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<>=�?:@BA�C5DECGF�H�I5JKFLFNMOC:PRQSHTFU=TF�V�?:<:@BW3X:F�AZY[QSH�@\<5V�H�F�DSA+]
@\<5^_=�?:F`A�F�V�X:H�@\=�abDS<5cdH�F�P\@BDEe5@\PR@f=�agQEYLcO@R^S@\=TDEPRPRage:HTQhDhci]
V�DhA�=)c:Dj=�DkQjlSF�H7<:F�=�J�QhH�mOA�npoqFrFNMOC:PRQSHTFs=�JKQtC:HTQSe:PRF�uvA�w
C:HTQjl3@R<:^x=�?:Ft@BcOF�<3=�@\=�a`QSYKDyA+QhX:HTV�FzQSY�cO@R^S@\=TDSP\PRa`e:HTQhDhci]
V�DhA�={c:Dj=�Dt|�DEX:=�?:F�<h=T@RV�Dj=T@\<:^}=T?:FZc:Dj=�D�A+=�HTF�DSu.~pDS<5ckVNQS<:]
A�=TH�X�V�=�@R<:^t?:@R^S?:PRa.HTQSe:X�A�=)QjlSF�H�PBD�at<:FN=�JKQSHTmOA�n

1.1 Authenticating Digital Broadcast Data

� <�=T?:FU;
<3=�F�H�<:F�=�I:cO@R^S@\=TDSP�e:HTQhDhc:V�DhA�=)DE<5c�u�X5Pf=T@RV�DSA+=
DEHTF.DEHT^SX5DSe:PRa�DEutQS<5^�=�?:F.utQ3A�=�F�M:VN@\=�@R<:^�DE<�c_@\utCGQSH�]
=TDS<h=�ukF�V�?5DE<5@RA�uvAtY[QSHxV�QSutu�X5<:@RV�Dj=T@\Qh<�n��7?5F�a�DEPRP\QjJ
D�e:HTQhDhc�l�DSH�@RFN=�abQEY�V�QS<3=�F�<h=x=�QgHTF�DhV�?�D�uvDSATAxDSX5cO@\]
F�<5V�FSI�DS<5c�JKFy<:QjJ�FNMOCGF�VN=z=T?5Dj=.D�l�DSH�@RFN=�a_QSY�cO@R^S@\=TDEP
VNQh<h=TF�<3=�I7@R<5VNPRX5cO@R<:^dcO@\^h@f=�DEP�HTDhcO@\Q�I)cO@\^h@f=�DEP)=TF�PRF�li@BA+@RQS<�I
DE<5cxcO@\^h@f=�DEPG<:F�JZAKJ)@RP\P�eGF}D�ljDS@\PBDEe:PRFsDhA�cO@R^S@\=TDSPGA+=�HTF�DSuvA
Dj=�QSX:H�QS�vV�FqDS<5c�?:QSutF_VNQSutC:X:=�F�H�A�n�;
<�ukQ3A�=>A�FN=+]
=�@R<:^hA�I{D�A�@\<5^SPRFxA+F�<5cOF�Hze:HTQhDhc:V�DhA�=�ALD`A+=�HTF�DSu�QSYsc:Dj=�D
=�Q>DyA+F�=rQSY�@R<3=�F�<�cOF�cqHTF�VNF�@\lhF�H�A�n�;*Y�JKFtDSH�FtVNQh<5VNF�H�<5F�c
DEeGQSXO=v=T?:F`A�F�VNX5H�@\=�a�QEY}=�?5F`e:HTQhDSc5V�DSA+=vc:Dj=�D:IKJ�F>J)@RP\P
JKDS<3=�=�QkF�<�A+X:HTFZ=T?5Dj=K=�?5F}cO@R^S@\=TDSP\PRave:HTQhDhc:V�DhA�=�A+=�HTF�DSuvA
=�HTX:PRaxQSHT@R^S@R<5Dj=TFsY[HTQSu�=�?:FLC5X:H�CGQSH�=�F�c�A�QSX5HTV�FSn{;
<`A�QSutF
JKD�aOA�I3=�?:@BA)C:HTQSe:PRF�u�@RAsDE<5DSP\Qh^SQSX�A�=TQ.cOFN=TF�HTuk@R<:@R<:^t=�?5F
A+QhX:H�VNFyQEYUDqA�@R<:^SPRF>C�Qh@\<3=�]$=TQE]*C�Qh@\<3=vutF�ATA�DS^SFSIKDE<5cbJKF
A�D�a�JKFtJKDS<h=}=�Q½�Y�u�¬���8���s��¡ �Y�°��=�?:Fvc:DE=TD�A+=�HTF�DEu�n��7?5F
V�?5DEPRPRF�<:^hFs@BA)VNQSutCGQSX:<�cOF�cxe�F�V�DEX�A+F�=�?:Fr;
<3=�F�H�<5FN=L|�DS<5c
QE=T?:F�HK<:FN=�JKQSHTmOAT~�DEHTFs<:QS=KCGF�H�Y[F�VN=�w�=�?:Fr<:F�=�J�QhH�mOA�QEY�=�F�<
P\Q3A+FyC5DhV�mSFN=�A�IKDE<5cge�F�V�DSX5A+F�QSYs=�?5F><5Dj=TX:H�FyQEYre:HTQhDhci]
