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Abstract

For a simple graph G consider an injection p: VU E — N. If
for every vertex 2z € V we have u(z) + stz p(zy) = h, and for
every edge zy € E we have u(z) + u(zy) + p(y) = k, for some
constants h and k, then u is a totally magic injection (TMI) of G.
Also, m.(G) is the smallest number in N such that there is a TMI
uw:VUE = {1,2,...,m(G)}. Here we study TMIs and the number
m(G) for certain G. One theorem, the Star Theorem, is useful for
eliminating many classes of well-known graphs that could have a
TMI. For most n and n; the following graphs do not have a TMI:
every non-star tree, Pn, Cpn, Wn, Kn, and Ky, ny,...,n,. We determine
m(F) for every forest F' that has a TMI, and m(G) for every graph
G with < 6 vertices that has a TMI.

1 Totally Magic Injections

Let G be a simple graph with set of vertices V(G) or V of size v, and set
of edges E(G) or E of size e. We use single letters for vertices, eg. z, and
pairs of letters for edges, eg. zy. The notation z ~ y indicates that z is
adjacent to y. The degree of a vertex z is deg(z). Let N = {1,2, ...} denote
the natural numbers and let [m] = {1,2,...,m}.

Consider an injection
pVUE - N,

i.e., each vertex and edge of G is labeled with a distinct natural number.
For a vertex z € V let its weight under u be wt(z):

wi(z) = p(z) + Y _ p(zy),

y~z
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and for an edge zy € E let its weight under x be wi(zy):

wi(zy) = p(z) + plzy) + u(y).

Then u is a totally magic injection (TMI) of G if for every vertex z € V
and for every edge zy € E we have

wt(z) =h and wt(zy) =k,

for some constants k and k.

Comparing with the definition of a totally magic labeling (TML) from
[2] in which the labeling is A: VU E — {1,2,...,v + e}, we see that our
definition of a totally magic injection is a generalization of this. We use the
symbol p for a TMI to distinguish it from the usual symbol A for a TML.

The study of graphs with a TMI is an interesting question in its own
right. Also, by weakening the definition of a TML to a TMI, we hope
to shed further light on the features of a graph with a TML, since every
component of a graph with a TML must have a TMI, see §2.

We call h the vertezx constant of u, and k the edge constant. When
necessary we use wiy, hy,,... for wt, h,... to signify u.

Suppose that in a TMI p of G the largest label is m, then we call p a
[m]-totally magic injection, a [m]-TMI. We call rn the size of the injection.
A [m])-TMI of G is minimal if G does not have a [m’]:TMI for every m’ < m.
Such a TMI is a minimal TMI or a minimal [m]-TMI.

We define m;(G) to be the smallest m such that G has a [m]-TMI.
Clearly m(G) > v+ e and a TML from [2] is a minimal TMI or a minimal
[v+€]-TMI. We also define the total deficiency of G, de fi(G), to be m,(G) -
v —e. If G has a TML then m,(G) = v+ e and def,(G) = 0.

This concludes §1. In §2 we give examples of graphs with and without
a TMI. We also prove the first useful Theorems. In §3 we prove the Star
Theorem which gives many ‘forbidden configurations’ that prevent a graph
from having a TMI. Using these forbidden configurations we eliminate many
classes of well-known graphs that could have a TMI. In §4 we determine
m,(F) for every forest [ that has a TMI. Finally, in §5, we define a TMI-
survivor, and determine m,(G) for every graph G with < 6 vertices that
has a TMI.

2 Examples, First Theorems

If, for a graph G, an injection p: VU E — N satisfies wi(z) = h for a
fixed h for all vertices z € V then p is a vertez-magic injeclion of G. Sce
§3.9 of [5], where it is shown that all graphs except those with K, U K, as
components or a Kz component have a vertex-magic injection. Similarly,
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if wt(zy) = k for a fixed k for all edges zy € E then u is an edge-magic
injection of G. See §2.10 of [5], where it is shown that all graphs have an
edge-magic injection. Thus a TMI of G is both a vertex-magic injection and
an edge-magic injection. So, perhaps not surprisingly, graphs that have a
TMI appear to be rare. In fact, (see §5), amongst the 208 graphs with
< 6 vertices, exactly 174 have a vertex-magic injection, all 208 have an
edge-magic injection, but only 12 have a TMI.

