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Abstract. Two new logics for verification of hyperproperties are pro-
posed. Hyperproperties characterize security policies, such as noninter-
ference, as a property of sets of computation paths. Standard temporal
logics such as LTL, CTL, and CTL" can refer only to a single path at a
time, hence cannot express many hyperproperties of interest. The logics
proposed here, HyperLTL and HyperCTL®, add explicit and simultane-
ous quantification over multiple paths to LTL and to CTL". This kind of
quantification enables expression of hyperproperties. A model checking
algorithm for the proposed logics is given. For a fragment of HyperLTL,
a prototype model checker has been implemented.

César Sanchez ¥ itrodustin

. Trace properties, which developed out of an interest in proving the correctness of
D I r e C to r programs [32], characterize correct behavior as properties of individual execution
traces. Although early verification techniques specialized in proving individual
correctness properties of interest, such as mutual exclusion or termination, tem-
poral logics soon emerged as a general, unifying framework for expressing and
verifying trace properties. Practical model checking tools [11,16, 28] based on
those logics now enable automated verification of program correctness.

. Verification of security is not directly possible with such tools, because some . A

F u I | P rOfeSSO r e n I M D EA_S Of important security policies cannot be characterized as properties of individual ICI o n e n :
execution traces [38]. Rather, they are properties of sets of execution traces,
, also known as hyperproperties [15]. Specialized verification techniques have been
o M etOd OS fo rm a Ies developed for particular hyperproperties [5, 27,41, 43, as well as for 2-safety
properties [52], which are properties of pairs of execution traces. But a unifying
;. . program logic for expressing and verifying hyperproperties could enable auto-

° mated verification of a wide range of security policies.

Log I Ca CO m p u ta C I O n a I' te In this paper, we propose two such logics. Both are based, like hyperproperties,
on examining more than one execution trace at a time. Our first logic, HyperLTL,
HY T A 4 H generalizes linear-time temporal logic (LTL) [44]. LTL implicitly quantifies over
° Ve r I fl Ca C I o n y S I nte S I S) m ( only a single execution trace of a system, but [Hy]perLTL allows explicit quantifi-
cation over multiple execution traces simultaneously, as well as propositions that
stipulate relationships among those traces. For example, HyperLTL can express

° S . .
I Ste m a s re a Ctlvos M. Abadi and S. Kremer (Eds.): POST 2014, LNCS 8414, pp. 265-284, 2014.
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Abstract— We present a specification language and algo-
rithms for the online and offline monitoring of synchronous
systems including circuits and embedded systems. Such
monitoring is useful not only for testing, but also under
actual deployment. The specification language is simple
and expressive; it can describe both correctness/failure

along with that
are useful for system profiling and coverage analysis.
The algorithm for online monitoring of queries in this
language follows a partial evaluation strategy: it incre-
mentally constructs output streams from input streams,
while maintaining a store of partially evaluated expressions
for forward references. We identify a class of specifica-
tions, characterized syntactically, for which the algorithm’s
memory requirement is independent of the length of the
input streams. Being able to bound memory requirements
is especially important in online monitoring of large input
streams. We extend the concepts used in the online algo-
rithm to construct an efficient offline monitoring algorithm
for large traces.

We have implemented our algorithm and applied it to
two industrial systems, the PCI bus protocol and a memory

The results that our are
practical and that our specification language is sufficiently
expressive to handle specifications of interest to industry.

L. INTRODUCTION
Monitoring synchronous programs for safety and live-
ness properties is an important aspect of ensuning their
proper runtime behavior. An offline monitor analyzes

the specification. Offline monitoring is critical for testing
large systems before deployment. An online monitor
processes the system trace while it is being generated.
Online monitoring is used to detect violations of the
specification when the system is in operation so that
they can be handled before they translate into observable
and cascading failures, and to adaptively optimize system
performance.

Runtime monitoring has received growing attention in
recent years 1], [2], [3). While static verification intends
to show that every (infinite) run of a system satisfics
the i runtime 1s only
with a single (finite) trace. Runtime monitoring can be
viewed as an extension of testing with more powerful
specification languages.

