I "#$ "% $
& () (3

# +, %-# .00















% #
" %

"% % &

1] % n

%

%-

% -

%

("

%" |

%" |

%

%

*

% +












0

wH#) )"

) <+
"l
0 12
(112
%t )

%

$ %

& %'

30
33

36
)0
X



Lt o#s % &((

77
04 * 76
* 5 2*< "(
* 5 2+%* "
7< 0=
| " " # " $ % 8 & '
)" % # 60
0
$3 ; 0)
$3 > o
4 55 00
7 55 o
55 0,
% @ 0,
7% 55 0
) < 55 (=
"7 55 (
04 83
A%AY% 0
0
9" : 87
4 > * ("
A ; 55 (0
P 55
6
9 : "
(! % :
) & x
9. :4:9<9=<54 <9< 4>2 12
90 9<22)9@ 54 )= :=25=: 1

9 9<22)9@ 54 =< =5=< .
93 :149<:=54 =< =5=<4 4 <9< 4>2 .3




Lt #s % &((

97 )=A9 :2)9@ BC<9)2
97.=B4)9@ 54 ):454)92 4<
970 <=54):454)924<49<22)9@ 54 4)20== <
97 A9)D4:=<E)= := 54 <4:F9)9=4)2E <
973 9 4:A2G H4B 25>9 9< :2 9F2 54 4)

96 9<22)9@ 54 9>C 4 4<54<54 4 2 >2)I

98 9<2)92)9@ >=9=:9G2)9@ E)=4J9@ 29>C 44<
98. 54<54 2 K4254)=>25=<
980 54<54 29 4:A2G H4B 54 D9B:95A=J

) &

99. )=A9 :2)9@ 9 9)92
990 9<22)9@ >9)DO0
99 99)92 9G2)9@

(C.,% -

.07
.07

.0/










4 (" ot *

( %
5 "ok "ok Ot
* %
$ ' 2 %
56 $ " %
n % " *
( " ! & * " L"
" L* 9
) " mn
M < B
B 6 B $ C
| " " *
9 % < !
! # $
% * % * <
* | " *
) n n n mn
" % (
& N
( " %,
# * !
$
% & ( " * I



Lt #s % &((

% " (
# & B$
%
( %
D # o)
# % #
(
# *
4L
" N
) o))
4
& /
%
*
$ - L
%# (
$ I P
& ot &$
(v
L s N
%ot - ( 1+




' 23 44)4 -, )
D) $5% $ !
n % n
(
% 1 ! D O
( 1 # !

; " " % " &
("# R %

) " " ! ! #

+ " %# (

" " (
# 4 %# %
" o ( %o# *
3 % % "
: (s (v
n 2 " *
Yok (
" $ % "
1 5 % %$ !
" %
4 " %o#
n % n n n



Lt #s % &((

26
D # %ot $
% ot * * 5
% ! Yot !
D 9 I
2 # " % "%
+ 9
A% )
4 ( %
(
¢
(+ &
% " 4
( " "% * & L
# ( %
& *
$ & 4 L % " " %
& * " *
% (




2626

$( "

%

"%
%o#

% # ,

&*
$(

#$

%

&((

# (

Yo

%




Lt #s % &((

% & " o *%

4 % .0" ($ (+

NUBE HIBRIDA

NUBE PRIVADA ©
INTERNA

MUBE PUBLICA O

EXTERNA LA NUBE .

USUARIO TERCERA PARTE

A% .OM " )"

loll




Lt s % &(
(" " * "%
" % % & * (
. 9 1 C91 4
& * A
" " * L*
" L
11} ( +
6 1
e ¥ % 1 C %1 4
n mn n n ( n
' (
% & * 4 *
" %
n % + n &
* 47 16 1 C11 4 $
(% " % 4
% n
n ) 11} n
$ % "
(
4 ' " (
! "% % !
(" " % "
4 (
" 2 & H < 4)0
9 —5 L <4 R4 =
9 < 4 4 "
) 4 ="<P
*
\y - > H 2% %
¥ < 2"4% A
> B
— B " % 2" B
" %




Lt #s % &((

2686 9 (" (

2" %ot "o
% L "
" +
$" " % %
% mn
$ " ("
e -1 # : *
"o "# %
. " $
° % "
* - 176
° < 6
o _ " * " |
n $II
. % &
° )" %
e 4 6
. - " 6
e 4 * non
" ! " # 2% "
& $
° " " | non
o . | |
e 2 5
(" H
) n n
4
%
$
" L
1] * $

IOOI

%




L #s % &((
° n n
e 4 % #
" &
e 2" % #
[ ]
[ ]
) n
" n " *
"8 % %
< ( "
n ( n % n n
% & * "
%# " L"
" * % +
%
26,6 +
2 * "
# | "
n n | * "
8 & !
* Yo# " %
4) $ * TR
! * S
75 82%D % $ 1 T
L " " * "
#0080 (
$ "
& 8"4;, -# <4 4 " & !
w# $ " H" ( "
!
* "

*%

*




" %

H<

Lt #s % &((

4

2040 2 &

H<

2& "

$(

|03|

%u

4)

% .




