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o1 o2 Description

o1 before o2

o1 meets o2

o1 overlaps o2

o1 during o2
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o1 equal o2
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Center Rad ActiveD

child1 child2 child3

(0,0,0,0,0)    50 2,3

(5,3,20,1,5)

(0,0,0,0,0)    50 2,3

(5,3,20,1,5) (0,0,18,42,4)

(0,0,0,0,0)    50 2,3

(5,3,20,1,5) (0,0,18,42,4) (0,0,19,39,6)

LEGEND

(a) (b) (c)

(0,0,0,0,0) 50 2,3

v1 v4 v2 v3

v1 v1 v2 v1 v2 v3

S1 S2

(20,9,30,5,5) 20    1,4 (1,1,30,4,4) 13 2

(d)
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(0,0,0,0,0) 50 2,3

v1 v4 v2 v3

S1 S2

(20,9,30,5,5) 20    1,4 (1,1,30,4,4) 13 2

v5

(0,0,0,0,0) 50 2,3

v1 v4 v2 v3

S1 S2

(20,9,30,5,5) 20    1,4 (1,1,30,4,4) 13 2

v5 v6
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john

mary

liz

ed

singing

dancing

speaking

im1

im2

im3

vid1:[1,10]

vid1:[11,20]

vid1:[21,40]

vid2:[1,20]

vid2:[21,30]

disk1:[1,20]

disk1:[21,40]

man

woman
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john ed liz mary singing dancing speaking
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m 1 X 6�Oc]BH�O L N[GYDLT&FRTWGY]iF56	O:H�O��YK 6�O	�IKnFRGAFRH
�Y` � 7Ro "^p 4�q_N�TW] H �o�	D + 7 $ �
7 o , FRH
�Y` �lD 1EX 6�TWD�H�O��_4�TWH�O1D�� p 4�q_NBG U O1H����D + 7 $ � 7 o , FRH
�I` �lD 1

r 1�� O J TW]%KsF56�OkFq�JNPO + q_G U TV] H UVOS3�F , FRTWUWUaF56�OtH�O��YK 6�O	�YKnTVDuN[GYDRT\FRTWGY]�O^K
G U O1H&�	UVGa` � � o 1 X 6	TVDvH�O��_4�TWH�O1D�FRH
� U O1H�DRTW] H + e �gf-(*) � � � o , �	UVGa` �lD 1

G X 6�O:FRTWq_O # o H�O��_4�TWH�O^K�3�GYH�JU&FRO1H�] ��FRT U O m TVD H T U O1] �4w N
# o %

+ e �gf-(*) � � � $ ,
�lx � (

����D + 7 $ � 7Ro ,
7 �)�Py{z=xIx � (

+ e �gf-(*) � � � o ,
|}| [

G�~ F?TWD�TVq_N[GYH�Fq�J]4F�FRG ]�GEFROBF56 �gF�F56�O ���[G U O�`k�EU,`g4�UY��FRTWGY]�D�`56 �E] H O
J 6�Oc] p 4�q�N	DkG U O1Hhq 4�U&FRTVN	UVO:FRH
�Y` �lD��JH�O�]�GEF��JUVUWG J O^K 1

*,+.-/+,-/021436587:9;5|{=<>5|{@?BADC.C,E	F.GIH�JLK	E	M4KLMONQPIMSR`	H=MOKQM�KQC.FTR2MOK	UWVYX[Z]\IJ!^_M[R�`=a]CbFdcOVeJLMSR@f	F.JLH=\g`=JhMji=a=C.FdcjF.Jkf	NQF.JLJLM4ZWa/MONQU�F.KLKQFb\gZ*alNL\gU�bm\INQG:VnZdcoVn`ealUmVnZ=Z;pqNQMOKLKYrpqNQFbZ/cjF.a=C.MOKs\fagbm`=C.JQFbU)MSR�FdVotoVnJ6Ve^_VnKQM[u�X�KLJLM4U�K bv\INLG�VnZdc�Ve`ealUmVnZ=Z w!\Ia�X�NLF.GgH:J cxzyY{I{g|



��������� �	��
��������������������
�����! ���"$#%"�
&"('��!)����*"����,+ -/.10{.L-243
� 6W� ��� �
� � ���B6 � 6 � <	��
 � 8 �

G X H
�I` �lD �JH�O���KbTY� H GY] �JU��SFRH
�I` �lD 1
G X �ENPO J TW]%KbD&�JH�G�4�]%K �M`*wbUVTW]%K(O1HhTW] �sDRN�TWH
�JU 3��ED56�TWGY] 1
G � O��YK � J H�T&FRO�6�O��YKbD �JH�O@O1q �[O^K�KbOdK TW]SF56�O D54�H 3��Y`�O@G�3lF56�Ok`*wbUVTW]%K(O1H 1
G X 6�O&���bTWD �Y` H�GIDRD J 6�T,`56sF56�OQ`*wbUVTW]%K(O1H H�GEFq�gFRO1D@TWD}DLGYq_O J 6 �gF FRTWU&FROdK
	
H�OcUY��FRT U O FRGMF56�O Fq�JNPO T&FRDRO1UV3 1

G X 6�O 6�O��YKbD�� N �JDLD��MF56�OSUWTW]�O	�EHtq_G U Ocq�Oc]4F:G�3 F56	O Fq�JNPO�	 KbT�[OcH�O1]4F
N �EH�FRDtG�39F56�O Fq�JNPO�	�`�GYH�H�OcDLNPGI] KbTW] H FRG�] H 4�UY�EH�	bKbTY� H GY] �JU�FRH
�Y` �lD 1

*,+.-/+,-/021436587:9;5|{=<>5|{@?BADC.C,E	F.GIH�JLK	E	M4KLMONQPIMSR`	H=MOKQM�KQC.FTR2MOK	UWVYX[Z]\IJ!^_M[R�`=a]CbFdcOVeJLMSR@f	F.JLH=\g`=JhMji=a=C.FdcjF.Jkf	NQF.JLJLM4ZWa/MONQU�F.KLKQFb\gZ*alNL\gU�bm\INQG:VnZdcoVn`ealUmVnZ=Z;pqNQMOKLKYrpqNQFbZ/cjF.a=C.MOKs\fagbm`=C.JQFbU)MSR�FdVotoVnJ6Ve^_VnKQM[u�X�KLJLM4U�K bv\INLG�VnZdc�Ve`ealUmVnZ=Z w!\Ia�X�NLF.GgH:J cxzyY{I{g|



��������� �	��
��������������������
�����! ���"$#%"�
&"('��!)����*"����,+ -/.10 �L-243
�����t> �w�L6

cylinder

read/write heads

Tape

A B C

cylinder

read/write heads

Tape

A B

+ � , � O��YKbTW] H G�39Fq�JN[O"�4wBH�O	�IK L 6�O��YKbD + � , � O	�IK(TV] H G�3�Fq�JNPO �4w?H�O��YK L 6	O��YKbD
� 3�FROcHkFq�JN[O�q�G U O1q_O1]4Fh�E`{wbUWTW]%KbOcH@H�G Fq�gFRTWGY]
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G�� 6�Oc]sH�Od`�GYHLKbTW] H �vFq�JN[O�	o�vF J G D�FRO1NsN�H�Ga` OdK\4�H�O@TWD�3�GYUWUWG J OdK J 6�Oc]
J O �EH�O J H�T&FRTV] H ��UWGa` � � N
 	 H�D�F J O J H�T&FROST&F 	m�J]%K
 F56�O1] J O�TWq�q_OdKbTY�gFRO1U&w_H�O	�IK T&F�� �Y` � 1

G�~ 3hF56	OBH�O1D54�U&FsG�3tH�O��YKbTW] H � �Y` � TWDSF56�O_D �Jq_O �ED J 6 �gF J �JD J H�T&F L
FROc] + F56	TVDtFRO1D�F q �1w��POSO�
_`�TWO1]4FRU&w `�GYq_Nd4aFROdK U TY� � ��`56�Od` �lD 4�q �
GYNPO1H
�gFRTWGI] , F56	O1] T&FXq�O	�E]	DkF56 �gFtF56�O ��UWGa` �BTWDXG �o�cw 		G F56	O1H J TWDLOST&F
q_O��J]�D�F56�O1H�O�TWD�nN�H�G[��UWO1q 1

G�~ 39F56�O1H�O TWD&�jN�H�G[��UWO1q�	EF56�O1] J O �YK�KnF56�TWD �	UVGa` �MFRG �jUWTVD�F�G�3 �_� �YK�	UVGa` �lD � �E] K FRH�w FRG H�O L J H�T\FRO F56�O TW]>3�GYH�q �gFRTVGY] GY]4FRG F56�O ]�O �lF
�	UVGa` � 1

