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Is matrix multiplication associative

Mathematical operation in linear algebra For matrix multipliing, the number of columns in the first matrix must be equal to the number of rows in the second matrix. The result matrix has the number of rows of the first matrix and the number of columns of the second matrix. In mathematics, especially in linear algebra, matrix multiplied is a binary process that
produces a matrix from two matrices. For matrix multipliing, the number of columns in the first matrix must be equal to the number of rows in the second matrix. The resulting matrix, known as matrix multiplied, has the number of rows of the first matrix and the number of columns of the second matrix. The multipliers of matrix and B are expressed as EU. [1] [2]
The matrix multiplied was first described by the French mathematician Jacques Philippe Marie Binet in 1812[3] and represents the composition of linear maps represented by the matrices. Matrix multiplication is thus a basic tool of linear algebra and therefore there are numerous applications in many areas of mathematics, as well as applied mathematics,
statistics, physics, economics, and engineering. [4] [5] Computer matrix products are a central process in all computational applications of linear algebra. Notation The following notary rules will be used in this article: matrices are represented in bold in uppercase letters, such as A; small thick vectors, such as a; the entries of vectors and matrices are italic
(because they are numbers from a field), for example, A and a. Index representation is often the clearest way to express definitions and is used as standard in literature. The i, j input (A)ij, Aij, or aij of matrix A is indicated, while the numeric label (not matrix entries) in the matrix collection is specified only in subseging, such as Al, A2, and so on. Definition A is
amxnmatrixand Bisx npmatrix, A=(allal2,alna22,a2n: : -, tamlm2-amn),B=(bl1llb1l2 : : -, : bl1pb21b21b22b2pb)\displaystyle \mathbf {A} =\ begin{pmatrix}a_{11}&amp;a_{12}&amp;a_{12}&amp;a_{1n\a_{21}&amp;a { 22}&amp;a_\cdots&amp;a_\2n}\vdots&amp;\vdots&amp;\vdots&amp;gt;dots \a_
{m1}&amp;a_{m2}&amp;a_{mn}\\end{pmatrix}},\quad \mathbf {B} =\\start{pmatrix}b_{11}&amp;b_{12}&amp;&amp;b_ {12} \cdots &amp;b_{1pM\b_{21}&amp;b_{22}&amp;b_\cdots&amp;\vdots &amp;\b_ n1}&amp;b_{n2}&amp;\cdots&amp;b_{npP\\pmatrix} matrix multiplication C = EU (shown without multiplication marks or dots) m x p matrix[ 6][7][8][9] C = (¢
1l1c12clpc2lc22c22 : : ', :000000000000000cmcmm p p) ={start\{pmatrix}c_{11}&amp;c_{12} c {11} &amp;&amp;cdots&amp;c_{1pN\c_{21}&amp;c_{22} dots &amp;c_{2pH\vdots &amp;\c_\c_{ml1}&amp;c_{m2}&amp;\cdots&amp;c_{ mpM\end{pmatrix} suchascij=ailblj+ai2b2j+anbnj=> k=1naikbkj, {\displaystyle
+a_{in}b_{nj}=\sum _{k=1}\{n}a {ik}b _{kj},} fori=1, ..., m,andj=1, ..., p. On another date, the entry c i j {\displaystyle c_{ij}} of the product is obtained by multiplying the inputs of row i of A and jth column B by period-to-period and the sum of these n products. In other words, c i j {\displaystyle c_{ij}} is the point product of row i of A and jth column B.[1]. [1]
