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Abstract — The automatic synthesis of operating procedures for chemical plants improves plant safety and reduces design
costs. However, the existing operating procedure synthesis techniques have limitations in simulating a change of process states
by the operation and selecting operations and subgoals needed to achieve the operational goal. So in this study, we have pro-
posed the integrated framework based on constraint propagation to resolve problems about operation selection due to subgoal
interaction among subgoals and to effectively use the process knowledge. The proposed methodology has been successfully

applied to the process with serious subgoal interaction.
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Fig. 1. Simple process.
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(define Unit
(:superclass (Graph))
(:name ?name)
(:energy ((sigma (mass-flow-{pi}) over pi in PORTS)
(for-each j in *chemical-species*
(sigma (x-{j}-{pi} * mass-flow-{pi})
over pi in PORTS))
(for-each pi in PORTS )
(1 - (sigma (x-{j}-{pi})
over j in *chemical-species*)))))
(:material ((sigma (mass-flow-cp-{pi} * T-{pi})
over pi in PORTS) + g-in)
(sigma (mass-flow-cp-{pi}) over pi in PORTS)
(for-each pi in PORTS
(mass-flow-cp-{pi} - (mass-flow-{pi} * cp-{pi}))))
(:precondition ?precondition)

(:constraints ?constraints)
(:ports ?ports)
(:purge ?purge)
(:var ?var)
(:state-equation ?equation)
(:sink ?sink)

)

Fig. 2. Operator of process unit.
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Fig. 3. Constraint propagation.
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Pipe

Fig. 4. Simple model for a pipe.
(a) Overall mass balance, (b) Component mass balance on A
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Fig. 5. Types of flow path.
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(a) Flow-mapping-operator(start-unit, start-port, target-unit, dest-port, {material-list})
(b) Flow-mapping-operator(unit, upstream, {material-list})

(c) Flow-mapping-operator(unit, downstream, {material-list}}

Fig. 11. Types of flow-mapping-operator.
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Hydrogen-In Hydrogen-Out

Nitrogen-In Nitrogen-Out

Oxygen-In
Oxygen-Out
Oxygen-Tank
Fig. 14. The bottleneck problem.
Table 1. Initial and final states
Units Initial state Final state
a open open
b close close
c close close
X open open
y close close
z close close
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(a) (IF [contains(?unit, ?port, {oxygen}) AND
contains(?unit, ?port, {hydrogen})}
THEN [hazardous-situation])
(b) (IF [contains(hydrogen-out, in-port, {nitrogen, hydrogen}) OR
contains(oxygen-tank, in-port, { nitrogen, oxygen})]

THEN [hazardous-situation])

Fig. 15. Global constraints of case study.
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