V�DhA�=xDSC:C:PR@RV�Dj=�@RQS<�A�I�=�?:Q3A+F>PRQhA+=xC5DhV�mSF�=TAvDEHTF>^SF�<:F�H�DEPRPRa
<:QE=KH�F�=�H�DE<5A�ut@f=�=�F�c n{�ZQjJ�V�DS<.J�F�FN�.VN@RF�<3=TP\avDEX:=�?:F�<h=T@f]
V�DE=�F�e5H�Q3DSc:V�DSA+=pc:Dj=�DsA+=�HTF�DSutA!QjlSF�H!PRQhATA+a}<:FN=�JKQSHTmOAT�.;
<
=�?:@BA)C5DSC�F�H�I5J�FrC:HTF�A�F�<3=ZDtC�QjJKF�H�Y[X:P <:F�J�V�QS<5A+=�HTX5VN=�@RQS<
e5DSA�F�ckQh<kF�MOC5DE<5c:F�H�^hHTDSC:?5A�n!oqF�A�?:QjJ�=T?5Dj=�X�A+@R<:^U=T?:@RA
A�V�?5F�utFzJKFvV�DS<�C:HTQjlSFkDxPRQjJ�F�Hre�QhX:<5c�QS<`=T?:FvC:HTQSe5DE]
e:@RP\@\=�a.=T?5Dj=sDtC5DhV�mSF�=)V�DE<�eGF�DEXO=T?:F�<3=T@RV�Dj=�F�c I5DS<5c�=�?5DE=
=�?:@BAkP\QjJKF�Hze�QhX:<5cb@RA)�¦�>�\�����8�>���8���)QSYZ=�?5FyA�@\��F�QSYZ=�?5F
FNMOC5DS<5cOF�H7^hHTDSC:?�n
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�pQ`X:<5cOF�HTA+=TDS<5c_=T?:F�A�@\^h<:@���V�DS<5VNF.QSY7=�?:@BAkH�F�A+X:P\=�I&@\=
@BALX5A�FNY[X:P�=�Q�H�F�li@\F�J A�QSutFxDSPf=TF�HT<5Dj=T@\lhF.DEC:C:HTQhDhV�?:F�A}=TQ
DEX:=�?:F�<h=T@RV�Dj=T@\<:^�cO@R^S@\=TDSP}e5H�Q3DSc:V�DSA+=yA+=�HTF�DEuvA�n����5HTA+=
<5DS@\lhF�DSC:C:HTQhDhV�?�=�Q_=T?:@RA.C:H�Qhe:PRF�u @BAk=�Q_X5A�F`D_A+F�VNHTFN=
A�?5DEHTF�cge�F�=�J�F�F�<de�QS=�?b=�?:F>A�F�<5cOF�HvDE<5cdDEPRP7H�F�VNF�@RlSF�HTA�n
�7?:F�A�F�<5cOF�H�X�A+F�Ax=T?:@BA>A+?5DSH�F�c mhF�ad=�Q�VNQhutC:XO=�FhIsY[QhH
F�DhV�?zC�DSV�mSF�=�ISD}utF�ATATDE^SF7DEX:=�?:F�<h=T@RV�Dj=T@\Qh<kV�Qic:FL|����	�7~NI
DE<�c DEC:CGF�<�c:A.=T?5Dj=
���	��=TQ�=�?:FqC5DhV�mSFN=�n���DhV�?�H�F�]
VNF�@\lhF�H{X5A�F�A�=T?:FsA�?5DEHTF�czA+F�VNHTFN=�mhF�aU=TQUlSF�HT@\Y[aU=�?:F
���	��n
�ZQjJKF�lhF�H�I&=�?:@BA.DSC:C:HTQhDSV�?g?5DSAtVNPRF�DSHtC:H�Qhe:PRF�uvA�w>A�@\<�VNF
DEPRPZHTF�V�F�@RlSF�H�Akmi<:QjJ�=T?:F`A+?�DEHTF�cdA+F�VNHTFN=�I7DE<ia�QSY�=T?:F�u
VNQhX:PBcyY[QSHT^SFLQhHZP\F�DEm�=�?:FkA+?�DEHTF�c�A+F�VNHTFN=�n
�Z<iaSQh<:FLJ)@\=�?
=�?5FsA+?�DEHTF�ckA+F�VNHTFN=�VNQhX:PBckA�X5V�VNF�ATA+Y[X:P\PRaLY[QhH�^hF)A�=TH�F�DEuvA&QEY
e:HTQhDhc:V�DhA�=�c5Dj=TD�J)@f=T?yV�QSHTH�F�V�=����	�KA�n���A+@RutC:P\F����	�
eia�@f=�A+F�PfY�V�DE<`<5QE=�C5H�Qjli@BcOF�A�QSX:H�VNF�DSXO=�?5F�<3=�@BV�DE=�@RQS<`X:<:]
PRF�ATA)DEPRP H�F�VNF�@RlSF�HTA7DSH�F}=�HTX5A+=�F�c n
� A�F�VNQh<5cq<5DE@RlSF.DSC:C:HTQhDhV�?`=�Q`=�?:F.C5H�Qhe:P\F�u QSY7DSXO]