Therefore, Ab can also be writtenasC=(allb1l+++alnbnllbl2++alnn2+allblp+annpa2lbll+a2nbnla2lbl2++a2nbn2,a2lblp+a2nbnp: ¢ - ‘amllll++amnblamll2+amnbn2-amlblp+++amnbnp){\displaystyle \mathbf{C}={\begin{pmatrix}a_{11}b_{11}+\cdots +a_{1n}b_{n1}}
a {11}b {12}+\cdots +a_{1n}b_{n2}&amp;gt;cdots&amp;a_{11}b {lp}+\cdots +a_{1n}b_{npha {21}b {11}+\cdots +a_a_<1><6> {2n}b_{nl}&amp;a {21}b _{12}+\cdots +a_{2n}b_{n2}&amp;\cdots &amp;a_{21}b_{1p}+\cdots +a_{2n}b_{np}}\vdots &amp;\vdots &amp;\vdot &amp;\vdots \a_{m1}b {11}+\cdots +a {mn}b_{nl1l}&amp;a {m1}b {12} +\cdots
+a_{mn}b_{n2}&amp;&amp\cdots &amp;a_{m1}b_{1p}+\cdots +a_{mn}b_{npHend{ pmatrix}}} So that only the number of columns in A is equal to the number of rows in B ,[2] in this case n. In most scenarios, entries are numbers, but there can be all kinds of mathematical objects where an insertion and multiplication are defined, the joiner and insertion are
mutmutative, and the multiplication is dispensed according to the addition. In particular, the entries can be the matrices themselves (see block matrix). lllustration The shape on the right shows the product of two matrices A and B diagramatically, [11al12]a31a32]4x2matrix []b12b13]b22b 23]2 x 3 matrix =[c 12 ¢ 32 ¢ 33 ] 4 x. 3 matrix
{\displaystyle {\overset {4\times 2{\text{ matrix}}\begin{bmatrix}{a_{11}}&amp;a_{12}}\\cdot &amp;\cdot \\a_{31}}&amp;amp a_{32}}\cdot &amp;\cdot Wend{bmatrix}\b_{13} b_{12)\dot &amp;\b_{22}}&amp;b_{23} c_{13} b_{22} <2> <1>Nbmatrix}=\\overset {4\times 3{\text{ matrix}{\begin{bmatrix\cdot&amp;c_{12}&amp;c_{13})\cdot &amp;;\cdot &amp;\cdot
&amp;c_{32}&amp;c_{33}Ncdot &amp;\cdot &amp;\cdot \\end{bmatrix} At intersections marked with circles values:c12=a12b 12 +a12b 22 c 33 =a 31 b 13 + a 32 b 23 {\displaystyle {begin\{aligned}c_{12}&amp;={a_{11}Kb_{12}}} +{a_{12}}b_{22Ha_{31}}\c_{33}&amp;={a_{31} b_{13}Ka_{32}}{b_{23}}\end{aligned}}Fundamentalapplication}} matrix
multiplication is presented to facilitate and clarify calculations in linear algebra. This strong relationship between matrix multiplied and matrix multiplied algebra is the basis in all mathematics as in physics, engineering and computer science. Linear maps If a vector space has a limited basis, each of its vectors is uniquely represented by the stridy sequence of
scalars, the elements of which are basically called coordinate vectors, which are the coordinates of the vector. These coordinate vectors form another vector space of original vector space that is avumorphic. The coordinate vector is usually arranged as a column matrix (also called a column vector), which is a matrix with only one column. That is, a column
vector represents both the coordinate vector and the vector of the original vector space. A linear map, n size, from a vector length to a vector space to a vector space, a column vector x =(x 1 x 2 : x n) {\displaystyle \mathbf {x} =\\begin{pmatrix}x_{1}\\x_{2)\\wdots \\x_{nfend{pmay=A(x)=(allxl+alnxa2lx1l+2nxn :: mlxl++amnxn).
