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Abstract. Semi-Equivelar maps are generalizations of Archimedean solids to surfaces other
than the 2-sphere. In an earlier work a complete classification of semi-equivelar map of type
(3%,4) on the surface of Euler characteristic —1 was given. Vertex transitive semi-equivelar
maps on the double torus have been classified. In this article we study these types of maps on
the surface of Euler characteristic —1. We classify them and show that none of them is vertex
transitive.
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Introduction

A triangulation of a surface is called d-covered if each edge of the trian-
gulation is incident with a vertex of degree d. We got interested in studying
the content presented in this article while attempting to answer a question of
Negami and Nakamoto [17] about existence of d-covered triangulations for closed
surfaces. We had answered their question in affirmative [19] for the surfaces of
Euler characteristic —127 < y < —2 and further became interested in looking at
what happens for surfaces with y = —1. It was here that due to curvature con-
siderations of this surface we had to construct a map on this surface which we
named as Semi-equivelar map [24]. Such maps have also been studied in various
forms (see [1], [7, 8, 12, 11]). In the meantime we came to learn that Nedela and
Karabas [13], [14] have worked along similar lines and classified all the vertex
transitive Archimedean maps on orientable surfaces of Euler characteristics —2,
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—4 and —6 (see also [15]). In particular, they have shown that there are sev-
enteen isomorphism classes of Archimedean maps on the orientable surface of
FEuler characteristic —2, out of which exactly fourteen are semi-equivelar maps
with eleven distinct face sequences of types: (3°,4), (3%,42), (3%,8), (32,4, 3,6),
(3,4%), (3,4,8,4), (3,6,4,6), (43,6), (4,6,16), (4,8,12), (62,8). An orientable
closed surface of Euler characteristic —2 is the double cover of non orientable
closed surface of Euler characteristic —1. This motivated us to explore the exis-
tence of above eleven types of semi-equivelar maps on non orientable surface of
Euler characteristic —1. In the article [24] we have classified the semi-equivelar
map of type (3°,4) on this surface. Here, we investigate the remaining types
of semi-equivelar maps on this surface. In the next few paragraphs we describe
the definitions and terminologies used in this article. These definitions and ter-
minologies are given in [10] and we are giving them here for the sake of ready
reference. A standard reference on the subject of polyhedral maps is the article
[3] of Brehm and Schulte. For graph theory related terminologies one may also
refer to[21] and for topological preliminaries and terminologies one may refer to
[20].

Throughout this article the term graph will mean a finite simple graph. A
cycle of length m or a m-Cycle, usually denoted by C,,, is by definition a con-
nected 2-regular graph with m vertices. A 2-dimensional Polyhedral Complex
K is a finite collection of m;-cycles, where {m;: 1 < ¢ < n and m; > 3} C N,
together with vertices and edges of the cycles such that the non-empty intersec-
tion of any two cycles is either a vertex or is an edge. The cycles are called faces
of K. The notations V(K) and EG(K) are used to denote the set of vertices
and edges of K respectively. A geometric object, called geometric career of K,
denoted by |K| can be associated to a polyhedral complex K in the following
manner : corresponding to each m-cycle C,, in K, consider a m-gon D,, whose
boundary cycle is Cy,. Then |K| is the union of all such m-gons. The complex K
is said to be connected (resp. compact or orientable) if | K| is a connected (resp.
compact or orientable) topological space. A polyhedral complex K is called a
Polyhedral 2-manifold if for each vertex v the faces containing v are of the form
Cimnys -y Cmy, where Cpyy N Chy, .. Crpyyy_y N Chyy, and Gy, N Oy are edges for
some p > 3. A connected polyhedral 2-manifold is called a Polyhedral Map. We
will also use the term map for a polyhedral map. Among any two complexes K1
and Ky we define an isomorphism to be a bijective map f: V(K;) — V(K2)
for which f(o) is a face in Ky if and only if o is a face in K;. If K; = Ky
then f is said to be an automorphism of K. The set of all automorphisms of
a polyhedral complex K forms a group under the operation of composition of
maps. This group is called the automorphism group of K. If this group acts
transitively on the set V(K') then the complex is called a vertex transitive com-
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plex. Some vertex transitive maps of Euler characteristic 0 have been studied
in [4] and many others in [2], [5], [6], [16] and [18].

