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Target concept definition:
SAFE-TO-STACK(x,y) iff NOT (FRAGILE(y)) or LIGHTER(x,y)

Training example:
ON(OBJ1, OBJ2)
ISA(OBJ1, BOX)
ISA(OBJ2, ENDTABLE)
COLOR(OBJ1, RED)
COLOR(OBJ2, BLUE)
VOLUME(OBJ1, 1)
DENSITY(OBJ1, 0.1)

Domain theory:
VOLUME(p1,v1) and DENSITY(p1,d1) WEIGHT(p1,v1*d1)
WEIGHT(p1,w1) and WEIGHT(p2,w2) and LESS(w1,w2) LIGHTER(p1,p2)
ISA(p1,ENDTABLE) WEIGHT(p1,5) [default]
LESS(1,5)

Operationality criterion:
The learned concept must be expressed in terms of the predic ates used to describe examples.

---------------------------------------------------------------- ----------------------
Learned concept:

VOLUME(x,v1) and DENSITY(x,d1) and LESS(v1*d1, 5) and ISA(y, ENDTABLE)
SAFE-TO-STACK(x,y)
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Explanation specific to the training example:

Generalized explanation:

SAFE-TO-STACK(OBJ1, OBJ2)

LIGHTER(OBJ1, OBJ2)

LESS(0.1, 5)WEIGHT(OBJ1, 0.1)

VOLUME(OBJ1, 1) DENSITY(OBJ1, 0.1)

WEIGHT(OBJ1, 0.1)WEIGHT(OBJ1, 0.1)

VOLUME(OBJ1, 1) DENSITY(OBJ1, 0.1)VOLUME(OBJ1, 1)VOLUME(OBJ1, 1) DENSITY(OBJ1, 0.1)DENSITY(OBJ1, 0.1)

WEIGHT(OBJ2, 5)

ISA(OBJ2, ENDTABLE)

WEIGHT(OBJ2, 5)

ISA(OBJ2, ENDTABLE)

SAFE-TO-STACK(x, y)

LIGHTER(x, y)

LESS(0.1, 5)WEIGHT(x, 0.1)

VOLUME(x, 1) DENSITY(x, 0.1)

WEIGHT(x, 0.1)WEIGHT(x, 0.1)

VOLUME(x, 1) DENSITY(x, 0.1)VOLUME(x, 1)VOLUME(x, 1) DENSITY(x, 0.1)DENSITY(x, 0.1)

WEIGHT(y, 5)

ISA(y, ENDTABLE)

WEIGHT(y, 5)

ISA(y, ENDTABLE)
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Multiple Objectives
high volume ratio
high weight ratio
high loading stability
…

Dynamic/Variability
variable cargo types
variable container attributes
users’ special commands
…

Multiple Restrictions
limited volume
limited weight capacity
different packing strength
…
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Length == Bl
width   == W-Bw
height  == H

L

W

H Bh
Bw

Bl

L :  container length
W:  container width
H:   container height
Bl:   block length
Bw: block width
Bh:  block height 

Length == Bl
width   == Bw
height  == H-Bh

Length == L-Bl
width   == W
height  == H

I above 
space

II   side
space

III   front
space

X

Z

Y

orientation

left right

orientation

front

back
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AE

Select “active room”
from “usable rooms”

Start (initial operation: …)

Make “usable blocks”
from “usable goods”

according to “active room”

Select “active block”
from “usable blocks”

Load “active block”
and split “active room”

End conditions:
1. In step1, “usable rooms” is empty;
2. In step2, “usable goods” is empty;
3. In step3,  “usable blocks ” is empty
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AB

Start

Read data and initial S based 
on the size of container

1

Choose the most suitable block from B5

Match the chosen block with the active 
space and do “space split”

6

Select a suitable space from S as the 
active space

2

Update data7

Make B by Cargos of C ’4

Reset C’ through filtering C3

No

No

Is there valid space? 

Is there valid block? 

End
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State: 
C[c0,c1], S[s0],
C’[],B[] 

Node 0 (start)
Goal: 
select the 
active space

State: 
C[c0,c1], S[s0],
C’[],B[] 

Node 0 (start)
Goal: 
select the 
active space

State: 
C[c0,c1], S[],
C’[],B[],

active space=s0 

Goal: 
set  up
C’

Node 1
State: 
C[c0,c1], S[],
C’[],B[],

active space=s0 

Goal: 
set  up
C’

Node 1

State: 
C[c0,c1], S[],
C’[c0,c1],B[],

active space=s0 

Goal: 
set up
B

Node 2.1
State: 
C[c0,c1], S[],
C’[c0,c1],B[],

active space=s0 

Goal: 
set up
B

Node 2.1

State: 
C[c0,c1], S[],
C’[c0,c1],B[b0],

active space=s0
active block=b1 

Goal: 
space
split,

update

Node 4.2
State: 
C[c0,c1], S[],
C’[c0,c1],B[b0],

active space=s0
active block=b1 

Goal: 
space
split,

update

Node 4.2

State: 
C[c0,c1], S[],
C’[c0,c1],B[b0,b1],

active space=s0 

Goal: 
choose the 
most  suitable
block

Node 3.i
State: 
C[c0,c1], S[],
C’[c0,c1],B[b0,b1],

active space=s0 

Goal: 
choose the 
most  suitable
block

Node 3.i

State: 
C[c1], 
S[s1,s2,s3],
C’[],B[]

Goal: 
select the
active space

Node 5
State: 
C[c1], 
S[s1,s2,s3],
C’[],B[]

Goal: 
select the
active space

Node 5

……

State: 
C[c0,c1], S[],
C’[c01],B[],

active space=s0 

Goal: 
set up
B

Node 2.2
State: 
C[c0,c1], S[],
C’[c01],B[],

active space=s0 

Goal: 
set up
B

Node 2.2
State: 
C[c0,c1], S[],
C’[c1],B[],

active space=s0 

Goal: 
set up
B

Node 2.3
State: 
C[c0,c1], S[],
C’[c1],B[],

active space=s0 

Goal: 
set up
B

Node 2.3
State: 
C[c0,c1], S[],
C’[],B[],

active space=s0 

Goal: 
set up
B

Node 2.3
State: 
C[c0,c1], S[],
C’[],B[],

active space=s0 

Goal: 
set up
B

Node 2.3

State: 
C[c0,c1], S[],
C’[c0,c1],B[b0],      

active space=s0 

Goal: 
choose the 
most  suitable
block

Node 3.1
State: 
C[c0,c1], S[],
C’[c0,c1],B[b0],      

active space=s0 

Goal: 
choose the 
most  suitable
block

Node 3.1
State: 
C[c0,c1], S[],
C’[c0,c1],B[b0,b1,

…],active space=s0 

Goal: 
choose the 
most  suitable
block

Node 3.n
State: 
C[c0,c1], S[],
C’[c0,c1],B[b0,b1,

…],active space=s0 

Goal: 
choose the 
most  suitable
block

Node 3.n

State: 
C[c0,c1], S[],
C’[c0,c1],B[b1],

active space=s0
active block=b0 

Goal: 
space
split, 
update

Node 4.1
State: 
C[c0,c1], S[],
C’[c0,c1],B[b1],

active space=s0
active block=b0 

Goal: 
space
split, 
update

Node 4.1
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