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William Reynolds

This document is a big list, containing, for each smooth toric Fano variety
of dimension 4, a choice of primitive ray generators for the fan of that variety,
and the primitive relations (as in Definition 6.4.10 of the standard reference
Cox–Little–Schenck [CLS11]) corresponding to that choice.

In this document, the ordering of the varieties is the same as in the
classification due to Sato ([Sat00]) and Batyrev ([Bat99]).

For each variety, the ray generators are given as column vectors arranged
into a matrix R, and the primitive relations as row vectors arranged into a
matrix P . Therefore in every case, PRT = 0.

Computation of all of these primitive relations was carried out using the
computer algebra system Macaulay2 ([GS]), and in particular, the Normal-
ToricVarieties package ([Smi]) included therein.
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#0
Rays: 

−1 1 0 0 0
−1 0 1 0 0
−1 0 0 1 0
−1 0 0 0 1


Primitive relations: [

1 1 1 1 1
]

#1
Rays: 

1 0 0 −1 0 0
0 1 0 −1 0 0
0 0 1 −1 0 0
0 0 0 3 1 −1


Primitive relations: [

1 1 1 1 −3 0
0 0 0 0 1 1

]
#2
Rays: 

1 0 0 −1 0 0
0 1 0 −1 0 0
0 0 1 −1 0 0
0 0 0 2 1 −1


Primitive relations: [

1 1 1 1 −2 0
0 0 0 0 1 1

]
#3
Rays: 

1 0 0 −1 0 0
0 1 0 −1 0 0
0 0 1 −1 0 0
0 0 0 1 1 −1
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Primitive relations: [
1 1 1 1 −1 0
0 0 0 0 1 1

]
#4
Rays: 

1 0 0 −1 0 0
0 1 0 −1 0 0
0 0 1 −1 0 0
0 0 0 0 1 −1


Primitive relations: [

1 1 1 1 0 0
0 0 0 0 1 1

]
#5
Rays: 

1 0 0 −1 0 1
0 1 0 −1 0 0
0 0 1 −1 0 0
0 0 0 0 1 −1


Primitive relations: [

1 1 1 1 0 0
−1 0 0 0 1 1

]
#6
Rays: 

1 0 −1 1 1 0
0 1 −1 0 0 0
0 0 0 1 0 −1
0 0 0 0 1 −1


Primitive relations: [

1 1 1 0 0 0
−2 0 0 1 1 1

]
#7
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Rays: 
1 0 −1 1 0 0
0 1 −1 0 0 0
0 0 0 1 0 −1
0 0 0 0 1 −1


Primitive relations: [

1 1 1 0 0 0
−1 0 0 1 1 1

]
#8
Rays: 

1 0 −1 1 0 0
0 1 −1 0 1 0
0 0 0 1 0 −1
0 0 0 0 1 −1


Primitive relations: [

1 1 1 0 0 0
−1 −1 0 1 1 1

]
#9
Rays: 

1 0 −1 0 0 0
0 1 −1 0 0 0
0 0 0 1 0 −1
0 0 0 0 1 −1


Primitive relations: [

1 1 1 0 0 0
0 0 0 1 1 1

]
#10
Rays: 

1 2 0 0 0 3 −1
0 −1 1 0 0 −1 0
0 −1 0 1 0 −1 0
0 −1 0 0 1 −1 0
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Primitive relations: 
1 1 0 0 0 −1 0
1 0 0 0 0 0 1
−2 1 1 1 1 0 0
−3 0 1 1 1 1 0
0 −1 0 0 0 1 1


#11
Rays: 

1 1 0 0 0 2 −1
0 −1 1 0 0 −1 0
0 −1 0 1 0 −1 0
0 −1 0 0 1 −1 0


Primitive relations: 

1 1 0 0 0 −1 0
1 0 0 0 0 0 1
−1 1 1 1 1 0 0
−2 0 1 1 1 1 0
0 −1 0 0 0 1 1


#12
Rays: 

1 0 0 0 0 1 −1
0 −1 1 0 0 −1 0
0 −1 0 1 0 −1 0
0 −1 0 0 1 −1 0


Primitive relations: 

1 1 0 0 0 −1 0
1 0 0 0 0 0 1
0 1 1 1 1 0 0
−1 0 1 1 1 1 0
0 −1 0 0 0 1 1


#13
Rays: 

1 0 −1 0 0 0 0
0 1 −1 0 0 0 0
0 0 0 1 −1 0 0
0 0 2 0 1 1 −1


5



Primitive relations: 1 1 1 0 0 −2 0
0 0 0 1 1 −1 0
0 0 0 0 0 1 1


#14
Rays: 

1 0 −1 0 0 0 0
0 1 −1 0 0 0 0
0 0 2 1 −1 0 0
0 0 0 0 1 1 −1


Primitive relations: 1 1 1 −2 0 0 0

0 0 0 1 1 −1 0
0 0 0 0 0 1 1


#15
Rays: 

1 0 −1 0 0 0 0
0 1 −1 0 0 0 0
0 0 1 1 −1 0 0
0 0 1 0 1 1 −1


Primitive relations: 1 1 1 −1 0 −1 0

0 0 0 1 1 −1 0
0 0 0 0 0 1 1


#16
Rays: 

1 0 −1 0 1 0 0
0 1 −1 0 0 0 0
0 0 0 1 −1 0 0
0 0 2 0 0 1 −1


Primitive relations:  1 1 1 0 0 −2 0

−1 0 0 1 1 0 0
0 0 0 0 0 1 1
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#17
Rays: 

1 0 −1 0 0 0 0
0 1 −1 0 0 0 0
0 0 2 1 −1 0 0
0 0 0 0 0 1 −1


Primitive relations: 1 1 1 −2 0 0 0

0 0 0 1 1 0 0
0 0 0 0 0 1 1


#18
Rays: 

1 0 −1 0 0 0 0
0 1 −1 0 0 0 0
0 0 0 1 −1 0 0
0 0 1 0 1 1 −1


Primitive relations: 1 1 1 0 0 −1 0

0 0 0 1 1 −1 0
0 0 0 0 0 1 1


#19
Rays: 