Example 1 Four graphs. The first three have a TMI, the fourth does
not.

8 6
1 2
° 1 1 2 *——o8
4/\3
6 7 5 3 4
K, K1.3 K3 Ka
(3) D) (431) (i)

() The isolated vertex K,. Here v = h = m = my(K;) = 1, and e =
defy(K1) = 0. If we let Ky = {z} then we see that, for any fixed
h € N, the injection given by: p(z) = his a TMI of K. Hence a
given graph can have different TMIs.

(i1) The star Ky 3. Here v =4, e =3, h =10, k = 11, and m = 8. This is
the smallest mn possible for a TMI of K 3 because m, (K, 3) 2 vte=
7, but a (7]-TMI of K, 5 would be a TML and K 1,3 does not have a
TML, see Corollary 3.2 of [2]. So this [8]-TMI of K, 3 is a minimal
TMI, thus m,(K) 3) = 8 and defi(K13) = 1.

(#%%) The triangle K3. Herev=e=3,h=9,k=12, and m=v 4+ e = 6.
So this [6]-TMI of K3 is a TML, a minimal TMI, thus m,(K3) = 6
and def;(K3) = 0.

(tv) The isolated edge K. Call this edge zy. If it has a TMI 4 then
we must have wi(z) = u(z) + p(zy) = wi(y) = p(y) + ulzy), ie.,
#(z) = p(y). This is a contradiction because u is an injection. So Ko
doesn’t have a TMI.
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The following Lemma will be useful in this paper.
Lemma 2.1  Let G have a [m]-TMI with vertex constant h. Then
(i) h > m,
(%) h = m if and only if G has an isolate.

Proof. (7) Let p denote the [m]-TMI of G, so m has been used either
as a vertex label or as an edge label in G. Suppose that m has been
used as a vertex label on vertex z, so u(z) = m. Then h = wi(z) =
) + X, o pulzy) = m+ 3, . plzy) > m. Now suppose that m has
been used as an edge label on edge zz, so pu(zz) = m. Then h = wi(z) =
uzy+m+ Z;;: u(zy) > m since p(z) > 0, so h > m also.

(i¢) From (7) if h = m then m must have been a vertex label, at vertex x
say. Then h=mifandonly }° . pu(zy) = 0, if and only if z is an isolate. m

As usual, in the remainder of this section G is an arbitrary simple graph.

Theorem 2.2  Let G have a TMI. Then every component of G has a
TMI

Proof. Let G have a TMI 4, and let C be any component of G. Then
clearly the ‘restriction’ of u to C is a TMI of C. |

The converse of this Theorem is not true. Consider the graph H =
K1 UK, = {z} U {y}, the union of two isolates. From Lemma 2.1(47) if H
has a [m]-TMI u then both isolates in H must receive the label m. This is a
contradiction because 4 is an injection, so H doesn’t have a TMI. Although
this is a simple example it shows that, in general, a TMI of H; and a TMI
of Hs cannot necessarily be ‘pieced together’ to produce a TMI of H, U H,.
This example also shows that if G has K; U K, as components then it
doesn’t have a TMI. However K, as a component is allowed, we have:

Theorem 2.3 Let G not have an isolate. Then Ky UG has a TMI if
and only if G has a TMI.

Proof. If K; UG has a TMI then, from Theorem 2.2, so does G.

For the backward implication: Let u, with constants k and k, denote
the TMI of G, let us say that it is a [m]-TMI of G. Now G does not have
an isolate so, from Lemma 2.1, A > m. Hence h has not been used as a
label in G.

Let z be the isolate in K; U G. Now define an injection gz of K3 UG
as follows: peze(2) = h, and pez(z) = p(z) for every vertex =z € V(G) and
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Pezt(zy) = p(zy) for every edge zy € E(G). It is straightforward to check
that ez is a TMI of K, UG. ]

Corollary 2.4  Let G have a TMI p and not have an isolate. Then W can
be extended to a TMI of K1 UG, with the same vertez and edge constants.

Proof. The TMI of K1 UG peze defined above in the proof of Theo-
rem 2.3 has the same constants as p. [ ]

Remark We will always use the notation p..; for the extension of p from
G to K1 UG as indicated in Corollary 2.4.

Example 2 The extension of a [6]-TMI of K3 with ~ =9 and k = 12 to
a [9)-TMI of K, U K3 with h=9 and k = 12.

