
ONE.FACTORIZATIONS OF REGULAR GRAPHS
AND HOWELL DESIGNS OF SMALL ORDER
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1. Introduction.

A l-factorization of a graph G is a partition of the edge-set of G
into l-factors (:perfect matchings). Two L-factorizations fi, Fz of G
are orthogonal if. any two edges of G belong to distinct l-factors of. t2
whenever they belong to the same l-factor of Ft.

A Howell tleaign H(s,n) is a square array of side s such that (i)
each cell is either empty or contains a 2-subset of au n-set .Iy', (ii) every
element of N occurs in exactly one cell of each row and each column,
and (iii) any 2-subset of i[ occurs in at most one cell of the array.
Necessary and sufficient conditions for the existence of a Howell desigu
H(s,n) were recertly obtained by the second author [f, g].

On the other hand, not much seems to be known about the num-
ber of uonisomorphic Howell designs. It is well-known (see, e.g., [6])
thir,t a Howell design H(s,n) is equivalent to a pair of orthogoouf I-
factorizations of (some) regular graph of degree s and. ord.er n (i.e., with
n vertices). Thus when trying to enumerate Howell designs, a natu-
ral approach would a,ppear to be to enumerate fi.rst the l-factorizations
of regular graphs, and then to examine whether they admit orthogonal
mates, with a subsequent (or simultaneous) isomorphism rejection. This
is essentially the approach that we adopted, and this paper is a report
or our findings.

Starting with a known listing of regular graphs given in [e], we enumer_
ater: 1. nonisomorphic l-factorizations of regular graphs of orcler < 10
and d.egree ( 7; 2. nonisomorphic pairs of orthogonal l-factorizations
of these regular graphs, i.e., nonisomorphic Howell d.esigns.

2. General comments.

Let G be a regular graph of degree I on n vertices (n even). If there ex_
ists a pair of orthogonal l-factorizations of G (resulting in a H(s,ru)), we
will say that G admits a Howell deaign. Although the existeo., qo.*iion
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for Howell desigls h.as beeu completely-settled., the question about whichregular.gr.aphs ad.mit a Howell design do.* o-J jpr.", to be ar easy one.Since the existtnce of a pair of orthogooat t utio- squares of ord,er n isequivalent to the existenle of a pair of orthogonal l-factorizations ofK*,,*, it follows (cf. [E]) that the complete biiarrite graph K*,* ad-rnits a l{owell design whenever TL *.2.o, O. fefifr""g}, no other regulargraph of desree fru on.n vertices admits 
" Ii";;iidesign if n <g, founout of Sg other 5-regrrlar graphs on l0 vertices do (cf. Tables 6 and gbelor'r), and so does at l..u-rt orr* of (the other.) 6_regular graphs on 12verticc.s [4, E].) Sinrilarly, the turiqu. (" _ ii_r"*,rf* and the unique(n - Z)-regular graph on n verricer(i.e., th"-;;;;lete graph Kn, and.the cockta,il-party graph I{n - f' (f"a ,-r-.i"ri,'rlrp*.tir"ly) admit aHowell design if n ) g, and'it , > 6, respectively. This follows fronr therestrlts on the existence of H(n _ r, 

") ir."., R;;.; squares of order n)and ff(n - Z,n),s [t, S].
Not rnuch else appears to be known in general. One of the reasonsthat we undertook ihe investiguiio, of s-reprlar graphs on n verticesfor snrall n (rt, !.10) was th""hopu that th]s wilf shed some light onthe general question above. Although this did oot q,rit* materialize,nevertheless, we feel that the followinl is *"r; lik"; to be true:

Conjecture. For every & > I there exists a number JVp such that for alln > j\I6 (n even), every {n - &)-regular gr"ph;; n vertices ad,mits aHowell desiga H(n - t,"i. '
TIre conjecture is true, of course, for & : lrlrbut to prove it alreadyfor & :3 will likely not ie easy.

$. Howell designs .ff(s, n), n 1g.
The following is well-knowu and/or an easy exercise, and is recordedonly for the sake of cornpletenes*:
There exists no H.(2,+),_1tte,4) 

_o, I/(8,6) [E, gJ.
There exists ",*iql" f1e,b1 and uuiquo ufi,'a1(up to an isomor_phism, of course); oflhe two'Blrenrla, g*ph, |o o u.rtices, it is Jfs,swhich admits a Howell design 1*i eu ,Ui.n a*, not).

, Il:'"t 
dismissed the trivial case n I 6, we thus proceed to the case

3.1. There exists a uaique H(4,g) (up to aa isomorphism).

We may a$sume w.l.o.g. that the first row of a Howell design II(4,g)is (rz 84 56 z8). Then tf,. ,..ood row is, *.1.".;.;-;irher (58 6z ri zs;
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(Case l) or (67 18 23 45) (Case 2). We may again w.l.o.g. assume that
the cell (3, 1) contains the elemeut 3.

Case I. The cell (3,1) must contain the pair 86 (as J4 occurs already
in the first row, and 3Z in cell (9, 1) would force 2g in cell (3,8) which in
turn would force BZ in cell (4,8) as well, a contracliction). 

'Therefore 
the

cell (4, 1) corrtains 47. The cell (8,3) must then cont ain, ZZ (the element
7 czrn occur in the thircl column only in cell (B, B) but ,ince Zg occurs
tr,lrezr,dy in the first rorv, 27 is the only possibility left). Consequently,
the cell (3,4) contains 38. It is now easily seen that a unique completion
of the 3rd and 4th row is norv forced, to (36 Lg ZZ aS) and (47 ZS ea tO;,
respectively.

The undellying graph of the resulting Howell design is -If4,4, and,
iu fact, this is the well-knowr HD(4,8) tE] from a pair of oriilogorul
Latin s(luares of order a (which is well-known to be unique *p io uo
isonrorphism).

Case 2. The cell (8, l) rnust contzrin the pair SS (as 34 occurs already in
the fi.rst row, and 38 would force 45 in cell (4, 1) but 4b occurs alrearly).
Therefore the cell (+, t) contains 48; this forces 1Z in cell (4,8) and then
again 48 in cell (3,3) a contradiction.

An alternative proof is via exhibiting all distinct l-factorizations of 4-
regular graphs on 8 vertices, and inspecting all pairs of them for orthog-
onality. Hovrever, exccpt possibly in this case, this approzrch becornes
cluickly iurprir,ctical (cf. Tables 6-8) for uproofs by hand, ancl is suitable
only if on.e uses computer.

3.2. ?here exisfs no ff(b,8).

Hung and Mendelsohn [E] reported this as a result of a computer
search. We think that the unor-computer proof" below may be of io-
tert st -

Assume tb.at a Howell design fI(S,8) exists. We may assume w.l.o.g.
that the, cell (1,1) is ernpty, aud that the first row is 1-f Z 34 56 ?g).
Then w.l.o.g. the first colurnn is either (-13 24 SZ 6g)" (Case I) or (_
18 23 45 67)r (Case II).