1 0 −1 0 1 0 1
0 1 −1 0 0 0 0
0 0 0 1 −1 0 0
0 0 0 0 0 1 −1


Primitive relations:  1 1 1 0 0 0 0

−1 0 0 1 1 0 0
−1 0 0 0 0 1 1


#20
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Rays: 
1 0 −1 0 0 0 0
0 1 −1 0 0 0 0
0 0 1 1 −1 0 0
0 0 0 0 1 1 −1


Primitive relations: 1 1 1 −1 0 0 0

0 0 0 1 1 −1 0
0 0 0 0 0 1 1


#21
Rays: 

1 0 −1 0 0 0 0
0 1 −1 0 0 0 0
0 0 1 1 −1 0 0
0 0 1 0 0 1 −1


Primitive relations: 1 1 1 −1 0 −1 0

0 0 0 1 1 0 0
0 0 0 0 0 1 1


#22
Rays: 

1 0 −1 0 1 0 0
0 1 −1 0 0 0 0
0 0 0 1 −1 0 0
0 0 1 0 0 1 −1


Primitive relations:  1 1 1 0 0 −1 0

−1 0 0 1 1 0 0
0 0 0 0 0 1 1


#23
Rays: 

1 0 −1 0 1 0 0
0 1 −1 0 0 0 0
0 0 0 1 −1 0 1
0 0 0 0 0 1 −1


8



Primitive relations:  1 1 1 0 0 0 0
−1 0 0 1 1 0 0
0 0 0 −1 0 1 1


#24
Rays: 

1 0 −1 0 0 0 0
0 1 −1 0 0 0 0
0 0 1 1 −1 0 0
0 0 0 0 0 1 −1


Primitive relations: 1 1 1 −1 0 0 0

0 0 0 1 1 0 0
0 0 0 0 0 1 1


#25
Rays: 

1 −1 0 0 0 0 0
0 0 1 −1 0 0 0
0 0 0 0 1 0 −1
0 0 0 0 0 1 −1


Primitive relations: 1 1 0 0 0 0 0

0 0 1 1 0 0 0
0 0 0 0 1 1 1


#26
Rays: 

1 0 −1 0 0 0 1
0 1 −1 0 0 0 0
0 0 0 1 −1 0 0
0 0 0 0 0 1 −1


Primitive relations:  1 1 1 0 0 0 0

0 0 0 1 1 0 0
−1 0 0 0 0 1 1
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#27
Rays: 

1 0 −1 0 0 0 0
0 1 −1 0 0 0 0
0 0 0 1 0 −1 0
0 0 0 0 1 1 −1


Primitive relations: 1 1 1 0 0 0 0

0 0 0 1 −1 1 0
0 0 0 0 1 0 1


#28
Rays: 

1 0 −1 0 0 0 0
0 1 −1 0 0 0 0
0 0 1 1 −1 0 0
0 0 −1 0 1 1 −1


Primitive relations: 1 1 1 −1 0 0 −1

0 0 0 1 1 −1 0
0 0 0 0 0 1 1


#29
Rays: 

1 0 −1 0 1 0 0
0 1 −1 0 0 0 1
0 0 0 1 −1 0 0
0 0 0 0 0 1 −1


Primitive relations:  1 1 1 0 0 0 0

−1 0 0 1 1 0 0
0 −1 0 0 0 1 1


#30
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Rays: 
1 0 −1 0 0 0 0
0 1 −1 0 0 0 0
0 0 0 1 −1 0 0
0 0 −2 0 1 1 −1


Primitive relations: 1 1 1 0 0 0 −2

0 0 0 1 1 −1 0
0 0 0 0 0 1 1


#31
Rays: 

1 0 −1 0 0 0 0
0 1 −1 0 0 0 0
0 0 0 1 −1 0 0
0 0 −1 0 1 1 −1


Primitive relations: 1 1 1 0 0 0 −1

0 0 0 1 1 −1 0
0 0 0 0 0 1 1


#32
Rays: 

1 0 1 0 0 2 −1
0 1 −1 0 0 0 0
0 0 −1 1 0 −1 0
0 0 0 0 1 −1 0


Primitive relations:

1 1 1 0 −1 −1 0
1 0 0 0 0 0 1
−1 1 1 1 0 0 0
−2 0 0 1 1 1 0
0 −1 −1 0 1 1 1


#33
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Rays: 
1 0 −1 0 0 2 −1
0 1 −1 0 0 0 0
0 0 0 1 0 −1 1
0 0 0 0 1 −1 0


Primitive relations: 

1 1 1 0 0 0 0
1 0 0 −1 0 0 1
0 1 1 1 0 0 −1
−2 0 0 1 1 1 0
−1 0 0 0 1 1 1


#34
Rays: 

1 0 0 0 0 1 −1
0 1 −1 0 0 0 0
0 0 −1 1 0 −1 0
0 0 0 0 1 −1 0


Primitive relations:

1 1 1 0 −1 −1 0
1 0 0 0 0 0 1
0 1 1 1 0 0 0
−1 0 0 1 1 1 0
0 −1 −1 0 1 1 1


#35
Rays: 

1 0 −1 0 0 1 −1
0 1 −1 0 0 1 0
0 0 0 1 0 −1 1
0 0 0 0 1 −1 0


Primitive relations:

1 1 1 0 0 0 0
1 0 0 −1 0 0 1
0 1 1 1 0 0 −1
−1 −1 0 1 1 1 0
0 −1 0 0 1 1 1
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#36
Rays: 

1 0 −1 0 0 0 −1
0 1 −1 0 0 0 0
0 0 0 1 0 −1 1
0 0 0 0 1 −1 0


Primitive relations:

1 1 1 0 0 0 0
1 0 0 −1 0 0 1
0 1 1 1 0 0 −1
0 0 0 1 1 1 0
0 −1 −1 0 1 1 1


#37
Rays: 

1 0 −1 0 0 1 −1
0 1 −1 0 0 0 0
0 0 0 1 0 −1 1
0 0 0 0 1 −1 0


Primitive relations: 

1 1 1 0 0 0 0
1 0 0 −1 0 0 1
0 1 1 1 0 0 −1
−1 0 0 1 1 1 0
0 0 0 0 1 1 1


#38
Rays: 

1 0 1 0 0 0 −1 −1
0 1 −1 0 0 2 0 1
0 0 0 1 0 −1 0 0
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 −1 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
0 1 0 0 0 0 1 −1
0 0 1 0 0 0 0 1
0 −2 0 1 1 1 0 0
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#39
Rays: 