Lt #s % &((

@
Cloud Controller (CLC) / D ine
! or Eca ;:;r'*r.n

Walrus Storage Controller (WS3)

Cluster Controllars (CC)
Elastic Block Storage (EBS)

Node Controllers (NC)

A% . '2( 4 )
4 %$ U: % PV " % 9
( % "
26,686
=" " ("
" " L 9< <
" 2"1 01
)" > " " ’
3) D) > ) # +
=" " $ &" ™" =
=))9 4)0, 2 &
) = %
& L 4
" " # 4
" " % L" *
(" ¥ 8( " %
L

'07" | "




%

$%

& * * (
$% $( " % "
(L $ &
( ("
<<D
FRONT-END
I i
Hypervisor Hypervisor
CLUSTER NO CLUSTER NO
A% .3'2(
$ =
. 36 4 =
° 6 <
" $(
. I 6 <
(" A
2<
$(
e 4 6 < (
2
" $(
[ ) 6 ( =!
" [
. 4
( * $(
o 6 & =

|06|

%

%

$(

%




L oHs % &((

2666 1% * [ *0
"% " % %
"(O %
) 4 O "% "
% % B

Piataforma proveedora de

Portal de servicios Enomaly Cloud
servicios App
Store

Alta Froveedor de
disponibilidad servicios Cloud Creador
VM

ECP Managear

Administrador
AP| para

Xen operaciones
integradas
Linux
KVM Viware
A% .7'2( 4 Vv4 ) %
4) (" " %
*x " " % $(
$" "o & " "
$( % %
% * " & * " 4 4)
1 e %
4y ot " "o
% * " ! "
11} n m & mn
!
4 ‘ % 4 "
" & * k1 #




Lt #s % &((

26;6@8 '
4 " B " " B P "
mn * n I mn m
( B "(
% " % (
" B $%
$( " & % 4
% $ & B 5" W X
H" 2 < > HP
26;6A6 ()*
=" > " ( "
" " L 9< <
" 0 " "O# ">
4 " ) # + "> "o
- L & * %
% * % "
% I# " " 40
2 & <" ¥ J4 F>H ) LJ < YF>
26;6B6 +
) <P * " ")
(" " % % * % * "o
$ "o J < Y F>2 $ *) <P
) 4
) < P4 " 4 oo ) < P« 4
) < P" " % $ % *
( # >< = " "#
" H " %
2 $ " % %
"% " "R o> ) "
% .6 L % * ( "
( % % 2 $




User web/API
interface

Admin web/API
interface

Connections from
Computing Nodes

A%

=b<

—

—»

.6'2(

L #s % &((

Mgmt Server

Hardware Load

Mgmt Server

Hardware Load
Balancer

Mgmt Server

%

" %

n *

]

" ) < P <™ @)
( n mn n 11}
+" 4 "
n $ (+ n *
4 ! ,
° )$ "% Op " =5
° )$ "
° )$ =Bb< & "
e -+ " 0
* < " $ %
°* )s % * "% $
e < | $ " *>< "
26;6C6 +
=< P * " %
%
" % " " " %
2<2 :P" ) L5 259 )
4 " % " (

|0?|

Primary
MySQL DB

$(

Backup
MySQL DB




P # % &((

4 =< P % " , =" <
)" =< P = < % 4"

n * % n
( % " *
n % n

" &
86 &

4 % + S T " Yott
" " ( & " o 71" "

O 61

4 + ! % " * $ "
( ( % "

5 #
(" (

Bases de datos Mansa]er[a Servicios WEB Impresion
| Nodo 1 Nndn 3 Nodo 4
2 83 8 8 .
Clientes
Administrador
A% .8'4 " (
4 *" % %
( " " *
! n
ER # "
S G
n n ( n n n #II
$ * (" " & "




" #5 % &'((
8626 '
* * % L
( + ( %
! 3 5 $E
( 3 C5 $E
! " 3 5 $E
( #
(" ( *
% ( o+t
4 & #
4 %
&% & " ( +
NO N1
[e— I
= =1, | — =
Oencs Oees
| | |
—
En u —
Ossas 0O == 0O =am=
N3 Nn-1 Nn
A% ./'5 %
4 % !
no *’
D
6 2 4
4
* $L
& (




( !
$ & " &
) ( ! O
% #
" (
I %+ L
$
% $ "
$ +
% n
- D 4
+627 51 $
4" $
4 1 (" "
+ L
JA<  FA<O
4 4
% * & 4
$ D
11} 4! n
oot "
> 9 B
) 7 : (%
&
% * (
- D " &
" I pr %
- 4 , "
4L "
4
« " $ %
4 &
$ n

" #5 % &'((
( n
(
% (
% n n
( 6 % $
1] * 1
mn N n
$ " n
n 2<
<2 1 $7 +62
& A< +6 2
|

| " H# "

" 9) &
A 4 ! % 4!
<<9 1$ 1 9%

& n
, %
! %
$
& *
>=< 9J )* =" <<9
%
" * n #
( * *




Lt #s % &((

& *
% ) o +
- D
"0 *x " " " % ( '%
)
8686 < &
(
( % % ! $
! ( (
+
ot % &
%# $ I
( (
4 + " % "
" (
% + " % " ( &
% # «¢ "
D)) M $5 % $
D2 M $57 D M $5
5 $5
- D)M $5% $ , <
(% T
% & 4
" " " %
4
* ( " 4
+
( (! % * $
- , < @]
4 $L




" #$ %

4 % # "
(
&
% & "
I % "
( n
! " $
&( "
% " * %
# " ( ( %
% 2 - *
2 -2
" " % &
- , < ( " (@)
4
% n
" %
) 2t 2 )
2 n n
I # ( [
non + n
86,6 : "1
4 x #
& ! (
" | n n *
& -
4 773 2<2 * L
! 3/6 4
% &*
n ) A n
n F> > 9 n ( n
" % "% -
* 6 % +L "
n B <
" n " *

&((

4L

4L




L #s % &((
2 * "o # !
*9) )% 06 # $ *
mn ( n
I %+ " * 2>
mn n n % mn *
mn % % ( mn
* # n
& & 27 "
F>" " "oxn "
( + S"T) % "
- 4 n
- 4 | % *Z-" |
- > " &% $ JF>L"
- # B>
- | P
Y/ # * ) (06 $ ( L
$ # "
o " % ( L L
<" " # ( " " "
" n % *
4 "% * " + "
" n & * " " L *
$
PASO DE MENSAJES BASICO
PROCESO A PROCESO B
Memoria Memoria
Red
Enviar(Datos) Recibir(Datos)
A% .?2'4 # " >9