Case I. As thc. cell (2, l) contains the pair 13, we may assume w.l.o.g. that
one of the rernaining three occupied cells of row 2 contains the pair ZS;
this forces the rernaining two occupied cells in row 2 to contain the pairs
48 and 67.lf.48 were to occur in cell (Z,Z) then one would be unable to
corrrplete colurnn 2 (as all three of 56, 57,67 already occur in the square);
thrrs 48 must occur in cell (2,4). Similarly, if 25 were to occur in cell
(2, g), one could not complete column J (as all three of 67,6g,2g already

101



o..:y in the square); thus 2b must occur in cell (2, S). If 6Z were incell (2,2) theu the only way to complete column 2 would. be with pairs38,45, and the pair 45 wouldhave to be in cell (5,2); but then the onlyway to complete low 5 would be with pairs lT,ii, and the only way toconrplete column 4 would also be with pairs ti,Zl which is impossible;thrrs CZ cannot :::"r]l cell (2,2). Conl.qu.iif*-*r, 2 musr be of theform (IB-GZ 48 zS). The only way to complete column g i, *ith ;oir*15,28, and the pair 2g must go io cell (4, *-;; Uot then the ,nly wiy tocornplete row 4 would be with pairs 14,36, uod th. only way to .o*fl.t.column 5 would also be with pairs 14, g6 which is impossible.

Case .[L W.l.o.g., we have to distinguish four cases according to whetherthe remaining three pairs in the occupied. cells of row 2 are ZT, gS, 46(Case Itra), 26, gE,47lcur" IIb), 2s, tri,ll (Case il.; or-zi,io,ilrllo*"rrd).

Case IIa. If the pair BE were in cell (2,2) then the only way to completecolumn 2 would be with pairs 42,6g, and column 2 would have to be(|z.ls 47 ea*y, Bur wirh 4E and.68 in cetis fn,rl uoa i+,;i;.;;".-tively, row 4 is impossible to complete. Thus tf* pui, BE cannot be incell (2,2) which implies that BS must be in cell (2, f1 uoa 46 must be incell (2, ?). Now colurnn 2 can be completed either with the pairs BZ, bgor with the pairs gB, EZ. If the pairs 3Z, bg were to occur in column 2then the pair 37.must be in cell (4,21. if tn. pulr-Sg were in cell (b, Z)then row b would ha-v9 t.o be (6? SS_f'g Zl) which in turn forces the pair
16 in cell (4, E) bur this implies rhat the. two ."tt, (i, 2) and (;,;il;;"*3 are empty, a contradiction. If the pair Eg *"ij"'i* cell (S,2) then theonly way to complete row B would be with puim iola7 and the only wayto complete row 4 would be with pairs L6,ig, u.ootrudiction. Thus thepairs 38, b2 rnust occur in column 2, with 57 in cell (J, Zy. Cn.-.f.**ot
5 nrust row occur in cell (a, g).

If 58 occurs in cell (E, g) then row 5 must be of the form (62_5g lS 24)which in turn forces column 4 to be of the form (56 Zi'+a_ii1iluoa
colunrn E to be of the- fo.rm (7g 85 16_24)r, u .orrt*diction as this wouldmean two empty cells in row 4. If lE occurs in cell (b, B) ;t;; ;;i;*"3 rnust be (e+ 2Z 68-15)" which forces column E to be'(fe SSiO-ZaJr,now if 38 would appear in.cell. (4,2), row E .u*oot be complei.a, Laif 38 would appear.in cell (S,2); two cells (2,4) and (b, ) in column 4would be empty. Finally, if 25'occurs in c")l'(S,Aj then row 2 urust be(tS 46-27 35) which forces column B to be 1SA_Oa'fZ 2E)" and the pair26 to appear in cell (+, s). Bur then Bg must occur in .*lt 1a, iy *jilin cell (J, S) which forces two cells (8,4) ."a i+, Al in column 4 to be
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empty, a contradiction.

Case llb. If the pair 35 were in cell (2,2) it would be impossible to
complete colurnn 2, thus 35 must be in cell (2, S) and so 26 must be in
cell (2,3). Column 5 can uow be completed only with pairs 16,24, with
24 in cell (5, 5) which forces cell (4,4) to contain element Z. If. 27 werc
in cell {4,4) then colurnn 3 must be (3a 26 IZ-S8)r whichforces row b
to be (67-58 f3 24) which in turn forces column 4 to be (56-49 ZZ u)T;
but theu row 3 is impossible to completc. If 18 were in cell (4,4) then
the ouly way to cornplete column 3 is with pairs lZ, 58, and the only way
to cornplete row 5 is with pairs 13,58 which inrplies that b8 must be in
cell (5,3), 13 must be in cell (5,4),47 must be in cell (2,4), and so two
cells (2,2) arrd (5,2) in colurnn 2 would be empty, a contradiction.

Case IIc. If the pair 47 were in cell (2,2) then row 2 must be (f a 47 25-
36); thr.r only way to coruplete colurnn 2 would be with pairs J5,68
and the only way to complcte ctrlumn 3 would be with pairs 12,68, a
contradiction. Thus 47 nrust be in cell (2,4). If 36 were in cell (2, Z) then
columu 2 would have to be (tZ 36 57-48)? which would force column 4
to be (56 47-28 13)" but then row 5 would be irnpossible to complete.
Thus 36 cannot be in cell (2,2), and row 2 must be (18-25 47 36). This
forces column 5 to be (78 36 L5-24)T but then row 3 is impossible to
cornplete.

Case IIt7. If the pair 36 were in cell (2,2) then cotumn 2 must be
(12 36 47 - 58)r but then row S is impossible to complete. Thus 86
rnust be in cell (2, 5), and 24 must be in cell (2,4). This leaves as the
only possibility {br column 5 (78 g6 14 - zqr but then row S is impos-
sible to complete.

In either case, the square cannot be completed. o

3.Jl ?Jrere exisf exactly three nonisomorphic ff(6,8),s.

This was obtaiued both by hand aud by computer, by using essen-
tially the same approach. First all nonisomorphic I-factorizations of
the cocktail-party graph Ka - f,' were found (fa in total, cf. Table 2).
Afterwards, for each of these all possible orthogonal mates were con-
structed. Irt the final step, the obtained set of Howell designs was tested
for isornorphic copies, and duplicates were deleted.