\\displaystyle \mathbf {y} =A(\mathbf {x} (\gt}a_{11}x_{1}+\ cdots +a_{1n}x_{nNa {21}x_{1}+\cdots +a_{2n}x \npa \a \x_{1}}+\cdots +a_\mn x_Na \x_{1}}\cdots\x_{1}}\cdots\\x_{1}}\cdots\x_{1}M\cdots\\x_{1}}\cdots+a \p}a \1n}} Linearmap A=(1l1anan2lamlm2n : : -, : am2m2m2,amn), {\displaystyle \mathbf {A} =
{\begin{pmatrix}a_{11}&amp;a_ {12}&amp;cdots &amp;amp; a_{1n)\\a_{21}&amp;a_{22}&amp;a_{22}&amp;\cdots&amp;a_\2n}\\vdots &amp;\vdots &amp;\vdots &amp;\vdots &amp;\a_{m1}&amp;a_{m2}&amp;a_{m2}&amp;\cdots&amp;a_{mn}\end{pmatrix}} }} and x {\displaystyle \mathbf {x} matrix multiplied by y = A x and column and cogs. {\displaystyle
\mathbf {y} =\mathbf {Ax} .} If B is another linear map from the previous vector space of the m size to the vector space of the p size, p x m {\displaystyle p\times m} is represented by matrix B. {\displaystyle \mathbf {B} .} A simple calculation shows that o A (\displaystyle B\circ A} is matrix B A. {\displaystyle \mathbf {BA} .} The general formula that defines the
function composition (B o A) (x) =B (A ( x) {\displaystyle (B\circ A)(\mathbf {x} )=B(A(\mathbf {x} ))} ) is sampled here as a specific relationship state of the matrix multiplied (see § Associativity): below (B A) x =B (A x) =B . {\displaystyle (\mathbf {BA} (\mathbf {x} =\mathbf {B} (\mathbf {Ax} (\mathbf {Ax} (\mathbf {BAx} .} System of linear equations The
general form of the system of linear equations 11 x1++alnxn=bla2lxl++a2nx=b2 : m1lx1l++amnxn=bm.\\displaystyle {\begin{matrix}a_{11}x_{1}+\cdots +a_{1n}x_{n}=b_{1}\\a_{21}x_{1}+\cdots +a_{2n}x_{n}=b_{2}\vdot \a_\m1}x_{1}+\cdots +a_{mn}x_{n}=b_{b_Nend{matrix} Using the same representation as above, such a system
single matrix equation is equivalent to A x = b. {\displaystyle \mathbf {Ax} =\mathbf {b} .} Dot product, form and internal product The point product of the two column vectors is the line vector defined by x T y , {\displaystyle \mathbf {x} "{\mathsf {T}}\mathsf {y} x T {\displaystyle \mathbf {x} x {\displaystyle \mathbf {x} } and matrixx defined by the resulting 11
matrices. More generally, any pair of linear forms on a slut-sized vector space, matrix product x T Ay, {\displaystyle \mathbf {x} *{\mathsf {T}}\mathbf {Month} and any internal product x t Ay, {\displaystyle \math bf {x} M{{\dagger \mathbf {Month} x T {\displaystyle \mathbf {x} *{\dagger }} x {\displaystyle \mathbf {x} } }(equivalent transfer of transpose map or
mapgate). General properties Matrix product shares some properties with the usual multiplication. However, if the number of columns of the first factor is different from the number of rows of the second factor, and the product remains precise after you change the order of the factors, the non-mutmutative matrix multiplied[10] is not defined. [11] [12] Given the
two elements non-commutativity A and B, if a b {\displaystyle \mathbf {A} \mathbf {B} } is defined, b A {\displaystyle \mathbf {B} \mathbf {A} \mathbf {A} is defined, and A B = B A . \\displaystyle \mathbf {A} \mathbf {B} =\mathbf {B} \mathbf {A} .} The matrices M x n {\displaystyle m\times n} and p x q {\displaystyle p\times g} in related dimensions A and B are, A B
{\displaystyle \mathbf {A} \mathbf {B} } if n = p {\displaystyle n=p} and B A {\displaystyle \mathbf {B} \mathbf {A} } are defined sa if sa = q {\displaystyle m=q} . Therefore, if one of the products is defined, the other is not generally defined. if m = q # n = p {\displaystyle m=qeq n=p}, the two products are defined but have different dimensions; therefore, they cannot
