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Relationship:

NC<(A , B) 

NC2(A , B) 

D(A , B) 

A
ß

A
ß

B

B

P1

P1 P2

P2 P3

P4 P5
A
ß

B
P1 P2 P3

E = [ { P1, P2 }, { },  { } ]

E = [ {P1, P2}, { },  { P3 } ]

E = [ {P1, P2}, {P4},  {P3,P5} ]

Supporting Probes:
à

Evidence Representation:

O(A , B) 
á P4 P5

A
ß

B

P1 P2 P3

E = [ {P1, P2}, {P4},  {P3,P5} ]
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O(A,B)
ã

A
ä

B
A
ä

B
B

A
ä

C(B,A)
å

C(A,B)
å

A
ä

B

D(A,B)

A
ä

B

NC2(A,B)

A
ä BA

ä
B

ND<(A,B) ND>(A,B)

A
ä

B

ND1(A,B)NC>(A,B)

A
ä

B

NC<(A,B)

A
ä

B

NB(A,B)

A
ä

B

: fuzzy ending
level: 0

level: 1

level: 2

level: 3

A. B: DNA fragments
ä

[{},S2,{}][{},{},S3][S1,{},{}]

| : sets of probes

[S1,{},S3]

[S1,S2,S3] [S1,S2,S3] [S1,S2,S3]

[S1,S2,{}]

[S1,S2,S3]

[{},S2,S3]

[{},{},{}]
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E< < DA
�

B C < <
A
�

B C< <

EC < <D

A
�

B C< < EC < <DA
�

B C< < EC < <D

LOFLOFi
LOF

j


(a) Given LOFi  and  LOFj.

A
�

B C< <A
�

B C< <

LOFLOFi
�

E C< <D

LOF
−j

A
�

B C
< <

E <
<D

A
�

B C< <

E C< <D

Known Partial Ordering:

LOFLOFi = LOF
−j

(c) Given

LOFLOFi j
=(b) Given

six total orderings are possible.

LOF ; one total ordering.
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LOFLOFi A
�

B C
�

< <

B C
�

< < D

LOFLOFi
A
�

B C
�

< < < D

LOF
j
�

LOF
j
�

=

Example:

LOFLOFi
LOF

j
�=

and

imply
�

Rule

(a) For Ordering Relationships between Points.

(b) For Ordering Relationships between Intervals.

imply
�

["ND<(A,B)"  in  LOFi]
�

["ND>(A,B)"  in  LOFj]
�and

LOFLOFi
LOF

j
�=

["O(A,B)"  in  LOFi,j]
�and

A
� B

ND>(A,B)

LOFLOFi
LOF j

�

O(A,B)
�

A
�

B

A
�

B

ND<(A,B)

AND

Example 1

imply
�
and
["ND<(A,B)"  in  LOFi]
�

["C(A,B)"  in  LOFj]
�

NO MERGE!!!!!!!!!!!!
A
�

B

ND<(A,B)

A
�

B

C(A,B)
�

imply
�
and
["ND<(A,B)"  in  LOFi]
�

["D(A,B)"  in  LOFj]
�

CONFLICT!!!!!!!!!!!!
�

A
�

B

D(A,B)

A
�

B

ND<(A,B)

Rule 

Rule 

Rule 

Example 2

Example 3

["B < C"  in  LOFi]
�

["B < C"  in  LOFj]
�
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NC2(A,C)