The only difference between the hand and computer calculations that
is worth noting is that when working by hand, in enumerating the nou-
isomorphic l-factgrizations of lfs - .F a use was made of the known
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nonisomorphic l-factorizations of Ka [g]: from each of t]re 6 nonisomor-phic l-factorizatious- of .K3, a representative of each orbit of l-factors(y.der the group of the l-factorization) *u, o*irred one at a time.This resulted in a set of l-factorizations of .fi(8 _ 
^t, from which isomor-phic duplicates were then removed. When *lrkiog or a computer, alldistinct l-factorizations of .[(E - Ir were obtained first, and isomorphicduplicates were eliminated by a usiev",, **rUoa l.t. S..tion n beloi).'fhe nonisornorphic l-factorizations of the cockiail-party graph Ku _.E are Iisted in Table 2, together with.their typea. The type of a 1-factorizatiou indicates how many of all (l) : f S poi., of its l-factors haveas their union two 4-cycles, and one a-llcle, reipectively. As seen fromTable 2, iu this case the type is a fairly ,.oritiu*,-t,norrgh not a .o*p1.t*invariant. We also inclicate in Table 

-Z 

1i" th. .oi**n headed Ott(Ks)No.) which of the 6 nonisomorphic l-factorizations of the complete graph
1(8. results (in ttre numbering-of [e]) if the (;*;i ,,missing, l-facrorln is added to the l-factorization of Ks * f. O"fy'four out of thirteenuonisomorphic l-factorizations of If8 _ ]7 adrnit an orthogoual mate,and. only. one (No- Z, 

"!.Table 2) admits 2 nonisomorphic mates, oneof them isourorphic to itself. Th; three 
"o"i*o*o.phic Howell designs.H(6,8) are listed in Table 3.

4. One-factorizations of s-regular graphs on l0 verticesand Howell designs I{(.s,10) rvith s ( 7.

When the number of vertices is increased to 10, it becomes quicklyapparent that for nore of the questions addressed in Section B is handcomputation any longer feasible. Thus all results of this section wereobt-ained by computer. A brief description 
"f 

th. ;i;"rithms usecl follows.
We used the list of connectecl regular graphs gi;.r, in [S] (where thegraphs are given by the list of their 

"ag.l) *ni.t *" augnrented when_ever aplrlicable with the disconnected reguiar graphs. For a given graph,all its distinct l-factors were generated UV o ,i*ple backtrack. The du-plicates from the (orderecl) lisi of clistinct l_lactors were then eliminatedby a sieve-like procedure using the action of the automorphism group ofthe graph on its l-factors. First, all images of the nrrt f_fu.tor on the list(except itself) were deleted from the liJt, n*xt ulilmages of the second(remaining) l-factor (except itself) were deleted, etc. Clearly, after onep,ass through the list only nonisomorphic l-factors remain. Note thatthe procedure is computationally feasibl" only due to the small size ofboth the group orcler and the ,el of d.istinct l_factors.
'Ihe procedure fbr gcnerating distinct and uonisomorphic l-factoriza_tions is sirnilar, as is the procedure for generating all nonisomorphic
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pairs of orthogonal l-factorizatious (i.e., Howell designs).
The results of calculations are listed in Tables 4-ll. First of all, the

nurnbering of graphs is as iu [B] (for specilic differences, see comments
directly within the respective tables). Tables 4,5 list all regular graphs
on 10 vertices of degree B and 4 respectively (actually, the unique disctn_
nected graph of degree 4 consistiug of two clisjoint Ifs,s is not includ"ed
in Table 5 as it has no l-factor). Since the listing of graphs in [S] does
not zrppear readily available, we have included Ttr,bles 4a amd Ea wiih the
lists of edges of the connected 3- and 4-regular graphs on l0 vertices, as
it appears in [S]. [In the listing of t]re 4-regular grap]rs on l0 vertices in
[3], there is a misprint in the graph No, 32: the eJge 6g shou]d. app&r-
ently read 69.] Tables 6, 7 and 8 list all 5-, 6- ancl 7-regular graphs on l0
vertices respectively. An extra colurrrn contains informatiorl on Howell
designs //(s, 10) for s : 5,6, Z. The totals give the followirrg:

Th,ere etist eru,ctly 6 noniaomorphic H(5,10) ,s.

Th,ere erist etactly LB nonisomorphic f/(6, l0) ,s.

There etist eractly 901 noniaomorphic H(7,10),s.
On the other hand, there exists no set of three pairwise orthogonal

l-fa,ctorizations (i.e., no uHowell cube") of an s-regular graph ou I0
vertices where I : 5,6 or 7.

We nray add, for the sake of completeness, that there exist exactly
257630 nonisomorphic Room squares of side g, exactly 252 nouisomor-
phic Room cubes of side 9, and exactly one (up to isomorphism) 4-
dimensional Room hypercube of side g ([2]). A corresponding enu-
meration for the graph Krc - fr was recently done by E. Seah aod
D.R. Stinson. There are exactly 3192 nonisomorphic l-factorizations,
exactly 18220 nonisomorphic I{owell designs }f(g, f0), exactly 3 uoniso-
morphic sets of three orthogonal l-factorizations, and exactly I set of
four orthogonal l-factorizations (up to isomorphism). (This set of four
was first constructed by D. Lamken and S.A. Vanstone).

Tables 9 and 10 list all nonisomorphic .H(5,10),s and If(6,10),s while
Table 11 lists, for each of the 7-regular graphs on 10 vertices, one example
of a H(7,10) admitted by the graph.

One comment concerning Table g and the two Howell designs II(8,10)
admitted by IG,s: although we are convinced that it must be well-known
that there are precisely two nonisomorphic pairs of orthogonal Latin
squares of order 5, we are unable to produce a reference for this fact.

5. Concluding remarks and open problems.

Very recently, Brickel [a] found a Howell cube .EI(6,12); this is the
fi.rst example of an n-regular graph oaZn vertices (other th; I{,",,.) that
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admits three orthogonal l_factorizations. M*y more examples shouldexistforn:6.
One questiou one might ask in connection with this is, what proportionof n-regular graphs with 2n vertices admits a Howell desigl? Of course,we cannot realistically expect a complete answer.
Anotl:er qrrestion that has been ari"d before iii i, oUo,rt the existenceof special Howell cl.esisls H* (n -f t,Zn) where ,'ir' **rr. The underlyinggra.ph of such a design l{*-r*e^*r (*i.r" + a*"ot., the join, md e,,+ris a 2-rergular graph on n * t v.rii."r). The u*ofi*r, known example inthis class jr H, (LJ,Z4) given in [Z].Scott Vanstone and- other, .or.j".tured that the maximum numberof pairrvise orthogonal l-factorizations of uoy ,o"Sular graph on 2zvertices does not exceed n _ L. If true, this would generalize the up-pel bound ou the:rumber of pairwis. orihogo".i L*,i, squares and thecorrjectrired bound for pairwise orthogo"d (:;;p*oai.,rtur) symmetricLatin squares. Unfortuuately, we are not aware of any prosress towardssettling this conjecture.
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Table 1. Regular graphs ou 8 vertices.

Graph No.

