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Summary. We formalize the general linear group over an arbitrary (unital,
associative) ring R as the group of units for the matrix ring over R. We loosely
follow Bourbaki [6].
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INTRODUCTION

Matrix groups are just subgroups of the group of units for a ring of matrices.
We formalize the notion of a strict matrix group over an arbitrary associative
unital ring. This article is the first in the (informal, unfunded) “Lie Miz” project
to formalize Lie theory in Mizar.

The first four sections contain preliminary results: a few simple facts about
ring morphisms as well as centers of groups and rings, isomorphic groups having
isomorphic centers, and commutative rings being equal to their centers.

We also note that we redefine the type for the center Z(R) of a ring R to
be a subring of R. Initially we had hoped to modify the definition in the MML,
but the ordering of articles placed the definition of Z(R) before the definition
of subrings of R.

Section 5 formalizes the canonical basis for m x n matrices, which Bourbaki
denoted by E;; and defined to be zero in all its entries except in row 4 and
column j where it is one. The name and notation reflects the fact that the

module of m x n matrices over a ring R has the E; ; form its canonical basis.
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We call such E; ; matrices canMat (i, j, m, n, R) where R is the scalar ring
underlying the m X n matrices in question.

The family of matrices I + X - E; ;, where A € R and ¢ # j, gives us a rich
collection of examples of invertible matrices. We provide a stockpile of results
concerning them, since they turn out crucial for determining the center of matrix
rings and matrix groups.

Section 6 presents the attribute (n, L)-matrix membered for sets and struc-
tures whose elements are precisely n X n matrices with entries in L.

Section 7 introduces rings of square matrices M, (R), which are just the
collection n X n matrices over a ring R equipped with the double loop structure
using matrix addition and multiplication.

When R is a ring and S is a subring of R, it’s obvious to humans that the
matrix ring M, (S) is a subring of M,(R). Section 8 proves this “extension of
scalars” result.

Section 9 concerns the center Z(M,y,(R)) of a matrix ring M,(R). Recall
Z(M,(R)) consists of n x n scalar matrices z - I provided z € Z(R).

Then, in section 10, we formalize the notion of the group of units for a
multiplicative loop. The group of units for a skew-field coincides with the skew-
field’s multiplicative group as formalized in Arneson and Rudnicki [2].

Section 11 focuses on the the group of units for the matrix ring M,(R),
which is precisely the general linear group GL,(R) consisting of all invertible
n X n matrices with entries in the ring R. This is not yet a topological group.
It remains future work to formalize GL!°P(R) when R is a topological ring.

Curiously, there is little attention in the literature given to GL, (R) when R
is not a field (much less when R is a noncommutative ring). Although we could
spend considerable time in this setting alone, we want to provide a reasonable
bedrock of results for others to use in their research.

In Section 12, we formalize the center Z(GL,(R)). This was rather quirky
and deserves its own discussion.

Section 13 discusses the extension of scalars for the general linear group,
analogous to what we did in section 8 for matrix rings.

We have three appendices concerning tangential matters.

In Appendix 1, since we were formalizing matrix addition and multiplication
as binary operators of R™*"™, we went farther and formalized matrix inversion
as a unary operator of a subset of R"*".

Anticipating the formalization of the topological and Lie groups (both con-
fusingly denoted GL,,(R) in the literature), the remaining two Appendices con-
cern attributes “(n, R)-linear” for matrix-membered groups, and “general”
for (n, R)-linear groups. Thus we enable future work concerning “the general
(n, R)-linear topological group” and “(n, F')-linear Lie groups”.
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There are a few curious aspects to this formalization worth discussing.

Weakening notions to semirings. The same constructions in this article
generalize to a semiring or “rig” (i.e., a ring without subtraction — an Abelian
add-associative right_zeroed associative well-unital distributive non
empty doubleLoopStr) if the user generalizes results from the MATRIX series of
articles. It would be hard to generalize results to anything weaker (a “double
magma”?), since we cannot have an identity matrix over a nonunital “double
magma’”.

Why would anyone want to consider a matrix ring over a semiring? We could
consider the semiring of vector spaces over a field k, with the direct sum as its
“addition” operator and the tensor product as its “multiplication”, the zero-
dimensional vector space over k is its “zero” and the one-dimensional vector
space is its “one”. Such things appear in representation theory, for example.

The center of the general linear group. Of particular note, seldom di-
scussed in the literature, is that the center of GL;(R) is qualitatively different
in character than GL,(R) for n # 1, specifically when we have a noncommu-
tative ring R. This is because the general linear group of degree one is isomor-
phic to the group of units GLi(R) = R*, so their centers must be isomorphic
Z(GL1(R)) = Z(R*). But for n # 1, we have Z(GL,(R)) = (Z(R)NR*). When
R is commutative, Z(R) = R and Z(R*) = R*, so there is no discrepency.

For noncommutative R, this is not always the case. Consider a ring R and
a ring endo-morphism o: R — R, then construct the “Twisted” polynomial
ring R[z; o] where each a € R obeys za = o(a) - x. This twisted polynomial
ring has Z(R*) \ (Z(R) N R*) # 0, as discussed in Example 1.7 of Lam [15].
When R = C and o is complex conjugation, we find Z(R) = R[z] and R* = C*
gives us Z(R) N R* = R*, but Z(R) = C*. Such an example may be worth
formalizing in the future.

To the best of the author’s knowledge, this is the first article discussing such
results. The overwhelming majority of the literature generalizes only so far as
to the setting where R is a commutative ring.

1. RESULTS ABOUT RING MORPHISMS

From now on R denotes a ring, L denotes an associative, right unital, non
empty multiplicative loop structure, n denotes a natural number, and S denotes
a subring of R.

Now we state the propositions:

(1) Let us consider rings Rj, Ry, and a function ¢ from R; into Ra. If ¢ is
linear, then ¢(1g,) = 1g,.
(2) Let us consider rings Ry, Re. Suppose R; and Ry are isomorphic. Then
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(i) Rg is Ry-isomorphic, and
(ii) R; is Rg-isomorphic.

(3) Let us consider rings Ry, Ra, and a function ¢ from R; into Ry. Suppose
¢ is isomorphism. Let us consider a function 1 from Ry into Ry. If¢p = ¢~ 1,
then ) is bijective.

(4) Let us consider rings Ry, Ra, and a function ¢ from R; into Ry. Suppose

¢ is isomorphism. Let us consider an element x of R;. If ¢(x) = 1g,, then
x = 1p,. The theorem is a consequence of (1).

