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Fig. 1 Primary processes of solving emergency decision-making
issues by HTN planning considering resource allocation
1.1 consumable resources > re
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add three definition QM ,; CT,,; CQ,,

add an assignment ?Al_duration «— A/

for each resource re in Al s effect

for every operator Al in the planning domain
add four parameters ?re; ?Al_start; ?A1_duration and ?A1_cost to A/
for each resource re in A1’ s precondition
add two definition ?tl «— Start; ?12 «— End
where Start is the record of re’ s early start time and End is the record of re’ s deadline

_duration
where Al_duration is the formula for calculating re’ s duration
add an assignment ?A1_cost «— Al _cost
where Al_cost is the formula for calculating ve’s cost for Al

add four constraints: QM,, > = CQ,, —?Al_cost > = 0; ?Al_start > =?tl; 22 > =?Al_start +?Al_duration; ?Al_start > = CT,

add two effects to change the value of CT,, to ?Al_start +?Al_duration; change the value of CQ,, to CQ,, —?Al_cost

2

Fig.2 Consumable resource allocation processes
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for every operator A2 in the planning domain
add four parameters ?rr; ?A2_start; ?A2_duration and ?A2_allocation to A2
for each resource re in A2’ s precondition
add two definition ?tl «— Start; ?t2 < End
where Start is the record of re’ s early start time and End is the record of re’ s deadline
add three definition INI,.; QM,; CT,,
add two assignments ?all_allocation «— all_allocation ?all_deallocation «— all_deallocation
where all_allocation is the formula for calculating total number of rr’s occupation before A2_start and all_deallocation is the
formula for calculating total number of rr’ s release before A2_start
add an assignment ?A2_duration «— A2_duration
where A2_duration is the formula for calculating rr’ s duration
add an assignment ?A2_allocation «— A2_allocation
where A2_allocation is the formula for calculating rr’ s allocation for A2
add four constraint: QM,, > = INI, - ( ?all_allocation ? — all_deallocate) —?A2_allocation > = 0; ?A2_start > =?tl;
212 > =?A2_start +?A2_duration; ?A2_start > = CT,
for each resource re in A2’ s effect
add two definitions: A2_allocation and A2_deallocation
where A2_allocation is the record of ( ?A2_start ?A2_allocation) in rr’s timeline and A2_deallocation is the record of
( ?A2_start +?A2_duration —?A2_allocation) in rr’ s timeline
add effect to change the value of CT,, to ?A2_start +?A2_duration.

3

Fig. 3 Reusable resource allocation processes
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Fig. 5 Simple temporal networks for HTN planning
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Table 1 Parameters of experimental evaluation
()
(a) Parameters of vehicle and driver
/¥ It /km * h~! /¥ /h /¥ /h
100 000 25 45 20 1 100 0.2
(b)
(b) Parameters of geographic information and resource distribution
k(D) L(D;)
C,/km | Cy/km | D,/km | D,/km | D;/km / /
C, 0 40 50 45 60 800 / / 2 5 /
G, 40 0 60 45 50 1 000 / / 2 5 /
D, 50 60 0 20 30 / 100 20 1 1 2
D, 45 20 20 0 15 / 100 22 1 1 3
N 60 30 30 15 0 / 100 23 1 1 2
(¢
(¢) Parameters of transport team
Team, Team, Team; Team, Teamg
/t 80 80 60 80 60
/km + h! 67 70 66 65 68
Cl Cc2 Cl c2 Cl
/¥ 65 70 50 64 55
6 ;

HTN
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Fig. 6 Experimental result of emergency logistics HIN
distribution problem
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HTN Planning method with resource allocation and its application

WANG Zhe WANG Hong-wei TANG Pan QI Chao WANG Jian

Institute of Systems Engineering Huazhong University of Science and Technology Key Laboratory of Educa—
tion Ministry for Image Processing and Intelligent Control Wuhan 430074 China

Abstract: Considering the coupling relationship between planning and resource scheduling in emergency deci—
sion-making this paper proposes a method for planning problem considering resource allocation by extending
the mechanism of HTN planning. By designing the resource timeline to describe the resources’ functions this
method transforms resource information into the global resource states by different resource allocation processes
for different kinds of resources during the process of HTN planning. While searching the actions in HTN plan-—
ning the resource constraint rules and the hierarchical resource constraint propagation rules are established to
control the global resource states which correspond with every step of actions satisfying resource constraints and
temporal constraints. Finally the effectiveness and practicability is confirmed by applying this method to the
HTN planning system SHOP2 in a case of emergency logistics distribution problems.
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