The face sequence (see [24]) of a vertex v in a map is a finite cyclically
ordered sequence (aP,b?,....,m") of powers of positive integers a,b,....,m > 3
and p,q, ..., > 1, such that through the vertex v, p numbers of C,, ¢ numbers
of Cy, ..., r numbers of C, are incident in the given cyclic order. A map K is
said to be Semi-Equivelar if face sequence of each vertex of K is same. A SEM
with face sequence (a?,b?,....,m"), is also called SEM of type (a?, b7, ....,m"). In
[22], maps with face sequence (3%,42) and (32,4, 3, 4) have been considered.

Let EG(K) be the edge graph of a map K and V(K) = {v1,v2,...,v,}. Let
Lk (vi) = {vj € V(K): vv; € EG(K)}. For 0 <t < n define a graph G¢(K)
with V(Gt(K)) = V(K) and ViV € EG(Gt(K)) if ‘LK(Ui)mLKO)j)‘ =+t In
other words the number of elements in the set L (v;) () Lk (v;) is t. This graph
was introduced in [6] by B. Datta. Moreover if K and K’ are two isomorphic
maps then G;(K) = G;(K') for each i. We have used these graphs in this article
to determine whether two SEMs are isomorphic.

In the article [24] it has been shown that:

Proposition 1. There are exactly three non isomorphic semi-equivelar maps
of type (3°,4) on the surface of Euler characteristic —1.

O

In the present article we show :

Lemma 1. If K is a semi-equivelar map of type (3, 4, 8, 4) on the surface of
Euler characteristic —1, then K is isomorphic to K1(3,4,8,4) or K2(3,4,8,4),
see the examples described in Section 1.

Lemma 2. If M is a semi-equivelar map of type (4,6,16) on the surface of
Euler characteristic —1, then M is isomorphic to M (4,6,16) or My(4,6,16),
see the examples described in Section 1.

Lemma 3. If N is a semi-equivelar map of type (62,8) on the surface of
Euler characteristic —1, then N is isomorphic to N1(62,8) or No(62,8), see the
examples described in Section 1.

It has been shown further that the maps described in the above Lemmas
are non-isomorphic, see Claim 1.1, 1.2 in page 5. Considering this fact together
with the above Proposition 1 it follows that :

Theorem 1. There are at least nine non-isomorphic semi-equivelar maps
on the surface of Euler characteristic —1.

O
In the article we also show that :

Theorem 2. There exist no semi-equivelar maps of types (34, 8), (3%,4,3,6),
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(3,6,4,6), (43,6) and (4,8,12) on the surface of Euler characteristic -1.

The article is organized in the following manner. In the next section, we
present examples of semi-equivelar maps on the surface of Euler characteristic
—1. In the section following it, we describe the results and their proofs. The
technique of the proofs involve exhaustive search for the desired objects. This
leads to a case by case considerations and enumeration of these objects. Since
the verifications are routine in almost all cases we have given this completely in
[23] and only referred to this here.

