1<i<3,
then ipp(Qs2, P3)>3 a contradiction. Hence u; is adjacent to
7 vertices in at most two of [V;'], 1<i<3. This argument is
aso true for u; in (Qs2)i, 2<i<4. This implies that the three
vertices u,, U, and u; are adjacent to at most three vertex
sets. Thisimplies ipp(Qs2, P3)EEJ. Assume the result is true
for Enhanced hypercube with dimension less than or equal
ton-1. Consider Q,x. When niseven, kis even fixed as 2.
Qnk contains four copies of Q22 Sy (Qn22)1 (Qn22)2,
(Qn22)sand (Qn22)s Let [V11, [V2], [V5], ..., Vlln;ZJ], be the
2

included P5-packing I"T'ZJ- partition sets of (Qy ».);, 1<i<4.
One vertex Ui, 15is4 in each (anz',z)i, 1<i<4 is not included
in any of [V4], [V.], [V5], ..., V[Ln;z]]' 1<i<4. For optimal
2
induced H-packing k-partition, it is necessary that the sub
graph induced by uy, Uy, Uz and u, contains a path of length 2
in Quc. By the Induction hypothesis, (Qn 2.2)1,P3)> lnT_ZJ
leaving out one vertex unsaturated. Label the vertices [V,],
[V21, [Vs1..... Vl%;zj], in (Qu2) 1 asfollows.
2
Let ¢ be the mapping from {[V.Y], [V,'], [V51], ..., Vl}l;zj] }
2

0{1,2,3, ... =%, |52]5. such that p([Va))=a.
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Similarly ipp(Qn-22) 2, P3) is greater than or equal to l"T_z ,
each of them leaving out one vertex unsaturated. Label the
vertices[V.7], [V27], [V57), ..., Vl%;z J], (Qn22) 2 asfollows.

2

Let @ be the mapping from {[V;7], [V.7], [V57], ..., Vl%;zj] }
2

t0{1.23, =2 ... |52}, such that p([Va]) =2+ 1. Let uy
be the unsaturated vertex in (Qn-2.2)1. Then IN (ug)| = n—2.

By the induction hypothesis the edges incident at vertices of
N (u,) are adjacent to vertices in at most l%] partition sets.
For the same reason u;, 2<i<4 is adjacent to vertices in at
mostlnT_‘tJ partition sets. In Q, the unsaturated vertex from
each (Qn22)1, (Qn22)2 (Qn22)s and (Qnz2)s induce a
vertex digoint path of length 2, leaving out one vertex
unsaturated. Hence u;, 1<i<4 is adjacent to at most l"T_Z

partition sets in Qnk. Since (Qn-22)1= (Qn-22)4 ad (Qn-22)2
= (Q 1-22)3, the three vertices uy, U, and u; are adjacent to at
most l"T_ZJ partition sets. Therefore ipp(Qnk , P3) EEJ
Suppose n is odd. Q,x contains two copies of Qn1,, Say
(@121, (Qn12)2- The induced Ps-packing k-partition
number of (Qn12)1 IS l"T_lj leaving out one vertex
unsaturated. Since (Qn12)1 IS even. The role of the
partition setsin (Qn-12)1 isthe same as that of (Qn-12),. The
union is an optimal induced Ps-packing BJ—partition leaving
out two unsaturated verticesin Q.

Theorem 1.6. The induced Pz-packing k-partition number of
Queis[3]. thet is, ipp(Qui., P2) = |3, n=6.

Proof. Let [Vy'], [V2], [Va'), .., [Vinzgy '] [V, [V, 141,
[VlnT—ZJZ], Va3, V27, VST, - [VlnT_zf] and [V19, [V.1],
Vi, ..., [Vl"T_ZJ4] be the partition sets of (Qn-22)1, (Qn-22)2,
(Qn22)3 and (Qn-22)4 leaving out one vertex unsaturated
respectively. By Lemma 1.4, the binding edges incident at
vertices of [V{], 1<i< ["T‘ZJ have their other ends in exactly
in one [V, 1<j<|%2|, in Qq.ox .Without loss of generality
we say that edges are between [V/], and [Vi.11], 1<i<|%2].
The role of the partition sets in (Qn-22): is the same as that
of (Qn-22)4 @nd the partition sets in (Q,-22)2 is the same as
that of (Qn-22)s. By construction the four left out vertices
induce acycle Cin Qi Let P be a sub path of length 2 of C
in Qnk . The [%2| partitions sets constructed by our method
together with P is an optimal induced Py-packing |2| -
partition leaving out one vertex unsaturated

in Qn,k .

Theorem 1.7. Let G be the Enhanced hypercube network
Qn2, N>2. Then G has perfect C, - packing.