6 6
1 2 - 3 1/ \2
5 3 4 5 3 4
Ka K1UK3

Recalling that K3 doesn’t have a TMI, a necessary condition for G to
have a TMI is given below:

Theorem 2.5 Let G have a TMI. Then either

(?) G has exactly one isolate and all remaining components have > 3
vertices and have o TMI, or

(i) all components of G have > 3 vertices and have a TMI. |
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3 Star Theorem, Connected G without a TMI,
Forbidden Configurations

The following Theorem has proved useful in eliminating graphs that may
have a TMI. Many results produced from it appear in [2], namely Theo-
rems 3.3, 3.5, 3.7, 3.9, and 3.11, and Corollaries 3.4, and 3.6. Thus many
of the Theorems in [2] which were used to exclude the possibility of TMLs
actually exclude the possibility of TMIs. We call this Theorem the ‘Star
Theorem’. We note that the Star Theorem could have been used to prove
many of the results in [2]. We only consider connected graphs in this sec-
tion.

Let G have a TMI p with vertex and edge constants k& and k. Let a be
any vertex in G with neighbors {z),z3,...,z4}. Foreveryi =1,2,...,d
let X; = Zy;:,- p(ziy), i.e., let X; be the sum of the labels of all edges

yFa

incident to z; and ‘outside’ the star centered at a.

X2

Zd—1

Xa-1 X3

Theorem 3.1 (Star Theorem) With the above G, u, and a we have
X =X2=---=Xd=h—k+/1(a),

which is constant for a fized vertez a.

Proof. Foreveryi=1,2,...,d we have
h=wt(z;) = p(z:)+ p(zia)+ X;,
k=wt(zia) = p(z:)+ p(zia) + p(a),
so Xi; = h — k + p(a), which is constant for a fixed vertex a. [ ]
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The next result is due to Brown [1].

Corollary 3.2  Let G have a TMI pu. Let a be any edge in G then

ple) + ) u(B)=2h -k,

B~a
a constant, where the sum is over all edges B8 adjacent to a.

Proof. Here o = ab.

A}o—.g-a

Let A be the sum of the labels of all edges incident to a and outside the
star centered at b, define B similarly. From above A = h — k + p(b) and
B=h—-k+p(a). Sop(a)+ X4 ou(B)=p(a) + A+ B=2r—k [ |

The next five Theorems are all proved using the Star Theorem, after
each Theorem we give a simple Corollary.

Theorem 3.3  Let G have a TMI. If G has a vertez of degree 1 then the
component of G containing it is a siar.

Proof. Let z; have degree 1 and let z; be adjacent to a. Let a also
be adjacent to the vertices {z3,...,zq}. Applying the Star Theorem at a
yields X; = X2 = ... = X4. But X; = 0 because z1 has degree 1, so
X2 =--.= X4 =0 also, and a is the center of a star. [ ]

Corollary 3.4

(i) Every connected graph with a vertez of degree 1 that is not a ster does
not have a TMI.

(i) Every tree that is not a star does not have a TMI. ]

In the next section we will see that for every n > 2 the star K , does
in fact have a TMI.

Theorem 3.5 Let G have a TMI. If G has two adjacent vertices of de-
gree 2 then the component of G containing them is a triangle.
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Proof. Let the TMI of G be y, and let the two adjacent vertices of
degree 2 be @ and b and let a ~ z and b ~ y, see (i) below:

X Y C - (be)

x y R

(3) (11)

Applying the Star Theorem at a gives X = u(by) and at b gives Y = p(ax).
Now wt(z) = wi(y) gives u(z) + ulaz) + X = p(y) + p(by) + Y, hence
u(z) = u(y), and, because p is an injection, we have z = y. So we have (i)
above, where we denote vertex = y by ¢. Now applying the Star Theorem
at a again gives C = u(bc), so C — u(bc) = 0. But C — u(bc) is the sum of
the edge labels of all edges incident to ¢ and outside triangle abc, thus abc
is a triangle component. n

For n > 1 let P, denote the path on n vertices, and for n > 3 let C,
denote the cycle on n vertices.

Corollary 3.6  For every n > 4 the path P, and the cycle C,, does not
have a TMI. .