The offline monitoring problem is known to be casy
for purely past or purely future propertics. It is well
known that for past properties, the online monitoring
problem can be solved efficiently using constant space
and linear time in the trace size. For future properties, on
the other hand, the space requirement gencrally depends
on the length of the trace, which suggests that online
monitoring may quickly become intractable in practical

1 s with traces ding 10° I steps.

In this paper. we present a specification language,
intended for industrial use. The language can express
properties involving both the past and the future. It is a

ional stream language like LUSTRE [4]

traces of a system post-simul to spot violati of

This research was supparted in part by NSF grants CCR-01
21403, CCR-02-20134, CCR-02-09237, CNS-0411363, and CCF
0430102, by ARO grant DAADI9-01-1.0723, by NAVY/ONR con-
tract N0OOD14-03-1-0939, by the Sicbel Graduate Fellowship, and by
the BMBF grant 1 1S C38 B as part of the Verisoft project

of the 12th Temporal

1530-1311/D5 $20.00 & 2005 IEEE

and ESTEREL (5], with features that are relevant to our
problem at hand. It is parsimonious in its number of

ions are 3 from three basic
operators), but the resulting expressivencss surpasses
temporal logics and many other existing formalisms

and Reasaning (TIME'05)
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Abstract. In this paper, we address the problem of the (reactive) realiz-
ability of specifications of theories richer than Booleans, including arith-
metic theories. Our approach transforms theory specifications into purely
Boolean specifications by (1) substituting theory literals by Boolean vari-
ables, and (2) computing an additional Boolean requirement that cap-
tures the dependencies between the new variables imposed by the literals.
The resulting specification can be passed to existing Boolean off-the-shelf
realizability tools, and is realizable if and only if the original specification
is realizable. The first ibution is a brute-force version of our method,
which requires a number of SMT queries that is doubly exponential in
the number of input literals. Then, we present a faster method that
exploits a nested encoding of the search for the extra requirement and
uses SAT solving for faster traversing the search space and uses SMT
queries internally. Another contribution is a prototype in Z3-Python.
Finally, we report an empirical evaluation using specifications inspired
in real industrial cases. To the best of our knowledge, this is the first
method that Is in Bool LTL realizability.

1 Introduction

Reactive synthesis [30,31] is the problem of automatically producing a system
that is guaranteed to model a given temporal specification, where the Boolean
variables (i.e., atomic propositions) are split into variables controlled by the
environment and variables controlled by the system. Realizability is the related
decision problem of deciding whether such a system exists. These problems have
been widely studied [17,21], specially in the domain of Linear Temporal Logic
(LTL) [29]. Realizability corresponds to infinite games where players alterna-
tively choose the valuations of the Boolean variables they control. The winning
condition is extracted from the temporal specification and determines which
player wins a given play. A system is realizable if and only if the system player

This work was funded in part by the Madrid Regional Gov. Project “S2018/TCS-
4339 (BLOQUES-CM)”, by PRODIGY Project (TED2021-132464B-100) funded
by MCIN/AEI/10.13039/501100011033/ and the European Union Next Generation
EU/PRTR, and by a research grant from Nomadic Labs and the Tezos Foundation.
© The Author(s) 2023

C. Enea and A. Lal (Eds.): CAV 2023, LNCS 13966, pp. 305-328, 2023.

https://doi.org/10.1007 /978-3-031-37709-9_15

and Reasaning (TIME'05)

Authortzng oarsed use g % IEEE Xpior, Dowrkoaded on Getsbar 20, 2908 a1 10:36 ¥om EEE Xghor, Resticions apsly.

‘‘‘‘‘‘‘‘‘‘‘ T e

dea

21 de octubre



redi
madrid
Cesar Sanchez

Professor of Computer Science, IMDEA Software Institute
Verified email at imdea.org - Homepage

Formal Methods Logic Reactive Systems Computer Science

TITLE : CITED BY

Temporal logics for hyperproperties 408
MR Clarkson, B Finkbeiner, M Koleini, KK Micinski, MN Rabe, C Sanchez
International Conference on Principles of Security and Trust, 265-284

Lola: Runtime monitoring of synchronous systems 405
B d'Angelo, S Sankaranarayanan, C Sanchez, W Robinson, B Finkbeiner, ...
Temporal Representation and Reasoning, 2005. TIME 2005. 12th International ...