Proof. By induction method we prove the result on the
dimension n of the Enhanced hypercube network Q,,. We
begin with n = 2. P, ={(00, 01, 11, 10)} is a perfect C4-
packing. In (Qsy), Ps = OPULP, is a perfect C,-packing
where iP, denotes the set of pathsin P, prefixed by i, i= 0,
1.

Assume the result to be true for Q,,. Consider Qu.12. By
induction hypothesis each copy of Q2 in Qn.2 COntains a
perfect C4-packing. The union
is aperfect C4-packing in Qn.y 2
that is Pn+l,2: OPn,ZUan,z.
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Lemma 1.8. ipp(Qs2, Cs) = 2.
Proof. Without loss of generality, let C*: cic,cac4 be acycle
of length 4 in Q2. Then |Uf; N(¢;)| = 4. Hence another

cycle C? of length 4 such that V (CY)nV(C?) = ¢ contains at

least one vertex from |U?_, N(c;)|. Thisimplies that ipp(Qs2
,Cs) > 2. Now let C'={(010, 000, 001, 011)} and

C? = {(110, 100, 101, 111)}. C'uC?is an optimal induced
C,-packing 2-partition in Qg .

Lemma 1.9. ipp(Qn2,Cy) = 2.
Proof. We prove the result by induction on the dimension (n,
k) of the Enhanced hypercube network Q.. We begin with
n = 5. Qs contains four copies of Qs2, SAY (Q32)1, (Qs2)2
(Q32)3 (Qs2)a Let [ViY] and [Vi] be the induced 2-partition
sets of (Qs2)i, i1 =1,2,3,4. The binding edges incident at
vertices of [Vi'], 1<i<2, have their other ends in exactly in
one [Vi7, 1<j<2 in Qs3. By Lemma 1.8, ipp(Q32)Cy) is 2.
Let [V4], [V2] be the induced C,-packing 2-partition sets of
(Qs2):. Without loss of generality each of [V;'], [V.'],
contains a most 4 vertices of V(Qso).. Let[Vy] = {C},
where C: aya0a584 151N (Qs2)1- Then UL, N (a,)N(Qs2)al =
4,
Hence U_; N (a;) N(Qs2)2 isnotin [V4]. Thisimplies

* N (a))N(Qs2)2isin[V,]. Let [V5] ={C?}, where
C* biosbgby is in (Qs2)1. Then| UL, N (b)N(Qs2)al = 4.
Hence U?Z; N (b;)N(Qs2), isnotin[V,]. Thisimplies

Ui N (b)N(Qs2). is in [V4]. Similarly (Qs2)s is
partitioned as in (Qsp), and (Qsz2)s is partitioned asin
(Qs2)1- [VITU[V.1 i =1, 2, 3, 4 is an optimal induced C,-
packing 2-partition in Qs,. Assume that the result is true for
Qn-12- Qn2 contains two copies of Qn12 Say (Qn-12)1 and
(Qn-1.2)2- By the induction hypothesis ipp((Qn-1.2)1, Ca) is 2.

Since (Qn—l,z)l= (anl,z)z ) [V1i]U[V2i], i=1 2isan optimal
induced C4-packing 2-partition in Q.

IIl. AUGMENTED CUBES

We define the augmented cube AQ,. As with hypercubes,
augmented cubes admit several definitions.

Let n > 1 be an integer. The Augmented cube AQ, of
dimension n has 2" vertices each labelled by an n bit binary
string a;a,a3..... a,. We define AQ; = K,. Forn> 2, AQ, is
obtained by taking two copies of the augmented cube AQ,4,
denoted by AQ"%,; and AQ',, and adding 2+2"* edges
between the two as follows [5], [6]. Let V(AQ%.) =
0aas....a,, & = 0or 1 and V(AQ",1)= Obybs....by; b=0or 1. A
vertex A= Oayas....a, of (AQOn_l) is joined to a vertex B
=1b,bs....b, of (Aan_l) if and only if for every i, 2<i<n
either

(i)a=by; in this case, AB is called hypercube edge, or

(il)a; = by; in this case, AB is called complementary edge.

@ (b)

Fig. 3. (&) Aninduced Ps-packing 2-partition number of
AQs (b) An induced Pz-packing 3 - partition number of
AQ4
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Lemma 2.1. ipp(AQ,, P3) =5.

Proof. AQ, is packed with 5 vertex digoint paths of length 2,
leaving out one vertex unsaturated. Suppose ipp(AQa, Ps) =
4. Let [V4], [V4], [V3] and [V4] be the induced Ps-packing 4-
partition sets. The possibility is, (i) [Vd]| =2, [V2]| = 1, [V4]]
=1and|[V4]| = 1. Weclaim that [V,]| > 2 isnot possible.
Suppose |[Vi]|F2. Let P: uw be in [V4. Then
[IN(WUN(V)UNW)|=9. Now V(P) and its neighboring
vertices constitute 12 vertices leaving 4 vertices unsaturated.
If Q isthe other path of length 2 in [V4], then N(V(P))=N(V
(Q)), acontradiction.