2. CENTERS OF GROUPS AND RINGS

Now we state the proposition:

(5) Let us consider groups Gy, G. If G1 and G are isomorphic, then Z(G1)
and Z(G2) are isomorphic.
ProOF: Consider ¢ being a homomorphism from G to G2 such that ¢ is
bijective. There exists a homomorphism 1 from Z(G1) to Z(G2) such that
¥ is bijective by [10 (52)], [I1} (32)], [10, (49)], [19, (77)]. O
Let us consider R. Let us note that there exists a subring of R which is
strict, commutative, and non empty.
Let us note that the functor Z(R) yields a strict, commutative, non empty
subring of R. Now we state the propositions:

(6) Let us consider a commutative ring R, and an object z. If z € R, then
x € Z(R).

(7) Let us consider a commutative ring R, and an element x of R. Then
xr € Z(R).

(8) Let us consider a commutative ring R. Then the carrier of Z(R) =
the carrier of R. The theorem is a consequence of (7).

(9) Let us consider a strict, commutative ring R. Then Z(R) = R. The
theorem is a consequence of (8).

3. SOME RESULTS ABOUT MATRIX OPERATIONS

Let us consider n and R. Let A, B be square matrices over R of dimension n.
Let us observe that the functor A- B yields a square matrix over R of dimension
n. Now we state the propositions:

(10) Let us consider a natural number m, and a matrix A over R. Suppose
width 070" 4 = Jen A, Then 07 <(nA) . 4 = g (widib4)
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(11) Let us consider a natural number n, a ring R, and a matrix A over R.
Suppose n = width Ogﬁdth AP Then A - (OgVidth A)Xn) = O%en A)xn
Let us consider natural numbers i, k, m, n and a matrix A over R of dimen-
sion mxn. Now we state the propositions:
(12) If i € dom(0%*™), then Line(0%*™,4) - Aoy = Og.
PROOF: Set p = Line(0% ™, i) ® Aq,. For every element 7’ of N such that
i’ € domp holds p(i') = 0 by [24, (13)], [12} (87)], [13, (1)], [23, (60)]. O
(13) If k € dom(0%*"), then Line(A,4) - (0" )0k = Og.
PROOF: Set p = Line(A, i) e (05" )0 . For every element ¢’ of N such that
i’ € dom p holds p(i') = 0 by [24, (13)], [12 (87)], [13, (1)], [23, (60)]. O
(14) If i € dom(I3™™) and ¢ € dom A, then Line(I3*™, i) - Any = Aik.
PROOF: Set p = Line(I}*™,i). Set ¢ = Agy. ¢ € domp and i € domg
and p(i) = 1g and for every natural number k such that £ € domp and
k # 1 holds p(k) = Og by [12, (87)]. O
(15) If k € dom A and k € dom(Ip*™), then Line(A,q) - (IR ™)y = A k-
Now we state the proposition:
(16) Let us consider natural numbers k, m. Suppose if k& = 0, then m = 0.
Let us consider an element r of R, a matrix A over R of dimension kxm,
and a matrix B over R of dimension mxn. Then A (r-B) = (A-r) - B.
Let us consider elements r1, 2 of R and a matrix A over R. Now we state
the propositions:
(17) (7"1 . A) T =171 (A . 7’2).
(18) ry- (7"2 . A) = (7“1 . 7’2) -A.
Now we state the propositions:
(19) Let us consider an element r of R. Then r - (0%*") = 03*".
PROOF: For every natural numbers ¢, j such that (i, j) € the indices of
0%" holds r - (0% ");; = Oﬁmi’j by [13}, (1)]. O
(20) Let us consider natural numbers k, m. Suppose if k& = 0, then m = 0.
Let us consider an element r of R, a matrix A over R of dimension kxm,
and a matrix B over R of dimension mxn. Then (r- A)-B=r-(A- B).
(21) Let us consider a matrix A over R, and an element r of R. Then (—r)-A =
—r- A.
PRrROOF: len(—7r) - A =1len A and len(—r - A) =len A and lenr - A = len A.
width(—r) - A = width A and width(—r - A) = width A and widthr - A =
width A. For every natural numbers 7, j such that (i, j) € the indices of
(—T’) - A holds (—7“) . Ai,j = (—7’ . A)i,j by [14, (9)] O
(22) Let us consider a matrix A over R. Then 1p- A = A.
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4. RESULTS ABOUT 1-BY-1 MATRICES

Now we state the propositions:
(23) Let us consider a non empty set D, and a square matrix M over D of

dimension 1. Then M = ((M1)).
PROOF: For every natural numbers ¢, j such that (i, j) € the indices of

M holds MiJ' = <<M1,1>>i,j by [12, (87)], [5, (2)] O

(24) Let us consider a non empty zero-one structure L. Then I1*! = ((11)).
The theorem is a consequence of (23).

Let us consider elements x, y of R and square matrices M;, Ms over R of
dimension 1. Now we state the propositions:

(25) If My = ((z)) and My = ((y)), then M; - My = ((x - y)).

(26) If My = ((z)) and My = ((y)), then M; + My = ({(x + y)).
PROOF: For every natural numbers ¢, j such that (i, j) € the indices of
M + M holds (M; + Mg)i,j = ((z+ y))m by [12, (87)], B, (2)]. O

Now we state the propositions:
(27) Let us consider elements r, s of R. Then
(i) r-{{s)) = ((r-s)), and
i) () -7 = (fs - 7).

PROOF: Set M = ((s)). Set My = ((r - s)). Set My = ((s - r)). For every
natural numbers 4, j such that (i, j) € the indices of - M holds r- M; ; =
My; ; by [B (2)], [12, (87)]. For every natural numbers 4, j such that (i,
J) € the indices of M -1 holds M - r; ; = Mo, ; by [12, (87)], [5, (2)]. O

(28) Let us consider a square matrix Y over R of dimension 1. Then ¥V =
Yia- (I ).
PROOF: For every natural numbers ¢, j such that (i, j) € the indices of
Y holds Vi ; = Y11 - (I;")i; by [12, (87)], [B, (2)]. O

