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The articles([3],[[5],[10],[11],12],0TL], 18], [4], [13],[[6],[7], [12], and [9] provide the notation and
terminology for this paper.

In this papeil denotes a natural number.

LetK be afield and leM1, M2 be matrices oveK. The functoM; — M yielding a matrix over
K is defined as follows:

(Def. 1) Mj—Mz =Mz +—Ma.
Next we state a number of propositions:
(1) For every field&K and for every matrisM overK such that let > 0 holds——M = M.
(2) For every fieldk and for every matriXM over K such that lemM > 0 holdsM + —M =

0 0 (lenM) x (widthM)
0 ... 0/,
(3) For every fieldK and for every matrixM over K such that lemM > 0 holdsM — M =
0 0\ (lenM)x (widthm)
0 ... 0/

(4) LetK be afield andM;, M2, M3 be matrices ovelK. Suppose leM; =lenM; and lerM, =
lenM3 and widthM; = widthM» and widthM, = widthM3 and lerM; > 0 andM; + M3 =
My +Ms. ThenM; = Ma.

(5) For every fieldk and for all matricedv;, M, over K such that let, > 0 holdsM; —
—M3 =M1+ Mo.

(6) For every field K and for all matricesMi, M, over K such that leM; =

lenM, and widthM; = widthM, and lerM; > 0 and M1y = M1 + My holds M, =
0 0 (lenMu)x(widihMy)

K
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(7) For every fieldK and for all matricesM;, M2 over K such that lei; = lenM, and
0 0 (lenMy) x (widthMy)

widthM1 = widthM, and lerM; > 0 andM; — My = Dot holds

K
M1 = Ma.

(8) For every fieldKk and for all matricesM;, M, over K such that leM; = lenM;, and
(lenM) x (widthMy)

0O ... 0
widthMy, = widthM» and lerM; > 0 andM; + M» = P, holds
0 ... 0/,
My = —M;.
(9) For all natural numbersn, m and for every field K such thatn > 0 holds
0 ... o\™" 0 ... o\™"
0 ... 0/, 0 ... 0/,

(10) For every field K and for all matricesM;, M, over K such that leM; =

lenM, and widthM; = widthM, and lerM; > 0 and M, — M; = My holds M; =
0 0\ (lenMa)x (widthMy)

0 ... 0/,
(11) For every fieldk and for all matricesMi, M2 over K such that leiM; = lenM, and

widthM; = widthM, and lerM; > 0 holdsM; = M; — (M2 — M3).

(12) For every fieldk and for all matricedM;, M» over K such that leiM; = lenM, and
widthM; = widthMz and lerM; > 0 holds— (M1 + M) = —M1 + —Ma.

(13) For every fieldk and for all matricesMi1, M» over K such that leiM; = lenM, and
widthM; = widthM and lerM; > 0 holdsM; — (M1 — M3) = Ma.

(14) LetK be afield andM1, M, M3 be matrices ovelK. Suppose lekl; =lenM; and lerM, =
lenM3 and widthM; = widthM, and widthM, = widthM3 and lerM, > 0 andM; — M3 =
Ms — Ms. Thean = Ma.

(15) LetK be afield andM, M2, M3 be matrices ovelK. Suppose lekl; = lenM; and lerM;, =
lenM3 and widthM; = widthM» and widthM, = widthM3 and lerM; > 0 andM3z — My =
M3z — Mo. Thean = Mo.

(16) LetK be afield and1, My, M3 be matrices oveK. If lenM; = lenM and lerM; = lenM3
and widthM; = widthM, and widthM, = widthM3 and lerM; > 0, thenM; — My — M3 =
M1 — Mz — Ma.

(17) LetK be afield andi1, My, M3 be matrices oveK. If lenM; = lenM, and lerMy = lenM3
and widthM; = widthM, and widthM, = widthM3 and lerM1 > 0, thenM1 — M3 = M1 —
M2 — (M3 —My).

(18) LetK be afield and1, My, M3 be matrices oveK. If lenM; = lenM5 and lerM; = lenM3
and widthM; = widthM, and widthM, = widthM3 and lerM; > 0, thenM3 — M1 — (M3 —
M2) = My — M.

(19) LetK be a field andM1, M2, M3, M4 be matrices oveK. Suppose leM; = lenM, and
lenM, = lenMs and lerMis = lenMy4 and widthiM1 = widthM», and widtiM> = widthMs and
widthM3z = widthM4 and lerM; > 0 andM1 — My = M3 — My4. ThenM1 — M3z = My — Ma.

(20) For every fieldk and for all matricesM1, M» over K such that lei; = lenM, and
widthM; = widthMz and lerM; > 0 holdsM; = M1 + (M2 — M3).
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(21) For every fieldk and for all matricesvl;, M2 over K such that leM; = lenM, and
widthM; = widthM, and lerM; > 0 holdsM; = (M1 + M) — Ma.

(22) For every fieldk and for all matricesM1, M» over K such that leiM; = lenM, and
widthM; = widthM, and lerM; > 0 holdsM; = (M1 — M3) + Ma.