=�?5F�<3=�@BV�DE=�@R<:^UcO@\^h@f=�DEPie:HTQhDhc:V�DhA�=&A�=TH�F�DEuvA!@BA�=�Q}?5D�lhF�=T?:F
A�F�<5cOF�HvX5A�F`DSA�a3ututFN=TH�@BVyVNHTa3C:=�QS^hHTDSC:?iaSn��7?:F`A�F�<5cOF�H
VNQhX:PBc�A�@\^h<�F�DhV�?�C5DhV�mSF�=pJ)@\=�?k@f=�A&C:H�@RljDj=TF�mhF�aSIEDS<5cLF�DSV�?
HTF�VNF�@\lhF�HxV�QSX:PBc�lSF�H�@\Y[a�=T?:F�A�@R^S<5DE=�X:HTF>QEYUF�DhV�?�C5DSV�mhFN=
J)@\=�?q=�?:FvV�QSHTH�F�A+CGQS<5c:@\<:^yC:X:e5P\@BVkmSF�ahnk�7?5@RALc:Q3F�A}C:H�QS]
li@Rc:FtA�QSX5HTV�FtDSXO=�?5F�<3=�@BV�DE=�@RQS<qQEY�F�DSV�?qC5DSV�mhFN=�I�e:XO=L?5DhA
?:F�D�l3azQjlSF�H�?:F�DSc�Y[QSH�eGQE=T?v^SF�<:F�H�Dj=T@\Qh<tDS<5ctlSF�H�@���V�Dj=�@RQS<
QEYGC5DSV�mhFN=�A�n � <5FKut@R^S?3={Dj=+=TF�utCO={=TQ}DSukQhH+=T@\��F�=T?:@BA{VNQhA+=
eia.VNQhukC5XO=�@R<:^tDzA�@\<5^SPRF}cO@R^S@\=TDSPGA�@R^S<5DE=�X:HTF�QjlhF�HKD�PBDEHT^SF
<iX:u�eGF�HzQEY)C5DhV�mSFN=�A�I�e:XO=tA+@R<5V�Fv=�?:Fx<:FN=�JKQSHTm�@BALPRQhATA+ahI
=�?5@RArCGQhA�F�A}C:HTQSe:PRF�uvA}Y[QhH}lhF�HT@��GV�Dj=T@\Qh<�ws?5QjJ V�DS<qD�H�F�]
VNF�@\lhF�H�lhF�HT@fY[atDLcO@R^S@\=TDSP�A�@\^h<5Dj=TX:HTF)QjlSF�H�DUutF�ATA�DS^SF)J)@\=�?
ut@RATA�@\<:^�C5DSV�mhFN=�AT���i@RukC5P\FtcO@R^S@\=TDEP&A�@\^h<5Dj=TX:H�F�AsV�DE<`<:QS=
C:HTQjli@RcOF&F��vV�@\F�<3=pA+QhX:H�VNF{DEXO=T?:F�<3=T@RV�Dj=�@RQS<UJ)?5F�<}=�?:F�<:FN=�]
JKQSHTmv@RA)PRQhATA�aSn
;
< DbA+F�WhX5F�<5V�F�QSYL@\utCGQSH�=TDE<3=yC5DECGF�H�A�I�A+F�lSF�H�DEP�H�F�]