be equal. If only m = g = n = p {\displaystyle m=q=n=p}, that is, square matrices of the same size as A and B, both products are defined and are the same size. Even in this case, there is A B and # B A in general. \\displaystyle \mathbf {A} \mathbf {B} eq \mathbf {B} \mathbf {A} .} For example , (0100)(0010)=(1000), {\displaystyle
{\begin{pmatrix}0&amp;1\0&amp;0\end{pmatrix}}{\pmatrix}0&amp;0\\1&amp;0\end{pmatrix}}={\pmatrix}1&amp;0\O\end{pmatrix}} but (001 0)(0100)=(0000 1) . {\displaystyle {\begin{pmatrix}0&amp;0\1&amp;0\end{pmatrix}}} {\begin{pmatrix}}=\pmatrix}}=\pmatrix}0&amp;0\0&amp;1\end{pmatrix} This example is A n x n (\displaystyle n\times n} matrix
is a matrix with entries in the f field, A = B A {\displaystyle \mathbf {A} \mathbf {B} =\mathbf {B} \mathbf {A} } can be expanded to show that each n x n \\displaystyle n\times n} matrix has entry B. F, if and only if A = ¢ | {\displaystyle \mathbf {A} =c\,\mathbf {I} } ¢ € F {\displaystyle c\in F} and | n x n n \\displaystyle n\times n} identity matrix. If the entries must
belong to a ring instead of a field, it is necessary to add the condition that ¢ belongs to the center of the ring. One of the special cases in which mumutativism occurs is that D and E are two (square) diagonal matrices (the same size); then DE = ED.[10] Again, if the matrices are on a public ring instead of an area, the corresponding encloses in each of the
denirs must also go back and forth with each other in order for this to hold. Distribution Matrix is the distributor in regard to the addition of the product matrix. Thatis, if A,B,C,D,mxn,nxp,nxp,andp xqg,a(B+C)=AB + A, {displaystyle \mathbf {A} (\mathbf {B} (\mathbf {C} =\mathbf {AB} +\mathbf {AC} and (right distribution) (B+ C)D =D
{\displaystyle (\mathbf {B} +\mathbf {C} (\mathbf {D} =\mathbf {BD} +\mathbf {CD} .} [10] This coefficients Y kaik (bkj+ckj)=3 kaikbkj+ Y kj{\displaystyle \sum _{k}a_{ik}(b_{kj}+c_ {kih=\sum _{k}a_{ik}b_{kj}+\sum _{k}a_{ik}c_{kj}} > k(bik+cik)dkj=>Ykbikdkj+Y kcikdkjj.\displaystyle \sum _{k}(b_{ik}+c_{ik})d_{kj}=\sum
_{k}b_{ik}d_{kj}+\sum _{k}c_{ik}d_{kj}.} A matrix and c a scalar are scalar products by multiplying all entries for c A {\displaystyle c\mathbf {A} } and A c {\displaystyle \mathbf {A} c} by c. If there is a scaler commutative property, then c A = A c . \\displaystyle c\mathbf {A} =\mathbf {A} c.} A If Product A {\displaystyle \mathbf {AB} } is defined (that is, the number of
columns A equals the number of rows B), c (AB) = (c A) B {\displaystyle c(\mathbf {AB} )=(c\mathbf {A} )\mathbf {B}}and (AB)c=A (B) c (B ¢). {\displaystyle (\mathbf {A} \mathbf {B} (c=\mathbf {A} (\mathbf {B} c).} If you have scaler commutative property, then four matrices are equal. More generally, if the c belongs to the center of a ring containing the
entries of the matrices, the four are equal, because in this case, for all matrices cX = Xc. These properties are the result of the consciousness of the scaler product: c (Y kaikbkj)=> k(caik)bkj{\displaystyle c\left(\sum _{k}a_ {ik}b_{kj}\right)=\sum _{k}(ca_{ikhb_{kji}} (> kakbkj)c=> kaikk (b kj) . \\displaystyle \left(\sum
_{k}a_{ik}b_{kjhright)c=\sum _{k}a_{ik}(b_{kj}c).} Transpose If you have the scalar commutative property, the matrix is a product transpose product, in reverse order, transposing factors. So (AB) T =B T A T {\displaystyle (\mathbf {AB} (*"{\mathsf {B} "{\mathsf {T}\mathsf {A} {\mathsf {T}}} shows t transpose, that is, the replacement of rows and columns.