O(A,B) O(B,C)
�

A
 

AND

IMPLY

A
 

B
! B

C

C
"

start(A) < start(B)
start(A) < end(B)
end(A) > start(B)
end(A) < end(B)

start(B) < start(C)
start(B) < end(C)
end(B) > start(C)
end(B) < end(C)

start(A) < start(C)
start(A) < end(C)
end(A) ? start(C)
end(A) < end(C)
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¼ �[�.¾r¢j¤(�*º^�2¶$´C¶9±w£�¥¦¶w«j�^ª3¤g¯�¨#³w�x©$¿s¯=¨�£^©9º^¨=¤(¶9§v³j¤(�.£©$£º#³L¾v¶$´6¨�³w�¦¶$�9�.£=ªg©$¢w¢j¤(§w²v£��^ªg©$¨=¤(¶9§s¯×³j¤`¢s¯ ¶$´
��4C¼ ´�£©$²[¥¦�.§L¨^¯.Ó Z ¨�¯=±w¢w¢s¶9£#¨¯2¨�³w�v§s©$¨�±w£©<ªÀ£��.¢w£#�*¯=�.§L¨^©$¨=¤(¶9§
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±w§j¤¸´·¶9£#¥ ©$§s«Jº^¶9¥¦¢jª(�.¨��9��¤(¨¦£��.¢w£��*¯×�.§L¨¯®¶<�[�.£=ªg©$¢w¢j¤(§w²Ô�L§w¶$ 6ª(�*«j²9�2¤(§
©v¥¦¶9£���º^¶9¥¦¢s©[º^¨�´�¶9£�¥2©$¨1¨�³s©$§
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¯=±j¤(¨©$¿jª(�\´·¶9£�¤(¥¦¢jª(�.¥¦�.§L¨×¤`§w²2©�²9�.§w¶9¥h��«w©$¨©$¿s©[¯=�6´�¶9£¬¯=�.�[�.£©8ªs£��*©9¯×¶9§s¯.¹b¤(¨¯7]s�^¡j¤(¿j¤Øª¸¤g¨=¾2¨�¶��*©[¯°¤¸ª`¾2º�³s©$§w²[�
¶9±w£x¯=¾w¯=¨��.¥ ©9¯h¨�³w��²[�.§w¶9¥¦�r«j¶[¥x©8¤(§J¤g¯2�.�9¶$ª(�[¤(§w²s�6¤(¨¯h¢s¶$ 6�.£=´�±jªµº^¶9§s¯×¨�£�±sº^¨¯¦º.©�¢s©$¿jª(�r¶�´�¥¦¶}«j�^ª¸¤(§w²
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¨�¶�«[¤`£#�*º^¨=ª(¾Õ¶[¢s�.£©$¨#�3¶9§1¨�³w�6¢s�.£^¯°¤g¯=¨��.§j¨3«w©$¨©,¯=¨�£�±sº^¨�±w£#�*¯|©$§s« ¨�³j±s¯7©*�[¶$¤g«[¤`§w²�¨#³w�3¤(¥¦¢&�*«w©$§sº^�,¥1¤g¯=¥x©$¨º#³
¢w£�¶9¿jª(�.¥��m©$§s«2ªg©9¯×¨=ª(¾�¤(¨¯,¯=±w¢w¢s¶9£#¨C´�¶9£,²9�.§w¶9¥¦��¶9¿?ÙÚ�*º^¨¯\¨�¶¦¢jªg©8¾r«[¤7)/�.£��.§j¨�£#¶$ª(�*¯6¤(§v¨�³w�Õ«w©�¨©$¿s©9¯=��©�§s«