Algorithms for model checking HyperLTL and HyperCTL 219
7 7 B Finkbeiner, MN Rabe, C Sanchez
Ce Sa r Sa n C h eZ International Conference on Computer Aided Verification, 30-48
. A survey of challenges for runtime verification from advanced application domains 145
Director (beyond software)

C Sanchez, G Schneider, W Ahrendt, E Bartocci, D Bianculli, C Colombo, ...
Formal Methods in System Design 54 (3), 279-335

Runtime verification for decentralised and distributed systems 105
A Francalanza, JA Pérez, C Sanchez
Lectures on Runtime Verification: Introductory and Advanced Topics, 176-210

Full Professor en IML

Verifying hyperliveness 96
, N Coenen, B Finkbeiner, C Sanchez, L Tentrup
[ M etod OS fo r m a I e International Conference on Computer Aided Verification, 121-139
, Regular linear temporal logic 92
® 1 1 M Leucker, C Sanchez
I—Og I Ca CO m p u ta C I Theoretical Aspects of Computing—ICTAC 2007, 291-305
£ HP4 4 Striver: Stream runtime verification for real-time event-streams 88
hd Ver|flcaC|0n y Slnt F Gorostiaga, C Sanchez
International Conference on Runtime Verification, 282-298
L] . SUPWALE [CIAMUOLSIUPS amoug o1me 1an 1emporal anNo reEsonng (1 imMe u)
* Sistemas reactivos _ o et vt s 5 e s
M. Abadi and S. Kremer (Eds.): POST wose;smvooowss; TSy e

® Springer-Verlag Berlin Heidelberg 2014

César Sanchez

YEAR

2014
2005
2015

2019

2018
2019
2007

2018

rinstitutoy _

Cited by VIEWALL
All Since 2020

Citations 3096 2101
h-index 24 22
i10-index 60 39
460

345

230
TTHILE
0

2018 2019 2020 2021 2022 2023 2024 2025

Public access VIEW ALL
5 articles 53 articles
not available available

Based on funding mandates

Co-authors

Felipe Gorostiaga
IMDEA Software Institute

s, Bernd Finkbeiner
Professor of Computer Science

. Martin Leucker
= Professor of Computer Science

EDIT

21 de octubre



redi ) . 5
/4,755 Equipo de REDIMadrid =i dea

César Sanchez David Rincdn Alejandro Recio Carlos de Higes

Director Coordinador Técnico Técnico de soporte Técnico de red
+ Apoyo de IMDEA-Software:

» gestion y soporte administrativo (Maria Alcaraz y su equipo, Manuel Carro, Antonio Fernandez-Anta)

* técnico (Juan Céspedes, Roberto Lumbreras, Tomas Kriukelis, David Colera)