5. CANONICAL BASIS FOR MATRICES

Let R be a non empty zero-one structure and I, K, ¢, k be natural numbers.
The functor [canMat (i, k, I, K, R) ‘ yielding a matrix over R of dimension Ix K
is defined by
(Def. 1) for every natural numbers is, ko such that (ia, k2) € the indices of it
holds if (i, k) = (i2, ko), then it;, , = 1g and if (i, k) # (i2, k2), then
itiy ky = OR.
Now we state the propositions:
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(29) Let us consider natural numbers I, K, i, k, i2, ka. Suppose (i2, ko) €
the indices of canMat(i, k, I, K, R). Then
(i) if ¢ # i9, then (canMat(i, k, I, K, R))i, k, = Or, and
(ii) if k& # ko, then (canMat (i, k, I, K, R));, k, = Ogr, and
(iii) if ¢ = io and k = ko, then (canMat(i, k, I, K, R))i, k, = 1R.
(30) Let us consider natural numbers I, K, i, k. Suppose (i, k) ¢ the indices
of canMat(i, k, I, K, R). Then canMat(i, k, I, K, R) = 05
PROOF: For every natural numbers is, k2 such that (ig, ko) € the indices
of canMat(i,k,I, K, R) holds (canMat(i,k,I, K, R))i, 5, = OLXKZ.Q ky DY
(29), 24, (1)]. O
(31) Let us consider a non empty zero-one structure R, and natural numbers
I, K. Suppose I = 0 iff K = 0. Let us consider natural numbers ¢, k. Then
(canMat (i, k, I, K, R))T = canMat(k,4, K, I, R).
(32) Let us consider natural numbers i, k, I, K. Then
(i) lencanMat(i, k, I, K, R) = I, and
(ii) if I =0, then width canMat(i, k, I, K, R) = 0, and
(iii) if I # 0, then width canMat (i, k, I, K, R) = K.
(33) Let us consider natural numbers I, K, i, k, ia. Suppose (i2, k) € the indices
of canMat(i, k, I, K, R). Then
(i) if i = i, then Line(canMat(i, k, I, K, R), i2) = Line(I5 ¥, k), and
(ii) if i3 # 4, then Line(canMat(i, k, I, K, R),i3) = Line(OﬁXK, k).
PROOF: Set p = Line(canMat(i, k, I, K, R), i2). For every natural number

k" such that k' € dom p holds (is, k') € the indices of canMat(i, k, I, K, R)
by [I2, (87)]. O

(34) Let us consider natural numbers I, K, i, k, ky. Suppose (i, ko) € the indices
of canMat(i, k, I, K, R). Then

(i) if ko = k, then (canMat (i, k, I, K, R))og, = (IF*")0, and
(i) if k2 # k, then (canMat(i, k, I, K, R))ox, = (050,

PROOF: i € dom(canMat(i, k, I, K, R)) and ka € Seg width canMat (i, k, I, K, R)

by [12, (87)]. For every natural number j’ such that j/ € dom((canMat(i, k, I, K, R))r
holds (', ko) € the indices of canMat(¢, k, I, K, R) by [12] (87)]. For eve-

ry natural number j such that j° € dom((canMat (i, k, I, K, R))0,) holds

(j', i) € the indices of I by [12, (87)]. If ky = k, then (canMat(i, k, I, K, R))x, =
(IF ), by [12, (87)], (29), [, (13)]. For every natural number 5’ such that

j" € dom((canMat (i, k, I, K, R))q,) holds (j’, i) € the indices of 05X by

[12, (87)]. For every natural number j' such that j" € dom((canMat(i, k, I, K, R))0k,
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holds ((canMat (i, k, I, K, R))ox,)(5') = (05))m.)(5) by [12, (87)], (29),
13, (1)]. O

Now we state the proposition:

(35) BOURBAKI, ALGEBRA [6], IT 10.3 EQUATION (9):
Let us consider natural numbers I, K, L. Suppose I # 0 and K # 0.
Let us consider natural numbers 4, ki, ko, [. Suppose k1 # ko. Then
(canMat (i, k1, I, K, R)) - (canMat(ks, 1, K, L, R)) = 05*%. The theorem is
a consequence of (30), (10), (11), (33), (14), (29), and (12).
Now we state the propositions:

(36) BOURBAKI, ALGEBRA [6], IT 10.3 EQUATION (9):

Let us consider natural numbers I, K, L, i, k, [. Suppose i € Seg I and k €

Seg K and [ € Seg L. Then (canMat(i, k, I, K, R))-(canMat(k,l, K, L, R)) =
canMat(¢,(, I, L, R). The theorem is a consequence of (32), (33), (12), (29),

(34), (13), and (14).

(37) Let us consider natural numbers I, K, L. Suppose if I = 0, then K =
0. Let us consider natural numbers ¢, k, [. Suppose k € Seg K. Then
(canMat(i, k, I, K, R))-(canMat(k, [, K, L, R)) = canMat(i,l, I, L, R). The
theorem is a consequence of (36), (30), (10), (32), and (11).

Let us consider R and n. Let i, k be natural numbers. The functor ‘ canMat(i, k,n, R) ‘
yielding a square matrix over R of dimension n is defined by the term

(Def. 2) canMat(i, k,n,n, R).

Now we state the propositions:

(38) Let us consider natural numbers i, k, i3, k. Suppose (ia, k) € the indices
of canMat(i, k,n, R). Then
(i) if ¢ # ig, then (canMat(i, k,n, R))i, k, = Or, and
(ii) if k # ko, then (canMat(i, k,n, R))i, k, = Or, and
(iii) if 4 = io and k = ko, then (canMat (i, k,n, R))iy ko = 1R-
(39) Let us consider natural numbers I, i, j1, jo, k. Suppose ji # jo. Then

(canMat (i, ji, I, R)) - (canMat(ja, k, I, R)) = 05/, The theorem is a con-
sequence of (35).

(40) Let us consider natural numbers 4, j. Suppose (i, j) ¢ the indices of
canMat (7, j,n, R). Then canMat (¢, j, n, R) = 0%°".
PROOF: For every natural numbers 4/, j/ such that (i, ;') € the indices
of 0%*" holds O%X"i,’j, = O’}%X”i,yj, by [13, (1)], [24, (1)]. O

(41) Let us consider natural numbers i, k, [. Suppose k € Segn. Then (canMat(i, k, n, R)
(canMat(k,l,n, R)) = canMat(i, [, n, R).
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Let us consider natural numbers 4, j, a square matrix A over R of dimension
n, and natural numbers iz, jo. Now we state the propositions:

(42) Suppose (i, j) € the indices of canMat(i, j,n, R). Then suppose (ig,
j2) € the indices of A. Then
(1) ifi= ig, then (canMat(i,j, n, R)) . Ai%]’? = AjJ‘Q, and
(ii) if @ # dg, then (canMat (i, j,n, R)) - A;, j, = Og.
PROOF: (i2, j) € the indices of canMat(i, j,n, R) by [12, (87)]. If i =
12, then (canMat(i,j,n, R)) : Aiz,jz = AjJ'Q by [12, (87)], (33), (14) j €
dom(0%*") by [12, (87)]. O
(43) Suppose (i, j) € the indices of canMat(i, j,n, R). Then suppose (ig,
j2) € the indices of A. Then
(i) if j = jo, then A - (canMat(i, j, n, R))i, j, = Aiy,i, and
(ii) if j # jo, then A - (canMat(i, j,n, R))i, j» = Og.
PROOF: (i, j2) € the indices of canMat(i, j,n, R) by [12, (87)]. i € dom A
and i € dom(I3*") by [12, (87)]. (i2, j2) € the indices of A-(canMat(i, j, n, R)).
If j = jo, then A - (canMat (%, j,n, R))iy jo = Aiyi- O
Now we state the propositions:
(44) Let us consider an element r of R, and natural numbers ¢, j. Then
(canMat (i, j,n, R)) - r = r - (canMat(i, j, n, R)).
(45) Let us consider natural numbers 4, j. Suppose ¢ # j. Let us consider
an element r of R. Then I3 " + r - (canMat(¢, j,n, R)) is an invertible

square matrix over R of dimension n. The theorem is a consequence of

(16), (17), (44), (18), (20), (39), and (19).

(46) Let us consider natural numbers i, j, an element r of R, and a square
matrix A over R of dimension n. Then A-(I*"+r-(canMat (i, j,n, R))) =
(Ix*"+7r-(canMat(i, j,n, R)))- A if and only if A-(r-(canMat(i, j, n, R))) =
(r - (canMat(i, j,n, R))) - A.

(47) Let us consider natural numbers 4, j, and a square matrix A over R of di-
mension n. Then A-(I5""+canMat (i, j,n, R)) = (I5""+canMat (i, j, n, R))-
A if and only if A - (canMat(i, j, n, R)) = (canMat (i, j, n, R)) - A. The the-
orem is a consequence of (22) and (46).

Let us consider natural numbers %, j. Now we state the propositions:

(48) If ¢ > j, then canMat(i, j, n, R) is lower triangular.

(49) 1If i < j, then canMat (i, j, n, R) is upper triangular.

Let us consider natural numbers 7, j and an element r of R. Now we state
the propositions:
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(50) If ¢ > j, then r - (canMat(i, j,n, R)) is lower triangular. The theorem is
a consequence of (48).

(51) If i < j, then r - (canMat(i, j,n, R)) is upper triangular. The theorem is
a consequence of (49).

(52) If i > j, then I} + r - (canMat(i, j,n, R)) is lower triangular. The
theorem is a consequence of (50).

(53) If i < j, then I} 4 r - (canMat(¢,j,n, R)) is upper triangular. The
theorem is a consequence of (51).

(54) If i > j, then (canMat(i, j,n, R)) - r is lower triangular. The theorem is
a consequence of (48).

(55) Ifi < j, then (canMat(i, j,n, R)) - r is upper triangular. The theorem is
a consequence of (49).

(56) If ¢ > j, then Ip*" + (canMat(i, j,n, R)) - r is lower triangular. The
theorem is a consequence of (54).

(57) If i < j, then I*™ + (canMat(é, j,n, R)) - r is upper triangular. The
theorem is a consequence of (55).

6. MATRIX-MEMBERED STRUCTURES AND SETS

From now on L denotes a non empty double loop structure.

Let L be a non empty 1-sorted structure. Let us consider n. Let I; be a set.

(Def. 3) for every object  such that z € I; holds z is a square matrix over L of
dimension n.
Let us consider L. One can check that L™™ is (n,L)-matrix-membered.
Now we state the proposition:
(58) Let us consider a non empty 1-sorted structure L. Then ((the carrier of
L)M)™ is (n,L)-matrix-membered.
Let L be a non empty 1-sorted structure. Let us consider n. Observe that
there exists a set which is non empty and (n,L)-matrix-membered.
Let A be a non empty, (n,L)-matrix-membered set.
Observe that an element of A is a square matrix over L of dimension n. Let
I; be a 1-sorted structure. We say that _ if and
only if
(Def. 4) the carrier of I is (n,L)-matrix-membered.

Now we state the proposition:
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(59) Let us consider a 1-sorted structure S. Then the carrier of S C L™*™ if
and only if S is (n,L)-matrix-membered.
PRrROOF: For every object x such that x € the carrier of S holds x € L™*"

by [13, (2)]. O

Let L be a non empty 1-sorted structure. Let us consider n. One can check
that there exists a l-sorted structure which is non empty and (n,L)-matrix-
membered.

Let us consider L. One can verify that there exists a 1-sorted structure which
is strict, non empty, and (n,L)-matrix-membered.

7. MATRIX RINGS

Let us consider n and L. The functor _ yielding a binary

operation on L™*" is defined by
(Def. 5) for every elements A, B of L™*", it(A,B) = A- B.

The functor _ yielding a binary operation on L™*" is defi-

ned by
(Def. 6) for every elements A, B of L™*", it(A,B) = A+ B.

We introduce the notation One(L,n) as a synonym of I7*" and Zero(L, n)
as a synonym of 07"

The functors: - and - yield elements of L™*". The func-
tor - yielding a strict double loop structure is defined by the

term
(Def. 7) (L™, matrix-add(n, L), matrix-mult(n, L), One(L, n), Zero(L,n)).

Note that Matrix-ring(n, L) is strict, non empty, and (n,L)-matrix-membered.

Now we state the proposition:

(60) Let us consider an object . Then z is an element of Matrix-ring(n, L)
if and only if z is a square matrix over L of dimension n.
Let us consider L. One can check that Matrix-ring(0, L) is trivial.
Now we state the propositions:
(61) Let us consider square matrices A, B over L of dimension n, and elements
X, Y of Matrix-ring(n,L). f A= X and B=Y, then A+ B=X+Y.
(62) Let us consider square matrices X, Y over L of dimension n, and elements
z,yof L™ If X =z and Y =y, then XY = (matrix-mult(n, L))(z,y).

(63) Let us consider square matrices A, B over L of dimension n, and elements
X, Y of Matrix-ring(n,L). f A=X and B=Y, then A-B=X-Y.
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(64) Let us consider square matrices A, B, C over R of dimension n. Then
(A-B)-C=A-(B-0).

(65) I}"is an element of Matrix-ring(n, L).

(66) 07" is an element of Matrix-ring(n, L).

Let us consider n. Let R be a right complementable, Abelian, add-associative,
right zeroed, non empty double loop structure. One can check that Matrix-ring(n, R)
is add-associative and Matrix-ring(n, R) is right zeroed and Matrix-ring(n, R)
is right complementable and Matrix-ring(n, R) is Abelian.

Let us consider R. Let us note that Matrix-ring(n, R) is well unital and
Matrix-ring(n, R) is distributive and Matrix-ring(n, R) is associative.