" # % &((
5° " "
" ! " # # 4
O
* " ( %
( ! 5
& ( " ( "
" " # "
* (. & * & %
" # " ( # "
( " " *
+ S > T
" >9
(« " & "% % "% *)
N A 2 >9 "
( "% ( & " (
>9! " " (
$" " ( " * ! &
!
4L oo >9 >9)D =" >9
2>>9 F * o (+
- )* + >9 )| A "
L " ( $
" 4 " 259 7 ? 9 9
5" 2 % !
( >9)D" 259 % L
$ >9
- )* 0 4 " *
" >9 2>>9 A>9 2 >9 4
>9)D ( "( S C T
Lo o
- L)) "% 4 " * >9 (
" & "
"( C # S\!
$( T % " $( (
2>>9 " " ! J>9 "( F (G
"% " >9 & < % J>9
" + (1
& J>9




Lt #s % &((

)*6 4 & "% * " 2 9 "
n % * n " " n
0 " % )M A
* 2C "% ("
L " Y! 2
T %] ]
48 " L " L
> H < " "
( n

" *
5 " %" " !
= > "op kM ("

"% & " L "

"o " % * o I#
" " & ="> >9
$ roL s
86,686 + 04
" L D2 " &
mn n $ ( '
" & 9 4 " "

( 2" 1 % 03L8
6 = "
( % <=A 1% %
I 4 &
2
( ( " % ,




26 < 6 4 ( % %
,94 LF < L %
+ %
#
86) # / 06 &
2 mn
+ < " L'D2 LT %-D -
P %
6 ) # / , 06 &
L
# " & % - L- -
= - &
@6; (
%
5:B5 - !
o " ) 4 "
n $ $ n n
$ & "xov
A6 # ! % (
% " " ) < >
5 &
PP % +-%) D %! 2
> " %
B6 + * % (
1 % "
| =] ("
D " (!
% * " O + % 9.1
Intermet
& | Router
(] 192.168.6.254
_________________________________ -1
1| Balanceador virtual :
: Director master | | | | Director backup :
1 19216862 192168 6.3 1
I I
: 192.168.6.4 192 168.6.5 I
i Servidor | s I 1 Servidor :
i real J real I
1 Virtual IP Address _ _ _ _____________192168:6.240;
A% ..14 ( D2

"HS % &((




" #5 % &'((
n m & ,
) 2D " ( * %
D2 % ! F<D B
94 E= D " (" D2 %
! %$ &
" F: F : :
" I( )MD4)Y D N
" & # D B & "ox
86,6;6 44
4 <<9 1%$1 9% " "
" @)
% " (
& ! %+ "
n L <<9 %
* 04 " "
( $ # 2 $ <<9" %
$ % ’ #
% ( % % " % *
" *
$ " ( "% O
mn mn n 11} % *
" " " $
! & $
2% | " " :
) $ L% < " !
L( " $( !
=" > L % (
C % ’ (+
% %
< (- ( "%
m # n =Il > L ( mn
n & n
* , * % " ( 1] n (
0 " '1
=>L $ " % " ,
- e P L
- D " # " % $

%

<</N4

<<9




Lt #s % &((

- 4 " GG G F
= 1 P % % 4 (" "
<<9 1% 1 9% L !
n % 1] ,
- % " 'l
- ! % $
- A P LOG6 "
Y % $ " % ,
- " P L
- >* 2 $5
- D " #
- <" G G G2 %5
- 21 % *, G G2 $5H G G G2 $5
- # 2 $5
Y Ol L #
% " # ! " "
" " (
P %







' 8 3 54 ) )
26 -
20 (! "
Yot & $ *
& * % "
(% %"
$(
(ll
< " " # # "
+ % " & *
n ! n ( +
4 & * v
! " %ot *
o (
" *0/p % $"
n * mn n # m & m
n ' n * " % 0/0
% L
5 " n *
# % #
K
s o
(- : % *
mn % .
! % $( ( 3



Cada magquina virtual constituye
un nodo del clister virtual como
una maquina fisica lo hace en un
cluster real o fisico

Dependiendo del tipo de solucion
elegida, la capa de virtualizacion
puede ser integrada en un
sistema operativo, ser una
aplicacion como cualquier otra, o
incluso otra maguina virtual

1" #$ %

& *

&((

( APLICACIONES MV J

El nimero de maquinas virtuales
dependerd del nimero de nodos
que integren el cluster y del
objetivo del cluster: alta
disponibilidad, alto rendimiento,. .

$(

A%

I %+

0.7

$(

(" %
% (
11} ( n %




Lt o#s % &((

( # + (
* " % # *
86
4 % * D) L %
* % * Yot " *
mn 11 * n "
o % # "
A5 % I " $
D)
4L " 0 *
% " 0 " % & *
+ *x
%# D) & M Vo %
"’ %
Cor W « --
" %
" ! " +
n O ( " "
B 2 " *
" %
2% # " "
) "% ( ,
*
! " ! !
( ="
* ! L "
% &
* n
2% " "0 p
9)=4 <A % 4
I g ( &
! " 2& 4)0 2 & <
* n * | #
" % " *( "

133" |




L #s % &
] ) . #
n " % (
non % * ! ' %
o g ( A CC
ccC ( " °)
+ * D) ) #
* J H % )
mn I') < )
5 D) % " % n%
" (# " ( )
( O *
" #
<tL S
n n ! L
n 4 )
"k 1y
$ * (
* % # * % (
) *
$ 4 ! & #
" 2& o .
" D) $( i > "
& * L )
& D) #
4B< 2! $( o '
% D)
4 )
" " . & # o ( "
2 D) ( (
n $ $
$ . " mn
n n " % * i
n D) $( #
4 0O $L 4 ) " )
" * > " 4 ) ) & "
( " v B
4 ) & ) ”

|37|




%II*

4 ¥
J4 YF>N
% *

4 A% 00"

( "o

#$

%

|36|

&((

%

%

$ n

" %

%




Lt #s % &((

CLUSTER

MAQUINA VIRTUAL MAQUINA VIRTUAL MAGQUINA VIRTUAL

Node Controller Node Controller Node Controller Node Controller
INFRAESTRUCTURA FISICA
A% 00'4( ) & )
4 ( $( ( "
" % " # ( " %
# # ( " %
#
:686
" *
(! "
# mn n
mn % n n n
$( (
% * ! & *
> P>P 1.1 113
$( >"10.0."




