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solving the P|r;; d;; p;= 1| relaxations, they prove that iterating
once over the operations in backward topological order of the
dependence graph yields the same set of modified deadlines as
the brute-force approach of iterating the deadline modification

process until stabilization.

1.5 The Non-Preemptive Time-Indexed RCPSP Formulation
Due to its ability to describe the RCPSP with general temporal
constraints and other extensions fully, the non-preemptive time-
indexed formulation introduced by Pritsker,Watters and Wolfe
in 1969 [62] provides the basis for many RCPSP solution
strategies. In this formulation, 7" denotes the time horizon, and
{0,1} variables {xt} are introduced such thatx "< 1 if o, =1, else x'

def . S .
= 0. In particular o; = 3, It 1x}. In case of C,,,,, minimization, this

max

formulation is as follows:
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The equations (2) constrain any operation to be scheduled once.
The inequalities (3) enforce the dependence constraints with 7
inequalities per dependence, as proposed by Christofides et al.
[11]. While the original formulation [62] introduced only one
inequality per dependence 7 ¢ (xi-xj) wi e 0-0; w 4
it was reported to be significantly more difficult to solve in

a; +1 -l 41
T-1 i El i

s=t Xi \
t+di/—1 s
X.

Es=0 J

FIGURE 1: THE TIME-INDEXED DEPENDENCE INEQUALITIES OF CHRISTOFIDES ET
AL [11].

practice. The explanation for the dependence inequalities (3)

S . .
appears in Fig. 1: ensuring the sum of the terms T/ x% and

;:‘ﬁj"] x’ is no greater than one implies 0;+ 1 o; - wh+ 1.
Last, the inequalities (4) enforce the cumulative resource
constraints for p; I . The extensions of the RCPSP with time-
dependent resource availabilities BZI) and resource requirements
Z(t) are described in this formulation by generalizing (4) into

(7):
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Although fully descriptive and extensible, the main problem
with the time-indexed RCPSP formulations is the large size of
the resulting integer programs. Indeed, Savelsbergh et al. [70]
observed that such formulations could not be solved for problem
instances involving more than about 100 jobs (operations), even

with the column-generation techniques of Akker et al. [4].

2. VLIW INSTRUCTION SCHEDULING
PROBLEMS

2.1 Instruction Scheduling and Register Allocation in a Code
Generator

In a compiler, instruction scheduling is applied in the last stages
of optimizations before assembly language output, inside the

so-called code generator. The code generator is in charge






