. .
1 Examples: Semi-equivelar maps on the surface of
o« 4
Euler characteristic —1
4
21 34 40 4 4 % 6 18 17 16
40 39 30 31
41 38 22 47 32 33 7 8 3
42 37 2423 4645 o9 16 3 15
43 36 4 5 28 17 2 10 9 12 14
44 b 3 6 o 18
29 45 2 7 17 6
28 20 26 21 10
w6 3419 1 s 294 o9 18 11 13 5
47 Mi(4, 6, 16) 23 8 4
21 9 36 K1(37 47 87 4)
18 0 37 19 23
17 38 7 16
6 15 10 4
33 14 13 12 11 40 6 20 . 22 17
41 42 31 32
43 30
14 2
44 29 15 3
15
40 39 o o7 2625 16 14 23
4 38 25 22 47 44 24 15 17 29 13
42 37 23 46 28 23 18 21
4443 36 24 s 4 5 45 29 22 14 . 10
3B 4 ;30 21 12 9 20 19 11
45 20 31 18 17
16 3419 1 8 3233 7 13 7
47 Mo (4, 6, 16) 16 10 0 6 16
2148 0 9 40 41 11 K2(3, 4, 8, 4) 15
17 39 1
15 5
16 14 1110 38 17 23
33 13 12 37
18 2 4 13
41 42 26 25 s
43 27
44 28 21 12
22 14
17 16 22 21
15 17 16 22 21
23
18 20 15
10, 18 10 2B 13
19 11 8 14 9
12 13 19 11 8 14
12 20
13 12
0 7 13 16
14 19 o 7
20 N1 (62,5) 18 "0 14 17 s
1 2
18 ' 9 N2(6%,8)
2 5 0 16 29
17 21 2 5
3 4 15 21
16 22 3 4
10 13
22 923 15 16
9 23 19 12
9 10

22 18
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Claim 1.1. N{(62,8) 2 No(62,8) and K;1(3,4,8,4) 2 K2(3,4,8,4), also Ny
(62,8), N2(62,8), K1(3,4,8,4) and K(3,4,8,4) are not vertex transitive.

Proof. Consider the graphs EG(G12(N1(6%,8))) = {[0,7], [3,4], [8,13], [11, 12],
[15,16], [22,23]}, EG(G12(N2(62,8))) = {[4,5], [18,19], [21,22]}, EG(G2(K1(3,
4,8,4))) = Ci2(1, 10, 12, 6, 19, 18, 2, 21, 14, 5, 23, 17) U Cgs(4, 13, 9, 7, 20,
15) and EG(G2(K2(3,4,8,4))) = C2(0, 8, 21, 3, 12, 10, 1, 18, 20, 6, 15, 22, 2,
17,19, 7, 9, 13, 5, 16, 11). From these graphs and discussions in page 3 it is
evident that N7(62,8) 22 No(62,8) and K1(3,4,8,4) 2 K2(3,4,8,4). Also from
these graphs one can deduce that the above four maps are not vertex transitive.
This proves the claim. (I

Claim 1.2. M;(4,6,16) 2 M(4,6,16) and M,(4,6,16), My(4,6,16) are not
vertex transitive.

Proof. Let A(EG(M;)) and A(EG(Mz)) denote the adjacency matrices associ-
ated to the edge graphs of Mj(4,6,16) and M2 (4,6, 16), respectively. Let P;(x)
and P»(z) denote the characteristic polynomials of A(EG(M;)) and A(EG(Mz))
respectively. If the map M; (4,6, 16) and M>(4, 6, 16) are isomorphic, then P (x)
= P(z), (see [16]). We have (using Maple) :

Pi(z) = 2 — 73246 + 245424 — 50419242 + 708648210 — 6323 + 3326237
+ 55370675236 — 7899823° — 325536254234 + 1117272233 4 1488079446232 —
10498532231 —532875964 7239 4 69274014222 +15001009001228 —3309799062:27 —
3321400851322 4+ 11647485182%° + 577331751452%% — 30454043652% —
784843205852%2 + 5935770108x%' + 8296526197420 — 862169084027 —
6763607136228 + 9302657658217 + 4201482389216 — 7407374240215 —
1953059223424 + 430241730423 4+ 660415451622 — 1787400560z
1549106652x10 + 5138579762° + 2301364882% — 9646616027 — 1706697625 +
105453442° — 494402* — 49593622 + 6726422 — 1920z;

Py(z) = 2% — 72240 4 238824* — 4842422 + 6720182%° — 28239 — 6770448238
+ 1464237 + 51267848x%6 — 34548x%° — 298108536x3* + 486936z33 +
1348802145232 — 4573164231 — 4785171566230 + 3024795622 + 1336032905428
— 1453051002%7 — 2937642592826 + 515828328x%° + 507833511682%% —
1365657624223 — 68773076142x%2 + 270680146422 + 7255958345420 —
4017232620219 — 5917342708828 + 4451481228z'7 + 3688071051626 —
365887907621° — 17277557628z + 2204369472213 + 5931587385z12 —
953952300211 — 1432856946210 + 28667122827 + 2266878578 — 5642320827 —
2015176825 + 649996825 + 573840z — 33036823 + 26880z2.