3. r

3.2

3.3

3.4

3.5

lrl Dpr{

165
NPM DOF NOF

45

22

3r

Coument

Q3

Rs(8) t7 I

t26r2

ItD Edges

12, L3 , 14 , 23 ,24 ,35 ,
46 ,57 , 58 ,67 ,68 ,78
12, l3, 14 ,23 ,25 ,36
45 ,47 r 58,67 ,68 ,78
12, l3 ,L4,23,25,36
47 ,48, 57 ,58,67 ,68
I2,13,L4,25,26,35,

.. 37,46,47,58,68,78
12 , 13, L4 ,25 ,26 ,35 ,
37 ,46,48 ,58 ,67 ,7 8

Kr, Kq

0 co(3. t)
0 co(3.2)
0 co(3.3)
0 co(3.4)
0 co(3.5)
lK. 4-4o co(Cr)
0 co(CO w CO)

O co(C, v cr)
3 K8-F

6Ks

I

I

I

489242

167332

r6

31

3.6
4.L
4.2
4.3
4.4
4.5
4.6
5.I
5.2
5.3
6.1
7.L

I. I52
I6

4

L2

4B

l6
I 152

l6
l28
60

384

8t

r.6
4B
56
24
412
36
124
738
456
r36
2 416

L 6240

9

l6
l4
L4

I
3

3

t
5

')

.,

9

8

2

3

6

I4
24

33

30

60

[05
t

lrl
DPM

NP},{

DOF

NOF

HD

E order of the auEooorphlsu group
number of dlsrlnct l-facc.ors
nuober of nonlsooorphlc l-faccors
number of dlsctnct l-facrorlzac,lons
number of nomtsooorphtc l-factorlzatlons
number of nonlsomorphlc Howell deslgns
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Table 2. The lB nouisomorphic l-factorizations of Ka_ E.

Type
4+4

oF(K8
No.
tt
Fz

tz
,2
F4

Fl
Fq

F3

F3

F3
F
^5
t5
F6

Orthogonal
oaCeS

I
2

0

0

0

0

0

I
0

0

I
0

0

)No.

I

2

3

4

5

6

7

8

9

t0
II
L2

t3

l0
r0
L2

t2
t3
l5

I -f acEo rs
1r2,4,7,12,18
| ,2 14 ,7 , L2,2L
l,4,7r12,lg,2l
2,4,7,12,19,21
I ,2,9, 13, 15,20
lr2r3rBr16r20
L ,2,4, 13, 15,20
I ,2,3, 13, 16,20
[ ,3 ,9, 13, 16 ,20
I ,2, B, 13, 16,20
1,2,5,13,14,20
I ,2,5 r9, 14 ,20
[,3,6,10,1[,17

I
0

4

6

I
B

9

9

l5
tl
9

7

7

6

6

5

5

3

3

2

0

Llsc of l-factors:
l: LZ 34 56 tB
2z 1324 5768
3: t3 25 4t 68
4z L4 23 58 67
5: L4 25 38 G7

6: t4 27 36 58
7: L5 26 37 qB

15 27 36 48
L5 27 38 46
r5 28 37 46
r.6 23 48 57
16 25 38 47
16 28 37 45
t7 23 46 58

L7 25 36 4S

L7 25 38 46
L7 26 3S 45
17 28 35 46

L7 28 36 45

rB 26 35 47

L8 27 36 45

B:

9:
l0:
II:
L2:
l3:
t4:

t5:
t6:
L7z

t8:
t9:
20:
2L:
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Table 3. The 3 nonisomorphic Howell d.esigns I/(6, g).

6Btl

67

48

25

L4

35

27

13 68

67 t4

48 27

l5

25

24

5B

37

r.6

5l

23

26

38

L7 46

45 t8

24 57

58 23

36

t6 28

t7 46

37 45 r8

51 68 24

14 23 58

r5

47 16

38

26 37

36

28

L7

45

27

35

46

IB

t3

67

48

25

t5

47

28

36

[5

47

38

26
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Table 4. Regular graphs of degree 3 on l0 vertices.

Craph No. I rl
L32
zt6
34
4a
5 16

6Z
l4
B4
9g

IO L2

Il 6

126
L3z
L4 48

t5 20

164
L7 20

lB8
19 120

20 2BB

2L L72B

DPM

4

I
7

6

1,0

6

7

8

7

6

9

6

I
L2

II
9

r3
I
6

L2

I8

NPM

I
2

3

3

2

4

5

3

3

t
2

2

5

I
3

6

4

3

I
2

I

DOF

0

4

2

2

4

I
L

2

2

2

4

I
3

4

5

3

6

z

0

6

2

NOF

0

L

I
I
I
I
t
L

I
L

2

I
2

L

I
2

2

I
0

t
tt

Cooruenc

roud,
*o U *r,

3

lrl
DPM

NPM

DOF

NOE

= order of che auEooorphtso group
- number of dlsclncc l-faccors
= number of nonlsomorphlc l-facEors
- number of dtsrlnct l-facrorlzaclons
= number of nonlsomorphlc l-factorlzaclons

u0



Table 4a.
Connected regular graphs of degree 3 on 10 vertices - list of edges.