Because the order between entries A and B is reversed, when the definition of the matrix product is expanded, this identity does not hold for non-mutative entries. If complex entries A and B exist in the complex map, then (A B) * = A x B x {\displaystyle (\mathbf {AB} (*{*}={mathbf {A} *"{*\mathbf {B} {*} shows the complex map here * in terms of input of a
matrix. This is the result from applying to the matrix product description, the sum of the sum of the unifier of a sum, and the fact that the conjugated of a product is the product of conjugates of factors. While the transposition moves on the indices of entries, the conjugation moves independently over the infleins 1. As a result, If A and B have complex entries, a
person (AB) 1t =Bt AT, {\displaystyle (\mathbf {AB} (dagger }==mathbf {B} ~{\dagger \\mathbf {A} "{\dagger }.} T maptranspozu (equivalent transjule). Products (EU)C and A(BC) are defined if the link given the matrices A, B, and C are equal to the number of rows B, and the number of columns B equals the number of rows C (specifically, if one of the
products is defined and the other is defined). In this case, there is an adapter property (AB) C=A (B C) . {\displaystyle (\mathbf {AB} (\mathbf {C} =\mathbf {A} (\mathbf {BC} ).} As for any adapter operation, this allows you to skip the lettering, and type the above products as A B C. {\displaystyle \mathbf {ABC} .} This naturally extends to the product of any
number of matrices, provided that the dimensions can be matched. So, if Al, A2, ..., There are matrices such as Ai column counti =1 to Ai + 1 row nhumber equals, ..., n—1,thenproduct [Ti=1nAi=A1A 2\ A n {\displaystyle \prod _{i=1}n}\mathbf {A} {i}=\mathbf {A} _{i }=mathbf {A} {1}\mathbf {A} {2}\mathbf {A} _mathbf \mathbf {A} a} {n}}is defined
and is not bound to the order of multiplications , if the order of the matrices is kept constant. These features can be proved by simple but complex collection manipulations. This result also follows the fact that matrices represent linear maps. Therefore, the speciality of the connectivity of matrices is only a specific example of the connectivity of function
composition. Although complexity is not bound to the order of processing a number of matrix product results (the order of matrices has not changed), the complexity of computational complexity can depend significantly on this order. For example, if A, B, and C are matrices in dimensions 10x30, 30x5, 5x60, computing (EU)C needs 10x30x5. 10x5x60 = 4,500
multiplications, A(BC) calculation 30x5x60 + 10x30x60 = 27,000 multiplications are required. Algorithms are designed to choose the best order of products, see Matrix chain multiplication. When the number of matrices increases, it has been shown that the best O ( n log and n) complexity. {\displaystyle O(n\log n).} Apply similarity any reverse matrix P
{\displaystyle \mathbf {P} } } defines a similarity transformation (P {\displaystyle \mathbf {P}}})S P (A) =P - 1 A P . {\displaystyle S_{\mathbf {P} }(\mathbf {A} (=\mathbf {P} ~{-1)\mathbf {A} \mathbf {P} .} Similarity conversions map product products,i.,e. SP(AB)=SP (A) S P (B). {\displaystyle S_{\mathbf {P} }(\mathbf {AB} (=S_{\mathbf {P} }(\mathbf {A}
(S_{\mathbf {P} }(\mathbf {B} ).} In fact, thereisap-1(AB)P=P-P-1A(PP-1)BP=(P-1AP)(P-1BP). {\displaystyle \mathbf {P} ~{-1}(\mathbf {AB} (\mathbf {P} =\mathbf {P} ~{-1\mathbf {A} (\mathbf {P} \mathbf {B} \mathbf {P} =(\mathbf {P} {-1\mathbf {A} \mathbf {P} ({-1\mathbf {P} {-1}\mathbf {B} \mathbf {P} Square matrices M n (R)
