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Exerci se 22.1-4.

G ven an adjacency-list representation of a nultigraph
G=(V, E), describe an QV + E)-tinme algorithmto
conpute the adjacency-list representation of the

"equi valent” undirected graph G = (V, E ), where E
consists of the edges in Ewth all the nultiple edges
bet ween two vertices replaced by a single edge with al
the sel f-1oops renoved.

- Make an enpty adjacency-|ist.

-If a vertex Vi appears in Vj's list copy Vj to the new
adj acency-list for Vi.

- Repeat previous step for all vertices.

-This will "flatten" the list into an undirected

adj acency-list. These lists will have duplicates (due
to multiple edges and | oops in multigraphs).

-Create another enpty adjacency-list. Create an enpty
vector.

-For each list check for duplicate entries by marking a
vertex's existence in the vector. Copy the vector into
the new adj acency-list for that vertex. Repeat for al
vertices. So for each Vi in the adjacency |ist mark
all it's attached vertices in the vector, copy the
vector to the new adjacency-list, and repeat after

cl earing the vector.

. Exercise 22.4-2.

Gve alinear-tine algorithmthat takes as input a
directed acyclic graph G= (V, E) and two vertices s
and t, and returns the nunber of paths froms tot in



G For exanple, in the directed acyclic graph of
Figure 22.8, there are exactly four paths fromvertex
p to vertex v: pov, poryvm posryv, and psryc. (Your

al gorithm needs to count the paths, not |ist them)
There are many nethods to performthis operation in
linear tinme. First we know that DFS is Big-Theta(V +
E). Topologically sort the vertices as DFS "fi ni shes”
them This takes (1) tine in addition to the DFS tine.
Now we have a linked list of vertices. W start at
node s in this list and follow all possible pointers
froms. Anytinme our traversal path encounters t we
increnment a counter and start at the next possible path
(m ght not be s since we nust exhaustively search al

I inks fromeach encountered node). W can see that
this process will take at nost Big-Theta(V + E) since
that is the maxi mum nunber of links in our |ist.

Alternatively we could alter the DFS algorithmslightly
to achieve better performance for this specific need.
We coul d have DFS start at s and stop whenever it hits
t. To do this we would have to increnment a counter
every time we hit t in our traversal. Please note that
this algorithmis not conplete as witten so don't take
off points. It was just added because it seens nore
intuitive then using a full DFS and topol ogi cal sort.
.You are given two lists of n vertices. One |ist
contains themin the order they were discovered during
a DFS, and the other list contains themin the order
they were finished. Describe an algorithm which
conputes the discovery tine and finishing tinme of each

vertex, given the two lists, or else determnes that



the input data is bogus (i.e. didn't really conme froma
DFS). \What are the tine and space conplexities of your
al gorithnf

This algorithmis divided into two conponents. First
we conpute the finishing time, then we use this to
conpute discovery tine. W assune that it takes no
time to traverse the tree, only tinme passes when

col oring nodes (changing state from white->gray-

>bl ack) .

Part 1:

-Create an 2-d array size [2*n,2]. The second row w ||
track "discover" versus "finished". A 1 is finished a
0 is discovered.

-We | ocate the first node in the finished [ist in our
di scovery list and store it's index as max. W nake
the cur pointer the index of the first elenent in the
finished list.

- Count the nunber of nodes fromO to nmax in the

di scovery list. Then count the nunber of nodes from
the the O to cur in the finished list. Add these two
counts together to get a finished tinme. Place this
node in the array at [count,0] and mark [count, 1] as a
1 (finished).

-Increment the cur marker in the finished Iist and find
It's node's index in the discovered list. If it's

I ndex exceeds max replace max with it's index in the

di scovered |ist.

-Repeat for all nodes in the finished |ist.

-The array now contains finished tinmes for all nodes.
Part 2:

- Renobve one node fromthe front of the di scovered |ist



and insert it at the first enpty spot in the array
[enpty, 0] and set [enpty,1] to O indicating discovered
time.

-Repeat for all nodes in discovered |ist.

The array now contains a |list of what happened at each
time instance. W can search this array and ensure

t hat no nodes are finished before their discovered to
ensure the validity of the data.

The runtime conplexity is Q(n Ilg n) and the space
conplexity is O 4 * n) since we are tracking

fini shed/ di scovered in a poor nmanner. However space
conpl exity can be enhanced by altering the storage

met hod to storing data each in the sane array el enent

instead of it's own and we could achieve Q(n).

.In one of the followng two arrays, the top rowis a
list of nine vertices in discovery order, and the
bottom row contains the sanme vertices in finishing
order, for some DFS. (The other array contains bogus
data.) Which is which, and why? Draw the DFS forest
corresponding to the array containing the real data.

147263895 142687593
438769215 264953781

We coul d use the above algorithmto discover the faulty
data. However, instinctively we see that in the first
array 1 is discovered first. It should be listed as
finished |ast however 5 finishes last. This can't
happen in a DFS. The graph of the valid array (array
2) is drawn by hand bel ow.