¨�¶1¿s� ¥¦¶}«j�^ª(�*«v©$¨6�<©�£�¾9¤(§w²hª(�.�9�^ªg¯C¶$´3«j�.¨©8¤¸ªg¯ Ý(é858è!Ó
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Z §¦¶[£«j�.£3¨�¶�¯×±w¢w¢s¶9£�¨�¨�³w�6´�±jª¸ªc£©$§w²[�¬¶�´bº.©�¢s©$¿j¤¸ªØ¤(¨=¤(�*¯6£#�*;9±j¤(£��*«h¿L¾1¨�³w��+C±w¥x©�§����.§w¶9¥h�43�£�¶[ÙÚ�*º^¨8�*¨�³w�.£#�
©$£���¥x©�§L¾�©$£#�*©9¯m¨�³s©$¨b§w�.�*«�¨#¶�¿&��´�±w£�¨�³w�.£b¤`§j�9�*¯=¨×¤`²j©$¨��*«mÓ�Ûw¶9£�¤`§s¯×¨©$§sº^�9�9 6��§w�.�*« ¨�¶C�^¡w¨��.§s« ¶9±w£�º^±w£�£��.§j¨
¤(§j´·¶9£#¥x©$¨=¤(¶9§1¥¦¶w«j�^ª!�L \³j¤Eº#³x¯=±w¢w¢&¶9£�¨¯�¢s©$£�¨=¤g©8ªs�j§w¶$ 6ª(�*«j²9��©$¿&¶9±w¨�¶9£«j�.£×¤`§w²&�9¨�¶�©8ªg¯=¶�³s©�§s«[ª`�\¤(§s©9º.º^±w£©$¨#�
©$§s«�º^¶9§j]w¤gº^¨=¤(§w²��^¡w¢s�.£=¤(¥¦�.§j¨©8ªs«w©$¨©wÓ7Ûw¶9£/©\¨�£�±w�^ª(¾��*)/�*º^¨=¤(�9��±s¯�©$²[�3¶$´w¶9±w£|¯=¾w¯=¨��.¥�¿L¾�¯�º#¤(�.§L¨×¤E¯×¨¯/ 6�6©8ªg¯=¶
§w�.�*«2¨�¶¦£��.¢jªg©9º^� ¶9±w£�¯°¤(¥¦¢jª(� ±s¯=�.£6¤(§L¨#�.£=´z©[º^�� 6¤(¨�³r© ¥¦¶9£#��©$¢w¢w£�¶9¢w£=¤g©$¨#� ZCB � ¢s©$£^©9«[¤(²9¥��j¤!ÓÞ�9Ó(�?£��*¯=�*©$£º#³
¤(§L¨�¶h�9¤g¯=±s©8ª¸¤(_*©$¨=¤(¶9§Ö¥¦�.¨�³w¶w«w¯6¤g¯\§w�.�*«j�*«mÓ ' ³w�Õ«j�.�9�^ª(¶9¢w¥¦�.§j¨,¶$´¬©$§��*©9¯=¾�¨#¶¦±s¯=�9�&¾9�.¨C¢s¶$ 6�.£=´�±jª!�c;[±w�.£�¾
¤(§L¨��.£×´z©9º^� ¨�¶¦¢w£�¶wº^�*¯�¯�©$£#¿j¤`¨#£©$£�¾�;9±w�.£×¤`�*¯\¤g¯,©$§w¶9¨�³w�.£�º#³s©8ª¸ª`�.§w²�¤`§w²t¶9¢s�.§v¢w£�¶[¿jª`�.¥tÓ�5/©9¯×¨=ª(¾9�c©9¯\¨�³w� £�±jª(�
¯=�.¨6¤g¯,¿s�*º^¶[¥1¤(§w²2ªE©�£�²9�.£*�m©¦²[�.§w�.£©8ª7´·£©�¥¦�. 6¶9£��¦¶$´�¤(§j¨��.²9£©�¨=¤(§w²x£�±jª(�*¯\¤(§j¨�¶x¨#³w�¦��������¯=¾}¯×¨��.¥ §w�.�*«w¯
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A. Table of Fram Definition and Inversion
k