A�F�DEH�V�?:F�HTA�?5D�lSFkC:HTQSCGQhA�F�c�D�CGQjJKF�H�Y[X:P&<:F�J DEC:C:HTQhDhV�?�I
�����¥���E­Å³ �g�8� �A�Y�u�¬���8���s��¡ �Y�s���Y�
� ���	���3I3o������OI! "�K�
�!#�#iI
����# � I����$# �&% n�;
<�^hHTDSC:?O]*e5DSA�F�cdDEX:=�?:F�<h=T@RV�Dj=T@\Qh<dJKF
DEutQhH+=T@\��Fz=T?:FxV�QhA+=LQEY)DEXO=T?:F�<3=�@BV�DE=�@RQS<_QjlSF�HUD>A�=TH�F�DEu�n
oqFKA�@\^h<LDsA�uvDEPRP3A�FN=�QEY:C5DhV�mSFN=�A�IjV�DEPRP\F�c¨�w�v���K�Y�s�u���J����¡ ²Y­
�8����n�o�F)li@RF�J�=T?:FZcO@R^S@\=TDSP:A�=TH�F�DEu DSA{DrcO@RHTF�V�=TF�ckDSV�aiV�P\@BV
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1.2 Robust Overlay Networks
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1.3 Organization of This Paper
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2.1 Graph Based Authentication
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2.2 Expander Graphs
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3.1 Construction and Analysis of DAG Ex-
panders

