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Exercise 1: Machine Scheduling - Part 1 (12 Points)

Assume that n jobs 0...,n — 1 should be processed by a machine. Some jobs may depend on others.
Job j depends on job i means that job ¢ has to be processed before job j.

The task is to design an algorithm that takes as input the number n of jobs as well as the information
about the job’s dependencies. The output should be a valid schedule, i.e., a list of the jobs in which
job ¢ appears before job j if job j depends on job 1.

The algorithm should also recognize if there is no valid schedule and give an according output in this
case.

The dependencies between the jobs are given as a directed graph G = (V, F) with nodes V' = {0, ..., n—
1} and an edge (4,7) € E if job j depends on job i.

(a) Implement an algorithm with the described functionality, whose runtime is at most linear in the
size of GG. Assume that the dependency graph is given as an adjacency list. You can use the
template Scheduling.py. A class for representing graphs as adjacency lists together with some
functions is defined in AdjacencyList.py. (8 Points)

(b) Convert the dependency graph from dag.txt into an adjacency list (you may use the function
read _graph from file from Scheduling.py). Execute your algorithm on this input and copy
your result to erfahrungen.txt. (4 Points)

Sample Solution

(a) Cf. Scheduling.py.

(b) One possible schedule is (cf. figure 1):

[35, 23, 7, 31, 10, 1, 0, 12, 45, 15, 6, 11, 48, 3, 18, 26, 4, 24, 14, 42, 27, 4T,
33, 16, 41, 19, 37, 22, 49, 34, 20, 29, 5, 17, 8, 25, 13, 36, 43, 21, 40, 9, 46, 44,
39, 32, 2, 28, 38, 30]

Exercise 2: Machine Scheduling - Part 2 (8 Points)

We consider the same problem as in exercise 1 with the difference that now each job depends on at
most one other job (i.e., each job has in-degree < 1 in the dependency graph). We also assume that
there is a valid schedule, i.e., the dependency graph has no cycles.

Assume we have an arbitrary number of machines to process the jobs in parallel. The task is to
determine for each job the earliest possible time it can be processed, assuming that we start at time
0 and a machine takes one time step to process one job. The algorithm should return an array A of
length n such that A[i] equals the earliest possible time job i can be processed.
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Abb. 1: The graph from dag.txt.
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(a) Implement an algorithm with the described functionality with runtime at most linear in the size
of the depency graph. Assume that the dependency graph is given as an adjacency list. (6 Points)

(b) Convert the dependency graph from forest.txt into an adjacency list (this graph has the property
that each node has in-degree < 1). Use the algorithm from (a) to determine the minimum time
needed to finish all jobs. Write your result (this is a single integer) into erfahrungen.txt.
(2 Points)

Sample Solution

(a) Cf. Scheduling.py.

(b) The job with the largest depth in the dependency graph has depth 16. Hence it needs at least 17
time steps to finish all jobs (cf. figure 2).
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