1 0 1 0 0 1 −1 −1
0 1 −1 0 0 1 0 1
0 0 0 1 0 −1 0 0
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 −1 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
0 1 0 0 0 0 1 −1
0 0 1 0 0 0 0 1
−1 −1 0 1 1 1 0 0


#40
Rays: 

1 0 1 0 0 2 −1 −1
0 1 −1 0 0 0 0 1
0 0 0 1 0 −1 0 0
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 −1 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
0 1 0 0 0 0 1 −1
0 0 1 0 0 0 0 1
−2 0 0 1 1 1 0 0


#41
Rays: 

1 0 1 0 0 0 −1 −1
0 1 −1 0 0 1 0 1
0 0 0 1 0 −1 0 0
0 0 0 0 1 −1 0 0
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Primitive relations:
1 0 0 0 0 0 1 0
1 −1 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
0 1 0 0 0 0 1 −1
0 0 1 0 0 0 0 1
0 −1 0 1 1 1 0 0


#42
Rays: 

1 0 1 0 0 1 −1 −1
0 1 −1 0 0 0 0 1
0 0 0 1 0 −1 0 0
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 −1 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
0 1 0 0 0 0 1 −1
0 0 1 0 0 0 0 1
−1 0 0 1 1 1 0 0


#43
Rays: 

1 0 1 0 0 2 −1 −1
0 1 −1 0 0 −1 0 1
0 0 0 1 0 −1 0 0
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 −1 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
0 1 0 0 0 0 1 −1
0 0 1 0 0 0 0 1
−1 0 −1 1 1 1 0 0


#44
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Rays: 
1 0 1 0 0 2 −1 −1
0 1 −1 0 0 −2 0 1
0 0 0 1 0 −1 0 0
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 −1 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
0 1 0 0 0 0 1 −1
0 0 1 0 0 0 0 1
0 0 −2 1 1 1 0 0


#45
Rays: 

1 0 1 0 0 0 −1 −1
0 1 −1 0 0 0 0 1
0 0 0 1 0 −1 0 0
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 −1 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
0 1 0 0 0 0 1 −1
0 0 1 0 0 0 0 1
0 0 0 1 1 1 0 0


#46
Rays: 

1 0 1 0 0 1 −1 −1
0 1 −1 0 0 −1 0 1
0 0 0 1 0 −1 0 0
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 −1 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
0 1 0 0 0 0 1 −1
0 0 1 0 0 0 0 1
0 0 −1 1 1 1 0 0
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#47
Rays: 

1 0 1 0 0 0 −1 −1
0 1 −1 0 0 −1 0 1
0 0 0 1 0 −1 0 0
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 −1 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
0 1 0 0 0 0 1 −1
0 0 1 0 0 0 0 1
0 0 −1 1 1 1 −1 0


#48
Rays: 

1 0 1 0 1 0 1 −1
0 1 −1 0 0 0 0 0
0 0 0 1 −1 0 0 0
0 0 0 0 0 1 −1 0


Primitive relations: 

1 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
−1 0 0 1 1 0 0 0
−1 0 0 0 0 1 1 0


#49
Rays: 

1 0 1 0 1 0 1 −1
0 1 −1 0 −1 0 −1 0
0 0 0 1 −1 0 0 0
0 0 0 0 0 1 −1 0


Primitive relations: 

1 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
0 0 −1 1 1 0 0 0
0 0 −1 0 0 1 1 0
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#50
Rays: 

1 0 1 0 1 0 0 −1
0 1 −1 0 0 0 0 0
0 0 0 1 −1 0 1 0
0 0 0 0 0 1 −1 0


Primitive relations: 

1 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
−1 0 0 1 1 0 0 0
0 0 0 −1 0 1 1 0


#51
Rays: 

1 0 1 0 1 0 0 −1
0 1 −1 0 −1 0 0 0
0 0 0 1 −1 0 1 0
0 0 0 0 0 1 −1 0


Primitive relations:

1 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
0 0 −1 1 1 0 0 0
0 0 0 −1 0 1 1 0


#52
Rays: 

1 0 0 0 0 0 0 −1
0 1 −1 0 −1 0 −1 0
0 0 0 1 −1 0 0 0
0 0 0 0 0 1 −1 0


Primitive relations: 

1 0 0 0 0 0 0 1
0 1 1 0 0 0 0 0
0 0 −1 1 1 0 0 0
0 0 −1 0 0 1 1 0
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#53
Rays: 

1 0 0 0 0 0 0 −1
0 1 −1 0 −1 0 0 0
0 0 0 1 −1 0 1 0
0 0 0 0 0 1 −1 0


Primitive relations: 

1 0 0 0 0 0 0 1
0 1 1 0 0 0 0 0
0 0 −1 1 1 0 0 0
0 0 0 −1 0 1 1 0


#54
Rays: 

1 0 1 0 0 0 0 −1
0 1 −1 0 0 0 0 0
0 0 0 1 −1 0 1 0
0 0 0 0 0 1 −1 0


Primitive relations: 

1 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
0 0 0 1 1 0 0 0
0 0 0 −1 0 1 1 0


#55
Rays: 

1 0 0 0 0 0 0 −1
0 1 −1 0 0 0 0 0
0 0 0 1 −1 0 0 0
0 0 0 0 0 1 −1 0


Primitive relations: 

1 0 0 0 0 0 0 1
0 1 1 0 0 0 0 0
0 0 0 1 1 0 0 0
0 0 0 0 0 1 1 0
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#56
Rays: 

1 0 0 0 0 0 0 −1
0 1 −1 0 0 0 0 0
0 0 0 1 −1 0 1 0
0 0 0 0 0 1 −1 0


Primitive relations: 

1 0 0 0 0 0 0 1
0 1 1 0 0 0 0 0
0 0 0 1 1 0 0 0
0 0 0 −1 0 1 1 0


#57
Rays: 

1 0 1 0 1 0 0 −1
0 1 −1 0 −1 0 1 0
0 0 0 1 −1 0 0 0
0 0 0 0 0 1 −1 0


Primitive relations:

1 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
0 0 −1 1 1 0 0 0
0 −1 0 0 0 1 1 0


#58
Rays: 

1 0 0 0 0 0 0 −1
0 1 −1 0 −1 0 1 0
0 0 0 1 −1 0 0 0
0 0 0 0 0 1 −1 0


Primitive relations: 

