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¢ Delete(a,b)
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Stab(z) is the number of intervals [a, b) in the tree where @ < 2 < b, so that the stabbing number is the number of |
that are in the tree and that contain the point .
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tet G be a graph with vertices {1,2,3,...,n} and let R, V/, and B be the graph’s n x n edge-ost errays for G's red,
white, and blue edges respectively. You can (if necessary) also use the 1 X n array Z, which satisfies . [i, 1] = J far 2!l 4, and
Z[i,3] = oo for all 1 # j.

a) As always, R[3, j] is infinite if there is no red edge from i to j, and the same is true for W and &, “olve the APSP problem
for paths with the edge color pattern in R*W+ B+, where R* means a path of one or more red edges, so that Z*W*B*
restricts paths to begin with one or more red edges, and then continue with one or more white esges, and finish with cne or more
blue edges. Present the edgecost array for the supergraph, and explain how to access the supefsplutian array to determine Pcost]i;

il

: b) S)U?PDGSE‘ that the F-W algorithm uses cn3 +0(n2) operations. What is the corresponding operation count for your solution
0 par a):

c}.We did not cover the following methof in class, but it is in the book. You will not see a problem like this on the final.
We brneﬂg covered the design of supergraphs to solve constrained shortest path problems where the path constraint was that each
solution path had colored edges that matched some specialized color pattern. The decomposition method builds superedges with
color patterns. For example, the following 2-step computation builds super-edges that are really a red edge followed by a blue

edge:

RBcostli, j| = min{Rcost[i, k] + Beost[k, j]}.
K

By repeatedly applying two-step builders and FW solvers on n x n edgecost arra

ys, you can <olve anything that can be sol
supergraphs, and the efficiency is better. AL solves by

So you are welcome to think about or solve the following.

Suppose that you have lost your crayons, so that you cannot use programming by picture. And Suppo
of programming error, you can only run the F-W algorithm on n x n edge cost arrays, and not on 3n
also have the following Best2Step algorithm:

procedure Best2Step(n,EcostA[1.n,1.n] EcostB[1.n,1.n];ABcost[1..n,1..n]); _ L
output: ABcost|[i, j| = least cost of a path from ¢ to j built from an A-edge followed by a B- '
Set all entries in ABcost to oo;

Set all EcostAli,i] and EcostBli, ] entries to oo;
for 2 < 1 to n do ;
for j « 1 tondo

for k < 1 to n do
ABcostli, j] + min{ABcost[i, j], Acost[i, k] + Bcost|k, j]}

endfor o
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a) Suppose we run the | lyod-Warshall alg
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defined by R, W and B

EXpression in v, 1o

orithm on S to get the resultin
Z,j + 2n], so that Qi j] qives the shorte
. and the paths have edge colors that f
- What is that expression?

b) Suppose that S and p are computed as in part a, and we define the n x n array R so that R[i,j] = Pli, j]. What
shortest path problem does R solve?

9 3n x 3n path cost array P. De
st path from i to j where the edges in the
orm some kind of color pattern that can be defin

fine the n x n
path have costs

ed by a reqular
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¢) Suppose that S and P are compute

d as in part a, and we define the n x n array T so that T[4, j] = P[i, j + n]. What
test-path problem does T solye?

8last lnterpreting supergraph edge cost arrays Let G R be an n x n edge cost array for red edges, and let W and B be

the Samefor the colors white and blue. For specificity, let the diagonal entries of R, W, and B be infinite. Define the 3n x 3n
superarray S to have the block structure

*

Tico RIS
S = &2l e o) W

oo oo il
where the first row and first column of the array are located at the s in the upper left of the structure.

a) Suppose we run the Flyod-Warshall algorithm on S to get the resulting 3n x 3n path cost array _P. Define the n x n
array @ bl. Qli, j] = Pli,j + 2n], so that Q[¢, j] gives the shortest path from 4 to j where the edges in thfa path have costs
A'-.J: ;J 4 hIrJR lff’ and B, énd the paths have edge colors that form some kind of color pattern that can be defined by a reqular
;;pro;u.&im; in 7, w, and o. What is that expression?
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