Now we state the proposition:

(67) Matrix-ring(1, R) and R are isomorphic.
PROOF: Set Us = the carrier of R. Define P[object, object] = $2 = (($1)).
For every element x of Us, there exists an element y of R'*! such that
Plz,y] by [13, (2)]. Consider f being a function from Us into R'*! such
that for every element r of Us, P[r, f(r)] from [I1, Sch. 3]. f is onto by
(60), (23), [I1 (10)]. f is one-to-one by [B, (37)], [12, (3)], [21, (1)]. f is
linear. [

8. EXTENSION OF SCALARS FOR MATRIX RING

Now we state the propositions:

(68) Let us consider non empty sets D, E. If D C E, then every matrix over
D is a matrix over F.

(69) Let us consider natural numbers m, n, and non empty sets D, E. Suppose
D C E. Then every matrix over D of dimension mxn is a matrix over £
of dimension mxn. The theorem is a consequence of (68).

(70) Every square matrix over S of dimension n is a square matrix over R of
dimension n. The theorem is a consequence of (69).

(71) Let us consider non empty 1-sorted structures Si, Sa, a square matrix
X over Sy of dimension n, and a square matrix Y over S; of dimension
n. Then for every natural numbers 7, j such that (i, j) € the indices of X
holds X; ; =Y ; if and only if X =Y.
PROOF: If for every natural numbers 4, j such that (i, j) € the indices of
X holds X;; =Y, then X =Y by [12], (87)], [5, (13)]. Consider ¢ being
a finite sequence of elements of S; such that ¢ = Y (i) and Y;; = ¢(j).
Consider p being a finite sequence of elements of Sy such that p = X (4)
and Xi,j = p(]) ]



(72)

(73)

(74)

(75)

(76)

(77)

(78)

(79)
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STLXn C RnXTL.
PROOF: For every object z such that x € S™*" holds z € R"*" by [13,
(2)], (70). O

Let us consider square matrices a, b over S of dimension n, and square
matrices A, B over R of dimension n. If « = A and b = B, then a + b =
A+ B.
PRrROOF: Set L1 = a+b. Set R3 = A 4+ B. For every natural numbers 4, j
such that (i, j) € the indices of Ly holds Ly; ; = R3; j by (71), [18, (15)].
O

matrix-add(n, S) = matrix-add(n, R) | S™*™.
PROOF: Set Ug = S™*". Set Us = R™*". Ug C Us. For every elements z,
y of S™*"  (matrix-add(n, S))(z,y) = (matrix-add(n, R) | S"*")(z,y) by
(70), (72), (73), [12, (87)]. O

Let us consider a square matrix a over S of dimension n, and a square
matrix A over R of dimension n. Suppose a = A. Let us consider a natural
number . If i € dom a, then Line(a, i) = Line(A4,1).
PROOF: For every natural number j such that j € dom Line(a,?) holds
Line(a,)(j) = Line(A4,4)(j) by [12, (87)], (71). O

Let us consider a square matrix b over .S of dimension n, and a square
matrix B over R of dimension n. Suppose b = B. Let us consider a natural
number j. If j € Seg width b, then bp; = B ;.
PROOF: For every natural number ¢ such that i € dom(bg ;) holds (b ;)(¢)
(Bo,) () by [12. (87)], (71). O

Let us consider a finite sequence a of elements of S, and a finite sequence
A of elements of R. If a = A, then Y a =) A.
PROOF: Define P[natural number| = for every finite sequence a of elements
of S for every finite sequence A of elements of R such that a = A and
lena = $; holds Y- a =3 A. P[0] by [20, (75)]. For every natural number
k such that P[k] holds P[k+ 1] by [9, (19), (17), (16)], [20} (44), (41)]. For
every natural number k, P[k] from [, Sch. 2]. O

Let us consider finite sequences a, b of elements of S, and finite sequences
A, B of elements of R. If a = A and b= B, thenaeb= Ae B.
PRrROOF: dom(aeb) = dom(AeB) by [9, (71)]. For every natural numbers i,
J, k such that i € Seg min(j, k) holds i € Seg j and i € Seg k by [9, (2)]. For
every natural number i such that i € dom(aeb) holds (aeb)(i) = (AeB)(i)
by [0, (71)], [10, (106)], [23, (60)], [I8, (16)]. O

Let us consider square matrices a, b over S of dimension n, and square
matrices A, B over R of dimension n. Ifa = Aand b = B, thena-b = A-B.
PROOF: Set L1 = a-b. Set R3 = A - B. For every natural numbers i, j

29
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such that (i, j) € the indices of Ly holds Ly;; = Rs, ; by [12] (87)], (75),
(76), (77). O

(80) matrix-mult(n, S) = matrix-mult(n, R) [ S"*".
PROOF: Set Ug = S™*™. Set U5 = R™"*™. Ug C Us. For every elements z, y
of S (matrix-mult(n, S))(x,y) = (matrix-mult(n, R) [ S"*")(z,y) by
(70), (72), (79), [10} (49)]. O

(81) O1<™ = n<m,

(82) IZ*"™ =I}*". The theorem is a consequence of (70) and (71).

(83) (i) One(S,n) = One(R,n), and
(ii) Zero(S,n) = Zero(R,n).

Now we state the proposition:

(84) EXTENSION OF SCALARS FOR MATRIX RINGS:
Matrix-ring(n, S) is a subring of Matrix-ring(n, R). The theorem is a con-

sequence of (72), (74), (80), and (83).

9. CENTER OF THE MATRIX RING

Now we state the propositions:

(85) Let us consider an element z of R. If z € Z(R), then for every matrix A
over R, A-z=2z-A.
PROOF: len A -z =lenz- A and width A - z = width z - A. For every natural
numbers ¢, j such that (i, j) € the indices of Az holds A-z;; = z- A;;
by [3, (17)]. O

(86) Let us consider an element z of R. Suppose z € Z(R). Let us consider
square matrices A, B over R of dimension n. If A- B = B - A, then
A-(z-B) = (z-B)-A. The theorem is a consequence of (16), (85), and
(20).

(87) Let us consider an element z of R. Suppose z € Z(R). Let us consider
a square matrix A over R of dimension n. Then A - (z - (I5*")) = (2 -
(IF*™)) - A. The theorem is a consequence of (86).