{\displaystyle {\mathcal {M}}_{n}(R)} nxn square matrix set, practically a field, let's express entries in a ring R. As M n ( R ) {\displaystyle {\mathcal {M}}_{n}(R)}}, the product is defined for each double matrix. This makes a ring with the | identity matrix as the identity element M n ( R ) {\displaystyle {\mathcal {M}}_{n}(R)} (matrix with diagonal entries equal to 1
and all other entries 0). This ring is also an adapter R-algebra. If it is 1 &gt; n, many matric inks do not have the opposite. For example, there is no opposite of a matrix where all entries for a row (or column) are 0. If any, the reverse of matrix A is shown as A-1, sothat A-1=A -1 A =1. {\displaystyle \mathbf {A} \mathbf {A} ~{1}=\mathbf {A} N{-1\mathbf {A}
=\mathbf {I} .} A matrix that is inverse is an inverse matrix. Otherwise, it is a singumate matrix. The matrices say that a product is reversed and only if each factor is reversed. In this case, thereisan (AB)-1=B -1 A - 1. {\displaystyle (\mathbf {A} \mathbf {B} (*{-1}=\mathbf {B} *{-1}\mathbf {A} "{-1} R commutative, and, in particular, when there is a field,
the determinant of a product is the product of determinants. Determinants have adet (AB)=det (B A) =det (A) det (B) det ( B) as they go to the scalar and scalar. \\displaystyle \det(\mathbf {AB} (\mathbf {BA} (\mathbf {BA} )=\det(\mathbf {A} )\det(\mathbf {B} ).} Other matrix literals also do not work well in products. However, if R is commutative, A B
{\displaystyle \mathbf {AB} } and B A \\displaystyle {BA} } the same trace has the same characteristic polynomial and the same values as the same multipliers. However, if A B # B is A, eigenvectors are usually different. {\displaystyle \mathbf {AB} eq \mathbf {BA} .} The powers of a matrix One can increase to any non-negative integer strength by multiplying
the square matrix alone in the same way as normal numbers. In other conse, A 0 =1, {\displaystyle \mathbf {A} ~{0}=\mathbf {I} ,} A 1 = A, {\displaystyle \mathbf {A} {1}=\mathbf {A} } Ak=A} Ak =A _ ktimes . \\displaystyle \mathbf {A} *{k}=\underbrace {\mathbf {A} \cdots \mathbf {A} } _{k{\text{ times} If calculating the kth power of a matrix is done by k —
insignificant algorithm (repeated multiplication), a single matrix multiplication time must be 1 times. As this can be very time consuming, a typically less than 2 log2 k matrix requires multiplication and therefore prefers to use it using the style by squaring much more efficiently. An easy situation for supersement is that it is a cross matrix. Since the multipliing of
diagonal matrices means only by multiplying the corresponding diagonal elements by n n k, The kth power of the diagonal matrix is achieved by raising the k input: (a110-00a22, : : -, : 00nn)k=(allk0000a22k,0 : : -  : 00nnk).\\displaystyle {\begin\pmatrix}a_{11}&amp;0&amp;\cdots&amp;0\cdots &amp;0\\cdots &amp;\vdots
\\0&amp;0 &amp;&amp;0&amp;cdots &amp;a_{nnfend{pmatrix}{k=\cdots&amp;&amp;a_{22}{pmatrix}a_{11}{k}&amp;&amp;0\cdots&amp;0\\0&amp;a_{22}{k}&amp;\cdots &amp;0\\vdots &amp;\vdots \W0&amp;0&amp;0&amp;\cdots &amp;a_{nn}}*{Nend{pmatrix}}} Abstract algebra Matrix product definition entries require a semiring and it does not require