Graph No. Edges

l

2

3

4

5

6

7

I

9

IO

tl

1.2

13

t4

r5

r6

L7

l8

r9

l-2 ,3 ,4;2-3,4 ; 3-5 ;4-5; 5-6 ; 6-7 , B; 7-9 , L0; 8-9 , I0;9-t 0

I-2,3,4i2-3,4;3-5;4-6; 5-6,7 i6-B; 7-9, I0;8-9, l0;9-t0

l-2, 3,4 ;2-3, 4 ; 3-5 ; 4-6 ;5-7, I ; 6-7, 9 ; 7-t 0 ; 8-9, t0 ; 9-10

L-2,3 ,4;2-3,4 ; 3-5 ;4-6;5-7 ,8; 6-9, t0; 7-8,9;8-10,9-10

l-2,3 ,4;2-3, 4 ; 3-5 ;4-6;5-7 ,8;6-9 , 1.0; 7-9 , 1.0; B-9 , l0

L-2 ,3 ,4 i2-3, 5 ; 3-6 ;4-5 ,7 ; 5-8 ; 6-7 ,g; 7-10;8-9, l0; 9-10

L-2 ,3 ,4;2-3, 5 ; 3-6 ;4-5 ,7; 5-8; 6-9 , t0; 7-8 ,9 1 
8-f0;9-t 0

l-2,3,4;?-3,5; 3-6 ;4-5,7 ;5-8;6-9, L0;7-9, t0;8-9, 1.0

l-2, 3, 4 ;2-3, 5 ; 3-6 ; 4-7,8; 5-7, 8 ; 6-9, t 0 ; 7-9 ; 8-10 ; 9-10

L-2,3,4;2-3,5; 3-6 34-7,8;5-7,9 ;6-7, t0;8-9, t0;9-1.0

l-2,3,4 ;2-3, 5;3-6 ;4-1,8;5-7,9;6-8,9 ; 7-10;B-10;9-t.0

l-2, 3, 4 ;2-3, 5 ; 3-6 ; 4-7,8; 5-7, 9 ; 6-8, t 0 ; 7-9, 8-10 ; 9-10

L-2,3 ,4;2-3; 5; 3-6 ;4-7 ,8i5-7 ,9;6-8, t0; 7-10;8-9;9-10

l-2, 3,4 ;2-5, 6 ; 3-5,6 i4-7, 8 ; 5-9 ; 6-I0 ; 7-9, 1.0 ; 8-9, L0

l-2, 3, 4 i2-5, 6 ; 3-5,7 ; 4-6, 8 ; 5-9 ; 6-1.0 ; 7-8, 9 ; 8- 1.0 ; 9-1.0

l-2,3 ,4 ; 2-5,6; 3-5 ,7 ;4-6,.8; 5-9;6-10; 7-8, l0;8-9;9-I0

l-2,3,4i2-5,6;3-5,7 i4-6,8;5-9;6-10;7-9, t.0;8-9, t0

l-2,3,4;2-5,6; 3-5,7 i4-8,9; 5-8;6-9, l0; 7-9, t0;8-10

l-2, 3, 4 ;2-5, 6 ; 3-7, 8 ; 4-9, 1.0 ; 5-7, 9 ; 6-8, t0 ; 7-10 ; 8-9
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Table 5. Regular graphs of degree 4 on 10 vertices.

Graph No. I rl Dpu NPH DOF NOF

I
2

3

4

5

6

I
8

9

l0
IT
t2
l3
t4
t5
r6
L7

t8
r9
20

2L

22

23

24

25

26

27

28

29

30

3l
3?

33

34

35

36

37

38

39

t44
64

B

4

B

B

L2

48

4

4

l6
2

8

2

l6
2

l6
8

20

2

4

I
4

4

)
')

2

7

4

I
I
2

2

3?

t
)

2

4

I

2B

26

24

24

24

24

26

26

24

I
,
7

7

4

4

5
1

7

7

2

l4
5

20

4

1t
3

4

3

ll
9

24
a

7

l5
t2
Lr

l2
ll
24

24

II
l3
)

l6
l3
l6
l2
24

12

L2

I
L2

r6
20

I6
8

4

4

[0
l0
L4

t4
L2

IO

t4
L4

r0
L2

20

14

l4
L2

l6
I

l8
L2

L4

t^2

t0

0

t
3

2

t
I
5

I
3

3

t

6

3

L4

2

4

2

t
I
5

6

I4
4

3

9

9

5

6

I
L4

T4

6

8

L

t0
6

9

6

l0

t8
24

26

22

22

0

I6
r.6

8

I
B

24

B

24

22

20

20
,)
22

24

24

24

))
24

24

22

24

26

24

24

22

26

24

26

24

24

2lI

24

tt2



Table 5. (Continued)

Graph No. I rl DpH

40

41

42

43

44

45

46

47

4B

49

50

5r
52

53

54

55

56

57

5B

59

4

2

I
4

4

4

4

4

2

2

r6
2

I6
I6

2

t0
4

I
320

240

2B

26

32

24

22

26

26

30

24

26

24

24

24

24

26

22

30

28

32

44

NPM

L2

1.3

B

6

I
t0
tt

B

l2
r.7

3

LZ

,
3

13

3

L2

5

I
,

D0r NOF

r6
TB

32

LZ

L2

t6
r6
24

L2

L4

L2

r4
20

I
l4
l0
20

20

40

56

6

9

6

3

5

6

7

6

6

9

2

9

5

t
I
I
7

7

L

3

l13



Table 5a.
Connected regular graphs of degree 4 ou 10 vertices _ list of ed.ges.

Graph No. Edges

L

2

3

4

5

6

7

8

9

l0
rt
L2

L3

L4

r5
t6
T7

t8
t9
20

2L

22

23

24

25

26

27

28

29

30

3l
32

3l
34

35

l-2, 3,4,5 ;2-3,4, 5 ; 3-4,5 ; 4-6; 5-7 ; 6_8, 9, [0 ; 7_g, 9, l0; g_9, l0 ; 9_10
l-2, 3,4, 5 ; 2-3,4,5 ;3-h,6 ; L-6; 5-7, g ; 6_9, t0; 7_g; 9. t0 ; 8_9, l0 ; 9_10
l-2, 3,4,5 ;2-3,4,5 ;3-4,6 ; 4-7 ; 5-6, g ; 6-9, l0 ; 7_g,9, I0 ; g_9, l0 ; 9_10
L-2,3,4,5 ;2-3,4, 5 ; 3-4,6 ; 4-l ; 5-8, 9 ; 6-7, g, l0 ; 7_9, t0; g_9, l0 ; 9_10
l-2, 3,4,5 ;2-3, 4, 5 ; 3-4,6 ; 4-7 ; 5-g, 9 ; 6-g, 9, t0 ; 7-g, 9, lO ; B-1.0 ; 9_10
l-2, 3 ,4 ,5;2-3,4 , 5; 3-6 ,7 ;4-6, 7 ; 5-g,9 ; 6_B , t0; 7_9, t0; g_9, l0;9_10
l-2, 3,4, 5 ;2-3, 4, 5 ; 3-6,7 ; 4-6, g ; 5-6, 9 ; 6-10 ; I _8,g, t O ; g-9, l0 ; 9-10
L-2,3,4,5 ;2-3,4,5 i3-6,7 ; 4-6, B ; 5-7, g ; 6-9, l0 ; 7_9, l0; g_9, l0 ; 9_I0
l-2, 3,4,5 ;Z-3, 4, 5 ; 3-6,7 ; 4-6, g ; 5-7, 9 ; 6_8, l0 ; 7_9, t0; g_9. l0 ; 9_I0
L-2,3,4, 5 ; 2-3,4,5 ;3-6,7 ; 4-6, B ; 5-2,9 ; 6_9, t 0 ; 7_g, l0 ; B_9, l0 ; 9_10
l-2, 3,4, 5 ; 2-3, 4, 5 ; 3-6,1 ; 4-6, g ; 5-9, t0 ; 6_7,g ;7 -9, L0 ; g_9, l0 ; 9_10
1-2, 3,4,5 ;2-3,4,5 ;3-6,1 ; 4-6, B ; 5-9, I0 ; 6_7,9 ;7 _g, l0 ; 

g_9, [0 ; 9_I0
l-2,3,4,5;2-3,4,5;3-6,7 ;4-6,g;5-9, I0;6_9,i0; Z_a,9, l0; g_9, IO
l-2, 3, 4, 5 ; 2-3,4,6;3-4,1 ; 4-g; 5-6, 7,9 ; 6-8, I0 ; 7_9, l0 ; 