LOFiLOF−i LOF−iLOF−i

NA(B<A)
A is not after B B is not after A B is not disjoint with A

ND>(A,B) ND>(B,A)
A is not disjoing with B

(1 endpoint relationship)

(3 endpoint relationships, and one is redundant)

(3 endpoint relationships, and one is redundant)

(4 endpoint relationships, and 2 are redundant)

(4 endpoint relationships, and 2 are redundant)

(4 endpoint relationships, and 1 is redundant)

(2 endpoint relationships, and both are essential)

(2 endpoint relationships, and 1 is redundant)

NA(A, B)

ND<(A, B)
A is not disjoint with B B is not disjoint with A

ND<(B,A)

NA(B,A)NC2(A, B)
A is not contained in B B is not contained in A

and B is nontained in Aand B is not contained in A
C(B,A) C(B,A)
B contains A B contains A

C(A,B)
A contains B

C(A,B)
A contains B

O(B,A)
B overlaps with A

O(A,B)
A overlaps with B

ND1(B,A)
B is not disjoint with A

ND1(A, B)
A is not disjoint with B

NC>(A, B) NC<(B,A)
B is not contained in AB is not contained in A

NC<(A, B)
A is not contained in B A is not contained in B

NC>(B,A) D(A,B) D(B,A)
B is disjoint with AA is disjoing with B

(3 endpoint relationships, and 1 is redundant)

(2 endpoint relationships, and 1 is redundant) (4 endpoint relationships, and 3 are redundant)

s(A) ? s(B)
s(A) < e(B)
e(A) ? s(B)
e(A) ? e(B)

s(A) > s(B)
s(A) < e(B)
e(A) > s(B)
e(A) < e(B)

s(A) < s(B)
s(A) < e(B)
e(A) > s(B)
e(A) > e(B)

s(A) < s(B)
s(A) < e(B)
e(A) > s(B)
e(A) < e(B)

s(A) < s(B)
s(A) < e(B)
e(A) > s(B)
e(A) ? e(B)

s(A) < s(B)
s(A) < e(B)
e(A) ? s(B)
e(A) < e(B)

s(A) ? s(B)
s(A) < e(B)
e(A) > s(B)
e(A) ? e(B)

s(A) ? s(B)
s(A) < e(B)
e(A) ? s(B)
e(A) < e(B)

s(A) < s(B)
s(A) < e(B)
e(A) ? s(B)
e(A) ? e(B)

s(A) < s(B)
s(A) < e(B)
e(A) < s(B)
e(A) < e(B)

s(A) ? s(B)
s(A) < e(B)
e(A) > s(B)
e(A) < e(B)

LOFi
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No

NC<(A,B) NC>(A,B)

LOFi=LOFj
NC2

NoLOFi=LOFj
NC2

ND1(A,B) NC2(A,B)

No
NC< −> ND<

LOFi=LOFj
NC2

No
NC> −> ND>

LOFi=LOFj
NC2

No

ND<(A,B) C(A,B)
n

No

LOFi=LOFj
O
o

LOFi=LOFj
O
o

ND>(A,B) D(A,B) O(A,B)
o

LOFi=LOFj
D

LOFi=LOFj
O
o

No LOFi=LOFj
D

LOFi=LOFj
O
o Conflict

n

C(B,A)
n

Conflict
n

No
NC< −> ND<

No
NC> −> ND>

No No
NC2 −> O

No No Conflict
n

No No

LOFi=LOFj
NC2

LOFi=LOFj
NC2

No
NC2 −> O

LOFi=LOFj LOFi=LOFj
O
o LOFi=LOFj

O
o LOFi=LOFj

D
LOFi=LOFj

O
o Conflict

n
Conflict
n

No LOFi=LOFj
O
o No LOFi=LOFj

O
o No LOFi=LOFj

O
o Conflict

n
LOFi=LOFj

O
o No Conflict

n

LOFi=LOFj
O
o No No LOFi=LOFj

O
o LOFi=LOFj

O
o No Conflict

n
LOFi=LOFj

O
o Conflict

n

LOFi=LOFj
D

LOFi=LOFj
D

Conflict
n

LOFi=LOFj
D

Conflict
n

Conflict
n

LOFi=LOFj Conflict
n

Conflict
n

Conflict

LOFi=LOFj
O
o LOFi=LOFj

O
o No LOFi=LOFj

O
o LOFi=LOFj

O
o LOFi=LOFj

O
o Conflict

n
LOFi=LOFj Conflict

n
Conflict
p

Conflict
n

No
NC> −> C

No
NC< −> C

Conflict
n

No
ND1 −> C

No
ND1 −> C

Conflict
n

Conflict
n

No
ND< −> C

Conflict
n

No
ND> −> C

Conflict
n

Conflict
n

Conflict
n

Conflict
n

Conflict
n

No

Conflict
n

Conflict
n

No

NC<(A,B)