Theorem 3.7  Suppose that G conlains two vertices with a common
neighbor. If these two vertices each have degree 2, or are adjacent and
each have degree 3, then G does not have a TMI.

Proof.  Let the two vertices be a and b with common neighbor z. For the
case in which deg(a) = deg(b) =2 let a ~ a; and b ~ b,.

ap by
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Suppose that G has a TMI x. Applying the Star Theorem at z gives
p(aa1) = u(bby), a contradiction. Similarly if deg(a) = deg(b) = 3 and
an~b. |

For n > 3 let W,, denote the wheel with one vertex in the center and
n vertices on the rim, and let F, denote the fan obtained from W, by
removing one rim edge. By using Theorem 3.7 with a and b as rim vertices
and z as the center we have:

Corollary 3.8  For every n > 3 the wheel W,, and the fan F, does not
have a TMI. [ ]

Theorem 3.9 Let G have e TMI, and let G contain a triangle. Then
the sum of the labels of all edges outside the triangle and incident with any
one vertex of the triangle is the same, whichever vertez of the triangle is
chosen.

Proof. Let the TMI of G be y, and let the three vertices of a triangle
be a, b, and ¢. Let A be the sum of the labels of all edges incident to a
and outside the triangle, i.e., except for edges ab and ac; define B and C
similarly.

Applying the Star Theorem at a gives B + u(bc) = C + u(be), so B = C;
similarly applying it at b gives A=C. Hence A=B=C. [ |

Corollary 3.10  Any graph that contains a triangle with ezactly one or

ezactly two vertices of degree 2 does not have a TMI. |

Theorem 3.11  Let G have two vertices that are each adjacent to exactly
the same set of other vertices of size = 2. Then G does not have a TMI.
(The two vertices themselves may be adjacent or non-adjacent.)
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Proof. Consider the case when the two vertices a and b are non-adjacent,
let them both be adjacent to {z;,z2,...,z4} where d > 2, and to no other
vertices.

Xy

V%

Vi

W

Zd

Fori=1,2,...,dlet X; be the sum of the labels of all edges incident to z;
and outside the neighborhood graph shown above, i.e., except edges z;a and
z;b. Applying the Star Theorem to a gives X;+u(z:b) = h—k+u(a), and to
b gives X; + u(zia) = h —k+ p(b). So u(z;a)— p(z:id) = u(d) — u(a) # 0 for
every i. Now wi(a) = wt(b), i.e., p(a) + o p(zia) = p(b) + % p(=:b).
So iei (i) - p(xib)) = () — u(a), ie., d(u(b) - u(a)) = u(b) —u(a),
a contradiction because d > 2. The proof is similar if a ~ b. ]

For n > 1 let K, denote the complete graph with n vertices, and for
P 2 2 let Kp, n,,..n, denote the complete p-partite graph with n; 21
vertices in part j for every j=1,2,...,p.

Corollary 3.12
(i) For every n > 4 the complele graph K, does not have a TMI.

(i) p = 2. For every pair {ni,na} with both ny > 2 and ny > 2 the
complete bipartite graph Ky, n, does not have a TMI.

(ii) p > 3. For every p-set {n1,na,.. . Tip} with at least one nj > 2 the
complete p-partite graph Kn, n,,....n, does not have a TMI. n

If a graph G has one of the configurations mentioned in Theorems 3.3,
3.5, 3.7, 3.9, or 3.11 then it does not have a TMI. Thus the configurations
given in these Theorems are ‘forbidden configurations’, they forbid G from
having a TMI. Below we have shown all forbidden configurations which
come from these Theorems. Here a number 7 next to a vertex indicates
a vertex of degree exactly ¢, and the two short lines attached to a vertex
indicate that there may or may not be further edges incident to it.
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Forbidden Configurations

If a graph contains any of these configurations then it does not have a TMI.

] A
SEEFN

d d d+1 d+1
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4 Forests

Here we determine m(F) and def,(F) for every forest F that has a TMI.

First consider the star /¥ = K, for n > 2. From Corollary 3.2 of [2]
the only star with a TML is K2, hence m,(K;2) = 5.