g_9, l0 ; 9_10
l-2,3,4,5;?-3,4,6;3-4,1 ;4-g;5-6,9, l0;6_9, l0;7_g,9, l0;g_9, lO
L-2,3,4,5 ;2-3, 4, 6 ; 3-5,6 ; 4-7, B ; 5-7,9 ; 6-g, L0 ; 7_9, I0 ; g_9, L0 ; 9_10
l-2, 3,4,5 ;2-3,4, 6 ; 3-5,7 ; 4-5, g ; 5-9 ;6_1,g, I0; 7_9, l0 ; g_9, l0 ; 9_t0
l-2, 3,4,5 ;2-3,4,6;7-5,1 ; 4-5, g ; 5-9 ; 6_7,9, l0 ; 7_8, I0 ; g_9, l0; 9_I0
I-2, 3,4,5 ;2-3, 4, 6 ; 3-5,1 ; 4-6, g ; 5-7, 9 ; 6-g, t0 ; 7_9, l0; g_9, l0 ; 9_L0
l-2, 3,4,5 ;2-3,4,6;3-5,7 ; 4-6, B ; 5-7, 9 ; 6_9, l0; 7_8, l0; g_9 ; L0; 9_10
[-2, 3,4,5 ;2-3,4, 6 ; 3-5,7 ; 4-6, B ; 5-g,9 ; 6-7, l0 ; 7_9, I0 ; g_9, l0 ; 9_10
l-2,3,4,5 ;2-3, 4, 6 ; 3-5,1 ; 4-6, g ; 5-g, 9 ; 6_9, t0 ; 7_g, 9, l0; g_I0 ; 9_10
l-2, 3,4,5 ;Z-1, 4, 6 ; 3-5,7 ; 4-6, g ; 5_9, 1.0 ; 6_9, l0 ; 7_8,9, l0 ; g_9, I0
l-2, 3,4,5 ;2-3,4, 6 ; 3-5,7 ; 4-7, B ; 5-6,9 ; 6-3, l0 ; 7_9, l0 ; 

g_9, 1.0 ; 9_10
l-2, 3,4,5 ;2-3,4,b ; 3-5,1 ; 4-7, g ; 5-g, 9 ; 6-g, 9, l0 ; 7_9, t0 ; g_10 ; 9_10
t-2, 3,4,5 ;2-3,4,6;3-5,7 ; 4-1, g ; 5-9, I0 ; 6-7, B, 9 ; 7_10 ; g_9, l0 ; 9_10
l-2. 3,4, 5 ; 2-3, 4, 6 ; 3-5,1 ; 4-7, g ; 5-9, l0 ; 6-g, 9, l0 ; 7_8, 9 ; B_10 ; 9_t0
l-2, J ,4,5; 2-3,4 ,6; 3-5 ,7 ;4-7, g; 5-9, t0;6-g,9 , IO;7_9, l0;g_9, t0
l-2, 3,4,5 ;2-3, 4, 6 ; 3-5,7 ; 4-8, 9 ; 5-g,9 ; 6-1, B, l0 ; 7_9, t0 ; g_10 ; 9_t0
I-2,3 ,4,5;2-3,4 ,6; 3-5 ,l ;4-8,9; 5-8, t0;6_7 ,g,9;7_9, l0; g_10;9_I0
l-2, J,4, 5; 2-3,4,6 ; 3-5, 7 ; 4-8. 9 ; 5-8, I0 ; 6-7,g, [0; 7_9, t0; g_9 ;9_10
t-2, J,4,5 ;2-3,tr,6;1-5,1 ; 4-8,9 ; 5-S, L0 ; 6-7, 9, t0; 7-9, l0; g_9. t0
l-2, J,4,5 ;Z-3, /., 6 ; J-5,1 ; 4-8, 9 ; 5-g, l0 ; 6_8, 9, l0 ; 7_8, 9, l0 ; 9_10
1-2, J,4,5 ;2-3,tr,6 i3-l,B ; 4-J, B ; 5-6, 9, l0 ; 6-9. t0 ; 7_9, t0 ; 

g_9, l0
l-2, 3,4,5 ;Z-3,4,6 ;3-1, B ; 4-7, 9 ; 5-6, 7, g ; 6_9, l0 ; 7_10 ; g_9, l0 ; 9_ t 0

l14



7

Table 5a. (Coutinued)

Craph No. Edgcs

l6
37

38

39

40

4t
42

43

44

45

46

47

43

49

50

5I
52

53

54

55

56

57

58

59

l-2, 3,4,5 ;2-3,4,6 ;3-7, 8 ; 4-7, 9 ; 5-6, 7, l0; 6-8, 9 ; 7-10 ; g-9, l0; 9-10
l-2. J,4, 5 ; 2-3,4,6;3-7,8 ;4-7, 9 ; 5-6;8,9 ; 6-8, L0 ; 7-9, t0; 8-t0; 9-10
l-2, 3, 4,5 ;2-3,4,6 ;3-1,8 ; 4-7, 9 ; 5-6,8, l0 ; 6-8, t0 ; 7-9, t0 ; g-9 ; 9-1.0
l-2, 3,4,5 ;2-3,4,6 ;3-7,8 ; 4-7, 9 ; 5-6, 8, l0 ; 6-9, l0 ; 7-8, tO ; 8-9 ; 9-1.0
L-2,3,4,5 ;?-1,4,6 ; 3-7,8 ; 4-7,9 i 5-7.8, 9 ; 6-8, 9, l0 ; 7-t 0 ; 8-t 0 ; 9-10
l-2, 3,4,5 ;2-3, 4,6 ;1-1, B ; 4-9, l0 ; 5-6, 7, B ; 6-7,9 ; 7-10 ; 8-9, 1.0 ; 9-10
l-2,3,4,5;2-3,4,6;3-7,8;4-9, l0;5-6,7,8;6-9, l0; 7-9, I0;8-9, t0
I-2, 3,4,5 ;?-3, 4,6 ; 3-7, 8 ; 4-9, l0 ; 5-6,7,9 ; 6-7, 1.0 ; 7-8 ; B-9, t0 ; 9-10
l-2, 3, 4, 5 ; 2-3,4,6 ;3-7, 8 ; 4-9, t0 ; 5-6,7, 9 ; 6-8, 1.0 ; 7-8, 9 ; B-t0 ; 9-10
I-2, 3,4,5 ;2-3,4,6 ;3-7, 8 ; 4-9, 1.0 ; 5-6, 7, 9 ; 6-8, 1.0 ; 7-8, l0 ; 8-9 ; 9-10
l-2, 3,4,5 ;2-3,4,6 ; 3-7, I ; 4-9, t0 ; 5-6, 7, 9 ; 6-8, l0 ; 7-9, l0 ; 8-9, 1.0

l-2, 3,4,5 i 2-3, 4,6 ;3-7, 8 ; 4-9, 1.0 ; 5-7, 8, 9 ; 6-7, 8,9 ; 7-I0; 8-10 ; 9-10
I-2, 3,4,5 ;2-3, 4,6 ;3-7, 8 ; 4-9, 1.0 ; 5-7,8, 9 ; 6-7,8, l0 ; 7-9 ; 8-10 ; 9-10
I-2,3,4,5i2-3,4,6;3-7,8;4-9, l0;5-7,8,9;6-7,9, l0;7-10;8-9, L0

l-2, 3,4,5 ;2-3, 6, 7 ; 3-8, 9 ; 4-5,6,7 i5-8, 9 ; 6-8, L0 ; 7-9, t0; 8-10 ; 9-10
l-2, 3,4,5 ;2-3, 6, 7 ; 3-8, 9 ; 4-5, 6, 7 ; 5-8, t0 ; 6-8,9 ;7 -9, 1.0 ; B-10 ; 9-10
l-2, 3,4,5 ;Z-3, 6, 7 ; 3-8, 9 ; 4-5,6,7 ;5-8, l0 ; 6-9, 1.0; 7-9, l0 ; B-9, 1.0