Let us consider elements x, y of R. Now we state the propositions:
(88) @ (1™ -y=a-y- (Ip").
(89) @~ (™) - (y- (IF™) = (x - (Ip™) - y) - (L™,

Now we state the propositions:

(90) SEE, E.G., BOURBAKI'S “ALGEBRA” VIII [7] 5 NO.3 COROLLARY 2 TO
THEOREM 2:
Let us consider a square matrix A over R of dimension n. Suppose for
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every square matrix B over R of dimension n, A- B = B - A. Then there
exists an element z of R such that

(i) z € Z(R), and
(i) A=z (I5").
PROOF: For every natural numbers ¢, j such that (i, j) € the indices of

A and i # j holds A;; = Og by [12], (87)], (43), (42). For every natural
numbers ¢, j such that (i, j) € the indices of A holds A;; = A;;. O
(91) Let us consider an element X of Matrix-ring(n, R), and a square matrix
A over R of dimension n. Suppose A = X. Then X € Z(Matrix-ring(n, R))
if and only if for every square matrix B over R of dimension n, A-B = B-A.
The theorem is a consequence of (60) and (63).
(92) Let us consider an element X of Matrix-ring(n, R). Then X € Z(Matrix-ring(n, R))
if and only if there exists an element z of R such that z € Z(R) and
X = z-(Ig"™). The theorem is a consequence of (60), (91), (90), (63), and
(87).

10. GrouP OF UNITS FOR UNITAL RINGS

In the sequel M denotes an associative, right unital, non empty multiplica-
tive loop structure.

Let M be a non empty multiplicative loop structure. The functor M
yielding a subset of M is defined by the term

(Def. 8) {z, where z is an element of M : x is unital}.
Now we state the proposition:
(93) Let us consider a right unital, non empty multiplicative loop structure
M, and an element eg of M. Then ey is unital if and only if eg € units(M).
Let us consider M. Let u, v be unital elements of M. Let us observe that
u - v is unital and units(M) is (the multiplication of M )-binopclosed.

The functor lUnitGroup(M ) | yielding a strict multiplicative magma is defi-
ned by the term

(Def. 9)  (units(M), (the multiplication of M) | units(M)).
Now we state the proposition:
(94) 1 € UnitGroup(M).
Let us consider M. Let us observe that UnitGroup(M) is non empty.

Now we state the proposition:

(95) Let us consider elements a, b of M, and elements x, y of UnitGroup(M ).
Ifa=xand b=y, thena-b=x-y.
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Let us consider M. One can check that UnitGroup(M) is associative.
Let M be an associative, left, right unital, non empty multiplicative loop
structure. Let us observe that UnitGroup(M) is group-like.
Now we state the proposition:
(96) Let us consider an associative, well unital, non empty multiplicative loop
structure M. Then 1ypitGroup(mr) = 1a- The theorem is a consequence of
(95).
Let R be a commutative ring. Let us note that UnitGroup(R) is commuta-
tive.
Now we state the proposition:
(97) Let us consider an associative, left, right unital, non empty multiplica-
tive loop structure M. Then UnitGroup(M) is a strict group.
Let us consider an associative, left, right unital, non empty multiplicative
loop structure G. Now we state the propositions:
(98) If G is group-like, then units(G) = the carrier of G.
(99) If G is group-like, then UnitGroup(G) = the multiplicative magma of
G. The theorem is a consequence of (98).
Let us consider a skew field R. Now we state the propositions:
(100) NonZero R = units(R).
PROOF: For every object « such that € NonZero R holds x € units(R) by
[16, (7)]. For every object x such that x € units(R) holds x € NonZero R.
O
(101) MultGroup(R) = UnitGroup(R). The theorem is a consequence of (100).

Let R be a skew field. We identify NonZero R with units(R). We identify
MultGroup(R) with UnitGroup(R). Now we state the propositions:
(102) Let us consider a commutative ring R, and an object x. Then x € Z(R)
and = € UnitGroup(R) if and only if z € Z(UnitGroup(R)). The theorem
is a consequence of (6).
(103) Let us consider an object z. Suppose x € Z(R) and x € UnitGroup(R).
Then z € Z(UnitGroup(R)).
PROOF: Reconsider a = z as an element of UnitGroup(R). For every
element g of UnitGroup(R), a-g = g-a by (95), [3, (43)]. O
Let us consider a square matrix A over R of dimension n and an element z
of R. Now we state the propositions:
(104) If A = z- (I5"") and z € UnitGroup(R), then A is invertible. The
theorem is a consequence of (93), (89), (88), and (22).
(105) Ifn>0and A= z-(I3*") and A is invertible, then z € UnitGroup(R).
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ProoOF: Consider Ms being a square matrix over R of dimension n such

that A is inverse of My. I} = z- (I5*" - M3). (1, 1) € the indices of My

and (1, 1) € the indices of I3*" by [, (19)]. I*" = My -z - (Ix*"). O
Now we state the propositions:

(106) Let us consider an invertible square matrix A over R of dimension n.
Suppose for every invertible square matrix B over R of dimension n, A-B =
B - A. Then there exists an element z of R such that

(i) z € Z(UnitGroup(R)), and
(i) A=z-(IF").
PROOF: For every natural numbers 4, j such that i # j holds A-(canMat(i, j,n, R)) =
(canMat(i, j,n, R)) - A. For every natural numbers 4, j such that (i, j) €
the indices of A and i # j holds A;; = Or by [12, (87)], (43), (42).
For every natural numbers i, j such that (i, j) € the indices of A holds
Ai,i = Aj,j' O

(107) Let us consider rings R;, Ry. Suppose R; and Ry are isomorphic. Then

UnitGroup(R;) and UnitGroup(R2) are isomorphic.
Proor: Consider ¢ being a function from R; into Ra such that ¢ inherits
ring isomorphism. Set ¢ = ¢[(the carrier of UnitGroup(R;)). For every
element a of UnitGroup(R;), there exists an element = of R; such that a =
x and () = ¥(a) by [10] (49)]. For every elements a, b of UnitGroup(R;),
P(a-b) = 1(a)-1(b) by (93), [12, (87)], [10, (49)], (95). For every object y
such that y € the carrier of UnitGroup(R3) there exists an object = such
that = € the carrier of UnitGroup(R;) and y = ¢(z). O

11. GENERAL LINEAR GROUP OVER A RING

Let us consider n and R. The functor m yielding a strict group is

defined by the term
(Def. 10) UnitGroup(Matrix-ring(n, R)).

One can verify that GLo(R) is trivial.

Now we state the proposition:

(108) Let us consider an object x. Then z is an element of GL, (R) if and only
if x is an invertible square matrix over R of dimension n. The theorem is
a consequence of (93), (60), and (63).

Let us consider R and n. One can verify that GL,(R) is (n,R)-matrix-
membered and the carrier of GL,,(R) is non empty and the carrier of GL,(R)
is (n,R)-matrix-membered.