1 0 0 0 0 0 0 1
0 1 1 0 0 0 0 0
0 0 −1 1 1 0 0 0
0 −1 0 0 0 1 1 0
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#59
Rays: 

1 0 1 0 −1 0 0 −1
0 1 −1 0 0 0 0 0
0 0 0 1 −1 0 1 0
0 0 0 0 0 1 −1 0


Primitive relations:

1 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
0 0 0 1 1 0 0 −1
0 0 0 −1 0 1 1 0


#60
Rays: 

1 0 1 0 1 0 −1 −1
0 1 −1 0 0 0 0 0
0 0 0 1 −1 0 0 0
0 0 0 0 0 1 −1 0


Primitive relations: 

1 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0
−1 0 0 1 1 0 0 0
0 0 0 0 0 1 1 −1


#61
Rays: 

1 0 0 0 0 2 −1 −1
0 1 −1 0 0 0 0 0
0 0 1 1 0 −1 0 1
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
0 1 1 −1 0 0 0 0
−2 0 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
−1 0 0 0 1 1 0 1
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#62
Rays: 

1 0 1 0 0 2 −1 −1
0 1 −1 0 0 0 0 0
0 0 0 1 0 −1 0 1
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
−1 1 1 0 0 0 0 0
−2 0 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
−1 0 0 0 1 1 0 1


#63
Rays: 

1 0 1 0 0 1 −1 −1
0 1 −1 0 0 1 0 0
0 0 0 1 0 −1 0 1
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
−1 1 1 0 0 0 0 0
−1 −1 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
0 −1 0 0 1 1 0 1


#64
Rays: 

1 0 −1 0 0 2 −1 −1
0 1 −1 0 0 0 0 0
0 0 1 1 0 −1 0 1
0 0 0 0 1 −1 0 0
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Primitive relations:
1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
0 1 1 0 0 0 0 −1
−2 0 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
−1 0 0 0 1 1 0 1


#65
Rays: 

1 0 0 0 0 2 −1 −1
0 1 −1 0 0 0 0 0
0 0 0 1 0 −1 0 1
0 0 1 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
0 1 1 0 −1 0 0 0
−2 0 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
−1 0 0 0 1 1 0 1


#66
Rays: 

1 0 0 0 0 1 −1 −1
0 1 −1 0 0 0 0 0
0 0 1 1 0 −1 0 1
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
0 1 1 −1 0 0 0 0
−1 0 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
0 0 0 0 1 1 0 1


#67
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Rays: 
1 0 0 0 0 2 −1 −1
0 1 −1 0 0 0 0 0
0 0 0 1 0 −1 0 1
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
0 1 1 0 0 0 0 0
−2 0 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
−1 0 0 0 1 1 0 1


#68
Rays: 

1 0 −1 0 0 1 −1 −1
0 1 −1 0 0 1 0 0
0 0 0 1 0 −1 0 1
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
0 1 1 0 0 0 −1 0
−1 −1 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
0 −1 0 0 1 1 0 1


#69
Rays: 

1 0 −1 0 0 1 −1 −1
0 1 −1 0 0 0 0 0
0 0 1 1 0 −1 0 1
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
0 1 1 0 0 0 0 −1
−1 0 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
0 0 0 0 1 1 0 1
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#70
Rays: 

1 0 1 0 0 1 −1 −1
0 1 −1 0 0 0 0 0
0 0 0 1 0 −1 0 1
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
−1 1 1 0 0 0 0 0
−1 0 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
0 0 0 0 1 1 0 1


#71
Rays: 

1 0 0 0 0 1 −1 −1
0 1 −1 0 0 1 0 0
0 0 0 1 0 −1 0 1
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
0 1 1 0 0 0 0 0
−1 −1 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
0 −1 0 0 1 1 0 1


#72
Rays: 

1 0 −1 0 0 1 −1 −1
0 1 −1 0 0 0 0 0
0 0 0 1 0 −1 0 1
0 0 0 0 1 −1 0 0
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Primitive relations:
1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
0 1 1 0 0 0 −1 0
−1 0 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
0 0 0 0 1 1 0 1


#73
Rays: 

1 0 0 0 0 1 −1 −1
0 1 −1 0 0 0 0 0
0 0 0 1 0 −1 0 1
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
0 1 1 0 0 0 0 0
−1 0 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
0 0 0 0 1 1 0 1


#74
Rays: 

1 0 0 0 0 1 −1 −1
0 1 −1 0 0 0 0 0
0 0 0 1 0 −1 0 1
0 0 1 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
0 1 1 0 −1 0 0 0
−1 0 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
0 0 0 0 1 1 0 1


#75
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Rays: 
1 0 −1 0 0 2 −1 −1
0 1 −1 0 0 0 0 0
0 0 0 1 0 −1 0 1
0 0 0 0 1 −1 0 0


Primitive relations:

1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
0 1 1 0 0 0 −1 0
−2 0 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
−1 0 0 0 1 1 0 1


#76
Rays: 

1 0 −1 0 0 0 0 −1
0 1 −1 0 0 0 0 0
0 0 1 1 −1 0 0 0
0 0 1 0 0 1 −1 0


Primitive relations:

1 1 1 −1 0 −1 0 0
1 0 0 0 0 0 0 1
0 1 1 0 1 −1 0 −1
0 1 1 −1 0 0 1 −1
0 0 0 1 1 0 0 0
0 −1 −1 1 0 1 0 1
0 0 0 0 0 1 1 0


#77
Rays: 

1 0 −1 0 1 0 1 −1
0 1 −1 0 0 0 0 0
0 0 1 1 −1 0 0 0
0 0 1 0 0 1 −1 0
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Primitive relations:

1 1 1 −1 0 −1 0 0
1 0 0 0 0 0 0 1
0 1 1 0 1 −1 0 0
0 1 1 −1 0 0 1 0
−1 0 0 1 1 0 0 0
0 −1 −1 1 0 1 0 1
−1 0 0 0 0 1 1 0


#78
Rays: 

1 0 −1 0 1 0 1 −1
0 1 −1 0 0 0 0 0
0 0 1 1 −1 0 −1 0
0 0 1 0 0 1 −1 0


Primitive relations:

1 1 1 −1 0 −1 0 0
1 0 0 0 0 0 0 1
0 1 1 0 1 −1 0 0
0 1 1 0 0 0 1 0
−1 0 0 1 1 0 0 0
0 −1 −1 1 0 1 0 1
0 0 0 0 −1 1 1 0