César Sanchez 21 de octubre



redi . .
madic  Introduccién =i dea

Jerarquia de redes telematicas de investigacion:
* GEANT: Pan-Europea

 RedIRIS: Espana

* REDIMadrid: Comunidad de Madrid

Regulado por acuerdo marco

Sabado 1 junio 2002 BOE ndm. 131
pa e Iberoa-
11, de 13 de M |N ISTER'O MAUrid, 0 Ue Mayo Ue ZUUL.—Iul DECTELArIO Ue LSLAU0, INAIIIOIL IVATLINOI
\ de Espafia ’ Sufiol.
- onginin DE CIENCIA'Y TECNOLOGIA
ecretaria de ANEXO
ica, sin per-
«erio de Edu- 10663 . - . . Protocolo General por el que se establece el Acuerdo Marco entre el
 juzgue mas JESOLUCION de:0 deimanoide 200K de la] Secvetaria de Ministerio de Ciencia y Tecnologia y la Comunidad Auténoma de Madrid
n, conforme Estado de Politica Cientifica y Tecnologica, por la que se 1 di ion d tuaci teria de i acién ci
' dispone la publicacion del Protocolo General por el que para la coordinacién de actuaciones en materia de nvestigacién cien-
o se establece el Acuerdo Marco entre el Ministerio de Ciencia tifica, desarrollo e innovacién tecnolégica
inisterios de y Te faylaC Autd de Madrid para
aran, ar}ua.l— la coordinacion de actuaciones en materia de investigacion - =t s I
a capacidad cientifica, desarrollo e innovacion tecnolégica.
resupuestos

César Sanchez 21 de octubre



di
%Egdré Geant (Red Europea) dea

e Fibre
e Spectrum
Connected Regional Network

essmw Leased Capacity

=

(Financiada por la UE)

César Sanchez 21 de octubre




di 7
%E&d RedIRIS (Red Espanola) =i dea

Huella de fibra de RedIRIS-NOVA

‘I
‘l (’_\
1 NOVA '

Version Noviembre 2015

CCCCCCC

lllllllllllllllll

César Sanchez o oo 21 de octubre

-----------------



redi . . i
/2,755 REDIMadrid (1a Red de Madrid) =i dea

» — .
U ‘XM Universidad Auténoma
: o MS I C

BUSINESS&MARKETINGSCHOOL

S

POLITECNICA

%\"5{% Universidad
de Alcald

s /4
COMPLUTENSE v
DDDDDD SASA DE VELAZQVEZ
. gash e veLAzQTLz
i dea redi
- < .
madrid b @R

red.es (Financiada por la
Comunidad de Madrid)

= Universidad
Rey Juan Carlos

ucdm + CEU

artoi 32 instituciones afiliadas

WY Universidad
Europea

César Sanchez 21 de octubre



redi
madrid

Topologia Fisica Actual CORE (fin 2025)

César Sanchez

GE 105 HEyes £ W T
£ G0kgs0 . i Mecc
\ T =3 5 &
\ 3 oy 14-103 § 2 o 5 Camarma de M-12)
= E g Esteruel
UAM | , e
%, E3
Alcobendas %
o FUENCARRAL-EL . M113 —_
PARDO iz 3 Ajalvir i3
[ 5o] ; AT
- =
’ " 2 M21
y 9?’ ‘La Moraleja | \ -
M 4
% S
10péra % Paracuellos { — — =
\ S . de Jarama :' €00
! M-605. W00 '
Las Rozas 1 LogrofC: [
% A m
| -; | o= de
[EE}=Aeropuerto Adolfo Sy @ i
£ arneina SuérezMadrid-Barajas Los Berrocales |
Majadahonda Ori, m =L ] del garama f ps A H
= R -1 B | y = A P
M@CIEM fanias- | ‘de Madrid-Torrejon
\ Torrejon \ e
I de Ardoz 300
- i Los Hueros
) CIUDMITINEAL it "~ oy . - o
|  concepcion 21 ) \ Parque Furapa de
| A Torregon de Ardoz
SAN BLAS
M-516 e Fetnand M-224
Coslada anenaico ) 220
; de Henares (b4-300
Boaila |MDEA ; o T
del Monte . CENTRO RETIRO J§' wiasnoguina Miaroz ¥
| = IMPERIAL - MORATALAZ N M-225 Torres de
Software ‘ N
LATINA ARG =3 : Bk e
- ATOCHA, ! e Mejorada ;
SAN i VICALVARG == - ", del Campo WA
i BUENTE DE -t 4 \ el EsTES
VisTh ALEGRE VAL LECAS 4 7 2
i \ USERA SANTA ELIGEN Rivas de . Loeches
[14-50 | BAADOLGNGD. ! \ Jarama e
i Nenrntvis. Lsioico 224
CUATRO VIENTDS o los R0 Ly co peRbN | OF VALLECAS o < Velilla de
il o ViLLADE % G Poi
SUENAVISTA ] A4 \ 7 - San Antonio e p 0
i - [ET} | VALIECAS % i o del
aeda padre Y ¢ M-a08.
i prayo 8548 M2 \ ~ \ a5 \
L0S ROSALES ! > /
% Rivas-Vaciamadrid M-220
Alcorcon \ VILLAVERDE p \ 7 h
M35 X
e # i = Campo Real
) - A -0 | < [7-3 T
'UC3M - : s
= \ | ; Nk LS
/ Méstoles | 0 \
- s w01 4 3 \
3 U R Jt E3 f La Poveda \
o % J .
o e / M-301
o g R - Getafe . . ﬁrganda \ S
¥  comasees® 5 i el Rey N
o L . -
i o * | £-907 | '\
Fuenlabrada CEpkbA e / .
\ erea Getafe 4 A |
' / I Y, | s W-229
o /
M-506. X
T M-220