Now we state the proposition:
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(109) Let us consider elements z, y of GL,,(R), and square matrices X, Y over
R of dimension n. If X =z and Y =y, then X - Y = z - y. The theorem
is a consequence of (60), (95), and (63).
The scheme GLSubset deals with a natural number n and a ring R and a
unary predicate P and states that
(Sch. 1) There exists a subset A of GLy,(R) such that for every invertible square
matrix X over R of dimension n, X € A iff P[X].
The scheme GLSubset? deals with a natural number n and a ring R and a
unary predicate P and states that
(Sch. 2) There exists a subset A of GL,(R) such that for every square matrix X
over R of dimension n such that X is invertible holds X € A iff P[X].
Now we state the propositions:
(110) Let us consider a square matrix X over R of dimension n. Then X is
an element of GL, (R) if and only if X is invertible.
(111) Ix*" is an element of GL,(R).
(112) 1ep,(r) = IF™
PROOF: Reconsider I = I}}*" as an element of GLy,(R). For every element
x of GL,(R), z-I =z and [ - x = x by (108), (109), [24, (19), (18)]. O
(113) Let us consider an element = of GL,(R), and an invertible square matrix
X over R of dimension n. If z = X, then 2! = X . The theorem is
a consequence of (108), (112), and (109).
(114) Let us consider an element g of GL,(R), and square matrices X, Y over
R of dimension n. If X = g, then Y = -1 5 (g) iff Y is inverse of X.
The theorem is a consequence of (109), (112), and (110).
The scheme GLSubgroup deals with a natural number n and a ring R and a
unary predicate P and states that
(Sch. 3) There exists a strict subgroup H of GL, (R) such that for every invertible
square matrix X over R of dimension n, X € H iff P[X]
provided

e for every invertible square matrices X, Y over R of dimension n such that
P[X] and P[Y] holds P[X - Y] and

e for every invertible square matrix X over R of dimension n such that P[X]
holds P[X ] and

o P,

The scheme GLSubgroup? deals with a natural number n and a ring R and
a unary predicate P and states that
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(Sch. 4) There exists a strict subgroup H of GL, (R ) such that for every invertible
square matrix X over R of dimension n, X € H iff P[X]

provided

e for every invertible square matrices X, Y over R of dimension n such that
P[X] and P[Y] holds P[X - Y] and

e for every invertible square matrix X over R of dimension n such that P[X]
holds P[X ] and

o PIF™)

12. CENTER OF GENERAL LINEAR GROUP

Now we state the propositions:

(115) Let us consider an element X of GL,,(R). Suppose there exists an element
z of R such that z € Z(R) and X = z- (I5*"). Then X € Z(GLy(R)). The
theorem is a consequence of (108), (109), and (87).

(116) Let us consider an invertible square matrix X over R of dimension n.
Suppose n # 1. Then X € Z(GL,,(R)) if and only if there exists an element
z of R such that z € Z(R) and z € UnitGroup(R) and X = z- (I3""). The
theorem is a consequence of (108), (109), and (87).

(117) Let us consider an element r of R. Suppose r € Z(UnitGroup(R)). Let
us consider an element s of R. If s € UnitGroup(R), then r-s = s-r. The
theorem is a consequence of (95).

(118) Let us consider an invertible square matrix X over R of dimension n.
Suppose n = 1. Then X € Z(GL,(R)) if and only if there exists an element
z of R such that z € Z(UnitGroup(R)) and X = z - (I3*"). The theorem
is a consequence of (108), (109), (28), (105), (89), (88), and (117).

(119) Z(GL1(R)) and Z(UnitGroup(R)) are isomorphic. The theorem is a con-
sequence of (67), (107), and (5).

(120) Let us consider a commutative ring R, and an invertible square matrix
X over R of dimension n. Then X € Z(GL,(R)) if and only if there
exists an element z of R such that z € Z(R) and z € UnitGroup(R) and
X =z (I}*"). The theorem is a consequence of (118), (102), and (116).
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13. EXTENSION OF SCALARS FOR THE GENERAL LINEAR GROUP

Now we state the propositions:

(121) Let us consider a square matrix M; over R of dimension n, and a square
matrix My over S of dimension n. If M7 = Ms and M5 is invertible, then
M is invertible. The theorem is a consequence of (70), (79), and (82).

(122) The carrier of GL,(S) C the carrier of GL,(R). The theorem is a con-
sequence of (108), (70), (110), and (121).

(123) The multiplication of GLy,(S) = (the multiplication of GL,,(R)) | (the carrier
of GL,(S)).
PROOF: Set Ug = the carrier of GL,,(S). Set Us = the carrier of GL,,(R).
Set fo = the multiplication of GL,(S). Set fi = the multiplication of
GL,(R). Us C Us. For every elements x, y of Us, fa(z,y) = (f1 | Us)(x,y)
by [11} (5)], (108), (109), (79). O

(124) GL,(S) is a strict subgroup of GL,,(R). The theorem is a consequence
of (122) and (123).

14. APPENDIX 1: MATRIX INVERSION AS A UNARY OPERATOR

Now we state the proposition:
(125) Let us consider an element x of Matrix-ring(n, R). Then z is invertible if
and only if there exists an invertible square matrix X over R of dimension
n such that X = x. The theorem is a consequence of (60) and (63).
Let us consider n and R. Note that there exists an element of Matrix-ring(n, R)
which is invertible.
Now we state the proposition:

(126) Let us consider an object x. Then z is an invertible element of Matrix-ring(n, R)

if and only if z is an invertible square matrix over R of dimension n. The
theorem is a consequence of (125) and (60).

Let us consider n and R. The functor | n -invertible-Matrices-over R ‘ yielding
a subset of R™*" is defined by the term

(Def. 11) {X, where X is an element of R"*™ : X is an invertible square matrix
over R of dimension n}.

Now we state the proposition:
(127) Let us consider an object z. Then = € n-invertible-Matrices-over R if
and only if x is an invertible square matrix over R of dimension n.

Let us consider n and R. One can verify that n-invertible-Matrices-over R
is non empty.
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Now we state the propositions:
(128) The carrier of GL,(R) = n-invertible-Matrices-over R. The theorem is
a consequence of (108) and (127).
(129) n-invertible-Matrices-over R is (matrix-mult(n, R))-binopclosed.
PROOF: Set U = n-invertible-Matrices-over R. For every set x such that
x € U x U holds (matrix-mult(n, R))(z) € U by (127), [22, (36)]. O
(130) Onme(R,n) is a unity w.r.t. matrix-mult(n, R).
PROOF: Set pr = matrix-mult(n, R). For every element z: of R"*"™, 1(One(R,n),z) =
x and p(x,One(R,n)) =z by [24, (18), (19)]. O
Let us consider n and R. Note that matrix-mult(n, R) is associative and
matrix-mult(n, R) is unital.
Now we state the proposition:

(131) Ome(R,n) = lmatrix-mult(n,r)- Lhe theorem is a consequence of (130).

