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Abstract Heterogeneous distributed systems are mixed-criticality systems consisting of multiple
functionalities with different criticality levels. A distributed functionality contains multiple
precedence-constrained tasks. Mixed-criticality scheduling of heterogeneous distributed systems faces
severe conflicts between performance and time constraints. Improving the overall performance of
systems while still meeting the deadlines of higher-criticality functionalities, and making a reasonable
tradeoff between performance and timing are major optimization problems. The F_ DDHEFT (fairness
of dynamic dual-criticality heterogeneous earliest finish time) algorithm is to improve the performance
of systems. The C_DDHEFT C(criticality of dynamic dual-criticality heterogeneous earliest finish time)
algorithm is to meet the deadlines of higher-criticality functionalities. The D DDHEFT (deadline-span
of dynamic dual-criticality heterogeneous earliest finish time) algorithm is to allow the lower-criticality
functionalities to be processed positively for better overall performance while still meeting the
deadlines of higher-criticality functionalities, such that a reasonable tradeoff between performance and
timing is made. Both example and extensive experimental evaluation demonstrate significant
improvement of the D_DDHEFT algorithm.
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Fig. 1 Dual-criticality systems with three distributed functionalities.
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Table 1 Attributes of three Distributed Functionalities
F1 3MSHERMENEXEEE

Processor

Functionality Criticality Arrival Time Task rank, (n;)
)4l b2 bs

Ay 14 16 19 109
A 13 19 18 78
As 11 13 19 81
Ay 13 8 17 81
As 12 13 10 70

Funca LC 0
As 13 16 9 64
Az 7 15 11 43
Ag 5 11 14 36
Ay 18 12 20 45
Ao 21 7 16 15
B 4 5 6 42
B, 9 10 11 20

Funcg HC 20 B; 18 17 16 31
B, 21 15 19 35
B 7 6 5 6
C 8 11 19 110
C; 14 13 8 91
Cs 9 12 16 63

Funce 50 LC
C, 18 15 14 31
Cs 18 16 20 39

Cs 5 10 7 8
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Attributes of Functions Funcp
lower_bound 36
deadline_span 10
arrival_time 20
deadline 66

Table 3 Attributes of Tasks of Funcy
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Bl B'_) Ba Bi BS
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Fig. 2 Scheduling framework of systems.
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(e) Schedule tasks in Funcc, Funcg and Func, with the fairness policy

Fig. 3 Process of task scheduling based on the fairness policy.
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(a) Funcp arrivals and cancels all un-started tasks (b) Allocate tasks in Funcg in advance, and then allocate
cancelled tasks in Func,
Funcg misses its deadline.
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(¢) Funcc arrivals and cancels un-started tasks of
lower-criticality functions

current_time= 50, MS. system_criticality=LC

(d) Allocate tasks in Funcc and Funcy

Fig. 4 Process of task scheduling based on the criticality policy.
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(f) Allocate tasks in Funcc and Func, and Funcy

Fig. 5 Process of task scheduling based on the deadline-span policy.
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Fig. 8 SLR,Unfairness and DMR for varying deadline-
spans.
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