" #$ %

|3/|

&((
&
Cow s
*
# $
n & 11}
& 4)0
I#
" J YF>
< %
$%
2 2
* %
#
$( +




I #$

( % *
% $% $(
F 1% 6
$(
* "04 %
% * %
F *6 5
"% 9
% *
F 6 3 $
¥(
%
F &
( $ ("%
$( .
0 -%
( $
$ H (!
L
) * !
4 ) YF>
5 &
& 4) &
0 # ( &
$( & D
> 4 />4:0
) 2 &
$ 4
("))
< ?4 / <40
( $ < (" (
% " * <

|3?|

%

&((
% "(
$( L
% *
$ (
9
%
% "
& % "
&
&
2040 2 &
L# %
H
$(
) )
$(
1 4




Lro#s % &((

I " + * $ (
H<
< %
! ! ) ) " % *
¥ ' (+ )
! 2 % D)
* ( $ $
<
(" (
< $(
C % $( p
* !" n
5 " " $( ”
) * ) ) " " *
) " %
) T ) + % % H<
o $( 2
2 n
4 A% 0 " ( 4
% P "( % 9 (

% "

Cloud Contoller (CLC)
Walrus Storage Controller (WS3)
Cluster Controller GC

Web Interface
[s]

172.19.1.0/24 ECZAPI

MNode Controllers (NC)

A% 0 '2( #

71 -




Lt #s % &((

0
4 " $ # *
4 " ) " " % (
( s
2L09, )
0' ( # (" # "
" " %
&
+ 7 ) )
* & OLO & 4L F F 63 >
) 0 3 . 3
31 B 011 B 31B 11 B
1>t J11>" Ad1p” 111 >
0.":( * 4 )
5 * (" "
" ( 0'0
) * )
5 :0.1 3L9 4 J4= J31'031 D& 3B 071 B D55
5 :011 3L94J4=J3.1" . D& 3B 071 B D55
D5.017 OL9 4 J4=4.1"' 11 D& 3B 071 B D55
00'4" ("
5 D5.017(¢ ) )
"O * ) B $L
" o) " " 0% $(
4" " " "% 4) * ) )
" 4 A%
0 ) ) H ) ) ) < %
)
& mn
) * ( L )
) % " < &
* L &
& * (
" 4) & " % *
" &
* 2L9,
L)




Lt s % &(
! 4) % " "
& $% $(
4>9 /5 98% * %
P 2 1 J> (
%  $% 4>9 $ H ) "
) $% % ("
n n # n $( ( n
# oo * D ( O ( #
% " 4 " "
) ) i * ) )
" 2> "
* ) )<0 IF<0
.0/ 0
076 7
% 0 7.0 1
L % 103 01
L % 3 013/ 01
0 4)
2# " A% 03
euca—rebw;—insrances
S
Running
Pending Shutting Down

i

BEGIN

© B3 Terminated

END

A% 03')

|70|

4)




Lt #s % &((

5 % $ % $(
H ) &
4 . % ( % * 4
15 $7?6 ( $( $ "%
A ( ]
( > $ *
/! /
& $% $(
% " " ! " %
( n " " * + 2 L 99,
L)
4 | 'B %
$ * ( %
% ) & & #
>9 " " " " %
n % -
< | & " * >09D >9 *
>9)b0 .0. " & " I %+ «""
4 * * ! (
( $ ! 4 " 259
7 ? 9 % !
* 259 % L $
>9
& > 9)D0
$( % ! $
" " "% >9)D + \! $(
5 (
>9)D &" <<D < <!
<<D % R G L
* O &
= (!
& & * & A<







I 1 3 ) ) 5_4 y
) ! " " ! L
" O%ott " 0" " %
" " !
C e (o
O
) N *
! " (
: s 1 %
"# & $ "
" &
26
g ( " %
& $ #
& (" &
& 52 *
& " ! & ("
'l# +
) 5
5 01 3L9 4 J4=J31'031 D& K 071 B D55
5 :011 3L94J4=3.1" . D& 3B 071 B D55
D5.017 OL9 4 J4=4.1"' 11 D& 3B 071 B D55

4

("




Lt #s % &((

5 M
54 0.1 D5.01 7
2H# " " ! ,
& + D) %5 < |
& 5 01 "
d.1
& )1% 9 F>) /5
& D 5.01
! & 5 01 +
& o % &
mn n * 2 ( n
% * ( " "
||$ +
4 11} mn
# " 5 0.1
4 (" % * I
* > P>P 1.1 #
113 $( >"10.0."
86 (
4 " *
* ) &
) D A# D) ) >$( F
F>) ! & % 5 2 .
<1 ?«l 4 &
$ , ' 2>
" ! 2>
52 " (" "
I & [%9* 5 2
<1 ? % +71 % * 5 2 ! "
2<2 " R "
5 2 $
* o % # " (