NC>(A,B)

ND1(A,B)

NC2(A,B)

ND<(A,B)

ND>(A,B)

D(A,B)

O(A,B)
q

C(A,B)
r

C(B,A)
r

LOFi
LOFj

No
ND> −> C

No
NC< −> C

No
ND1 −> CND1 −> C

ND< −> C

NC< −> C

NC> −> ND>

NC< −> ND<

NC< −> ND<

NC> −> ND>

If this is the case, the upgraded relationship is shown in the second entry.
Note: For some cells even though LOFi and LOFj cannot be combined, one of the relationships can be upgraded to a more precise relationship.

rel1

rel2

NC<

NC>

ND1

NC2

ND<

ND>

D

O

no info
no info
no info
no info

no info
no info
no info

NC<

no info

no info

NC>
s

ND1
s

NC2
s

ND<
s

ND> D O

no info
no info
no info

no info

no info
no info
no info

NC<(A,C)
s
no info

no info
no info
NC<(C,A)
s

no info
no info
no info

NC<(A,C)
no info
no info
NC<(C,A)

no info

no info
no info

no info

no info
no info no info

no info
NC>(C,A)

NC>(A,C)

no info

no info
no info
no info
NC>(C,A)

NC>(A,C)

no info
no info NB(A,C)

no info
no info

no info
no info

NC<(A,C)
s
no info
no info
NC<(C,A)
s

no info
no info
NC>(C,A)

NC>(A,C) NB(A,C)
s
NB(C,A)
s no info

no info

NC2(A,C)

NC2(C,A)

no info

no info
no info

no info
no info

NC<(A,C)
no info
no info no info

C
t

no info

no info

NC<(A,C)
s
no info
NC<(C,A)
s no info

no info

NC<(A,C)
no info
no info
D(C,A)

NC<(A,C)
s
no info
NC<(C,A)
s

NC<(A,C)
s
no info
NC<(C,A)
s

no info
no info

NC>(C,A)

NC>(A,C)
no info
no info
NC>(C,A) NC>(C,A)

s
NC>(A,C)
s

no info
NC>(A,C)
s
NC>(C,A)
s

no info
no info

NC<(A,C)
NC>(C,A)

no info
ND1(A,C)
s

NC<(A,C)
s

NC<(C,A)
s

NC>(C,A)

NC>(A,C)
no info
no info
D(C,A)

D(A,C) NC2(A,C)
s

NC2(C,A)
s

NC<(A,C)

NC<(C,A)

NC>(A,C)
NC>(C,A)

no info
no info
no info

NC<(A,C)
s
no info
NC<(C,A)
s

no info

no info

NB(A,C)
s
no info

NC<(C,A)
s

no info

no info
no info

no info

no info

NC>(C,A)
s
NC>(A,C)
s
no info

NB(C,A)
s

NC>(C,A)
s
NC>(A,C)
s

no info
no info

NC>(A,C)

NC<(C,A)

no info
no info
NC<(C,A)
s
D(A,C)

no info
no info

NC>(A,C)
s

D(C,A)

NC>(A,C)
s
NC<(C,A)
s no info

no info
D(C,A)

D(A,C)

no info
no info

no info
NC<(C,A)
s

NC>(C,A)
s
NC>(A,C)
s
no info

NC2(A,C)
s

NC2(C,A)
s

no info
no info

NC<(A,C)
s

NC<(C,A)
sno info

NC>(C,A)
s
NC>(A,C)
s
no info

ND1(A,C)
s

no info

NC<(A,C)
s
NC>(C,A)
s
NC<(C,A)
s

NC<(A,C)
s
no info

NC<(C,A)
s
ND1(A,C)
s NC<(A,C)

NC<(A,C)
NC>(C,A)

D(C,A)

NC<(A,C)
s
ND1(A,C)
s
NC<(C,A)