I-2, 3,4,5 ;2-3, 6, 7 ; 3-8,9 ; 4-5, 6, 8 i 5-7, 9 ; 6-9, 1.0 ; 7-8, L0; 8-10; 9-t0
I-2, 3,4, 5 ;2-3, 6, 7 ; 3-8,9 ; 4-5, 6, 8 ; 5-7, t0 ; 6-9, l0 ; 7 -B,g; B-10 ; 9-10
1-2, 3 ,4 ,5 ; 2-3 ,6 ,7 ; 3-8,9 ; 4-5 ,6 ,8; 5-7 , t0; 6-9, t0;7-8, L0;8-9;9-10
I-2, 3,4, 5 ;2-3, 6, 7 ; 3-8,9 ;4-6,7,8 i5-6, 8, 9, 6-10 ; 7-9, 1,0; 8-10 ; 9-10
l-2 ,3 ,4 ,5; 2-3 ,6 ,7 ; 3-B ,9 ; 4-6 , 7 ,8; 5-8,9 , l0;6-9 , l0; 7-9, t0;8- t0
l-2,3,4,5;2-6,7,8;3-6,7,8;4-6,9, [0;5-6,9, l0;7-9, t0;8-9,10
l-2, 3,4,5 ;2-6, 7, 8 ; 3-6,7,9 ; 4-6, 8, 9 ; 5-7, 8, 9 ; 6-10 ; 7-10 ; 8-I0 ; 9-10

l15



Table 6. Regular graphs of d,egree 5 ou l0 vertices.

Graph No. I fl Dptt NP}I DOF NOF HO

I
2

3

4

5

6

7

I
9

l0
tl
l2
t3
t4
t5
l6
L7

t8
t9
20

2t
22

23

24

25

26

r44
64

I
4

I
I

t2
48

4

4

l6
2

8

2

16

2

I6
I

20

2

4

L

4

4

2

2

2

2

4

L

I
2

2

32

2

2

2

4

84

l2
68

70

70

4

5

t3
r9

L2

Lt
7

6

t,8

t8
7

32

L2

35

I
36

r5
t5
II
36

26

64

29

39

0

I
0

0

0

0

0

0

0

0

0

0

0

0.

0

0

I
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

66

64

6B

66

66

64

64

64

64

65

66

72

336

224
208

224

224

2t6
192

216

t88
196

r.36

164

r84
I6B

t76
204
264
224
226
r90
I54
174

r.96

234

170

194

186

204

144

I70
r66
176

160

2t6
166

lao
166

r48

6

7

29

62

28

28

24

B

49

5r
t0
82

zt
88

20

r06
32

37

20

99

47

174

57

76

9l
99

95

I02
4l

r.70

166

90

84

T4

9t
90

90

42

70

28

29

30

3l
12

33

34

35

l6
37

38

68

66

64

64

65

68

64

66

65

66

62

64

6l
64

63

35

38

22

64

63

35

35

9

l9
3l
39

2t

24

38
27

67

64

64

64

63

u6



Table 6. (Contiuued)

Graph No. I fl DPH NPU DOF

39

40

4l
42

43

44

45

46

47

48

49

50

5I
52

53

54

55

64

64

6l
6l
62

63

63

6l
62

63

62

64

64

65

62

63

63

62

63

63

56

120

64

23

33

t2
L7

2L

l9
r8
r9
34

38

t2
37

T2

8

34

IO

22

L4

4

4

I

56

I
4

2

8

4

4

4

4

4

2

2

l6
2

r6
I6

2

t0
4

8

320

240
28800

r66
r56
r42
ll2
I4B

r80
r76
t52
t44
r68
154

180

r82
204
t76
t62
rB6

r40
156

152

36

1344

NOF

166

45

73

t5
39

58

54

44

36

88

84

2l
93

23

t8
83

2t
42

26

3

2

6

HD

0

0

0

0

0

0

0

0

0

0

0

I
0

0

I
0

0

0

0

0

0
7

57

58

59

60

tt7



Table 7. Regular graphs of d.egree 6 on l0 vertices.
craph No. I rl DpM NpM DoF NoF HD Coornenc

I
2

3

4

5

6

7

I
9

t0
ll
L2

I3
l4
r5
I6
17

l8
t9
20

2l

32

l6
4

I
t6
)

4

4

8

t2
6

6

)
4B

20

4

20

8

120

2BB

L7 28

152

144

146

146

r46
146

t46
146

r44
144

r44
144

144

144

t44
r44
142

144

t44
144

144

t2
l4
3B

24

l6
B7

47

42

22

t2
2t
24

72

l0
I5
43

II
2B

2

I
I

4864

4032
4352

42BB

4224
4/r00

4336
4256

4064

4 r60
3968
/r016

4tL7
3648

3856

3984

3552

4064

4064

4032
4608

r68

269

r.100

560

216
2260

Ir46
r064
520

3/r 8

690

674

2056

89

222

to22
192

549

38

23

tt
du)
*3

0

0

2

0

0

6

0

I
0

0

0

0

L

0

I
I
l
I
I
I
2

co(KO U
co(KO U )3

Table 8. Regular graphs of degree Z on l0 vertices

Graph No. Craph
I rl DPM NpM DoF NoF IID

t
.,

3

4

5

co(CrO)
co(C, V CZ)
co(CO U cO)
co(C, ur CS )
co(C, \J CJ U

20

84

96

200

4) s76

29

6

tt
7

4c

293
294
292
295
294

r 73008

179232

r6B384
r80000
r78560

8844

217 5

r865
988

369

539

138

98

57

69

Il8



Table 9. The 6 nonisomorphic H(5,10),s.

Underlytng graph
No.

llosell deslgn

38
29
47
56
rt0

27
68
3 r.0

t9
45

9

B

7

6

0

37
56
29
48
r. r0

7

9

6

I
r0

I
5

I

4

3

I
2

6

25
69
IB
310
4t

IO

I

10

7

6

I
9

t.0

7

6

I
I

24
3 t.0

t.. I
5t
69

410
35
r8
6t
29

27
4r0
t8
36
59

5

I
2

4

3

4

t

3

5

2

6

l0
9

7

8

6

t0
9

7

8

I
4

5

3

2

I
5

4

2

3 I

3

2

5

4

I

I
4

t.0

9

6

5r0
28
67
t9
34

89
L7
4 t0
36
25

l6
49
35
2r0
7B

50

25
6B
3 r.0

t9
47

7

3

2

l
5

5r0
28
46
r.9
37

8

t0
I
9

6

2

L7

53

60

60

t

3

4

5

2

t

3

5

2

4

t

7

9

6

I
0

B

6

9

7

0

I

89
I7
24
5 r.0

36

I
7

7

3

5

6

t0
9

4

8

6

8

l0
7

9

2

3

4

5

I

3

4

5

I
.,

5

t
2

3

4

49
56
IB
210
37

[0
7

9

6

B

49
t7
3 t0
5B
26

r6
39
57
2 t0
48

I
2

3

4

5

It9



Table 10. The 18 nonisomorphic Howell d.esig:rs ^E(6, f0).