Lt #s % &((

5 2 +%* " 2 "
n n n % n
)AS 4 7 & " 2<2 " *
" $
" " *
2# " % % 2 ,
- >"/ A /|5
- 9<9 $ 1
- A4 4 1 /5
- ) % A
2 o
- B'"* 2 $
- ' * 286 $ 1
- <'1 % $ 1
4 5 2 +%* $ *
" " " * # 4 52
% " % ) A
" = >" " & 5 >9 "
n & * $(
8626 < 1 ?<!
I 0> |
" # " $(
& 52 " % IN" !
54 :0.1 $(
" " % ! # "
" #
m ! ! n
! Jd1>B" "
( 2> | "
* >B # 111
0 & * "
II+ O _ ' _
2>
< ! 70/8 > - 43,22 Mbyte/s 0
> 2> o6|> - 328,86 Mbyte/s
0'D) F>),: ! 2>




LY #S % &((
" " !
5 2 /%9 " !
%
#II mn
% oo ( & " " *
" o & & *
& * (a1
mn 11} & n n
4 % " % " " D) FD)
*0p o F >) |
n n D)
1,2
1,0
© 0,8 .f
S
.E 0,6
& —+—PHC —&—VMC
0,4
0,2
0,0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Procesadores
A% .'D) F>)4
% D) F>) "
( & " 1?2.
1?8 "
4 D) "
n *
4 F>) % "+ /18 4 "+
" " " & * " " & *
*+ 9)
> . 116 0,934
* > 111 0,055
"D) F>),: 4
I 1 ( "
* " ( 4

|7/|




L4 % &((
8686 < 1 ? *<
! +71 % *5 2 !
11} 2<2 n n n
" 4" & 52 <
4 % + Cl2
& * + " +
o 6 C
! "% < + + Cl2
(" & & * *Cl $ "o *
W % & or" 7
4 % 0 *
5 2 < " D) FD Y4 52
"0 " ( 52 < " o
1 proceso
120,9{_,,.4 ——HPC

106.0 -

16 procesos §

8 procesos

A% 0': P %

1 proceso
500 -,

=#—HPC in a Private Cloud

> 2 procesos

4 procesos

~+—HPC

=#=HPC in a Private Cloud

16 procesos <

9 procesos

A% b P< %

|7?|

‘ 4 pr




L oHS % &((
* *4 9) * #
. 74,33 s. 78,99 s. 6,27%
0 53,38 s. 57,6 s. 7,91%
3 40,26 s. 51,78 s. 28,61%
/ 31,53 s. 42,89 s. 36,03%
.6 74,61 s. 117,6s. 57,62%
3'D) F>),: BI!P
* *4 9) * #
75,23 s. 83,49 s. 10,98 %
3 100,79 s. 121,72 s. 20,77 %
? 364,78 s. 416,11 s. 14,07 %
.6 306,11 s. 409,38 s. 33,74 %
7' D) F>),: B! P<
) n n % $ F>)
" n ( D) ) n * 5 2
F>) 08 0?_" 52 < 2/7
* 5 2 n " & *
077
< & % # "
& n ( n
F>) " 4 % (
| $ n L n & * n
86,6 -! 6
) n n
( * n &
/18 07?7 " % " & L
2 ( & "
||+ + %# n n I
2 * n (
n n &
* n * ( %
n & * n $ | '

|61|







' @3 H), -* - D *-1,44
| : 4 +-4+
* %
+ 9 % o
% 4 % % '
% $
% $ "% # %
% 0
& * (] | &
! o " %
(
" |
o $ ST
# 3 (
11 ( & & " !
& % (
C o
n * | | n n (
" * + (
! ("
26 '
n ! (
T 9 % ? <% 24" *
o ) % $ %
( " (! # L %
* % $
< "% # > $ o 9 )
$ (! + | * ” )
" %



Lt #s % &((

Texto plano G] Texto cifrado Texto plano O
- |’
E j ’ G k

Emisor Encriptar Desencriptar Receptor
A% 3.'2% "%3$
4 % 3. $ %
% ;
$ , 4 ( # !
% " ( "
$ 4 L "+ L
4 + ’
L " L %
L
J , 4 o
"% # + " $ I
( % "% $ *
("o o "
* * ( n
" % 4
% @+ "$ S "T S&T *% (
L" * % "# % +
)" % # "% o $ " %# (
% *
* *
2626
n 11} % # mn
" " *
4 " ( " # %
4 " (" # " & *
4 " ( " # "
4 ( " # "
4 ( R - I




Lt #s % &((

2 $ " " * "
n * n mn l
% 4 % 30" $
(s
EMISOR RECEPTOR
TEXTO PLANO TEXTO CIFRADO TEXTO PLANO
CIFRADOR DESCIFRADOR
CLAVE
A% 30')" $
4L " $
n % * % " (
( " *
/
4L " " ! & *
( L :
° (6 4 % " *
$ 5 "
4 " " " 27 )3
<42
. % 6 4 % "
( % " S
& 4 " "
" 24< 9542 <2
4 3. " noow
%ot (
9 ( (
2 * B (
" o4 (
< %
4 ( "
L O ""Op " (
B *
2 " %
( 4
: ( n n

3. B( ) A

'63" ",




Lt #s % &((

& #
4L ; " ! & %
0 5
% # ! " *
* * * L
L * L *
# L
o % %
4 " $ & " & !
n n ( %
) n n
B4< 24< 4 % 3 " $
L
n n L 1 n
" L %
CLAVE CLAVE

TEXTO CIFRADO

ISSCERS CIFRADO DESCIFRADO [RISNEEYSS
TEXTO BASE g VEPODETRANSMSON g TEXTO BASE

A% 3 ')" +

% # " & "

R &
~
~

% " %
" 2#" % ( % & !