If [V4]| = 2 is not possible, then |[V;]>2 . The only possible
way is|[Vi]|= 1, [V2]| = 1, [[Va]| = 1, [Va]| = 1, [[V]| = 1.
This implies that ipp(AQ,)=>5. Now let P = {(0001, 0000,
0100)}, Q = {(0101, 0111, 0110)}, R = {(1001, 1000,
1010)}, S = {(1101, 1100, 1110)}, T = {(1111, 1011,

0011)}. PUQURUSUT is an optimal induced Ps-packing 5-

partition leaving out one vertex unsaturated in AQ,. See Fig.
3(b).

Lemma 2.2. ipp(AQs, P3) > 5.

Proof. AQg contains four copies of AQ,, say (AQy)i, 1<i<4.
By Lemma 2.1, ipp(AQq)=5. Let [V1], [V2], [Va], [Va], [Vs]
be the induced Pz-packing 5-partition sets of (AQa);, 1<i<4.
One vertex u;, 1<i<4 in each (AQ,);, 1<i<4 isnot included in
any of [Vi], [V2], [V5], [V4], [Vs], 1<i<4. For optimal
induced Pz-packing 5-partition, it is necessary that the sub
graph induced by uy, u,, us and u, contains a path of length 2
in AQs. Consider u; in (AQg)1, deg(AQs):1 (u)=7. If uy is
adjacent to verticesin [V, [V, ,[V5], [V4] and [Vs] then
the P5-path containing u, cannot be included in any of [V,],
[V>'], [V5'], [Va']or[Vs'] a contradiction. Suppose one vertex
adjacent to u, isin [Vs'], two vertices adjacent to u, are in
[V4'], two vertices adjacent to u, are in [V,'], one vertex
adjacent to uy is [Vs'], one vertex adjacent to u; [V,'] then a
5-cycle isinduced by these vertices, a contradiction. For the
same reason, U, cannot be adjacent to 7 verticesin [V;'] with
[Vi']| = 2, 1<i<5. Hence u, is adjacent to 7 vertices in any
one of [V;'] with [[V;"]| = 1, 1<i<5. This argument is true for
Ui in (AQy)i  2<i<4. We now claim that the binding edges in
(AQ4)1U(AQu))\ (AQ.), incident at vertices of [Vi'], 1<i<5,
have their other ends in exactly one [ij] , 1<j<5. Suppose
not, without loss of generality let al the end vertices of
binding edges incident at vertices of [V,'] be adjacent to
vertices in [V,?], also end vertices of binding edges incident
at vertices of [V.!]

be adjacent to vertices in [V;?] and end vertices of binding
edges incident at vertices of [V5'] be adjacent to vertices in
[V4?] also end vertices of binding edges incident at vertices
of [V.'] be adjacent to vertices in [Vs?] also end vertices of
binding edges incident at vertices of [Vs!] be adjacent to
vertices in [V47], then no vertex in [Vs] is adjacent to any
vertex in [V57], a contradiction. This argument is aso true
for [V{Y], i = 2,3,4,5. Now V(AQ,) can be partitioned into
[Val, [Val, [Va], [V4] and [Vg] such that, each of [V4], [Va],
[Va], [V4 and [Vs] contains a most 3 vertices of
V(AQ,).Therefore we have |[Vi]| =1, [VJ]| = 1, [[V3]| = 1,
I[Vall = 1 and |[Vs]| = 1. Let [Va] ={P}, where P: p,p;ps are
in (AQ4)1 Then |U?:1 N (pl)ﬂ(AQ4)2| = 3. Hence
U, N (p;)N(AQ,), are not in [V4].This implies U3 ;N
(P:)N(AQq)2 are in [Vo]. Now
let [Vo] = {Q}, where Q:010,03
are in (AQg4)1.Then
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U1 N (:)N(AQ4)2|=3. HenceU;_; N (¢;)N(AQ,). are not
in[V]. Thisimplies U_; N (q;)N(AQq), arein [V4]. Let [V4]
= {R} where Ririrors is in (AQg): Then |
1 N (1)N(AQ4)2[=3. Hence U3_; N (1;,)N(AQq), is not in
[V3] Th|s implies U3_; N (r;)N(AQy)z is in [V,]. Let [Vy] =
{SH, where S 515,55 isin (AQ)1.Then U7, N 5;)N(AQ4)2l =
3. Hence U3, N (s;)N(AQy)z is not in [V,]. This implies
UL3=1 N (Si)n(AQ4)2 isin [V5] Let [V5] = {T}Where T: t1t2t3
isin (AQu):. Then |U3_; N (t;)N(AQ4)s| = 3. Hence Ui_; N
(t)N(AQ,)z is not in [Vs]. Thisimplies U3, N (£;)N(AQy),
isin[V3].
Similarly (AQ)s is partitioned as in (AQg). and (AQy), iS
partitioned as in (AQ,);. Let u; be the unsaturated vertex in
(AQ1)s. Then [N(uy) =7
Hence the edgesincident at vertices of N (u,) are adjacent to
verticesin any one of [Vi!] with [[Vi'] | = 1, 1<i<5.
Without loss of generdlity let u;, be adjacent to a vertex in
[V:']. Similarly let u, be the unsaturated vertex in (AQu),.
Since |N(uy)|=7, the edges incident at vertices of N (uy) are
adjacent to vertices in any one of [V;?] with [V?]|=1, 1<i<5.
Thisimpliesu, isadjacent to avertex in [V;°]. For the same
reason s is adjacent to a vertex in [V,%] and u, is adjacent to
a vertex in |[V;"]| Hence the edges incident at vertex u;,
1<i<5 are adjacent to vertices in at most one of [V41], [V.],
[Val, [V4], [Vs] 1<i<4 in each (AQ);, l_<|<4 Th|5|mpl|es
u;, 1<i<4 is adjacent to at most one of [V,'], [V2], [V5], [V4],
[V5] I<i<6 in AQes. Since (AQ4):1=(AQs); and
(AQ4)2=(AQ4)3, the unsaturated vertices from each (AQy)1,
(AQ4)2, (AQ4)z and (AQ4)4 induce a vertex digoint path of
length 2, leaving out one vertex unsaturated. This implies
that the three vertices u,, U, and u; are adjacent to at most
four vertex sets. Therefore ipp(AQg) > 5.

