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InformationSolutions in english or german are �ne.
4.1. Problem (10)Assume that matrix multipli
ation of two n�n matri
es runs in time O(n3p ) on p pro
essors.(a) Show how to 
ompute the power A2k of an n � n matrix A in time O(n3p � k) with ppro
essors.(b) Show how to 
ompute the power AK of an n� n matrix A in time O(n3p � log2K) withp pro
essors.(
) The sequen
e (xn j n 2 N0 ) is des
ribed by the re
urren
ex0 = 1xm = a1 � xm�1 + a2 � xm�2 + � � �+ ar � xm�r:Show how to determine xn in time O( r3p � log2 n) with p pro
essors.Hint: Constru
t a r�r matrixM and a ve
tor v and show a 
onne
tion between xn andMn �v
4.2. Problem (10)In matrix multipli
ation entries are 
omputed a

ording to the formula 
i;j =Pk ai;k � bk;j . Insome appli
ations similar expressions appear, but with addition and multipli
ation repla
edby other operations.(a) The transitive 
losure of a dire
ted graph G = (V;E) is the dire
ted graph G� = (V;E�),where we insert an edge (i; j) into E� whenever there is a path in G from i to j. Showhow to determine the transitive 
losure with the help of matrix multipli
ation.Hint: Assume that G has n verti
es and let A be the adja
en
y matrix of G withA[i; j℄ := ( 1 (i; j) is an edge of G;0 otherwise.Interpret the power An�1 after repla
ing addition by _ and multipli
ation by ^.(b) We are given p pro
essors. Implement your solutions for (a), assuming that p pro
essorsare available. Determine running time and eÆ
ien
y, if the sequential time 
omplexityis �(n3) for graphs with n verti
es. 1



4.3. Problem (10)In Problem 4.2 we dis
ussed how to use matrix multipli
ation in order to determine thetransitive 
losure of a dire
ted graph. Here we dis
uss the shortest path problem: we aregiven a dire
ted graph G with n verti
es and non-negative weights wi;j for its edges (i; j).We have to determine the length of the shortest path for any pair of verti
es.We de�ne the matrix A[i; j℄ := ( wi;j (i; j) is an edge of G;1 otherwise.Whi
h operations should repla
e addition and multipli
ation, so that An�1[i; j℄ = the lengthof a shortest path from i to j?
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