Therefore Mi(4,6,16) 2 My (4,6,16). Also, we have EG(G15(M1(4,6,16)))
= EG (G15(M(4,6,16))) = Cg(0, 2, 4, 6, 8, 10, 12, 14) U Cs(1, 3, 5, 7, 9,
11, 13, 15) U Cg(16, 18, 22, 24, 26, 28, 30, 32) U Cx(17, 21, 23, 25, 27, 29, 31,
33) U Cs(19, 35, 37, 39, 41, 43, 45, 47) U Cs(20, 36, 38, 40, 42, 44, 46, 34). Let
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a € Aut(Mi(4,6,16)) such that «(1) = 2 then « induces an automorphism
on EG(G15(M1(4,6,16))). So a({3,15}) = {0,4}. This implies a(3) = 0 or
4. But from the links of 1 and 2 it is easy to see that a(3) # 0. So we have
a(3) = 4, this implies a(13) = 6 and «(35) = 20. From «(35) — 20 we get
a(42) = 43. Now considering lk(42) and 1k(43) and the map «(42) — 43, we see
that a(13) = 14, a contradiction. Thus there is no automorphism which maps
1 to 2. Hence M;(4,6,16) is not vertex transitive. Similarly for Ms(4,6,16) we
get no automorphism such that «(1) = 2. This proves the Claim 1.2. O

2 Enumeration of SEMs on the surface of Euler char-
acteristic —1

Considering the Euler characteristic equation, it is easy to see that semi-
equivelar maps of types (3%,42) and (3,4*) do not exist on the surface of Euler
characteristic —1. As, in these cases the number of vertices required to complete
a link of a vertex is bigger than the number of vertices of the SEMs. From the
study of remaining eight types: (3%,8), (32,4,3,6), (3,4,8,4), (3,6,4,6), (43,6),
(4,6,16), (4,8,12) and (62,8), we show the following :

Lemma 4. There exists no SEM of type (3*,8) on the surface of Euler
characteristic —1.

Proof. Let M be a SEM of type (3%, 8) on the surface of Euler characteristic —1.
The notation k(i) = Cl()([lj, 12,13, 14,15, 16, i7],i8, i9,110) for the link of a vertex
i will mean that [i,i1,410], [4,%9,%10], [¢,18,7%9], [i,77,1s] form triangular faces
and [i,41, 19,13, 14, 15, i6,97] forms an octagonal face. If |V| denotes the number
of vertices in V (M), E(M) denotes the number of edges, T'(M) denotes the
number of triangular faces and O(M) denotes the number of octagonal faces in
map M, respectively, then it is easy to see that F(M) = %, T(M) = % and
O(M) = %'. By Euler’s equation we get, —1 = \V\—%—i—(%%—%), i.e. —1=
[V|(53)- From the equation we see, if the map exists then |V| = 24. Let V =
V(M) ={0,1, ..., 23}. Now, we prove the lemma by exhaustive search for all
M. Assume without loss of generality that 1k(0) = Ci0([1,2,3,4,5,6,7],8,9,10).
This implies 1k(7) = C10([6,5,4,3,2,1,0],8,a,b) for a,b € V. Observe that
(a,b) € {(10,9), (11, 12)}. In case (a,b) = (10,9), considering lk(10) we see that
1 lies in two octagonal faces, which is not allowed. In case (a,b) = (11,12) we get
Ik(7) = C10([0,1,2,3,4,5,6],12,11,8), 1k(6) = C10([7,0,1,2,3,4,5], 14, 13, 12),
1k(5) = C10([6,7,0,1,2,3,4],16,15,14), Ik(4) = C10([5,6,7,0,1,2,3],18,17, 16),
Ik(3) = Cho([4,5,6,7,0,1,2],20,19,18), Ik(2) = C1o([3, 4, 5,6,7,0,1], 22,21, 20)
and 1k(1) = C10([2,3,4,5,6,7,0],10,23,22). This implies 1k(8) = C10([9, ¢, d, e,
fyg9,h],11,7,0) for c,d,e, f,g,h € V. In this case we have (h,g) € {(17, 18),
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(21, 22)}. But for both the cases of (h, g) we see easily that no map exists, for
detailed calculation we refer the readers to see [23]. This proves the lemma. O

Lemma 5. There exists no SEM of type (32,4, 3,6) on the surface of Euler
characteristic —1.