Theorem 4.1  Forn 2 3 we have m(K,,) = (n;Q) -2

Proof.  Let the center of K, be ¢, let the outer vertices be {z,z3,...,z,},
and let K », have TMI p. Without loss of generality let the n edge labels
satisfy:

1 < plex) < plexe) < -+ < pfcza). (1)

For any fixed j = 1,2,...,n we have wt(c) = wt(z;), so

p(c) + Z plez;) = p(z;) + plez;),

i=1
and so

n
u(zs) = p(e) + D _ plexs). (2)
%
Now, from (1) and (2), for j = 1,2,...,n clearly u(z;) is largest when
J = 1. That is, u(x,) > pu(z;) for every j = 2,...,n. Also from (2) we
have pu(z1) > p(c), hence p(z1) is the largest vertex label. But again from
(2) we have u(z,) > p(czn), so, from (1) again, u(z,) is larger than every
edge label. Thus u(z;) = m is the largest label.

Now we minimize m = p(x1) = p(c) + .1 p(cz;). We first determine
where to place the label 1.

From (1), for each i = 2,...,n, we have u(cz;) > 2, t.e, 1 is not an
edge label for any edge cz; for i = 2,...,n. Hence, to minimize m, we first
let p(c) = 1. Now if u(czy) = 2 then u(cz,) = 1, a contradiction. So we
finish the minimization of m by letting u(czo) = 3, u(ecz3) =4, ..., ie.,
by letting p(cz;) = 7+ 1 for each i = 2,...,7n. Hence the minimum m is
m=1+3+---+(n+1)= ("% -2

We now let p(cz1) = 2 and p(z:) = ("32) = (i+1) foreach i = 2,...,n,
so all vertices and edges have been labeled.

The labels {1,2,...,n+1, ("3%) = (n+1), (*}?) -n,..., ("3?) -2} are
all distinct provided that (";2) —(n+1) > n+1, ie., provided that n > 3.
It is straightforward to check that this labeling is a TMI of K ., (with
h= ('”2'2) and k = (";2) + 1), and is therefore a minimal TMI. |
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Corollary 4.2  Forn > 3 we have my(K, U Kin)= (n-21-2) .

Proof.  The above minimal TMI p of K, has h = (“*2) Now apply
Corollary 2.4 with G = K, , to obtain the TMI peze of Ky U K, with
ml-‘-czc - (n+

Now let x4 be an arbitrary TMI of K UK ,. Then, from Lemma 2.1(3%),
since K1 UK, has an isolate, we have m,,, = h,,,. Let ¢ denote the center
of Ky then hy, = wit,, (c) 2 T0F = ("32). So my, 2 ("52), and hence

Hext above is a minimal TMI of K} U K 5. [ ]

Theorem 4.3  The only forests F that have a TMI are K, or K, 5 for
n 22, or K1 UK, for n> 2. Furthermore we have (n > 3):

l» 516 ifF=K1;K1,2:KlUK1,2:
n+2 .

m(F) =i\ o )72 FE=Kin,
n;2 ifF=K1UK1,n.

Proof.  Let the forest F have a TMI. Every component of F has a vertex
of degree 1, and so, from Theorem 3.3, every component of F is a star, and
F'is a union of stars. Hence, from Theorem 2.5, either (i) F = KUK 1, U
Kin, U--- where each n; > 2, or (i1) F = K ,, U Ky, U--- where each
n; 2 2.

Now suppose that F contains at least two stars K 1,n;, Where eachn; > 2.
Then it is straightforward to show that the labels on the centers of each of
these stars is k — A, a contradiction. Hence F contains at most one star
K1 n, where n > 2.

Hence either (i) F = K, or F = K, UKinforn>2or(ii) F=K;,
for n > 2. Now the three forests K, K2, and K; UK, 2 each have a TML
Hence m,(K)) = 1, my(K,2) = 5, and m(K; U K1,2) = 6. This fact and
the previous two r%ults complete the proof. ]

Finally, using def,(F) = m(F") — v — ¢, we have:

Theorem 4.4  Let F be a forest that has a TMI. Then the total defi-
ciency of F' is given by (n > 3):

0! 0!0 sz=KHKl.2;K1UKl,2:
n?—-n-4 .
def(F)=q—% — Y F=Kin,
2_ -
£+2 fF=K UK, .
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Example 3 The minimal [("}?)-2]-TMI of K\ » together with the n = 3
case, giving a minimal [8]-TMI of K3, is shown first below. Then the
minimal [(";2)]-TMI of K, U K, , together with the n = 3 case, giving a
minimal [10}-TMI of K, U K, 3, is shown.