Let us consider n and R. The functor ‘matrix—inv(n, R)‘ yielding a unary

operation on n-invertible-Matrices-over R is defined by
(Def. 12) for every element z of n-invertible-Matrices-over R and for every inver-
tible square matrix X over R of dimension n such that x = X holds
it(x) = X~.
Now we state the proposition:
(132) 'ain(R) = matrix-inv(n, R). The theorem is a consequence of (128),
(108), and (113).
Let us consider a binary operation F' on n-invertible-Matrices-over R. Now
we state the propositions:
(133) If F = matrix-mult(n, R) | (n-invertible-Matrices-over R), then One(R,n)
is a unity w.r.t. F'.
PROOF: Reconsider e; = One(R, n) as an element of n -invertible-Matrices-over R.
For every element x of n-invertible-Matrices-over R, F'(e;,x) = x and
F(z,e1) =z by (127), [10, (49)], [1Z, (87)], [24, (18), (19)]. O
(134) If F = matrix-mult(n, R) | (n-invertible-Matrices-over R), then One(R,n) =
1r. The theorem is a consequence of (127) and (133).
(135) Suppose F' = matrix-mult(n, R) [ (n-invertible-Matrices-over R). Then
matrix-inv(n, R) is an inverse operation w.r.t. F.
PROOF: Set ¢ = matrix-inv(n, R). Reconsider e; = One(R,n) as an ele-
ment of n-invertible-Matrices-over R. ey = 1p. For every element x of
n -invertible-Matrices-over R, F(z,i(x)) = 1p and F(i(z),z) = 1 by
(127), [10l (49)]. O
(136) If FF = matrix-mult(n, R) [ (n-invertible-Matrices-over R), then F' is
unital and associative and has inverse operation.
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PROOF: For every elements a, b, ¢ of n-invertible-Matrices-over R, F(a, F'(b,c)) =
F(F(a,b),c) by (127), [I0, (49)], 24, (33)]. O

(137) Suppose F' = matrix-mult(n, R) | (n-invertible-Matrices-over R). Then
matrix-inv(n, R) = the inverse operation w.r.t. F.
PROOF: F' is unital and associative and has inverse operation. For every
element x of n -invertible-Matrices-over R, (matrix-inv(n, R))(z) = (the inverse oper
F)(z) by (127), (134), [8, (59)], [10, (49)]. O

Let us consider elements a, b of R. Now we state the propositions:

(138) RUDIN’S RESULTS [17] CONCERNING TWO-SIDED INVERSES AND UNIQUE
RIGHT INVERTIBILITY, AS DISCUSSED BY ALMIRA AND CID [1]:
If a-b = 1p, then for every element b’ of R such that a - = 1 holds
b = b iff for every element x of R, a-x # Or or x = Og.

(139) If a-b= 1g, then for every element x of R, a-x # O or z = O iff a is
invertible.

(140) If a-b = 1g, then for every element &’ of R such that a-b = 1g holds
b = b iff a is invertible.

15. APPENDIX 2: Linear GROUPS

Now we state the proposition:
(141) Let us consider a group G. Then the multiplicative magma of G is a sub-
group of G.
Let G be a group. Let us note that the multiplicative magma of G is asso-
ciative and group-like.
Now we state the proposition:
(142) Let us consider a group G. Then 61 = -1, where a is the multiplicative
magma of G. The theorem is a consequence of (141).
Let n be a natural number, R be a ring, and I; be a group. We say that
|11 is (n,R)linear  if and only if

(Def. 13) the multiplicative magma of I; is a subgroup of GL,,(R).

Let us consider n and R. Let us observe that GL,(R) is (n,R)-linear and
there exists a group which is strict and (n,R)-linear.

From now on G denotes an (n,R)-linear group.

Now we state the proposition:
(143) Every subgroup of GL, (R) is (n,R)-linear. The theorem is a consequence

of (141).

Let us consider n and R. Observe that every subgroup of GL,(R) is (n,R)-

linear.
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Now we state the propositions:
(144) The carrier of G C the carrier of GLy,(R).
(145) The carrier of G C n-invertible-Matrices-over R. The theorem is a con-
sequence of (128) and (144).
Let us consider n and R. Let us note that every group which is (n,R)-linear
is also (n,R)-matrix-membered.
Now we state the propositions:
(146) 1o = lan,.(r)-
(147) 1g = IZ*". The theorem is a consequence of (146) and (112).
Let us consider n, R, and G. One can verify that the carrier of G is non
empty and (n,R)-matrix-membered.
Now we state the propositions:
(148) The multiplication of G = (the multiplication of GL,(R)) [ (the carrier
of G).
(149) The multiplication of G = matrix-mult(n, R) | (the carrier of G). The
theorem is a consequence of (144).
(150) The multiplication of GL,,(R) = matrix-mult(n, R) [ (n-invertible-Matrices-over /
(151) Every subgroup of G is (n,R)-linear.
PRrROOF: The carrier of H C the carrier of GL,(R). The multiplication
of H = (the multiplication of GL,(R)) | (the carrier of H) by [12, (96)],
(148), [I0, (51)]. O
Let us consider n, R, and G. Note that every subgroup of G is (n,R)-linear.
Now we state the propositions:

(152) -5t = 'éin(R) [(the carrier of G). The theorem is a consequence of (142).

(153) -5' = matrix-inv(n, R)[(the carrier of G). The theorem is a consequence
of (152) and (132).

16. APPENDIX 3: General LINEAR GROUPS

Let us consider n and R. Let I} be an (n,R)-linear group. We say that

if and only if
(Def. 14) for every object x, = € I iff = is an invertible square matrix over R of
dimension 7.

Observe that GL,,(R) is general and there exists an (n,R)-linear group which
is general and strict and there exists an (n,R)-linear group which is general.

Let us consider a general, (n,R)-linear group G. Now we state the proposi-
tions:
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(154) The carrier of G = the carrier of GL,,(R). The theorem is a consequence
of (108).

(155) The multiplication of G = the multiplication of GL,(R). The theorem
is a consequence of (154).

(156) The multiplicative magma of G = GL,(R). The theorem is a consequ-
ence of (155) and (154).

Now we state the proposition:

(157) The general , (n,R)-linear , strict group = GL,(R).
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