#79
Rays: 

1 0 −1 0 1 0 0 −1
0 1 −1 0 0 0 0 0
0 0 1 1 −1 0 0 0
0 0 1 0 0 1 −1 0


Primitive relations:

1 1 1 −1 0 −1 0 0
1 0 0 0 0 0 0 1
0 1 1 0 1 −1 0 0
0 1 1 −1 0 0 1 −1
−1 0 0 1 1 0 0 0
0 −1 −1 1 0 1 0 1
0 0 0 0 0 1 1 0


28



#80
Rays: 

1 0 −1 0 1 0 1 0
0 1 −1 0 0 0 0 0
0 0 0 1 −1 0 0 −1
0 0 1 0 −1 1 −1 −1


Primitive relations:

1 1 1 0 0 −1 0 0
1 0 0 0 −1 0 0 1
0 1 1 0 1 −1 0 −1
0 1 1 0 0 0 1 0
0 0 0 1 1 0 −1 0
0 0 0 1 0 1 0 1
−1 0 0 0 0 1 1 0


#81
Rays: 

1 0 −1 0 0 0 −1 −1
0 1 −1 0 0 0 0 0
0 0 −1 1 0 −1 0 1
0 0 0 0 1 −1 0 0


Primitive relations:

1 1 1 0 −1 −1 0 0
1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
0 1 1 1 0 0 −1 0
0 1 1 0 0 0 −2 1
0 0 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
0 −1 −1 0 1 1 1 0
0 0 0 0 1 1 −1 1


#82
Rays: 

1 0 0 0 0 1 −1 −1
0 1 −1 0 0 0 0 0
0 0 −1 1 0 −1 0 1
0 0 0 0 1 −1 0 0


29



Primitive relations:

1 1 1 0 −1 −1 0 0
1 0 0 0 0 0 1 0
1 0 0 −1 0 0 0 1
0 1 1 1 0 0 0 0
0 1 1 0 0 0 −1 1
−1 0 0 1 1 1 0 0
0 0 0 1 0 0 1 −1
0 −1 −1 0 1 1 1 0
0 0 0 0 1 1 0 1


#83
Rays: 

1 0 1 0 0 0 0 −1 −1
0 1 −1 0 0 1 1 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 0 −1 0 0


Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 −1 0 1 0 1 0 0 0
0 −1 0 0 1 0 1 0 0


#84
Rays: 

1 0 1 0 0 0 0 −1 −1
0 1 −1 0 0 1 0 1 0
0 0 0 1 0 −1 1 0 0
0 0 0 0 1 0 −1 0 0


Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 −1 0 1 0 1 0 0 0
0 0 0 −1 1 0 1 0 0


30



#85
Rays: 

1 0 1 0 0 1 1 −1 −1
0 1 −1 0 0 0 0 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 0 −1 0 0


Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
−1 0 0 1 0 1 0 0 0
−1 0 0 0 1 0 1 0 0


#86
Rays: 

1 0 1 0 0 0 1 −1 −1
0 1 −1 0 0 1 0 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 0 −1 0 0


Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 −1 0 1 0 1 0 0 0
−1 0 0 0 1 0 1 0 0


#87
Rays: 

1 0 1 0 0 1 0 −1 −1
0 1 −1 0 0 0 0 1 0
0 0 0 1 0 −1 1 0 0
0 0 0 0 1 0 −1 0 0


31



Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
−1 0 0 1 0 1 0 0 0
0 0 0 −1 1 0 1 0 0


#88
Rays: 

1 0 1 0 0 0 0 −1 −1
0 1 −1 0 0 0 1 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 0 −1 0 0


Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 0 0 1 0 1 0 0 0
0 −1 0 0 1 0 1 0 0


#89
Rays: 

1 0 1 0 0 1 −1 −1 −1
0 1 −1 0 0 0 1 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 0 −1 0 0


Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
−1 0 0 1 0 1 0 0 0
0 0 0 0 1 0 1 −1 0


32



#90
Rays: 

1 0 1 0 0 0 1 −1 −1
0 1 −1 0 0 0 0 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 0 −1 0 0


Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 0 0 1 0 1 0 0 0
−1 0 0 0 1 0 1 0 0


#91
Rays: 

1 0 1 0 0 1 1 −1 −1
0 1 −1 0 0 0 −1 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 0 −1 0 0


Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
−1 0 0 1 0 1 0 0 0
0 0 −1 0 1 0 1 0 0


#92
Rays: 

1 0 1 0 0 0 0 −1 −1
0 1 −1 0 0 0 0 1 0
0 0 0 1 0 −1 1 0 0
0 0 0 0 1 0 −1 0 0


33



Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 0 0 1 0 1 0 0 0
0 0 0 −1 1 0 1 0 0


#93
Rays: 

1 0 1 0 0 0 0 −1 −1
0 1 −1 0 0 0 0 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 0 −1 0 0


Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 0 0 1 0 1 0 0 0
0 0 0 0 1 0 1 0 0


#94
Rays: 

1 0 1 0 0 0 1 −1 −1
0 1 −1 0 0 1 −1 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 0 −1 0 0


Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 −1 0 1 0 1 0 0 0
0 0 −1 0 1 0 1 0 0


34



#95
Rays: 

1 0 1 0 0 1 1 −1 −1
0 1 −1 0 0 −1 −1 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 0 −1 0 0


Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 0 −1 1 0 1 0 0 0
0 0 −1 0 1 0 1 0 0


#96
Rays: 

1 0 1 0 0 1 0 −1 −1
0 1 −1 0 0 −1 0 1 0
0 0 0 1 0 −1 1 0 0
0 0 0 0 1 0 −1 0 0


Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 0 −1 1 0 1 0 0 0
0 0 0 −1 1 0 1 0 0


#97
Rays: 

1 0 1 0 0 0 1 −1 −1
0 1 −1 0 0 0 −1 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 0 −1 0 0


35



Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 0 0 1 0 1 0 0 0
0 0 −1 0 1 0 1 0 0


#98
Rays: 

1 0 1 0 0 1 −1 −1 −1
0 1 −1 0 0 0 0 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 0 −1 0 0


Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
−1 0 0 1 0 1 0 0 0
0 0 0 0 1 0 1 0 −1


#99
Rays: 