oqF.X5A�Ft=�?:F�FNMOC5DE<�A+@RQS<qC:HTQSCGF�H�=�a�QEY)F�MiC�DE<5cOF�HTA}=TQ
VNQh<5A+=�HTX5V�=�DS< DEXO=T?:F�<3=�@BV�DE=�@RQS< ^SH�DEC5? DSP\PRQjJ)@R<:^ D�H�F�]
VNF�@\lhF�HU=TQ�DSXO=�?:F�<3=�@BV�Dj=TFxD>HTF�V�F�@RlSF�cqC5DhV�mSF�=�J)@f=T?�?:@R^S?
C:HTQSe5DSe:@RP\@\=�aSn 9�F�V�DSX5A+F�DE<gDSXO=�?:F�<3=�@BV�Dj=T@\Qh<�^SH�DEC5?�@RAkD
cO@RH�F�V�=TF�c DhVNaOVNPR@RVg^SH�DEC:?�| 9
�
�U~�H�QiQE=TF�c DE=�=T?:FbA�@\^S]
<5DE=�X:HTF�C�DSV�mSF�=�I�JKF�V�DE<5<:QE=vcO@RH�F�V�=�PRa�X5A�FyFNMO@RA+=�@R<:^qe:@\]
C5DSH+=T@f=TFLQSHZQhHTc:@\<5DSH�axFNMOC5DE<�cOF�HsV�QS<5A+=�HTX5VN=�@RQS<5A�n�;
<�=T?:@BA
A�F�V�=T@\Qh<�I&J�FxC:H�QhC�Q3A+F.D`<:F�J VNQh<5A+=�HTX5V�=T@\Qh<_=�Q`e:X5@\PBc�D
cO@RH�F�V�=TF�cqDSVNaOV�P\@BV�F�MOC5DE<5c:F�Hr^SH�DEC:?!I�D>��/�-?�������Y�K���8��n
� X:H�9
�
� F�MiC�DE<5cOF�H�@BArD
9
�
��H�QiQS=�F�c�Dj=s=T?:FvA+@R^S<�Dj]
=�X5H�F�C5DSV�mhFN=�J)@\=�?gA�F�lhF�H�DEP�P\F�lSF�PBA�n`o�F�C:XO=tF�cO^hF�A�e�F�]
=�JKF�F�<_=�JKQ><:F�@\^h?3eGQSHT@R<:^>P\F�lSF�PRAU@R<_=�?5F.=�HTF�FvX�A+@R<:^>=T?:F
e:@RC5DEH�=�@\=�FUF�MOC5DE<5c:F�H7^SH�DEC:?yJKFrV�QS<5A+=�HTX5VN=7eGF�PRQjJUn

o�F?��HTA+=`X5A�F�D | � ���!~
]'e5@\C5DSH+=T@f=TF�FNMOC5DS<5cOF�H>^hHTDSC:?
J)@f=T?�cOF�^SHTF�F�JtDS<5cvFNMOC5DS<5A�@\Qh<vY�DSVN=�QSH@_7=TQkV�QS<5A+=�HTX5V�=KD
| ��f@? �"�!~*]*e:@RC5DEH�=�@\=�FrFNMOC5DS<5cOF�H�w
A`��
B
s% n	��� �C-{�¦�g�8� � | � �"�!~w­Å³8� �����w�S�¦�°�Ù�¥�w���Y�K���8�
���¥�¥���¾£��¦�¬�¾�\������� ��J½�Y�K�)�¥���������w���Y�¨¤���¡8�����
_gµ¢£z��¡ ���
�����K©Â��¡��¦�s©Â§«¡ �Y���w�s�w��¡��N��| # D �"�!~w­Å³8� �����w�S�¦�°�,�¥�w���Y�K���8�V�Å¤¢���8­
���¥�¥�z|�JE? �9Ji~����>�$�¸�L|F?�_ �HGD ~�­Å�������Y�>���¦�k�k¶
ÊV���^�®¤�¶ �iX:C:CGQhA�F�JKF�DSH�F�^h@\lhF�<LDL|
� ���!~�e:@\C�DEH�=�@\=�F�^hHTDSC:?
1=> 3 |�5�>' �65 7 �98B>B~}QEY7cOF�^hH�F�FjJ>DE<5cqFNMOC5DS<5A�@\Qh<`Y�DSVN=�QhH
_jn*�pDEeGF�P�=�?5FklhF�H�=�@BVNF�A�@R< 5B>' DSA�=&>� �>=&>' �!�!� � �>=&># %(' n�oqF
Y[QSHTu D}<:F�Jb^SH�DEC:?b1]3 |^5 '*�K5 7 �K8�~�eia�VNQh<h=THTDhV�=T@\<:^\5 >'?ylSF�H�=�@BVNF�AZDj=rDv=T@\utFSn�;
<`QE=T?:F�H�J�QhHTc5A�I�J�FzukF�H�^hFU=�?5F
lSF�H+=T@RV�F�A;=&>D I , �!� �!� �>=&>