Lemma 2.3. ipp(AQy) EEJ +2,n>6.
Proof. By induction method, we prove the result on the

dimension n of the Augmented cube network AQ, We
prove something more and prove that an unsaturated vertex

U, 1<i<4 in (AQq);, 1<i<4 is adjacent to ["T"‘J vertices in
[nT_“J partition sets of (AQn_,);, 1<i<4. We begin with n=8.
AQg contains four copies of AQs, say (AQg)i, 1<i<4. By
lemma, 2.2 ippAQs > EJ +2, leaving out one vertex
unsaturated. Let [Vi], [V2], [V5], [V4] and [Vs] be the
induced Ps-packing 5-partition sets of (AQg)i, 1<i<4. One
vertex u;, 1<i<4 in each (AQg);, 1<i<4 is not included in any
of [V4], [V21, [V51, [V4], [Vs], 1<i<4. For optimal induced
Ps-packing IEJ +2 partition, it is necessary that the sub
graph induced by uy, u,, usz and u, contains a path of length 2
in AQg. Consider u; in (AQg)1, deg(AQg)1(u)= 11. If uy is
adjacent to verticesin [V, [V2'], [Va], [V4'] and [Vs]] then
the 5-path containing u, cannot be included in any of [V4'],
[V2'], [Vs], [V4Y] and [Vs'] a contradiction. Suppose u, is
adjacent to verticesin any one of [V;'], 1<i<5, then ipp(AQg)
> EJ +2 a contradiction. Hence u, is adjacent to 11 vertices
in at most one of [V;Y], 1<i<5. Thisargument is also true for
U; in (AQg);, 2<i<4. Thisimpliesthat the three vertices uy, u,
and u; are adjacent to at most five vertex sets. This implies

ipp(AQs) = |5 | +2

Assume the result is true for Augmented cube with
dimension less than or equal to n—1. Consider AQ,. When n
is even. AQ, contains four copies of AQn—2, say (AQn-2)1,
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(AQn2)2 (AQn2)s and (AQno)a Let [V4], [V21, [Vs],...,
V[L;LZJ]’ be the included P5-packing EJ +2 partition sets of
(A(Sn 2)| l<i<4

One vertex u;, 1<i<4 in each (AQ,-2)i, 1<i<4 is not included
in any of [Vl] [V2] [V3] . [nTZJ] 1<i<4. For optimal
induced H-packing k-partition, it is necessary that the sub
graph induced by uy, Uy, Us and u, contains a path of length 2
in AQ,. By theinduction hypothesis, ipp(AQn-2)1) > BJ +2
leaving out one vertex unsaturated. Label the vertices of
V', [V2', [VsT,..., Vl}l;zj], in (AQq2)1. Let ¢ be the

2

mapping from {[V.Y, [V21, [V5l]...., ln 4J ln zJ]} to
{123, [=2], [Z2]p. such that o(1Vi]) = a Similarly

ipp(AQn-2), is greater than or equal to lTJ each of them

leaving out one vertex unsaturated. Label the vertices of

V47, [V, [V, vl%;z J] in (AQ »), as follows. Let ¢ be
2

the mapping from {[V:7], [V-7], [V57], ... Vl?HJ], Vl%_ZJ]}, to

{123 =2 |52} such that o((Va]) =a+ 1.