1 0 1 0 0 1 −1 −1 −1
0 1 −1 0 0 −1 0 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 0 −1 0 0


Primitive relations:

1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 0 −1 1 0 1 0 0 0
0 0 0 0 1 0 1 0 −1


36



#100
Rays: 

1 0 1 0 0 2 0 −1 −1
0 1 −1 0 0 0 −1 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 −1 0 0 0


Primitive relations:

1 0 −1 0 0 0 1 0 0
1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 1 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 0 1 0 0 0 −1 0 1
−2 0 0 1 1 1 0 0 0
0 0 0 0 0 0 1 1 −1


#101
Rays: 

1 0 1 0 0 1 0 −1 −1
0 1 −1 0 0 1 −1 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 −1 0 0 0


Primitive relations:

1 0 −1 0 0 0 1 0 0
1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 1 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 0 1 0 0 0 −1 0 1
−1 −1 0 1 1 1 0 0 0
0 0 0 0 0 0 1 1 −1


#102

37



Rays: 
1 0 1 0 0 1 0 −1 −1
0 1 −1 0 0 0 −1 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 −1 0 0 0


Primitive relations:

1 0 −1 0 0 0 1 0 0
1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 1 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 0 1 0 0 0 −1 0 1
−1 0 0 1 1 1 0 0 0
0 0 0 0 0 0 1 1 −1


#103
Rays: 

1 0 1 0 0 0 0 −1 −1
0 1 −1 0 0 0 −1 1 0
0 0 0 1 0 −1 0 0 0
0 0 0 0 1 −1 0 0 0


Primitive relations:

1 0 −1 0 0 0 1 0 0
1 −1 0 0 0 0 0 1 0
1 0 0 0 0 0 0 0 1
−1 1 1 0 0 0 0 0 0
0 1 0 0 0 0 1 0 0
0 1 0 0 0 0 0 −1 1
0 0 1 0 0 0 0 1 0
0 0 1 0 0 0 −1 0 1
0 0 0 1 1 1 0 0 0
0 0 0 0 0 0 1 1 −1


#104

38



Rays: 
1 0 0 0 0 0 1 −1 −1
0 1 −1 0 0 0 0 0 0
0 0 1 1 0 −1 0 0 0
0 0 −1 0 1 1 −1 1 0


Primitive relations:

1 1 1 −1 0 0 −1 0 0
1 0 0 0 −1 0 0 1 0
1 0 0 0 0 0 0 0 1
0 1 1 −1 1 0 0 0 0
0 1 1 0 0 1 0 0 0
0 1 1 −1 0 0 0 1 −1
0 0 0 1 −1 1 0 0 0
0 −1 −1 1 0 0 1 0 1
−1 0 0 0 1 0 1 0 0
0 0 0 0 1 0 0 −1 1
0 0 0 0 0 0 1 1 0


#105
Rays: 

1 0 0 0 0 1 1 −1 −1
0 1 −1 0 0 0 0 0 0
0 0 1 1 0 −1 0 0 0
0 0 −1 0 1 0 −1 1 0


Primitive relations:

1 1 1 −1 0 0 −1 0 0
1 0 0 0 −1 0 0 1 0
1 0 0 0 0 0 0 0 1
0 1 1 −1 1 0 0 0 0
0 1 1 0 0 1 −1 0 0
0 1 1 −1 0 0 0 1 −1
−1 0 0 1 0 1 0 0 0
0 −1 −1 1 0 0 1 0 1
−1 0 0 0 1 0 1 0 0
0 0 0 0 1 0 0 −1 1
0 0 0 0 0 0 1 1 0


#106

39



Rays: 
1 0 0 0 0 0 1 −1 −1
0 1 −1 0 0 0 0 0 0
0 0 1 1 0 −1 0 0 0
0 0 −1 0 1 0 −1 1 0


Primitive relations:

1 1 1 −1 0 0 −1 0 0
1 0 0 0 −1 0 0 1 0
1 0 0 0 0 0 0 0 1
0 1 1 −1 1 0 0 0 0
0 1 1 0 0 1 −1 0 −1
0 1 1 −1 0 0 0 1 −1
0 0 0 1 0 1 0 0 0
0 −1 −1 1 0 0 1 0 1
−1 0 0 0 1 0 1 0 0
0 0 0 0 1 0 0 −1 1
0 0 0 0 0 0 1 1 0


#107
Rays: 

1 0 0 0 1 1 0 −1 −1
0 1 0 0 −1 −1 0 0 1
0 0 1 0 −1 −1 0 0 0
0 0 0 1 0 −1 −1 0 0


Primitive relations:

1 0 0 0 0 0 0 1 0
1 −1 0 0 0 0 0 0 1
−1 1 1 0 1 0 0 0 0
−1 1 1 0 0 1 −1 0 0
0 1 0 0 0 0 0 1 −1
0 0 1 0 1 0 0 0 1
0 0 1 0 0 1 −1 0 1
0 0 0 1 −1 1 0 0 0
0 0 0 1 0 0 1 0 0
0 0 0 0 1 −1 1 0 0


#108

40



Rays: 
1 0 −1 −1 0 1 0 1 0 1
0 1 1 0 −1 −1 0 0 0 0
0 0 0 0 0 0 1 −1 0 0
0 0 0 0 0 0 0 0 1 −1


Primitive relations:

1 −1 1 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0
1 0 0 0 1 −1 0 0 0 0
0 1 −1 1 0 0 0 0 0 0
0 1 0 0 1 0 0 0 0 0
−1 1 0 0 0 1 0 0 0 0
0 0 1 −1 1 0 0 0 0 0
0 0 1 0 0 1 0 0 0 0
0 0 0 1 −1 1 0 0 0 0
−1 0 0 0 0 0 1 1 0 0
−1 0 0 0 0 0 0 0 1 1


#109
Rays: 

1 0 −1 −1 0 1 0 1 0 1
0 1 1 0 −1 −1 0 0 0 0
0 0 0 0 0 0 1 −1 0 −1
0 0 0 0 0 0 0 0 1 −1


Primitive relations:

1 −1 1 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0
1 0 0 0 1 −1 0 0 0 0
0 1 −1 1 0 0 0 0 0 0
0 1 0 0 1 0 0 0 0 0
−1 1 0 0 0 1 0 0 0 0
0 0 1 −1 1 0 0 0 0 0
0 0 1 0 0 1 0 0 0 0
0 0 0 1 −1 1 0 0 0 0
−1 0 0 0 0 0 1 1 0 0
0 0 0 0 0 0 0 −1 1 1