multipliing of semiring elements to be commutative. In many applications, tropical halfway charting is a common choice for short-way issues, although matrix elements belong to a field. [13] Even when it comes to matrices on the fields, the product is generally useless, but it is mutually nm and dispensing on the addition of matrices. Identity matrices (square
matrices whose inputs are zero outside the main diagonal and 1 in the main diagonal) are the identity elements of the matrix product. N = 1 and a noncommutative ring outside the ground ring commutative, followed by n x n matrices on a ring. A square matrix can have the opposite of the multiplier called reverse matrix. In the common case where entries
belong to a commutative ring r, a matrix has an inverse matrix, and only if there is a multiplier reverse in determinant r. The square matrix is the product of determinant factors of a product. n n matrixes with an inverse x under matrix subgroups called matrix groups. Many classic groups (including all sonic groups) are isomorphic to matrix groups; this is the
starting point of the theory of group representations. Computational complexity See Matrix multiplied algorithm for application techniques (especially parallel and distributed algorithms). Matrix multiplied by o ( n w ) {\displaystyle O(n™{\omega })} improving exponentune w estimates over time for computational complexity. The matrix multipliing algorithm
required by the definition results requires additions to calculate, in the worst case, the multipliers of n 3 {\displaystyle n™{3}} and (n — 1) n 2 {\displaystyle (n-1)n"™{2}} two frames nxn matrix. Therefore, the computational complexity is O (n 3 ) {\displaystyle O(n{3})} in a computational model where scalar operations require a fixed time (in practice, this is the
case for floating-point numbers, but not for integers). Quite surprisingly, this complexity, called Volker Strassen in 1969, now called the Strassen algorithm, is not optimal, as shown by Volker Strassen, provided by a complexity ( n daily 2 7 ) = O (n 2.8074). \\displaystyle O(n™{\log _{2}7})\approximate O(n"™{2.8074}).} [14] The exponent, which appears in the
complexity of matrix multiplied, has been developed several times[15][16][17][18][18][19][20] O(n2.3755) (1990) complexity led to the Coppersmith-Winograd algorithm. [21] [22] This algorithm was upgraded by Stothers in 2010 by Virginia Vassilevska Williams in 2013 to O (n2.3729), [22][24] and in 2014 by Francois Le Gall to O (n2.3728639). [25] This was
developed in 2020 by Josh Alman and Virginia Vassilevska Williams to the last (current) complexity of Him (n2.3728596). [26] The largest lower limit for the exponance of the matrix multiplication algorithm is usually called w {\displaystyle \omega }. A matrix has a < w {\displaystyle 2\leq \omega } because it has to read n 2 {\displaystyle n*{2}} to multiply it by
another matrix. So 2 < w &lt; 2,373 {\displaystyle 2\leq \omega &lIt;2.373}. It is not known if 2 &lt; w {\displaystyle 2&lt;\omega }. The largest known lower limit for matrix-multiplication complexity depends on Ran Raz, which is Q(n2 log(n)) for a limited arithmetic circuit type. [27] Related complexity The importance of the computational complexity of matrix
multiplied is based on cases in which many algorithmic problems can be solved through matrix calculation, and in matrices most problems have a complexity that is the same as matrix multiplied (up to multiplied constant), or it can be expressed in terms of the complexity or supersule w of matrix multipliion. {\displaystyle \omega .} Has several advantages the