Let u; be the unsaturated vertex in (AQ,-o)1.Then [N(uy)| =
n—2. By the induction hypothesis the edges incident at

vertices of N(u;) are adjacent to vertices in at most [ J
partition sets. For the same reason u;, 2<i<4 is adjacent to
vertices in a most ["T_‘*J partition sets. In AQ, the

unsaturated vertex from each (AQn-2)1, (AQn-2)2, (AQn-2)3
and (AQ,»)s induce a vertex digoint path of length 2,
leaving out one vertex unsaturated. Hence u;, 1<i<4 is

adjacent to at most l J +2 partition sets in AQ,. Since

(AQn-2)1 = (AQn-2)4 and (AQ 12)2=(AQ )3 the three
vertices u;, U, and us are adjacent to at most l J+2

partition sets. Therefore ipp(AQ,)> lz J +2. Suppose n is
odd. AQ, contains two copies of AQn-1, say (AQn-1): and
(AQn-1)>. The induced Ps-packing k-partition number of
(AQn-p)1 is l”T_lJ leaving out one vertex unsaturated. Since

(AQq-1)1 is even. The role of the partition setsin (AQn-1)1 iS
the same as that of (AQn-1)2.

The union is an optima induced Ps-packing EJ +2
partition leaving out two unsaturated vertices in AQ;.
Theorem 2.4. ipp(AQ,) = EJ +2, n>6.

Proof. [Vi'], [V21], [V5'],... [Vln—zf] V2], [V21IVAT,-
[V[n 2°1, [V, V2T, [VsT,.. Vln 213] and [V, [Vz]
Vs, ..., VlnTz *] be the partition sets (AQy2)1. (AQn 2)2,
(AQn-2)z and (AQ,-)s leaving out one vertex unsaturated
respectively.

By Lemma 2.2, the binding edges incident at vertices of
[Vi], 1<i<|™2|, have their other endsin exactly in one [V;7],
15j§["7‘zj, in AQn—..Without loss of generality we say that
edges are between [Vi'] and [Vi.,'], 1<i<|%2|. The role of
the partition sets in (AQ,-2); iS
the same as that of (AQ, )4

and the partition sets in
(AQ-2)» is the same as that of
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(AQ,-»)s. By construction the four left out vertices induce a
cycle Cin AQ,. Let P be a sub path of length 2 of C in AQ,.

The lnT_ZJ +2 partitions sets constructed by our method

together with P is an optimal induced Ps-packing BJ +2
partition leaving out one vertex unsaturated in AQ.

Lemma 2.5. The Augmented Cube AQ,, n>2, Then AQ,
has perfect C,-packing.

Proof. Followsfrom Lemma1.7.

Lemma 2.6. The induced C4-packing k-partition number
Augmented AQ; is2, that is, ipp(AQs, C,) = 2.
Proof. Follows from Lemma1.8.

Lemma 2.7. ipp(AQ,,Cy) = 4.
Proof. We prove the result by induction on the dimension n
of the Augmented cube network AQ,. We begin withn =5,
AQs contains four copies of AQs, say (AQ3)1, (AQs)2, (AQs)s,
(AQ3)4. Let [V4], [Vo], [V4], [V4] be the induced C4-packing
4-partition sets of (AQs);, | = 1, 2, 3, 4. By lemma 2.6,
ipp(AQs, Cy) is 2. In (AQs); each of [V,'], [V,'], contains at
most 4 vertices of V(AQs),). Let [Vi] ={C"}, where C:
2838 1SIN (AQa)1. U1 N (a)N(AQs)z| = 4.
Hence U?; N (a;)N(AQs), is not in [V4]. This implies
4 N (a;)N(AQs), isin[V,]. Let[V,] = {C?%, where C*
bibobsby, isin (AQs):. Then |U, N (b;)N(AQ3),| = 4.
Hence U, N (b)) N(AQs), is not in [V,]. This implies
Ui N (b;)N(AQs), isin[Vi]. Let [V3], [V,4] be the induced
Cs-packing partition sets of (AQs)s. Each of [V57], [V47]
contains at most 4 vertices of V (AQs)s. Let [V3] ={C?,
where C% ciccecs is in (AQs)s.  Then |
N (c;)N(AQ3)4=4. Hence U?_; N (¢;)N(AQ3)4 isnot in
[Va]. Thisimplies U, N (¢;)N(AQs)sisin [V,]. Let [V4] =
{C% where C*%did,dsd, is in (AQs)s Then Then |
{1 N (d)N(AQs)4| = 4. Hence Uf, N (d)N(AQs)s is not
in [V4]. This impliesU/_; N (d;))N(AQs)s is in [Va].
[VATU[V21UV5TU[ VL], | =1, 2, 3, 4 is an optimal induced C,-
packing 4-partition in AQs. Assume that the result is true for
AQ,. When n is odd. AQ, contains two copies of AQ,-1, Say
(AQnr-1)1 and (AQn1).. By the induction hypothesis
ipP(AQn-1)1,Cy) is 4.