CLAVE PUBLICA RECEPTOR

TEXTO BASE

CIFRADO

TEXTO CIFRADO

MEDIO DE TRANSMISION

<2

CLAVE PRIVADA RECEPTOR

DESCIFRADO

TEXTO BASE

TEXTO BASE TEXTO BASE
EMISOR RECEPTOR
A% 33')"
2# 30 & " "
&
<* &
F n D ( & o
9 % . .
2 L <
9
< & " < % &
%
30M) "
2686 : 11
! " ( $ "% #
% ( % "
# ( " * 0 "
* % % &
% ( 4
" % 11

|66|




L #S % &
* ' I * %
| %
511 $"(O * O "&
(# " 2 #
* 11 " (
# 4 % 37 " %%
" 11
1011010001110110110110101 4 « v s v v s er e s e e erenrenrsnenns 1601110
yA N0 4Y | 110110110101 . ... oeenn..... 091101101
A% 37'A * D2<D
1 % ( !
& " 4
(! % +
% ! % "% &
%
0 / 11
n mn # * n
% * ! 11 "
* % n % *
mn % n ) ( mn n
%
11 & "ox
( % " ( % %
51 " ( (
mn n ( % ( n 1
" % 36
BLOQUE ORIGEN i BLOQUE DESTINO |
FUNCION HASH >
BLOQUE DESTINO i -1
A% 36MA DI

|68|




non

n % # n

"% ,a$

.
( "o

4 1]

oll

" #$ %

%

%

%

%

"L
4L "

%

% I'lb

Ty

|6/|

&'((
%
%
#
$
[ $
pn "
( 11 Ty +
" My
LS
% *
! # %
$
%
2 " % "
% mn mn
( ! % " "
# $ 71
Ty
T,




Lro#s % &((
% ! "
" ( Ty ity ( 11 Ty +
T,
4 63 0 63
Ty " Ty |1 + " % "
% " L 0 0 n ( n
11 ( " " n
% ! "L #&
! " ( # 611111 O
(% * " % ( %
# " I D "I "o .0/
.61 $
26,6 - 11
% I % !
+ % %
% Mg ,
JA 9 " : 2?0 " >53 >50
271 $ ( " %
< .0/
4+32 ) " 9< + 9 1 5 $
7?23 <D2 >57 " O
", .61 4L " <D2'076
<D2'7.0
Do) "> L * e (&
% "%$ + B4<” & *
0] .0/ 4L
>
)6 ) "> & Il >53 $
4<% " * 0 .0/
*) 32BK6 ) " ) 4 " 2)4 72?0
O 61
3+1 ) " + 5 $5 72?1
.0/
4 6 ) > P 72?71 < "
O .0/ 076 ) (! " &

|6?|




S &((
) "2 4 Bl 276
I 20 4 % ) " $( 63
2"
* 6 ) "WI5 ) %)™ 27
076 % *
+ 6 ) "E %G % W "&P W < 2?20
2 % % !
076 @)
4 3 " N
)A 4+-2 *) 32BK ) ). )@
J
.0/ .61 61 .0/ .0/
J <% 7.0 7.0 7.0 0 7.0
& * 63 /1 .61 ? 3/
)J ( c c c 3 c
CH
. 0.0/ 0-61 0-61 0.0/ 0.0/
L # 063 o1 on 063 063
- %
3 M I
26@6 ! 11
4 O 0113 & " "
* 1 1>57 " %0 !
% % 1 (

|81|




L Hs % &(
4 " $ %
" 4 N % $
" $ 3 $ $
( $ " $
" 2 * " B ( (
" & * 1
- % J 4 (" A& B
: $ ! " "0
B$ " ( % 1#
& 5&/# " 58/ % < I$
* I~ %
4 <D2. .61 ( # % 0 n "
! * 4 % 38 " "

GENERAR
MENSAJE M'

INICIO

A% 382 (

-% > 3L 3L -% 1

2V

# "% " (D!
2 2V
$% *
% ( D!2
21 #(" "
%

GENERAR SH
HASH (M) =

$% " (

HASH(M)

HASH(M")

)" O
4 (" A& B

(

L n

2°'D12v 2

* mn
*

D 2V +
2+ "%
2" 2d




L #S % &Y(

% n
A G <D2. " "
% o n * 0 62 4 % 3/
% $ "

GENERAR GENERAR

ARCHIVO A HASH (A)
INICIO GENERAR HASH(A)
ARCHIVO A HASH(A)

GENERAR GENERAR

ARCHIVO A’ HASH (A")

f

A% 3/'2 ()

“ % $ 6 4 ( N
58 ( 5&' " "o

& 5'J# " " & 1
5& 5&'J # 4 % 37?"

H(H (IR ) - T )

A% 3?2'2(" L * %

7 6 2 ( + $ $
% ree % "
!
% " & " (
(" 1% * 4
% 3.1 " ( "
(
INICIO GENERAR ORDENAR BUSCAR HASH EN o
TABLA RAINBOW TABLA RAINBOW TABLA RAINBOW
A% 3.1'2 (
26A6 - 11

'80" |




P #s % &((
2 * %
9 J "
& " % <
(
6 4 " ( L "
( # ( L
( %
% $ O 5
6 " % Il
n ( <
$ 6 O%ott
- A > >" *
- <pD2." * -
- >57" *
-9 *
(" 1
[ %
( & * 1
I ! "
% teerrmom "
+ % I
* % 2%
- & * >57 " " %
- % >57 <D2." "
- ) % "< I
F & 6
& " " % *
@] # %
L " & * 1
11 % !
% ( % %
! $

8% J% 6
$

*

&

2%

F9
>57 <D2.

! * %

%
>57 <D2.