G�� 6�Oc]sH�O��YKbTW] H F56�O Fq�JN[O 	^F56�O@UWTVD�F$G 3 �_� �YK"�	UVGa` �lD �tqM4	D/F �PO Fq� �YO1]
TW]4FRG �Y`1` G�4�]4F 1
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client

tape drives

tape library

tape loading
arms/robots

	 � O1UY�gFRT�
4Ot`�GYD/FuG�PG[�aFq�JTV]	TV]��:F���OkFq�JN[O���H�GYq F���O � D���O1U�� � �E] KsUWG%�IK��
TW]��?T\F�TW]4FRG �_Fq�JN[OMKbH�T�
 OMTWD ��
4OcH�w O �bNPO1]�DRT�
4O 	 FRTVq_OM`�GY]�D���q_TV]��
GYNPO1H
�gFRTWGI]��

	�� ����D 	 q�TW]�TWq_T��1TW]��SD��%`��'�Y`c`�O1DRDRO1D�TVD����YO w_H�O	� ��TWH�O1q_O1]4FvG!�9Fq�JN[O"�
� �EDROdK?D�FRGYH
��YO �J]%K?H�O FRH�TWO#
[�JUB�JU��YGIH�T&F���q_D$�
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	��L6����� ;�	=<X> �����B6 ��� ��	���	��L6 �

	�� ��N�N[GYDROAF����gF��vO ��� 
 O�� DRO F�� � $! #"$"#"� � �&% G�kF'�JN[OBKbH�T�
 O1D 	 ���aF
GY]�U&w?GY]�O H�G[�[GEF(�JH�q �

	�) ��Oc] `�UWTWO1]4F+* H�O	� ��O1D�FRD,�?F'�JN[O�	=F��	O ��GYUWUVG��XTW]�� D/FROcN�D,�JH�O�NPO1H �
��GYH�q_OdK
	JGY]%`�O@F���OhH�G[�PG F-�JH�q TWD.� 
/�ETWU0����UWO FRG�DRO1H 
bT,`�OkF��	OhH�O�� ��OcD/F�1
2 `���Od` � T��lF���OcH�OkTWD3� ��H�O1OkK(H�T 
 OuTV]4FRG4� ��T,`�� F���O@H�G[�[GEF}`!�J]STW]�DRO1H�F
F���O K(O1DRTVH�O^KBF'�JN[O � ~ �}]�GEF5�hO�q ��D�F5�6�JT&F$�

2 7 ]%`�O�D��%`��8�MKbH�T�
 O�TVD4� 
/�JTVU0����UWO�	9�hO
: H�O;�XTW]%K_F���O F'�ENPO `"��H�H�Oc]4FRU&w�TW]BF���OSKbH�T�
 O�	4F��	O1]
: O p O^`{FtT&F ��H�GYq F���OSKbH�T�
 O�	 F���O1]
: H�O F���H�] T&FhFRG�T&FRD ` GYH�H�Od`{FXUWGa`!�gFRTWGY] TV]BF���O F'�JN[O�UWT4�	H<�EH�w 	
: N�T,`�� ��NBF���O H�O	� ��O1D�FROdK_F'�JN[O 	
: TW]�DLOcH�FtT&FtTW]4FRGAF���O F'�JN[OSKbH�T�
 O�	=�J]%K_F���Oc]
: UWO F�F���O�F'�JN[O KbH�T�
 O1H��I`c`�OcDLD�F���O�K(O1DRTVH�O^K ��UWGa`��lD ��GYHMF���O
`�UWTWO1]4F$�
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���B6 	=6�� 	��R6 :6�� �
���?6 �����
	S6 � <t; � 	��  6 ���

���������������� ��� ��!#"%$ &'$)(*&#+,$.-)$0/1(*!#"
$ +,2�354�$.( 6'7 28&#+,-.$:9<;
+5=�2>&?+5-)$A@B7:!8CD9:$:E�GFH!8C5CI28&#+5-)$:9H+5=�4�$)( 6'7 28&?+5-)$J9H!8&'$LK:M>9ONP����Q�RSUT !>+,(�7:68&H(*+5VW$YX>EZ !8C5C[��!#"
$ &'$.(*&?+5$)-.$�/<(*!#"%$ +52�3,4�$)( 6'7 28&#+5-)$:9<;\!)]>!8+,=^ EQ
�5_:QS Sa` FP(5b�$.&c$WdG9H!e7:&'$?$W(*!#"
$W28&?d5-)$ T d,(5b�(*!#"
$(*!#"
$ d,2�d5=�d5(53f����Q�Rg9O$.(Ihjik(*6�(5b�dG9H(l!O"%$L28&#d5-)$:E!8=�2m9O$.(In1o�p�q�n<r�sm(*6m(*&?M0$:E[$)CD9O$t9O$.(Ihjik(*6�!m=�Nu7O&'$#$v(*!O"%$W28&#d,-.$^ E��F\/xwyd5=�2>&?d5-)$z;Y����Q�RS ��FH(5b0$)&'$Wd�9H!m(*!#"%$A{|d5=\h}i~����Q�RS &'$ T d5=�2W{�E$*�:$#�)(f{�E"�d5�:�\MJ"�{ T d5(5b�(5b�$L&'6�K�68(l!8&#VAE&'$)(*M0&?=�{|(*6m(5b�$L(*!#"
$vC�d*K:&'!8&#N.E^ E��d5�:�LM:"�(5b0$v&'$#�)M0$:9:(*$?2�(*!#"%$J3�(*!#"
$ d,2�E�?=
9:$)&#(�(*!#"%$ d,2md,=�(*6Hh}i�E^ E^ E�I!�9:(07:68& T !>&c2�(*!O"%$ d52�(*6\(5b0$L28$:9:d5&c$#2W9:(*!8&#(*d,=0]UKJC�6)�:�Ld5=�28&?d5-)$}hji�E�[C�!8N8K�!8�J�L&c$#�)M0$:9:(*$#2\K:C�6)�J�)9)�Q�RI�
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	 �������
	��� �
������ C TWH�D/F 	-�vO�q ��D/FBK(T 
bT,KbOBF���O G�� p O^`{F�� ��N TV]4FRG
O�� ���JUaDRT��1O^K �IH<�J]���UWOcD ����� � ���! � � "�!#"$
�&%2�('*),+-�.�-��	��/" 0���1"'��
�0��2���354��6��!7 %8�35�9%8:<;

	=� �2���>$? � �A@�� � ��B O �lF 	$�hOhq ��D�F KbO FROcH�q�TW]�O ��G � q��E]4wjF'�ENPO1D}F���O
G�� p Od`*F�� �XTWUWUC�[OtD�FRH�TVNPOdK �Y`�H�GYDRD ����� ���D�! � � "�!#"$��E%2�F'*)G &�2���>$?
H �I@�� � '�� �5&�J���K54-�L�MN7 %��35�O%�:<;

	�P � �Jq_N�UWO 1

2 q�O^KbT0�sG�� p O^`{FQ��G�$DLT��cO m�R�R�SUT

2 �IH<�J]���UWO�DLT��cO m1RVSUT

2 D/FRH�TWN[O �XT,KlF�� r

WYX[ZIXYZI\^]`_badcNe6a�f2gha�fjilk�m[mYn�o[p�q!rts�n�u`stuwvyx�u{z%�q2uwsyu|sym[o}z^uws�~������J��r5�Au�z!�2�Jm�o��w�/rtu{zj��o[rtq2���2r.u>�2�2m[o��>o[r0��vyo[rtrtu`���Iuwvy~&o[stsyo����'&�vt��~)(C��vypN����*����+&�~C���2�6��vyuwsts��
��vyo��I�>o[�2m[uws��,&-(C�2m[ryo�~Eu{z!o�������rb�/�A��syu��!�!strtu`~&s (���vtp!����*|�/�+&�~C���2� �5���!�!vto[p�qNr ����������
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g1 g2 g3g4 g5 g6

g7 g9g8g10

Tape 1 2 3

WYX[ZIXYZI\^]`_badcNe6a�f2gha�fjilk�m[mYn�o[p�q!rts�n�u`stuwvyx�u{z%�q2uwsyu|sym[o}z^uws�~������J��r5�Au�z!�2�Jm�o��w�/rtu{zj��o[rtq2���2r.u>�2�2m[o��>o[r0��vyo[rtrtu`���Iuwvy~&o[stsyo����'&�vt��~)(C��vypN����*����+&�~C���2�6��vyuwsts��
��vyo��I�>o[�2m[uws��,&-(C�2m[ryo�~Eu{z!o�������rb�/�A��syu��!�!strtu`~&s (���vtp!����*|�/�+&�~C���2� �5���!�!vto[p�qNr ����������
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	 �JDRDLGa` T0��FROcD �XT&F���O �Y`�� G�� p Od`{F ��1

2 T\FRDtDRT��1O
2 T\FRD)�YH<�J]���UWO DLT��cO
2 T\FRDtD�FRH�TWN[O �:T,KlF��
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M1     {B1, B5−B12, B20}
M2     {B1−B4, B6−B15, B17−B22, B24}
M3     {B1−B8, B10}
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