D
I , �
D %0' @R<h=TQxQh<:FLlSF�H+=TFNM�= , n}�7?iX5A�I

5 ' 3 ��= , ) ��J ,,K #ML D I&J)?:F�HTFv=T?:Fx<:F�@\^h?ie�QhHTAUQSYP= , @R< 1
DEHTF}DSP\P�=�?:FU<:F�@\^h?ie�QhHTAKQEYZ=8>D I , �!�!� �!�9=8>

D
I , �
D %(' @R<D1=>�n

�!Q A�F�F�=�?:FbFNMOC5DE<�A+@RQS< C:HTQSCGF�H�=�@RF�A�ILVNQh<5A�@RcOF�H�DS<3a
�ON 5 '�J)?:F�H�FEK ��KEd #7 D G n �7?:Fq<:F�@\^h?3eGQSH�A.QSYP�
DEHTF>=�?5F�<:F�@\^h?ie�QhHTA�QEYU=T?:FqV�QSHTH�F�A+CGQS<�cO@\<5^gA+F�=�� >s@R<
5B>' I�J)?:F�H�F K � > KQ3Q?(K ��Kfnz�7?iX5A�I�K g�|,��~!KQ3 K g�|R� >B~!K	h
_�K � > K�3S? _�K ��Kfn AZQjJ VNQh<5A+@BcOF�H�DE<ia$TUN 5 7 n���F�=
g�>'|,Tk~{cOF�<5QE=�F7=T?:FsA�FN=�QSY <:F�@R^S?ieGQSH�A&QEY�T @\<N5�>' n&o�?:F�<
K T K	d #7 G IPV WMXRY[Z]\^VV Z_V hU_jn AsQjJ g > |,Tk~�@RA}uvDEC:CGF�c�=TQyDE=
P\F�DSA+=�K g�>*|,Tz~ K f@?�cO@BA+=�@R<5V�=KlSF�H�=�@BVNF�A{@R<N5 'En{�7?:F�HTFNY[QhH�F7Y[QhH
DE<ia�TQNV5+7rJ)?:F�H�F K T K d #7 G I V W�Y[Z`\'VV ZaV hbGD n
o�FzQS<:PRa�X�A+FU=T?:F�F�MOC5DE<5A�@RQS<�Y[HTQSu 5 7 =�Q
5 'r@R<`QSX5H