Il +

n

1%




*
* non , n %
" *
>57" %~ %
86 (
& n n
" % rrg "
||# $ n
! & %
! n
(
" #
" "8
& n
%$ " " %
%ot
! "# %
8626 F*F*
" &
n I 3 n
n $|| n + n
"8 !
(
! >J52 2G<
<.181 4 " 5
D& / * 0B <52> <22
( n n
. 33 D&
8686
4 " !
0 & (
( % 3

#$

%

|83|

&((

% " %
L71?
% # " $
#
* n
*
Oo# "0 ¥
1o
E
n % (
"$
<.181 (
(
L* "
0ot |
J F9592
;) 9 J 066
.B 295.2 %
761
" 0
"




Lt #s % &((
) * )
5 :01 3L9 4 J4= J31'031 D& 3B 071 B D55
5 011 3L9434=3.1" . D& 3B 071 B D55
D5.017 OL9 4 J4=4.1" 11 D& 3B 071 B D55
33M4A(" # 4 )
4 v (" "
%  # ) >$( F R (
& D50L7 ) ) &
(" ) & :
"% .3 $ o" 70>B 2> 7 B
4 (" % * ! &
* > P>P 11 4 " )
# # 113 $(
>10.0."
;6 n
4 " ! (! &
n ( n $ "
g I
S + % &
" , ( & % *
6
;626 1 # <
A & B + "H s L
BS o $ 3
( "o L (
Il P L >V D!> V. %
% 4 <D2. .61 ( # % n
" " *
4 ! & "% &
& % = rre %
( % & v *
L " I '1>57 5 ( ! & "
% >57 e "0 & ( % I
$" ( ! 11 #

|87|




LY #$ % &((
/
n n & n
L % I % %
"% $ " % ) (
" & Y "% *"
>9" )52" A%A% ("
* "* 51 Qo#t "% *
n $ " | n & *
11 # =" & R
% , >57 <D2. >
2 & &
Yot "k
0 3)*
"% * >9 Y%# "
"% " %
" # " % #
*
*>9 /I $% $9 & $ "
" * " " " 51
$ L % " * % >9
" " Il ( " % % %
" " oo 4 % (
" % * * %
R C R ( ! (
(o "
% 3.
* &"" " >9 $ ) "
>9 "ok "
! n m mn
Hardware 'Aplicacwén
Software Paso “MPI
de mensajes
A% 3.'< * >9 " % *

|86|



Lt #s % &((

2#

>9 $ " " %
u% * n
%
$( 4 11
*% (
1 $
%+
*% $
(
(>9 @)
%
#
"% >9
#
(ll m
>9 O !
& " "% * "
# mn
" " &
mn & n
!
(0O $ L
(>9 $ "
n % mn

|88|




I #$

26 & ! !
86 : & " % * %
4 " $ & *
& & * !
n n * n
6 A & " % " %
" " L
>9 >9)D =" >9 2>>9
& >9)D * >9)DO .
" * >9 o " " %
# " >9)D >9)D0
o " $
>99= $ " *
0 F*F* 3 -
"% * ) 52
%# " ( !
oo #
" !
n n % *
" %
) 52 L"
% & " (
& # ! $
$ O & P &
(! " % $
% (" #
"% # #
4 % "% *) "
( % " 29 % $
4 $ "&
A @) “F "
/LLL-?LLL- - " "
&

|8/|

%

&((

*OA)

* # (
L" #
*
" !
0. >9)DO0
>9. >902 $
n *
# L"
? 75
" (
% $ (
$ n
" F
% "0 %)
F
) nong
" *
" (
Oo#t "
)52
n % *
% $




" #$ %

4
4 %
4% o "O# F
) 52 " " H
4 "% * )52 $ O "
*
) (
) 52 "% "
" * ) |
" " !
4P
* 1 %
5! * %
" | ) n
" 2# * "
non * % )
) %
& *
5 & P
5 % (
4 * $ ) 52
* 5 1
)t 8
.4
- ( | "
" E *
( # 6 $
* " %" 0 (
$L 70 2 # "
n " | " 0
n * %

n% )

|8?|

&((

- |_ >
" (
$
) )52
%$ 5
| | %
(
% )52
& % $
$
*%(
! % " 0
5
" " 5 "
n ( !
( ( +
% 3.0




Lt #s % &((

Ejecucion secuencial

Cddigo serie

cudaMemcpy (dato, tamafio, cudaMemcpyHostToDevice)

Kernel paralelo Device
Kernel<<<s>>()

A A

Cddigo serie

¥
A% 3.0M4 "% )52
2 % 5 ( 9
’4 ) (
% %
| ( * O
$L 1 (
E * $
( ') $ !
$L 6777 ( 4 % 3. % $
g ( )52

L | "




Thread (@,1)

Thread (@8,2)

Thread (8,3)

Thread (1,1)

Thread (1,2)

Thread (1,3)

Thread (2,1)

Thread (2,2) Thread

Thread (2,3)

L o#s % &((
Host Device
Grid 1
kernel 1 Block (0,0) Block {0.1) Block (0,2)
Block (140) Block {1,1) Block (1,2)
Grid 2
kernel 2
Block (0.0) Block (0,1) Block (0.2)
Block {1,1)
Thread (@,8) Thread (! Thread (2,8) Thread (3,8

A% 3.'>
)
( )52 $
1 $( & *
" %
W+ "
n (4
o (
" "
* * )
* " 1 $
% 4
$ ( * "
< L <
! I 4
(# ) 52

* )52

$
!
%
>
(
" !
% 3.3




" #$ %

&((

Device

Grid

Block (0.0)

Memoria Compartida

Thread
(0,0)

Thread
(1,0)

Block (1.0)

Memoria Compartida

Thread
(0,0)

Thread
(1,0)

Memoria
Global
Memoria
Host Constante
Memoria
) de textura
A% 3.3'W (# )52
mn # % m
$ s $"
3 7 " * ) 52 n
& 11} 11}
)) = = +
D % H ,
, D % -H 311611
B ( % -H .
F 5 [ -H -H 311'611
5 [D -H .11
$ 5 [D -H B R
37 o> 2 )52

|/0|




P #s % &((
) "% % "
(- - s
* L %
, 4
$ " " "
, % 1" 4
L $ "
, " 1 %
% 6 4 " " &
, " " 1
6 4 % $ !
*1
0
& & # R Qo#
n ( &
" & " &
(
) ! " "
" & " L % Il
% % "%$ 4
" ! & ree # "%
( (O
" % * Il $
!
int num_hash = 1000000000;
for(i=0; i<num_hash; i++){
calcular_hash(cadena_texto, tamafio_cadena, hash);
}
2# % 3.7 "
" 3 >9 )52 "
% >57 <D2. > % 36 38 3/ "
* ! " " "o 111111111