(23) LetK be afield andM1, M2, M3 be matrices oveK. If lenM1 =lenM, and lerM, = lenM3
and widthM; = widthM, and widthM, = widthMz and lerM1 > 0, thenM; + M3 = M1 +
Mo + (M3 — Mz).

(24) LetK be afield andi1, M2, M3 be matrices oveK. If lenM; = lenM, and lerM; = lenM3
and widthM; = widthM, and widthM, = widthM3 and lerM; > 0, then(M3 + M) — M3 =
(M1 —M3) + Ma.

(25) LetK be afield andi1, My, M3 be matrices oveK. If lenM; = lenM; and lerM; = lenM3
and widthM; = widthM, and widthM, = widthM3 and lerM; > 0, then(M1 — M) + M3 =
(M3 —Mz) + M;.

(26) LetK be afield and1, My, M3 be matrices oveK. If lenM; = lenM3 and lerM; = lenM3
and widthM; = widthM; and widthM, = widthM3 and lerM; > 0, thenM; + M3 = (M1 +
M2) — (M2 — M3).

(27) LetK be afield and1, M2, M3 be matrices oveK. If lenM; = lenM5 and lerM; = lenM3
and widthM; = widthM; and widthM, = widthM3 and lerM; > 0, thenM; — M3 = (M1 +
Mz) — (M3 + Mg).

(28) LetK be a field andM1, M2, M3, My be matrices oveK. Suppose leRl; = lenM, and
lenM, = lenMs and lerMs = lenMy4 and widthiM1 = widthM», and widtiM> = widthMs and
widthM3z = widthM4 and lerM; > 0 andMq + M = M3+ M4. ThenM1 — M3 = Mg — Mo.

(29) LetK be a field andM1, M2, M3, M4 be matrices oveK. Suppose leM; = lenM, and
lenM, = lenM3 and lerMs = lenMy4 and widtiM1 = widthM», and widtiM> = widthMs and
widthM3z = widthM4 and lerM; > 0 andM1 — M3z = M4 — M». ThenM1 + My = M3 + Ma.

(30) LetK be a field andM1, M2, M3, My be matrices oveK. Suppose lehl; = lenM; and
lenM, = lenM3 and lerM3 = lenM4 and widthM; = widthM, and widthM» = widthM3 and
widthMz = widthMy4 and lerM; > 0 andM; + Mz = M3 — My. ThenM1 + Mg = M3 — Ma.

(31) LetK be afield and/1, My, M3 be matrices oveK. If lenM; = lenM, and lerMy = lenM3
and widthM; = widthM, and widthM, = widthMz and lerM; > 0, thenM; — (M + M3) =
M1 — My — Ms.

(32) LetK be afield and1, M2, M3 be matrices oveK. If lenM; = lenM5 and lerM; = lenM3
and widthM; = widthM, and widthM, = widthM3 and lerM; > 0, thenM; — (M, — M3) =
(M1 —M2) +Ma.

(33) LetK be afield and1, M2, M3 be matrices oveK. If lenM; = lenM; and lerM; = lenM3
and widthM; = widthM and widthM, = widthMz and lerM; > 0, thenM; — (M2 — M3) =
M+ (Mg — Mz).

(34) LetK be afield and1, My, M3 be matrices oveK. If lenM; = lenM, and lerM; = lenM3
and widthM; = widthM; and widthM, = widthM3 and lerM; > 0, thenM; — M3 = (M1 —
M2) + (M2 — M3).

(85) LetK be afield andM1, M2, M3 be matrices oveK. If lenM1 =lenM, and lerM2 = lenM3
and widthM; = widthM, and widthM, = widthM3 and lerM; > 0 and—M; = —M», then
M1 = Mo.

(36) For every fieldK and for every matrixM over K such that lemM > 0 and —M =
0 0 (lenM) x (widthM) 0 0 (lenM) x (widthM)

holdsM =

K K
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) ' . , _
(37) For every fieldk and for all matricesM1, M2 over K such that leiM; = lenM, and
0 0 (lenMy) x (widthMy)

widthM1 = widthM, and lerM; > 0 and M1 + —M, =

K
holdsM; = My.

(38) For every fieldk and for all matricedM1, M» over K such that lei; = lenM, and
widthM; = widthM» and lerM; > 0 holdsM1 = M1 + My + —Mo.

(39) For every fieldk and for all matricesM1, M2 over K such that leiM; = lenM, and
widthM; = widthM, and lerM; > 0 holdsM; = My + (M2 + —M>).

(40) For every fieldk and for all matricedM1, M2 over K such that lei; = lenM, and
widthM; = widthM; and lerM; > 0 holdsM1 = —My + M1 + Mo.

(41) For every fieldk and for all matricesMi, M» over K such that leiM; = lenM, and
widthM; = widthM, and lerM; > 0 holds—(—M1 + M) = M1 + —Ms.