IV. CROSSEDCUBENETWORKS

The crossed cube has additional attractive properties. It has
more cycles than the hypercube. A crossed cube of n
dimensions, denoted by CQ,, has 2" vertices. Each vertex of
CQ, isidentified by aunigue n-bit binary string; e.g. vertex
U = UpUn-1,..., Uy, Where u; O, 1 for 1<i<n. The following
are the formal definitions. Two binary strings x = x,X; and y
= y,y; of length two are pair related, denoted by x y if and
only if (x, y) = (00, 00), (10, 10), (01, 11), (11, 02) [1] [3].
The n- dimensional crossed cube (CQ,) isa n - label graph,
it can be defined asfollows. CQ; is
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(b)
Fig. 4. (@) An induced P3-packing 2-partition number of

CQ3 (b) An induced P3-packing 3 - partition number of
CQua.

ko, the complete graph of two vertices with labels 0 and 1;
for n>1, (CQ,) consists of two (n—1) dimensional crossed
cube CQY_; and CQ}_,, where V(CQL_1) = XeXn1....-Xa/Xn
=i, (i =0, 1).The vertex X = 0%y.1 Xn.2...X in CQY_,and the
vertex y = 1yn Yno-...¥1 in CQL_, are adjacent in CQ, if:

(1) X1= Yt if niseven,

(2) For1<i < lnT_lJ  XoiXoi1 ~ YaiYai-1[1].

Theorem 3.1. Let G bethe Crossed cube network
CQn(n>2). Then G has an almost perfect P;-packing.

Proof. Followsfrom Theorem 1.1.

Lemma 3.2. ipp(CQs, P3) = 2.

Proof. Followsfrom Lemmal1.2.

Lemma 3.3. ipp(CQq, P3) = 3.

Proof. Followsfrom Lemma1.3.

Lemma 3.4. ipp(CQe, P3) > 3.

Proof. CQg contains four copies of CQy, say (CQy);, 1<i<4.
By Lemma 3.3, ipp(CQ4)=>3. Let [V11, [V-], [V5], [V4] be
the induced Ps-packing 4-partition sets of (CQy);, 1<i<4.
One vertex u;, 1<i<4 in each (CQ,);, 1<i<4 isnot included in
any of [V1'], [V2], [V5], [V4], 1<i<4. For optima induced
Ps-packing 4-partition, it is necessary that the sub graph
induced by u;, Uy, Uz and u, contains a path of length 2 in
CQe. Consider Uy in (CQ4)1, deg(CQ4)1 (Ul): 4. If Uy is
adjacent to vertices in [V11], [V2'], [Vas'] and [V.4'] then the
Ps-path containing u; cannot be included in any of [V;Y],
[V>'], [Vs'] or [V4'] a contradiction. Suppose two vertices
adjacent to u, are in [V4'] and one vertex adjacent to uy isin
[V,'] and one vertex adjacent to u; isin [V5'] then a 3-cycle
is induced by these vertices, a contradiction. For the same
reason, U, cannot be adjacent to 4 verticesin [V;'] with [V;']

[=1, 1<i<4. Hence u; is adjacent to 4 vertices in any one of
[ViY] with [Vi'] | 2, 1<i<4. This argument is also true for u,
in (CQg)i, 2<i<4. We claim that the binding edges in
(CQ4)1U(CQL))\(CQ,); incident at vertices of [Vi], 1<i<4,
have their other ends in exactly one [V;?], 1<j<4. Suppose
not, without loss of generality, let al the end vertices of
binding edges incident at vertices of [V,!] be adjacent to
vertices in [V47] and [V,?] also end vertices of binding edges
incident at vertices of [V,'] be adjacent to vertices in [V4]]
and [V, and end vertices of
binding edges incident at
vertices of [V5'] be adjacent to
vertices in [V, [V:7] [V.F] end
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vertices of binding edges incident at vertices of [V,!] be
adjacent to verticesin [V5?] and [V,7] [V47, then no vertex in
[V41] is adjacent to any vertex in [Vi7, [V, and [V4]] a
contradiction. This argument is also true for [ViY],i = 2, 3, 4.
Now V(CQ,) can be partitioned into [V4], [V4], [V3] and [V,]
such that, each of [Vi], [V4], [Vs] contains a most 9
verticesof V(CQ,) and [V, contains at most 6 vertices
of V (CQq). We have [[V]| =1, [[V2]| =1 and [[V3]| =L,[Va]|
=2. Let [V4] = {P}, where P: pp,pz are in (CQy);.
Then|UiZ; N (p;) N(CQa)2| = 3.
Hence U3_; N (p;)N(CQq), isnot in [V4].This implies