#110

41



Rays: 
1 0 −1 −1 0 1 0 1 0 0
0 1 1 0 −1 −1 0 0 0 1
0 0 0 0 0 0 1 −1 0 0
0 0 0 0 0 0 0 0 1 −1


Primitive relations:

1 −1 1 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0
1 0 0 0 1 −1 0 0 0 0
0 1 −1 1 0 0 0 0 0 0
0 1 0 0 1 0 0 0 0 0
−1 1 0 0 0 1 0 0 0 0
0 0 1 −1 1 0 0 0 0 0
0 0 1 0 0 1 0 0 0 0
0 0 0 1 −1 1 0 0 0 0
−1 0 0 0 0 0 1 1 0 0
0 −1 0 0 0 0 0 0 1 1


#111
Rays: 

1 0 −1 −1 0 1 0 0 0 0
0 1 1 0 −1 −1 0 0 0 0
0 0 0 0 0 0 1 −1 0 −1
0 0 0 0 0 0 0 0 1 −1


Primitive relations:

1 −1 1 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0
1 0 0 0 1 −1 0 0 0 0
0 1 −1 1 0 0 0 0 0 0
0 1 0 0 1 0 0 0 0 0
−1 1 0 0 0 1 0 0 0 0
0 0 1 −1 1 0 0 0 0 0
0 0 1 0 0 1 0 0 0 0
0 0 0 1 −1 1 0 0 0 0
0 0 0 0 0 0 1 1 0 0
0 0 0 0 0 0 0 −1 1 1


#112

42



Rays: 
1 0 −1 −1 0 1 0 0 0 0
0 1 1 0 −1 −1 0 0 0 0
0 0 0 0 0 0 1 −1 0 0
0 0 0 0 0 0 0 0 1 −1


Primitive relations:

1 −1 1 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0
1 0 0 0 1 −1 0 0 0 0
0 1 −1 1 0 0 0 0 0 0
0 1 0 0 1 0 0 0 0 0
−1 1 0 0 0 1 0 0 0 0
0 0 1 −1 1 0 0 0 0 0
0 0 1 0 0 1 0 0 0 0
0 0 0 1 −1 1 0 0 0 0
0 0 0 0 0 0 1 1 0 0
0 0 0 0 0 0 0 0 1 1


#113
Rays: 

1 0 −1 −1 0 1 0 1 0 0
0 1 1 0 −1 −1 0 0 0 0
0 0 0 0 0 0 1 −1 0 0
0 0 0 0 0 0 0 0 1 −1


Primitive relations:

1 −1 1 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0
1 0 0 0 1 −1 0 0 0 0
0 1 −1 1 0 0 0 0 0 0
0 1 0 0 1 0 0 0 0 0
−1 1 0 0 0 1 0 0 0 0
0 0 1 −1 1 0 0 0 0 0
0 0 1 0 0 1 0 0 0 0
0 0 0 1 −1 1 0 0 0 0
−1 0 0 0 0 0 1 1 0 0
0 0 0 0 0 0 0 0 1 1


#114

43



Rays: 
1 0 −1 −1 0 1 0 1 0 −1
0 1 1 0 −1 −1 0 0 0 1
0 0 0 0 0 0 1 −1 0 0
0 0 0 0 0 0 0 0 1 −1


Primitive relations:

1 −1 1 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0
1 0 0 0 1 −1 0 0 0 0
0 1 −1 1 0 0 0 0 0 0
0 1 0 0 1 0 0 0 0 0
−1 1 0 0 0 1 0 0 0 0
0 0 1 −1 1 0 0 0 0 0
0 0 1 0 0 1 0 0 0 0
0 0 0 1 −1 1 0 0 0 0
−1 0 0 0 0 0 1 1 0 0
0 0 −1 0 0 0 0 0 1 1


#115
Rays: 

1 0 −1 −1 0 1 0 1 0 −1
0 1 1 0 −1 −1 0 0 0 0
0 0 0 0 0 0 1 −1 0 0
0 0 0 0 0 0 0 0 1 −1


Primitive relations:

1 −1 1 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0
1 0 0 0 1 −1 0 0 0 0
0 1 −1 1 0 0 0 0 0 0
0 1 0 0 1 0 0 0 0 0
−1 1 0 0 0 1 0 0 0 0
0 0 1 −1 1 0 0 0 0 0
0 0 1 0 0 1 0 0 0 0
0 0 0 1 −1 1 0 0 0 0
−1 0 0 0 0 0 1 1 0 0
0 0 0 −1 0 0 0 0 1 1


#116

44



Rays: 
1 −1 0 0 0 0 0 0 1 −1
0 0 1 −1 0 0 0 0 1 −1
0 0 0 0 1 −1 0 0 1 −1
0 0 0 0 0 0 1 −1 1 −1


Primitive relations:

1 1 0 0 0 0 0 0 0 0
1 0 1 0 1 0 0 −1 −1 0
1 0 1 0 0 −1 1 0 −1 0
1 0 1 0 0 −1 0 −1 0 1
1 0 0 −1 1 0 1 0 −1 0
1 0 0 −1 1 0 0 −1 0 1
1 0 0 −1 0 −1 1 0 0 1
0 1 0 1 0 1 −1 0 0 −1
0 1 0 1 −1 0 0 1 0 −1
0 1 0 1 −1 0 −1 0 1 0
0 1 −1 0 0 1 0 1 0 −1
0 1 −1 0 0 1 −1 0 1 0
0 1 −1 0 −1 0 0 1 1 0
0 0 1 1 0 0 0 0 0 0
0 −1 1 0 1 0 1 0 −1 0
0 −1 1 0 1 0 0 −1 0 1
0 −1 1 0 0 −1 1 0 0 1
−1 0 0 1 0 1 0 1 0 −1
−1 0 0 1 0 1 −1 0 1 0
−1 0 0 1 −1 0 0 1 1 0
0 0 0 0 1 1 0 0 0 0
0 −1 0 −1 1 0 1 0 0 1
−1 0 −1 0 0 1 0 1 1 0
0 0 0 0 0 0 1 1 0 0
0 0 0 0 0 0 0 0 1 1


#117
Rays: 