Proof. Let G be a SEM of type (32,4, 3,6) on the surface of Euler characteristic
—1. The notation 1k(i) = Cll([il,ig,ig,i4,i5],i6,i7,i8,i9) for the link of ¢ will
mean that [i,41, 9], [4, 175, 6], [i, 76, 77] form triangular faces, [i,i7,1s,i9] forms a
quadrangular face and [i, 1, 42,13, 14 , 5] forms a hexagonal face. Let |V| denote
the number of vertices in V(G). If E(G), T(G), Q(G) and H(G) denote the
number of edges, number of triangular faces, number of quadrangular faces and
number of hexagonal faces in the map G, reSPectlvely, then it is easy to see
that E(G) = 5‘;', T(G) = 3‘;', and H(G) = ‘6" By Euler’s
equation we see, if the map exists then ]V| 12. Let V V(G) = {0, 1,

, 11}. Now, we prove the lemma by exhaustive search for all G. Assume
that 1k(0) = C11([1,2,3,4,5],6,7,8,9) then 1k(7) = Cy1([a, b, ¢, d, €],6,0,9,8) or
k(7) = C11([6,a,b,¢,d],€,8,9,0) for some a,b,c,d,e € V. But, for both the
cases we need more than twelve vertices to complete 1k(7). This is not allowed.
So the map does not exist. O

Lemma 6. There exists no SEM of type (3,6,4,6) on the surface of Euler
characteristic —1.

Proof. Let E be a SEM of type (3,6,4,6) on the surface of Euler character-
istic —1. The notation lk(Z) = 011([i1, 19,13, 14, i5], [i@, 17,18, 19, i10]77:11) for the
link of ¢ will mean that [¢,i5,46] forms a triangular face, [i,41,711,710] forms a
quadrangular face and [i, i1, 12, i3, i4, 5], [4, 16, 97, I8, 19, 110] form hexagonal faces.
Let |V| denote the number of vertices in V(E). If E(F), T(E), Q(F) and
H(FE) denote the number of edges, number of triangular faces, number of quad-
rangular faces and number of hexagonal faces, respectively, then we see that
E(E) = %, T(E) = %, (E) = %‘ and H(E) = %. By Euler’s equation
we see, if the map exists then |V| = 12. For this, let V = V(E) = {0, 1, ...,
11}. Now, we prove the lemma by exhaustive search for all E. For this assume
that 1k(0) = C11([1,2,3,4,5],[6,7,8,9,10],11), then 1k(1) = C11([0, 5, 4, 3, 2], [a,
b,c,d, 11],10) for some a, b, c,d € V. Now, it is easy to see that lk(1) can not be
completed, as a, b, ¢, d have no suitable values in V' (F). Therefore the required
map does not exist. Thus the lemma is proved. [l

Lemma 7. There exists no SEM of type (43,6) on the surface of Euler
characteristic —1.

Proof: Let F be a SEM of type (43,6) on the surface of Euler characteris-
tic —1. The notation k(i) = C11([i1, 2,13, 14, i5), 46, i7, i3, I9, 910) for the link of
i will mean that [i,11,4%10,%9], [7,15,%6,17], [¢,47,1s,19] form quadrangular faces



