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Machine M1 processes operations of the set V v v1 1 4= { }, . The forbiddance to process operations from set V1 
simultaneously is represented by the clique v v1 4,{ } in graph V E, , .∅( )  Machine  M2 processes operations 
V v v v v2 2 5 10 13= { }, , , . The forbiddance to process each pair of operations from set V2 simultaneously is rep-
resented by the clique v v v v2 5 10 13, , ,{ }  in graph V E, , .∅( )  Machine M3 processes operations V v v3 3 7= { }, . 
The  forbiddance to process operations from set  V2 simultaneously is represented by the clique v v3 7,{ } in 
graph V E, , .∅( )  Machine M4 processes operations V v v v3 9 11 15= { }, , . The  forbiddance to process each pair 
of operations from set V2 simultaneously is represented by the clique v v v9 11 15, ,{ } in graph V E, , .∅( )  Ma-
chine M5 processes operations V v v v5 6 8 14= { }, , . The forbiddance to process each pair of operations from set V2 
simultaneously is represented by the clique v v v6 8 14, ,{ } in graph V E, , .∅( )  Machine M6 processes only one 
operation: V v6 12= { }.

Let the precedence relations between operations of the set V belonging to different jobs of the set  J  be given 
as follows: v1 → v11; v6 → v3; v8 → v3; v7 → v11; v8 → v12; v9 → v4; v9 → v13; v12 → v15. These precedence relations 
determine the following set of arcs: A A v v v v v v v v v v v v v\

* = ( ) ( ) ( ) ( ) ( ) ( )1 11 6 3 8 3 7 11 8 12 9 4 9, , , , , , , , , , , , ,, , ,v v v13 12 15( ) ( ){ }
A A v v v v v v v v v v v v v\

* = ( ) ( ) ( ) ( ) ( ) ( )1 11 6 3 8 3 7 11 8 12 9 4 9, , , , , , , , , , , , ,, , ,v v v13 12 15( ) ( ){ }  in the mixed graph G V A E= ( ), ,  such that implication (1) does not hold for each arc in the set A\ A*.
Similarly to the mixed graph, representing input data of a shop-scheduling problem without operation 

preemptions [21; 28; 29; 32], input data for example 1 of the problem G t Ci =1 max is given by the mixed graph 

G V A E= ( ), ,  depicted in fig. 1, where a set of all operations is represented by the vertex set V V Vi
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The precedence constraints and capacity constraints are represented by a union of arc set A and edge set E. 
Based on the above reduction of the general shop-scheduling problem G t Ci =1 max to the colouring c G( ) 

of a suitable mixed graph G V A E= ( ), , , one can derive the following correspondence of terms used in the op-
timal colouring c G( ) of the mixed graph G V A E= ( ), ,  and terms used in the general shop-scheduling problem 
G t Ci =1 max:

{vertex vi ∈ V } ⇔ {non-preemptive unit-time operation vi ∈ V };
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Fig. 1. Mixed graph G V A E= ( ), ,  determining example 1 of the problem G t Ci =1 max
 

with four jobs and six machines, the optimal mixed graph colouring c G( ) being equivalent to example 1