1 −1 0 0 0 0 0 0 1
0 0 1 −1 0 0 0 0 1
0 0 0 0 1 −1 0 0 1
0 0 0 0 0 0 1 −1 1


45



Primitive relations:

1 1 0 0 0 0 0 0 0
1 0 1 0 1 0 0 −1 −1
1 0 1 0 0 −1 1 0 −1
1 0 0 −1 1 0 1 0 −1
0 1 0 1 −1 0 −1 0 1
0 1 −1 0 0 1 −1 0 1
0 1 −1 0 −1 0 0 1 1
0 0 1 1 0 0 0 0 0
0 −1 1 0 1 0 1 0 −1
−1 0 0 1 0 1 −1 0 1
−1 0 0 1 −1 0 0 1 1
0 0 0 0 1 1 0 0 0
−1 0 −1 0 0 1 0 1 1
0 0 0 0 0 0 1 1 0


#118
Rays: 

1 0 −1 −1 0 0 0 0 0 0
0 1 1 0 −1 0 0 0 0 0
0 0 0 0 0 1 0 −1 −1 0
0 0 0 0 0 0 1 1 0 −1


Primitive relations:

1 −1 1 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0
0 1 −1 1 0 0 0 0 0 0
0 1 0 0 1 0 0 0 0 0
0 0 1 −1 1 0 0 0 0 0
0 0 0 0 0 1 −1 1 0 0
0 0 0 0 0 1 0 0 1 0
0 0 0 0 0 0 1 −1 1 0
0 0 0 0 0 0 1 0 0 1
0 0 0 0 0 0 0 1 −1 1


#119
Rays: 

1 0 −1 −1 0 0 0 0 0 0 0
0 1 1 0 −1 0 0 0 0 0 0
0 0 0 0 0 1 0 −1 −1 0 1
0 0 0 0 0 0 1 1 0 −1 −1


46



Primitive relations:

1 −1 1 0 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0 0
0 1 −1 1 0 0 0 0 0 0 0
0 1 0 0 1 0 0 0 0 0 0
0 0 1 −1 1 0 0 0 0 0 0
0 0 0 0 0 1 −1 1 0 0 0
0 0 0 0 0 1 0 0 1 0 0
0 0 0 0 0 1 0 0 0 1 −1
0 0 0 0 0 0 1 −1 1 0 0
0 0 0 0 0 0 1 0 0 1 0
0 0 0 0 0 −1 1 0 0 0 1
0 0 0 0 0 0 0 1 −1 1 0
0 0 0 0 0 0 0 1 0 0 1
0 0 0 0 0 0 0 0 1 −1 1


#120
Rays: 

1 0 −1 −1 0 1 0 0 0 0 0 0
0 1 1 0 −1 −1 0 0 0 0 0 0
0 0 0 0 0 0 1 0 −1 −1 0 1
0 0 0 0 0 0 0 1 1 0 −1 −1



47



Primitive relations:

1 −1 1 0 0 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0 0 0 0 0
1 0 0 0 1 −1 0 0 0 0 0 0
0 1 −1 1 0 0 0 0 0 0 0 0
0 1 0 0 1 0 0 0 0 0 0 0
−1 1 0 0 0 1 0 0 0 0 0 0
0 0 1 −1 1 0 0 0 0 0 0 0
0 0 1 0 0 1 0 0 0 0 0 0
0 0 0 1 −1 1 0 0 0 0 0 0
0 0 0 0 0 0 1 −1 1 0 0 0
0 0 0 0 0 0 1 0 0 1 0 0
0 0 0 0 0 0 1 0 0 0 1 −1
0 0 0 0 0 0 0 1 −1 1 0 0
0 0 0 0 0 0 0 1 0 0 1 0
0 0 0 0 0 0 −1 1 0 0 0 1
0 0 0 0 0 0 0 0 1 −1 1 0
0 0 0 0 0 0 0 0 1 0 0 1
0 0 0 0 0 0 0 0 0 1 −1 1


#121
Rays: 

1 0 0 0 −1 0 1 −1
0 1 0 0 −1 −1 0 0
0 0 1 0 0 −1 −1 0
0 0 0 1 0 −1 −1 1


Primitive relations:

1 1 0 0 1 0 0 0
1 1 0 0 0 1 −1 0
1 0 0 −1 0 0 0 1
0 1 0 1 1 0 0 −1
0 1 0 1 0 1 −1 −1
−1 0 1 1 −1 1 0 0
−1 0 1 1 0 0 1 0
0 0 1 0 −1 1 0 1
0 0 1 0 0 0 1 1
0 0 0 0 1 −1 1 0


#122

48



Rays: 
1 0 0 0 −1 0 1 −1
0 1 0 0 −1 0 1 0
0 0 1 0 0 −1 −1 0
0 0 0 1 0 −1 −1 1


Primitive relations:

1 1 0 0 1 0 0 0
1 1 0 0 0 1 −1 0
1 0 0 −1 0 0 0 1
0 1 0 1 1 0 0 −1
0 1 0 1 0 1 −1 −1
0 0 1 1 0 1 0 0
−1 −1 1 1 0 0 1 0
0 −1 1 0 −1 1 0 1
0 −1 1 0 0 0 1 1
0 0 0 0 1 −1 1 0


#123
Rays: 

1 0 −1 0 0 0 1 0 −1
0 1 −1 0 0 0 0 1 −1
0 0 0 1 0 −1 1 0 −1
0 0 0 0 1 −1 0 1 −1



49



Primitive relations:

1 1 1 0 0 0 0 0 0
1 1 0 0 0 −1 0 0 1
1 0 1 0 −1 0 0 1 0
1 0 0 1 0 0 −1 0 0
1 0 0 0 −1 −1 0 1 1
0 1 1 −1 0 0 1 0 0
0 1 0 0 1 0 0 −1 0
0 1 0 −1 0 −1 1 0 1
0 0 1 0 0 1 0 0 −1
0 0 1 −1 −1 0 1 1 0
0 0 0 1 1 1 0 0 0
0 0 −1 1 1 0 0 0 1
0 −1 0 1 0 1 0 1 0
0 −1 −1 1 0 0 0 1 1
−1 0 0 0 1 1 1 0 0
−1 0 −1 0 1 0 1 0 1
−1 −1 0 0 0 1 1 1 0
0 0 0 0 0 0 1 1 1
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