complexity of matrix multiplied by exponentune w {\displaystyle \omega }. First, if w {\displaystyle \omega } is developed, this will automatically increase the known upper limit for many algorithms. Secondly, in practical applications, the algorithm for matrix sizes that can be manipulated on a computer uses the matrix multiplication algorithm to make it
competitive because it is the best asymptotic complexity, because it is hidden behind the representation. [citation required] Thus, expressing complexity in terms of w {\displaystyle \omega } provides a more realistic complexity because it remains valid no matter which algorithm is selected for matrix calculation. Problems with the same asymptotic complexity
as matrix multiplied include determinant, matrix invertation, Gaussian elimination (see next section). Complexity issues that can be expressed in terms of w {\displaystyle \omega } include characteristic polynomial, eigenvalues (but eigenvectors), hermite normal form, and Smith's normal form. [citation required] Matrix inverting, Determinant and Gaussian
elimination in his 1969 paper, in which he proved the complexity of O (n 2,807) {\displaystyle O(n"*{2.807}) for matrix calculation, also proved that strassen matrix invertecontigence has the same computational complexity as matrix multipliers, from determinant and Gaussian multipliers to multipliers. Using the block matrix multiplied, the starting point of
Strassen's evidence does not make any assumptions on the matrix multiplied, except that the complexity for some w = 2 (\displaystyle \omega \geq 2} is O ( h w ) {\displaystyle O(n*{\omega })}. Specifically, a matrix of x size 2nx2n can be partitioned in blocks of four nxn [ A B C D ]. {\displaystyle {\begin{bmatrix}{A}&amp;{BM\C}&amp;{D}\end{bmatrix}}}} Below
thisfoom[ABCD-1=[A-1-1B(D-CA-1B)-1CA-1-A-1B-1-D-C-A-1B)-1C-A-1-1-1-1-1-1-1-1-1-1,{displaystyle {\begin{bmatrix}{A}&amp;{BNC}&amp;{DNend{bmatrix}}{1}={\begin{bmatrix {A}-1}+{A}{-1H{B}{D}-{CAM1{BH1LHCAM{1}&amp;-{AY{1KB}({D}-{CA W1HBHM1)\-{{D}-{CAKD}-CAK-1K{B}{1}
{B{CAM{-1{BH™M-1\end{bmatrix}}, A and D — C — 1 B {\displaystyle {D}-{CA}{1}{B}} provided it is reversible. Thus, a 2nx2n matrix can be calculated with two inverse, six multiplications and four additions, or nxn x contribution inversely. The number of processes required to translate, multiply, and insert nxn matrices, which express this with I(n), M(n) and
A(n) = n2 respectively,isonei(2n)<2(n)+6M(n)+4A(n).{\displaystyle [(2n)\leg 2I1(n)+6M(n)+4A(n).} If n = 2 k , {\displaystyle n=2"{k},} can re-apply this formula: | (2k)<21(2k-1)+6M(2k-1)+4A(2k-1)<221(2k=-2)+6(M(2k-2))+4(A(2k-1)+2A(2k-2)) \\displayst with {\begin{aligned}l(2k})&amp;\leq 2I(2"{k-
1H+6M(2Mk-1D+4A(2Mk-1)\&amp;\leq 27 {2} (27{k-2})+6(M(2"{k-1})+ 2M(2Mk-2}))+4(A(2MK-1H+2A(2Mk-2)\&amp;&amp;\ldot \end{aligned} If M (n ) < ¢ n w , {\displaystyle M(n)\leq cn*{\omega },} and a = 2 w = a 4 , {\displaystyle \alpha =2"{\omega \geq 4.} gets | (2k ) attheend ofa<2kl(1l)+6c(ak-1+2ak-2++2k-1a0)+k2k+1<2k+6
cak-2ka-2+k2k+1<d(2k)w.\\displaystyle {\begin{aligned}I(2k})&amp;\leq 2 k}I(1)+6c(\alpha Mk-1}+2\alpha "k-2}+\cdots +2*{k-1}alpha *{0})+k2k+1}\\&amp;&amp;/leq 2M{k}+6c{\frac {\alpha ~k}-2"{k}}K\alpha -2}}+k2"k+1\\&amp;\leq d(2™k})Momega }.\end{aligned}}} for some fixed d. For matrices that do not have two forces in size, by
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