Lt #s % &((
10000%
M Secuencial ®Threads ~ Cloud = CUDA
o 8000%
5
:E 6000%
s
% 4000%
=
2000%
MD5 SHA1 LM
Funciones Hash
A% 3.7': % * o &
)A 4 1 )
/0 01/ 307 06 18 .0 0 .6/
+ 1. 3878878 [ 7/ 066 [? 138 .27 36. 073 6.
G 2KK KG CMM AG 2NAB KG MB2; MG
36": % * 11557 &
4+-2 4 1 -
/0 0 007 0? 36 31 3/7
+ 1. 30/8817 ?33 . 8.087/8 016 /070
G 2KK KG CM2 CG 2BB8 ;G @NS8; CG
38'": % * 1 1<D2. &
) 4 1 -
/0 30. 76 70 83 .703 .01 86
+ 1. 0 8 071 J?7?160 67 6.6 8?2/ /0/..?76
G 2KK KG CMN MG 8CB@ NG ;@N MG
3/": % > &
< & " (
" " %
)52 (" % | 36
P 9% " * >57 * (
" >57  <D2. & )52 # (
| ( " " %

|/3|




Lt #s % &((

J16_ " >57 . 660 " <D2.
" " * " % % * 11

* > & o 54< r$ " ( )

* )52 " " (

) ! " )52 >9 &

" "% "t & " Yot
S "MIT (" I ( % * #
(! " !

1 >57 ! ( A

(
6 0 767 807 " 8

& mn n % ,
charset[37]={0','1','’2','3",'4','5''6','7','8",'0 val b e d
I1'e'1Ifl!'gll'hl1'il1'jll'k'Ylllllmll'nlllolllplll qll'rlllsliltlll

u,vwLx Yz




0 & 3)

" % 3.6 "% & #

i s"T2"

n ( n ! !
% n 11 4 (

" (! % I
$ n n n

n 11} n %
n n * 5 n

INICIO
MPI_Init(& W& H
RO 1 to= EETR o e
TRABAJO MP :Ggrt"TE:gzessor‘:numezpr‘oc_ﬁumg: én);
$hash_a_buscar
CLUSTER
NODO 8 NODO 1 NODO 2 NODO 3 NODO 4 NODO N-1
L2 L L
_ _ _
T F Fy Fy
$hash_encontrado

Lt #s % &((

$no_seguir

$tiempo_calculo

A% 36" % :"D!>9

L (
I >5 7< 1
" % <II
& *
% ( " O
"% ( %

I/6l




Lt #s % &((
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{
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buscarHash(semilla, hash, palabra);
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if(id_nodo == 0){
mientras(hash_no_encontrado && no_fin){
recibir_mensaje(id_nodo,estado);
if(estado == hash_encontrado){
enviar_a_todos(no_seguir);
mostrar_resultados();
fin;
}
else_if(estado == hash_no_encontrado){
nodos_finalizado ++;
if(nodo_finalizados = total_nodos){
mostrar_resultados();
fin;
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funcién_buscar(hash, palabra, id_nodo, seguir){
mientras(hash_no_encontrado && no_fin_trabajo)
{
generarCadena(mascara_inicio,semilla);
buscarHash(semilla,hash_buscar,palabra);
continuar=comprobarFin(mascara_inicio,mascara_fin);
if(continuar==0)//No ha llegado al final
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}
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funcién_ buscarHash(semilla,hash_buscar,palabra {
calcula_Hash(semilla,hash_salida);
si(hash_salida == hash_buscar)
hash_encontrado = 1;
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MPI::Init(argc, argv);
num_procs = MPI::COMM_WORLD.Get_size();
id_proc = MPI::COMM_WORLD.Get_rank();

for(i=0, i<tam_tabla; i++)
nindexInicio[i]= num_aleatorio; // Valores iniciale

tam_tabla_proc = tam_tabla / num_procs; // Reparto

funcion_calcular_valores(nindexlnicio, id_proc, num
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for (posicion = 0; posicion < tam_cadena - 1; posic
IndexToPlain(); // Convierto indice a texto
PlainToHash(); // Convierto texto a hash
HashTolndex(); // Convierto hash a indice

}

}

for (i=0; i < tam_tabla; i++){
fwrite(&nIndexInicioli], file);
fwrite(&nIndexFin[i], file);
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nindexlInicio[tam_tabla], nindexFin[tam_tabla];
FILE* file = fopen(szFileName, "a+b");

/IGenero los valores iniciales
for(i=0, i<tam_tabla; i++)

nindexInicio[i]= num_aleatorio;

/[Copio el vector al device

cudaMemcpy(nindexInicio, tam_tabla, cudaMemcpyHostT oDevice);
/[Calculo la tabla en el device
calcular_valores <<<num_blog,num_hebras_blog>>>( nl ndexlInicio);
//[Recibo el resultado del device
cudaMemcpy(nindexFin, tam_tabla, cudaMemcpyDeviceTo Host);
//IGuardo los datos en el fichero
for (i=0; i < tam_tabla; i++){

fwrite(&nIndexInicioli], file);

fwrite(&nIndexFin[i], file);
}
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intid_hebra = blockldx.x * blockDim.x + threadldx. X;
int posicion;
for(i= id_hebra; i < tam_tabla; i=i+num_blog*num_he bras_blog){
for (posicion = 0; posicion < tam_cadena - 1; posic ion++){

IndexToPlain(); // Convierto indice a texto
PlainToHash(); // Convierto texto a hash
HashTolndex(); // Convierto hash a indice
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