721 N (p)N(CQy)2isin [V4] and [V,]. Now let [Vo] = {Q},
where Q:01G0s in (CQy)1.Then |U7_; N (g;)N(CQu)2| = 3.
Hence U3_; N (q;)N(CQy).isnot in [V,]. Thisimplies
Uizt N (g:)N(CQa) is in [V4] and [V,]. Let [V5] ={R},
where R: riror3 are in (CQy)1. Then | U, N (1;)N(CQyu)4| =
3. Hence U3_; N (1;)N(CQy)zisnotin[Vs]. Thisimplies
Uizt N (n)N(CQy)2 isin [V4] and [V]. Let [Vi] ={ST},
where 553 and tit.t; are in (CQu)i. Then |UR,N(s;)
N(CQu)| = 3 and U{; N (£)N(CQu)2l = 3. Hence UP_; N
(s;)N(CQ,), and U3_,; N (t;)n(CQy), are not in [V,].This
implies U?_; N (s,)N(CQy). and U?_; N (£,)N(CQy), are in
[Va], [V3] and [V4].
Similarly (CQy)s is partitioned as in (CQ,), and (CQy)4 is
partitioned as in (CQ,)1. Let u; be the unsaturated vertex in
(CQg)1.Then N (ug)] = 4. Hence the edges incident at
vertices of N(u,) are adjacent to vertices in any one of [V/]
with [Vi']| = 1, 1<i<4. Without loss of generality, let u, be
adjacent to a vertex in [V;Y]. Similarly let u, be the
unsaturated vertex in (CQ,),. Since |N(uy)| = 4, the edges
incident at vertices of N(u,) are adjacent to vertices in any
one of [V/?] with [[Vi?] | =1, 1<i<4.Thisimplies u, is adjacent
to a vertex in [V;?] For the same reason u; is adjacent to a
vertex in [V;°] and u, is adjacent to a vertex in [V;*]. Hence
the edges incident at vertex u;, 1<i<4 are adjacent to vertices
in a most one of [V.], [V2], [V5] and [V,], 1<i<4 in each
(CQq)i, 1<i<4.This implies u;, 1<i<4 is adjacent to a most
two of [V4], [V2], [V5] and [V,], 1<i<4 in CQg. Since
(CQW1=(CQq)s  and (CQ4)2=(CQ4)s, the unsaturated
vertices from each (CQy)1, (CQy)2, (CQ4)s and (CQy)4 induce
a vertex digoint path of length 2, leaving out one vertex
unsaturated. Thisimplies that the three vertices u;, u, and uz
are adjacent to at most three vertex sets. Therefore
ipp(CQe)=4-
Lemma 3.5.ipp(CQy, P3) > |2 | +1,n>6.

Proof. Using induction method, we prove the result on the
dimension n of the Crossed cube network CQ,. We prove
something more and prove that an unsaturated vertex u,

1<i<4 in (CQup)i, 1<i<4 is adjacent to lnT_LtJ vertices in
|=2|partition sets of (CQn2);, 1<i<4. We begin with n = 8.
CQg contains four copies of CQg, say (CQg)i, 1<i<4. By
lemma (3.4), ipp(CQs) ZEJ + 1 leaving out one vertex

unsaturated. Let [V4], [V2], [V5] and [V,] be the induced
Ps-packing 4-partition sets of (CQg);, 1<i<4. One vertex u;,
1<i<4 in each (CQg);, 1<i<4 is not included in any of [Vi],
[Va],
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[Va] and [V4], 1<i<4. For optima induced P;-packing
BJ + 1 partition, it is necessary that the sub graph induced
by u,, U,, Uz and u, contains a path of length 2 in CQg.
Consider u; in (CQg)1, deg(CQg); (u)= 6. If uy is adjacent
to vertices in [V.Y],[V,1],[Vs] and [V.], then the 4-path
containing u; cannot be included in any of [V,Y],[V>'],[V5']
and [V,1], a contradiction. Suppose u; is adjacent to vertices
in any one of [V{Y], 1<i<4, then ipp(CQ6)>BJ +1 a
contradiction. Hence u; is adjacent to 6 vertices in at most
two of [Vi'], 1<i<4. This argument is also true for u; in
(CQg)i, 2<i<4. Thisimplies that the three vertices u,, u, and
uz are adjacent to at most four vertex sets. This implies
ipp(CQg) > EJ + 1.
Assume the result is true for Crossed cube with dimension
lessthan or equal to n—1. Consider CQ,. When nis even.
CQ, contains four copies of CQu2 sy (CQu2),
(CQn2)2(CQn2)s and (CQy2)s Let [Vi1, [V2], [Vs]....,
V[l;l;z]]’ be the included Ps-packing BJ + 1 partition sets of
2
(CQn-2)i , 1=i<4.0ne vertex u;, 1<i<4 in each (CQ, ), 1<i<4
is not included in any of [V{],[V.], [V5]...., Vl’;l;zl], 1<i<A4.
2
For optimal induced H-packing k-partition, it is necessary
that the sub graph induced by u;, u,, us and u, contains a
path of length 2 in CQ, By the induction hypothesis,

ipp(CQn2)1) > l"T_ZJ + 1 leaving out one vertex unsaturated.
Label the vertices of [Vi], [V.], [V5],..., Vll;l;zj], in