VNQh<5A�=TH�X�V�=�@RQS<!n

* ���dc ��&fe`g[����� � n	�o�U�p�ihkjUl
WS#Z%X�ZYZ� &[.,�Ç����¡ ����­
�w�S�w��¡8���Ó©}�Y§��8��� �m�
/�-<�¥�������>�\���½�E�w�¦�k���¬���b| # D �"�!~w­
³�� ���Y�w�s�¦�°�Ô�������Y�K���8� �.¤��Y�u�K�Ö³8§ �¥���K©Â§Y�¦�k�ÖÚ3�8±�±¨�on\¶¦º
���¿�Y�O§�| � �"�!~w­Å³8� �����w�S�¦�°���������Y�>�\��������� ����¶�¼K���AÆ^���¥�Y�¬�
©}�Y§��8��¡ �Y���°�Y�¦�����¬�����¥�l����?.µ����>�,¤����«��©¦©!'
�¬��� ' �¬�)©}�Y§��8�
¡ �Y���°�Y�¦����? , �g�8�w�S��¡ ���8¶ÈÚJ�Y§��8� �+'+� � �Y�>��'������¾¡ ����­
�>� ¡8��� ���E� �¦�E�H� ¡ �¥�K§È�Å¤_�Y� |,? ,
%(' ��? , ~�­Å³�� ���Y�w�s�¦�°�Ó���\­
�����>�\���¯�����¥���Ô¤ ����± ÚJ��±�±$�pn\¶¦º\¶ ¼K���Ö� �8�k�w�����Y�¦���
¤ ���Y± ©}��§����E'3� � ���c©´�Y§��8�E'�¶ ÚJ�8�
_Ô���8�>�����¿�¬���À���\­
�������w���Y��¤��\¡��°�Y��¤ ���Y± �¦���G'¥�¬�Ô©}�Y§��8�)�°�('�� � �¬�½©´�Y§��8�8¶
qz�v���u���¿ºÀ������£%�¯���H�¥�k��±
�K©}�À�®¤��¬����©´�Y§��8�¾¡¥�����w�s�w��¡�­
�S�����>¶
�)F�V�DEPRPi=�?5DE=�J�F7A�D�aLD}<:QOcOF7@BA{�^�x@fYG=�?5F7V�QSHTH�F�A+CGQS<�ci]

@\<5^UC5DSV�mhFN={@RA�H�F�VNF�@\lhF�cze3a�=�?:FsH�F�VNF�@RlSF�H�ISJ�FZV�DEPRP5DrC5Dj=T?
DE<��^�.���Y�¬�t@\Y DEPRPi=�?:FZlhF�H�=�@BVNF�ApQh<k=�?:F)C5DE=�?vDEHTF7X:C�n&oqF
�5H�A�=ZA�?:QjJ�=�?�Dj=)QSX:HZV�QS<5A+=�HTX5VN=�@RQS<xF�<5A�X:H�F�A�=�?5DE=sDE<yX:C
<:QOcOF)V�DS<zeGF)H�F�DSV�?:F�cUY[HTQSu =T?:F)HTQ3QS= ? l3@BDrDE<kX:CtC5Dj=T?
J)@f=T?�?:@\^h?�C5H�Qhe5DEe:@RPR@f=�ahn

	 -Z����&,��
 n��on���/�� � �u±$��� ��¡ ���Y�8�w���¥�Á�¥�E¡¥�°�>�¢�¦���«���^�Y�
? �¦�����u����/�- �������Y�K���8�)�¸���^���¦�>�\�������K���8���s©Â§c£��¦�¦�
�>���\³ ��³8�¦©Â�¦�S§ � µ*£J�����¥�v_¯�¸�¨�¬�����¥�w���Y���w���Y�)¤��\¡��°�Y��¤ ���Y±
' �¦�¾©}��§����¨�°� ' � � �¦�¾©}��§���� µ`_sr < f � ���>��?tr < f � ¶vO¬¤���g�8�w�°���b=Ç�¸�.�^�Oµ,�¬���8�½�¦�����¥�$���\�¸�w���$�Y�c�^�����Y�¬��¤ ���Y±

�



(uâÅì�á®à ø

(uâÅì�á®à ù

(uâÅì�á®àJû

ø

ù �
��� ù �������

Figure 1. An example of our layer construc-
tion of the DAG expander
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3.2 Expander-based Authentication Graph
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4.1 Construction and Analysis of Overlay Net-
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4.2 Application to Decentralized Certificate

Revocation
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4.3 Survivable networks
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5.1 Expander Graphs
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5.2 Stream Authentication
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