98 A. K. Tiwari, A. K. Upadhyay

and [i,11,12,13,14,15] forms a hexagonal face. Let |V| denote the number of
vertices in V(F). If E(F), Q(F) and H(F') denote the number of edges, num-
ber of quadrangular faces and number of hexagonal faces, respectively, then
E(F) = @, (F) = % and H(F) = %. By Euler’s equation we see if
the map exists then |V| = 12. For this, let V. = V(F) = {0, 1, ..., 11}.
Now we prove the lemma by exhaustive search for all F. Assume that 1k(0) =
C11([1,2,3,4,5],6,7,8,9,10). This implies, 1k(7) = C11([b, ¢, d, e, 6],5,0,9,8,a)
or Ik(7) = C11([b, ¢, d, €,8],9,0,5,6,a) for some a,b,c,d,e € V. Then for both
the cases of 1k(7) we need more than twelve vertices to complete. But this is
not allowed. So we do not get the required map. Thus the lemma is proved. [

Lemma 8. There exists no SEM of type (4,8,12) on the surface of Euler
characteristic —1.

Proof. Let M be a SEM of type (4,8,12) on the surface of Euler characteristic
-1. The notation lk(l) = Clg([il, iQ, i3, i4, i5, iﬁ, i7, is, ig, ilO, ill]y i12, [ilg, i14,
’L'15, i16, i17, ilg]) for the link of ¢ will mean that [’i, illa ’L'lg, ilg], [’i, ’il, ilg, i17, ’L'16,
1'15, i14, i13] and [i, il, 12, i3, i4, i5, iﬁ, i7, ig, ig, ilo, iu] form a 4—gona1, a 8—gona1
and a 12-gonal faces. If |V|, E(M), Q(M), O(M) and R(M) denote the number
of vertices, number of edges, number of 4-gonal faces, number of 8-gonal faces

and number of 12-gonal faces in M, respectively, then we see that E(M) = %,

QM) = %, O(M) = % and R(M) = % By Euler’s equation we see, if the
map exists then |V| = 24. For this, let V. = V(M) = {0, 1, ..., 23}. Assume
that 1k(0) = C15([1, 2, 3, 4, 5,6, 7, 8,9, 10, 11], 12, [13, 14, 15, 16, 17, 18]). This
implies 1k(1) = C15([0, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2], 19, [18, 17, 16, 15, 14, 13])
and 1k(2) = C15([3, 4, 5, 6, 7, 8, 9, 10, 11, 0, 1], 18, [19, a, b, ¢, d, €]) for some
a,b,c,d,e € V. Observe that a € {12,20}. If a = 12 then b = 13, for otherwise
deg(12) > 3. But, then 13 appears in two octagonal faces, which is not allowed.
So we have a = 20, this implies b € {12,21}. If b = 12 then ¢ = 13 and we get
13 in two octagonal faces. So b = 21. This implies ¢ € {12,22}. In case ¢ = 12,
d = 13. This implies 13 appears in two octagonal faces. If ¢ = 22 then d = 23,
now we see that e has no suitable value in V' so that 1k(2) can be completed.

So, the required map does not exist. O
Proof of Theorem 2. The proof of Theorem 2 follows from Lemmas 4, 5, 6,
7 and 8. O

Proof of Lemma 1. Let K be a SEM of type (3,4,8,4) on the surface of Euler
characteristic —1. The notation lk(i) = 011 ([il, i2, i3, i4, ’i5, i@, ’i7], ig, [ig, ilO] y ’in)
for the link of ¢ will mean that [i,ig,410] forms a triangular face, [i,i7,ig,i9],
[i,71,1911, 110] form quadrangular faces and [i, 1, 2, 13, 14, i5, i6, i7] forms a octag-
onal face. Let |V| denote the number of vertices in V(K). If E(K), T(K), Q(K)
and O(K) denote the number of edges, number of triangular faces, number of
quadrangular faces and number of octagonal faces in the map K, respectively,
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then we see that F(K) = %, T(K) = %, (K) = % and H(K) = %. By
Euler’s equation we see, if the map exists then |V| = 24. Let V = V(K) = {0,
1, ..., 23}. Now, we prove the result by exhaustive search for all K.