4

3

?

5

T

7
.,

3

5

I

2

5

6

3

I

Underlylng graph
No.

llowell deslgn

6lo
25

39
48
L7

78
r6
5r0
29

l5 26
59

4

3

t L 0

l0
7

I
6

9

B

l0
4

6

9

4

l0
B

7

9

210
36
l8
45
79

l8
25
36

t7
310
48
59

l6
510
49
37
2B

27
49
IB
310
56

L7
59
2B
34

10

7

9

0

l0
6

I
7

9

39
5t0
46
l8
2t

l0
9

8

7

6

7

t0
I

2

5

4

49
310
27
6B

3

r5
38
293

l9
45
68
27

79
4B
35
26

4

9

I
I
0

7

I

110

68
Lt0

tl0

34

26

6t0

4t0
t9

38
I6

4

5

2

78
t6

39
t6

t

I
3

2

46
78

6r0
47

5

9

26

6

[10

2

5

3

6

I

6r0
34
28

l9
57

5

4

I
2

3

4

5

I
3

2

L7
49
28
35

I
9

7

6

0

3
2

I
5

4

79
I6

210
35
48

t5
78
310
49

6

I
I

24
37
59

6[0

2r0
35
49

5

8

[0
I

6

5

B

0

L

4

3

7

1

I
3

2

6

78
29
34
56

4

7

8
l0
9

28
34
t9
57

29
L7
56
4 1.0

3s

2

5

6

3

I

6r0
6

46
79

t20

I



7

48

59
26
37
lr0

r.04

I
5

57
310
t8
46
29

I
9

7

8

5

7

0

27
38

9

6

Table 10. (Continued)

Underlylng graph
No.

t3

7

r5

Ilor.rell deetgn

4t0

L7
56
38
29

39
I,6
z4

[0
I

5

l0
I
9

4

6

I

I
2

6

7

3

t
')

3

7

4

l
7

4

3

5

7

68
37
59

3

5

6

I

I

IB
310
56

27
5B
l6
49

5r0
26
34
r9
78

4

t0

t9
57

28
5L0
67
I9
34

7

[0
3

9

B

27
49

9

6

I

3

L

4

2

5

5

B

0

9

6

24
IL0

t8
6I0
35

IO

7

6

7

9

6

I
0

8246

3

1

4

5
.,

t
6

)
I

l
5

3

z

5

I
4

5[0
I7
46
2B
39

27
35
4B.,

B

9t0
r6

a)
oo

9

IO

6

5

l0
6

9

8

a)

I

l0

69

ll0

24
79

t.0
c)
7

46
29

I
3

I

t
4

2

3

37
l6
49
210
5B

3

4

2

I

9

4

8

r0

7

6t0
9

7

6

B

4

3

I
5

2

]B
t6

I
2

B

6t
l4

t0
9

l0
5

9

7

4

2

t?t

6 t0
49
L7
35
28



llovell dcslgn

69

Table 10. (Continued)

Undcrlylng guph
No.

I6

LI

l9

20

2t

2t

2l
49
58
67

47
38

9

6

lo

6

7

I
r0

69
47
58
tr0

79
48
?5

1.7
38

l0
I
6

a

I

5

2

5

4

I

6

4

7

a

l0
6

8

4

9

I
9

I
lo
)

4

t0
8

7

9

4

I
3

I
1

l
4

6

t
2

46
79
35
I8

6

l0
9

I

3t
49

I
l0
6

l0
8

6

9

5

l
I
7

I

I
5

t0
I

I
0

7

24
39

I
4

3

6

5

I

68
59
l7
24
3r0

l0
I
7

34
56

l0
6

I

I
I
a

57
34

2t
r6

38
I6

l0
6

5

38
4t

l0
6

5

4t
38

9

I
3

5

a

5

7

l0
9

I

5

9

l0
6

5

IO

9

6

I
2

l
6

t
4

a

3

7

ll0

9

3

3

I
t0
9

7

t0
8

3

t9
56

5

l0
6

9

7

l0
I
8

5

9

2

6

I
3

4

l0
6

4

I 2

5

I

3

4

5

a

I

1

3

5

I
6

2

t0
5

8

8

6

4

l0

9

4

3

7

t
a

5

3

7

t
2

B

3

4

I
l

9
a

I

5

t0

79
67
48

1

5

4

t

l

9

7

r5

6

t0
3

I7

9

I
l0
5

E

5

l0
I
5

9

6

l0
I
9

5

3

I
6

4

2

2

8

I
4

3

2

I
I
3

4

0

9

4

2

5

9

I
2

I
I
a

l0
9

I
6

5

7

9

l0
6

5

I
9

6

t0

3
a

1

4

t
2

I
4

3

6

9

I
to

4

3

2

5

t

48
35 49

36
2t0 5 t
19 28
6l tto

7

5

l0
7

9

8

I
1

)

3

4

I
5
a

122

a

I8

I



Table 11. Some Howell desigus .f(2,10).

Howell deslgnUoderlyl-ng graph

co(C )l0

co(C, O 
"r)

co(co r/ c6 )

Bt0

3 r.0

210

57 49 36
28 t 6 59

38 27
48

510
14 7t0
39 25 r. 10

I3
25
7r0

69
t.4

r5
47
29
36

79
48
l6
35

24
6r0

68
49

IB

57
210

68

2 r.0

47
69
t3
58

59

310
t5
79
24
6B

24
710

56
38
27
4t0

r9

57
38
26

410

t9

37
Lt0

39
28
L7
5r0
46

5r0
37
29
46

t8
37

27
58

35
r9
68

l9
47

410
26
l9
35
78

26
4B
59

l3
49

57
3B

69
l5
310
28
4t

8r0

L7
3r0
6B
59

79
36
IB
2 r.0

45

7r0

29
I8
35
46

a(L)

017
610
5B
27

46
l9

24I3
69
/r8

r6
4l
29

79
t4
5r0
36

810
25
r6

co (C ts)V
J

7r0
38
t6 49

45

29

36
0 18

510

39
58
26
47
lr0

69

37
lt0

49

28 37

t3
410

co(C, UC3U C4) 59
27

24
79l5

7B
210
39
46

58
26
3r0 25

48rt
6I
'ra
35

r23
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