(42) For every fieldk and for all matricedM;, M2 over K such that leiM; = lenM, and
widthM; = widthMz and lerM; > 0 holdsM1 + Mz = —(—M1 + —My).

(43) For every fieldk and for all matricesMi, M» over K such that leiM; = lenM, and
widthM; = widthM, and lerM; > 0 holds— (M1 — My) = M — Mj.

(44) For every fieldK and for all matricesM1, M» over K such that lei; = lenM, and
widthMy = widthM; and lerM; > 0 holds—M1 — My = —My — M1.

(45) For every fieldk and for all matricesM1, M2 over K such that leiM; = lenM, and
widthM; = widthM, and lerM; > 0 holdsM; = —My — (—M1 — My).

(46) LetK be afield and/1, M2, M3 be matrices oveK. If lenM; = lenM, and lerMz =lenM3
and widthM1 = widthM» and widthM, = widthM3 and lerM1 > 0, then—M1 — My — M3 =
—M; — M3 —Mo.

(47) LetK be afield and1, M2, M3 be matrices oveK. If lenM; = lenM; and lerM; = lenM3
and widthM, = widthM, and widthM, = widthM3 and lerM1 > 0, then—M; — My — M3 =
—My — M3 — M;.

(48) LetK be afield and1, M2, M3 be matrices oveK. If lenM; = lenM5 and lerM; = lenM3
and widthM; = widthM, and widthiM, = widthM3 and lerMy > 0, then—M; — My — M3 =
—M3 — My —M;y.

(49) LetK be afield andM1, M2, M3 be matrices oveK. If lenM1 =lenM, and lerM, = lenM3
and widthM; = widthM; and widthM, = widthM3 and lerM; > 0, thenM3 — M1 — (M3 —
M) = —(M1—My).

(50) For every fieldK and for every matrixM over K such that leM > 0 holds
0 0 (lenM) x (widthM)

Do ~M=-M.

0 ... 0/,

(51) For every fieldk and for all matricesM1, M2 over K such that leiM; = lenM, and
widthM1 = widthM, and lerM; > 0 holdsM1 + My = M1 — —Mo.

(52) For every fieldk and for all matricedVl;, M2 over K such that leM; = lenM, and
widthM; = widthMz and lerM; > 0 holdsM; = M1 — (M2 + —M3).

(53) LetK be afield andvi1, M2, M3 be matrices oveK. Suppose leN; =lenM; and lerM; =
lenM3 and widthM; = widthM, and widthM, = widthM3 and lerM; > 0 andM; — M3 =
M + —M3. ThenM1 = Mo.
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(54) LetK be afield andvi1, M2, M3 be matrices oveK. Suppose leN; =lenM; and lerM; =

lenM3 and widthM; = widthM, and widthM, = widthM3 and lerM1 > 0 andM3 — My =
M3+ —M». ThenM1 = Ma.

(55) LetK be afield andh, B be matrices oveK. If lenA = lenB and widthA = widthB, then

the indices ofA = the indices oB.

(56) LetK be afield and, y, zbe finite sequences of elements of the carrid¢ off lenx = leny

and lery =lenz then(x+y)ez=Xxez+yeoz

(57) LetK be afield anc, y, zbe finite sequences of elements of the carriéf off lenx = leny

and lery = lenz, thenze (x+Yy) = ze X+ zeY.

(58) LetD be a non empty set arMd be a matrix oveb. Suppose leM > 0. Let n be a natural

number. ThemM is a matrix oveD of dimensiom x widthM if and only if n = lenM.

(59) LetK be afield,j be a natural number, ag B be matrices ovelK. Suppose leA = lenB

and widthA = widthB and there exists a natural numiesuch thati, j) € the indices ofA.
Then LindA+B,i) = Line(A,i) + Line(B,i).

(60) LetK be afield,j be a natural number, ag B be matrices ovelK. Suppose leA = lenB

and widthA = widthB and there exists a natural numbeuch that{i, j) € the indices ofA.
Then(A+ B)D_’j = ADJ + B[]yj.

(61) LetV; be a field andP;, P, be finite sequences of elements of the carriér;0fif lenP; =

lenP,, thenS (PL+P) =S Pi+ 5 Po.

(62) LetK be afield andh, B, C be matrices oveK. If lenB = lenC and widthB = widthC and

widthA=lenB and lemA > 0 and lerB > 0, thenA- (B+C) = A-B+A-C.

(63) LetK be a field andh, B, C be matrices oveK. If lenB = lenC and widthB = widthC and

lenA = widthB and lerB > 0 and lerA > 0, then(B+C)-A=B-A+C-A.

(64) LetK be a field,n, m, k be natural numberd/l; be a matrix oveK of dimensionn x m,

(1

(2]

(3]

4

(5]

6]

[7]

8]

&)

[10]

[11]

andM; be a matrix oveK of dimensionm x k. Suppose widtM; = lenM; and 0< lenM;
and 0< lenM,. ThenM; - M, is a matrix ovelK of dimensiom x k.
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