2
(CQn2)1. Let @ be the mapping from {[V1'], [V21], [V31]....,
1 1 n-4 n-2
VlnT—z;l], VlnT_zJ]} to {l, 2, 3,..., lTJ’ lTJ} such that
o([Val)=a.
Similarly ipp(CQ,,.»). is greater than or equal lnT_ZJ + 1, each
of them leaving out one vertex unsaturated. Label the
vertices of [Vi7], [V27], [V4],..., Vl%;zJ] in (CQu2)2 as
2
follows. Let ¢ be the mapping from {[V:7], [V-7], [V&],...,
V], Via2]} t0{1, 2, 3,.., ["—“’] [E]} such that o([Vy])
= 2 2
=a+ 1. Let u; be the unsaturated vertex in (CQ,-,)1. Then

[N(up)] = n—2. By the induction hypothesis the edges
incident at vertices of N (u;) are adjacent to vertices in at

most l"T_‘*J partition sets. For the same reason u;, 2<i<4 is

adjacent to vertices in at most l"T_ZJpartition sets. In CQ, |

the unsaturated vertex from each (CQ,2)1, (CQn-2)2
(CQn-2)3 and (CQ,»)4 induce avertex digoint path of
length 2, leaving out one vertex unsaturated. Hence u,

1<i<4 is adjacent to at most ["T_ZJ + 1 partition setsin CQ,.
Since (Canz)lz(CQn72)4 and (CQ nfz)zz(CQ m2)3, the three
vertices u;, U, and uz are adjacent to at most l"T_zJ +1

partition sets. Therefore ipp(CQ,) EEJ + 1. Suppose n is
odd. CQ, contains two copies of CQ,-1, say (CQ,-1): and
(CQn-1)2. The induced Pspacking k-partition number of
(CQn )1 is |52 | +1 leaving
out one vertex unsaturated.
Since (CQny): is even. The
role of the partition sets in
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(CQn-1)1 is the same as that of (CQ,-1),. The union is an
optimal induced Ps-packing EJ + 1partition leaving out
two unsaturated vertices in CQ,.

Theorem 3.6.ipp(CQy) = |% | + 1, n=6.

Proof. [V4'], [V21, [V5']...., [VlnT-Zjl]- [V, V2T, V57, .
[V[nT—ZIZ]- A2 B Y2 A Y [V[nT—ZJB] and [V1'][V2T],
Vs, ..., [VlnT—2]4] be the partition sets of (CQ, 2)1. (CQn 2)-,

(CQn-2)3 and (CQ,-»)4 leaving out one vertex unsaturated
respectively. By previous lemma, the binding edges incident
at vertices of [Vi'], 1<i<|%2|, have their other ends in
exactly in one [V}, 1<j<|%2|in CQnp. Without loss of
generdlity we say that edges are between [ViY] and [Vi.11],
1<i<|™%| .The role of the partition sets in (CQy-); is the
same as that of (CQ,-2)4 and the partition setsin (CQ,,), is
the same as that of (CQ,,)s. By construction the four left
out vertices induce a cycle C in CQ,. Let P be a sub path of

length 2 of C in CQ,. The l”z;zj +1 partitions sets
constructed by our method together with P is an optimal
induced Ps-packing [nT_ZJ + 1 partition leaving out one
vertex unsaturated in CQ,.

Theorem 3.7. The Crossed Cube CQ,, n>2, Then CQ, has
perfect C4-packing.

Proof. Followsfrom Theorem 1.7.

Lemma 3.8. ipp(CQs, C,) = 2.

Proof. Follows from Lemma 1.8.

Lemma 3.9. ipp(CQ,, Cy) =4.

Proof. Follows from Lemma 1.9.

V. CONCLUSION

In this paper, we have proved that the induced H-packing
k- partition problem where H=P; exists for Enhanced
Hypercube, Augmented cubes and Crossed cubes. Further
we obtain ipp(G, C;) when G is Enhanced hypercube,
Augmented Cubes and Crossed Cubes networks . An
induced H-packing k-partition for Generalized Exchanged
Hypercubes, Folded Hypercubes, Twisted cubes, Spined
cubes, Parity cubes and Petersen Cubes are under
investigation.
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