Kin Kia
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5 TMI-Survivor, Graphs with < 6 vertices
that have a TMI

In this section we define a TMI-survivor. Then we find all graphs G with
< 6 vertices that have a TMI, and, for each of them, the numbers m(G)
and def,(G).

Because of Theorem 2.2 when searching for graphs with a TMI we start
searching amongst connected graphs.

Borrowing the idea of a survivor from §6 of [2] we define a TMI-survivor
to be a simple graph (% K3) that is connected and that does not contain

“any of the forbidden configurations given at the end of §3. (Note that a
TMI-survivor need not have a TMI, however the smallest that does not
have a TMI has 7 vertices.)

A list of the 143 connected graphs with < 6 vertices is given on pp.7-9
of Steinbach [4]. Of these there are exactly six TMI-survivors: K1, K32,
K3, K3, K14, and K, 5, and all six have a TMI.

We then used these TMI-survivors as components to find a further six
disconnected graphs that have a TMI: Ky U K9, K U K3, K, U K 3,
KU Kl,q, K1,2 U K3, and K3 U K3.

Thus, in total, there are exactly 12 graphs with < 6 vertices that have
a TMI. Of these 12 graphs eight are forests and have been considered in
Theorems 4.3 and 4.4. The remaining four graphs G, and their numbers
m.(G) and def,(G), are given in the Table below.

G m,(G) | defi(G) Comments
K3 6 0 Example 1(z27)
KiU K3 9 2 See Remark 1 below
Ki2UKs3 13 2 See Remark 3 below
K3sU K3 14 2 See Remark 2 below
Remarks
1. K1UKjs.

Example 2 gives a [9]-TMI of K; U K3. From Theorem 4 of [2] we
know that K U K3 doesn’t have a TML, i.e., doesn’t have a [7}-TMI. Let 2
denote the Ky component in K3 U K3. From Lemma 2.1(%z) if {2} U K3 has
a [8]-TMI then h = m = u(z) = 8. So the remaining six labels for the K3
component must come from the set {1,2,3,4,5,6,7}. But clearly using 6 or
7 as a label on the K3 component with h = 8 gives a contradiction. Hence
K1UKj3 doesn’t have a [8]-TMI. So m,(K1UK3) = 9 and def, (K UK3) = 2.
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2. K3U K3.
We have proved the following Theorem in [3]:

Theorem 5.1 Let s > 2 be even.
Then m(sK3) = 6s+ 2 and defi(sK3) = 2. ]
A minimal [14]-TMI of K3 U K3 (with h = 19 and &k = 26) is:

12 10

3. K 12U Ka.

Consider the above [14]-TMI of K3 U K3. Subtract 1 from each label,
and remove the edge with label 0. This gives the [13]-TMI of K2 U K3
(with A = 16 and k = 23) below.

To show that this is a minimal TMI we must show that K 2 U K3 doesn’t
have an [11]- or [12] TMI:

Consider the ‘generic’ labeling of K;2 = {z,y, 2} under TMI p with
constants h and k below:
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That is: u(z) = h—&,, u(y) = k—h, pu(2) = h—~£s, u(zy) = &, and p(yz) =
¢3. Now, from Corollary 3.2, we have ¢; + € = 2h — k. So p(z) + p(z) = k.
Thus if we include edge zz with u(zz) = 0, then wt(zz) = k. Then we
can add 1 to all labels to arrive at a TMI of K3. Clearly if there was
an (11} or {12)-TMI of K2 U K3 then applying the above process to the
K1,2 component (and adding 1 to each label in the K3 component) would
produce a [12}- or [13]-TMI of K3 U K3, a contradiction from Remark 2.
Hence the above [13}-TMI of K; 2UK3 is a minimal TMI. We have m (K 2U
K3) =13 and def;(Kl,z UK3)=2

A summary of the situation for vertex-magic injections/edge-magic in-
jections/TMls for graphs with < 6 vertices is given below:
(z) amongst the 143 connected graphs with < 6 vertices exactly 142 (all
except K») have a vertex-magic injection, all 143 have an edge-magic in-
jection, but only 6 have a TMI,
(i) amongst the 208 graphs with < 6 vertices exactly 174 have a vertex-
magic injection, all 208 have an edge-magic injection, but only 12 have a
TMI.
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