Let 1k(0) = C11([1,2,3,4,5,6,7],8,[9,10], 11), this implies 1k(9) = C11([b, c,

d,e, f,g,8],7,]0,10],a) and 1k(10) = C11([11,1, %, j,i, h,a],12,[9,0],1) for some
a,b,c,d,e, f,g,h, 1,75, k,l € V. Observe that b = 12 and a = 13, then octagonal
faces of the map K are O; = [0,1,2,3,4,5,6,7], O2 = [8,9,12,¢,d, e, f, g] and
Os = [13,10,11,1,k,j,i,h]. As these faces share no vertex with each other,
successively we get c=14,d=15,e=16, f =17, g=18,1 =19, k =20, j =
21,4 = 22 and h = 23. This implies 1k(9) = C11([12, 14, 15, 16, 17,18, 8], 7, [0, 10],
13), 1k(10) = C11([11,19,20,21,22,23,13],12,[9,0],1) and 1k(8) = C11([18,17,
16,15,14,12,9],0, [7, z], y) for some z,y € V. In this case, (z,y) € {(19, 11), (19,
20), (20, 19), (20, 21), (21, 20), (21, 22), (22, 21), (22, 23), (23, 13), (23, 22)}.
If (x,y) = (23,13) then considering lk(8) and 1k(13) successively we see 1218 as
an edge and a non-edge both. Also, (19,20) = (23,13); (20,19) = (22,21) and
(20,21) = (22,23) by the map (0, 9)(1, 12)(2, 14)(3, 15)(4, 16)(5, 17) (6, 18)(7,
8)(11, 13)(19, 23)(20, 22); (20,19) = (21,22) by the map (0, 8)(1, 18)(2, 17)(3,
16)(4, 15)(5, 14)(6, 12)(7, 9)(10, 21) (11, 22)(13, 20)(19, 23); (19, 11) = (21, 20)
by the map (0, 8)(1, 18)(2, 17)(3, 16)(4, 15)(5, 14)(6, 12)(7, 9)(10, 21)(11,
20)(13, 22). So, it is enough to search the map for (z,y) € {(19, 11), (20, 19),
(20, 21), (23, 22)}.
Case 1. If (z,y) = (19, 11) then constructing the map successively we get 1k(8)
= 1 ([18,17,16, 15,14, 12,91, 0, [7, 19], 11), Ik(7) = C11(]0, 1,2, 3,4, 5, 6], 20, [19,
81,9), 1k(19) = C11([20,21,22,23,13,10,11], 18, [8,7],6), 1k(11) = C1([19, 20,
21,22,23,13,10],0, [1,18],8), Ik(1) = C11([0,7,6,5,4,3,2],17, [18,11], 10), 1k(18)
= (11([17,16,15,14,12,9,8], 19, [11,1],2) and 1k(6) = C11([5,4,3,2,1,0,7], 19,
[20,m],n) for some m,n € V. In this case, (m,n) € {(14, 12), (14, 15), (15, 14),
(15, 16), (16, 15), (16, 17)}. If (m,n) = (16,17) then considering 1k(17) we see
25 as an edge and a non-edge both and, if (m,n) = (14, 15) then considering
k(6) and 1k(20) we see that 1k(21) can not be completed. For the remaining
values of (m,n), we have following subcases.

When (m,n) = (15,14) then 1k(6) = C11([5,4,3,2,1,0,7],19, [20,15], 14),
Ik(15) = C11([16,17,18,8,9,12,14],5,[6,20],21) and 1k(20) = Cy1([21,22, 23,
13,10,11,19],7, [6,15], 16). This implies Ik(21) = C11([22, 23,13, 10,11, 19, 20],
15,16, 0],p) for some o,p € V. Observe that (o,p) € {(3, 2), (3, 4), (4, 3),
(4, 5)}. In case (o,p) € {(3, 2), (3, 4)} considering 1k(21), 1k(16) and 1k(3)
successively we see that lk(4) or 1k(17) can not be completed. If (o,p) = (4, 3)
then considering 1k(21), 1k(4), 1k(16) successively we see that 1k(22) can not
be completed. If (0,p) = (4,5) then successively considering 1k(21), 1k(5) and
1k(22), we get Cy(9,10,11,19,20,21,22,23,12) C 1k(13). A contradiction. So,
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(m,n) # (15,14).