NC<(A,C)

no info
ND1(A,C)

ND<(C,A)
no info no info

NC>(C,A)
s
NC>(A,C)
s
no info
ND1(A,C)
s

D(A,C)
NC>(C,A)
s
NC>(C,A)
sNC<(A,C)
s

NC<(A,C)
s

NC>(C,A)

NC>(A,C)

ND1(A,C)

no info
ND>(A,C)
NC>(C,A)
ND1(A,C)

D(A,C)
NC>(A,C)
s
NC<(C,A)
s
NC<(C,A)
s

NC>(A,C)
s
NC>(A,C)
s
NC<(C,A)
s
D(C,A)

D(A,C)
no info
no info
D(C,A)

D(A,C)

D(C,A)

NC>(A,C)
NC<(C,A)

D(A,C)

D(C,A)
NC>(A,C)

NC<(C,A)

NC<(A,C)
s

NC<(C,A)
s
ND1(A,C)
s

NC>(C,A)
s
NC>(A,C)
s
ND1(A,C)
s

D(A,C)

D(C,A)

NC>(C,A)
s NC2(A,C)

NC2(C,A)

ND1(A,C)
ND1(A,C)

NC<(A,C)
ND>(A,C)

NC<(A,C)
s

NC>(C,A)
ND<(C,A)

ND<(A,C)
s
ND1(A,C)
s
no info
NC<(C,A)
u

ND1(A,C)
s
ND>(C,A)
s

NC>(A,C) NC>(A,C)
s
no info

NC<(A,C)
s
NC>(C,A)
s
D(A,C)
D(C,A)

ND<(A,C)
ND>(C,A)
NC>(A,C)
NC<(C,A)

ND1(A,C)
no info
C(C,A)

C(A,C)

C

NA
s

NA

NA(A,C)

no info
NA(C,A)

NA(A,C)

NA(C,A)

NA(A,C)

NA(C,A)

NA(A,C)

NA(C,A)
NA(A,C)
NA(C,A) NA(C,A)

s

NA(C,A)
s

NA(C,A)
s
NA(C,A)
s

NA(C,A)
s

NA(C,A)
s
NA(C,A)
s

NA(A,C)
s
NA(A,C)
s

NA(A,C)
s

NA(A,C)
s

NA(A,C)
s

NA(C,A)
s
NA(A,C)
s

NA(C,A)
s
NA(A,C)
s

NA(A,C)
sNA(C,A)
s

NA(C,A)
s
NA(A,C)
s

NA(C,A)
NA(A,C)

NA(C,A)
s

NA(C,A)
s
NA(C,A)
s
NA(C,A)
s

NA(A,C)
s
NA(C,A)
s

NA(C,A)
s
NA(C,A)
s
NA(C,A)
s

NA(C,A)
s

NA(A,C)
s

NA(A,C)
s

NA(A,C)
s
NA(A,C)
s
no info

NA(A,C)

NA(A,C)
NA(C,A)

NA(A,C)

NA(A,C)
NA(C,A)

NA(A,C)

NA(C,A)

NA(A,C)
s

NA(A,C)
s
NA(C,A)
s

NA(A,C)
s
NA(C,A)
s
NA(C,A)
sNA(C,A)
s

NA(A,C)
s

NA(A,C)
s

NA(C,A)
s

NA(A,C)
s
NA(C,A)
s

no info
NA(A,C)
s

NA(C,A)
s

no info
NA(A,C)

NA(C,A)
s

NA(A,C)

NC<(A,C)
s

NC>(C,A)

D(A,C)

rel1(B,A) and rel2(B,C)entry 3 =rel1(A,B) and rel2(B,C)entry 1 =

In each cell,

rel1(A,B) and rel2(C,B)entry 2 = rel1(B,A) and rel2(C,B)entry 4 =

NA(A,C)

NA(C,A)
NA(A,C)
sNA(C,A)

s
NA(A,C)

NA(A,C)

B. Table of Frame Composition Inference Rules

C. Table of Transitivity Rules
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