Subcase 1.1. If (m,n) = (14,12) then successively we get K1(3,4,8,4) as
given in Section 1.

Subcase 1.2. When (m,n) = (15, 16) then we get an object which is isomorphic
to K2(3,4,8,4), as given in Section 1, by the map (0, 23, 7, 22)(1, 13, 6, 21)(2,
10, 5, 20)(3, 11, 4, 19)(8, 14, 17, 9, 15, 18, 12, 16). Consideration of other cases
is a similar enumeration the details of which are given in [23]. We do not get
any new object in this process. To save space we are hence referring the reader
to [23] for further details. O

Proof of Lemma 2. Let M be a SEM of type (4,6, 16) on the surface of Euler
characteristic —1. The notation lk(i) = CQQ([il, 12,13, 14,15, 16, 17, 18, 19, 110, £11,
’i12, i13, i14, ’i15, ’L'16, i17, ilg, ’L'lg, ’iQO) fOI‘ the hnk Ofi WIH mean that [’i, ’L'15, ’i16, i17],
(4,141,120, 919, 18, i17] and [i, 71, 2, i3, 14, i5, i6, i7, i3, 19 , 110, 111, 112, 113, 114, 115] form
a 4-gonal face, a 6-gonal face and a 16-gonal face, respectively. Let |V| denote
the number of vertices in V(M). If E(M), Q(M), H(M) and P(M) denote the
number of edges, number of 4-gonal faces, number of 6-gonal faces and number
of 16-gonal faces, respectively, then E(M) = %, QM) = %, H(M) = %
and P(M) = %. By Euler’s equation we see if the map exists then |V| = 48.
For this, let V= V(M) = {0, 1, ..., 47}. Now we can prove the result by
exhaustive search for all M.

From a case by case consideration for different values of (¢, d) similar to that
of Lemma 1 we get M; and My as given in Section 1 and we do not get any
other object different than these. The detailed enumeration is given in [23]. To
save space we are hence referring the reader to [23] for further details. O
Proof of Lemma 3. Let N be a SEM of type (62,8) on the surface of Euler
characteristic —1. The notation lk(’L) = 014([’i1, ig, ig, i4, i5, i6, 7:7], ig, ig, ’ilo, 7:11,
112, 113, i14) for the link of ¢ will mean that [i, 17,18, 19,110, ill], [i, 11,114, 113, 112,
i11) form hexagonal faces and [i, 1, 92, i3, 14, i5, i6, i7] forms a octagonal face. If
V|, E(N), H(N) and O(N) denote the number vertices, number of edges, the
number of hexagonal faces and the number of octagonal faces in the map N,
respectively, then E(N) = %, H(N) = % and O(N) = %. Using Euler’s
equation we see that if the map exists then |V| = 24. A case by case consid-
eration similar to that of Lemma 1 gives us N; and Ny as given in Section 1.
We do not get any other object different than these. The detailed enumeration
of this is given in [23]. To save space we are hence referring the reader to [23]
for further details. These proofs are also available with authors and may be
supplied if required. O
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Abstract. The main aim of this paper is to establish some companions of Ostrowski type inte-
gral inequalities for functions whose second derivatives are bounded. Moreover, some Ostrowski
type inequalities are given for mappings whose first derivatives are of bounded variation. Some
applications for special means and quadrature formulae are also given.
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1 Introduction

In 1938, Ostrowski [27] established a following useful inequality:

Theorem 1. Let f : [a,b] — R be a differentiable mapping on (a,b) whose
derivative f': (a,b) — R is bounded on (a,b), i.e. ||f'|l = sup |f'(t)] < oo.
te(a,b)
Then, we have the inequality

__a] G-alsle. @

for all x € [a,b].

The constant % is the best possible.

Inequality (1.1) is referred to, in the literature, as the Ostrowski inequality.
Numerous studies were devoted to extensions and generalizations of this in-

equality in both the integral and discrete case. For some examples, please refer
to ([10], [11], [17]-[26], [28]-[35])
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