21 de octubre



redi
madria 1 I i
Ge 10S Heyes > i F m
e [1-50 o &=
3 1-103 | & Camarma de BT
Dagaizg s Esteruelas
de Arriba g
A o Alcobendas
o FUENCARRAL-EL —
PARDO {14-12 ] -2 |
] [r-2]
M21
%
% ‘La Moraleja | L
% - A2
b & £ Paracuellos
% ) 5o de Jarama £-20]
| 603 P VaLoEFUE P
VALVERDE
Las Rozas ¢ Logrofi
| ® i
i Aeropierto Adolfo s
. ey SudrezMadrid-Barajas Los Berrocales,
Majadahonda —*Ormy poiss oo i L s AH
HORTALEZA hiloe: i
ANILLAS BARAJAS de Madrid-Torrejon -
2. L -,
Torrejon <2
Real Ciub d: --a catk
UN! ED T ;9 de Ardoz o
.
- OO : s ¢ Los Hueros T
501 Pozuelo — VALLeb 50 3 o
Parque Eurapa de
: MONCLOA Torrején de Ardoz
pu W C My F’M
M-516 M-224
0 ey L AMANS Coslada  S8n Femando o
[ 11-30 ALY ~ ¥ de Henares e
fho13] {11-40 Somosaguas - S
Madrid W
Boadila IMDEA
del Monte o ity ﬂnm?mmnmz p .
2 IMPERLA 7 AN =g M-225 orres de
Software e N i T o----r 12 Alameda
Nesal ARDANZUELA E Mejorada
SAN iS10F . {A-3] del Campo M-300.
e
PUENTE DE A o Esiret®
VISTAALEGRE VALLECAS
f LASABOILAS Rivas de Loeches
eer] CARABANCHEL B Jarama o
3 ENTREVIXS = M:224
GUATRO VIENTOS e sanpei S Velilla de
SUENAVISTA 2 = viLLA‘DE San Antonio e e Poi
. e {120 § vALITEEAS whchs o el
ayo 8844 MaC! =1
i IMBEA’ tos o i
AOSALES —wn g .
Rivas-Vaciamadrid M-220
Alcorcon N%WOTkS =3 VILLAVERDE
w855 =
/ B Campo Real
hiEAT g o 73
o «0: UC3M g -
 #4-209 |
Mostoles
M-405 Me301
. U R J.c > i = La Poveda
S 301
T L&l M4aT Getafe i Arganda M-220
£ carr a Fgrales & del Rey
o= i wasi [+]
5001 |
Fuenlabrada CEFARMA Base ey
Aérea Getafe T e
G =
M-220

César Sanchez

W-506

dea

21 de octubre



redi
madrid

r

Topologia Fisica Objetivo (CORE) =i dea

W/

César Sanchez

Lo

Las

Boailla
del Monte

o pern®

-85
-~ Ef

&
Eoa
&

w

mEm
IMDEA
Software©

aela Made Y

_ - _ software

N\ de 108 Heyes
L Gokgso
M-816 1103 | o
\ g Bigan € Camarma de M-121
.{_%L e % Esteruelas
5
Alcobendas / %
FUENCARRAL-EL — / \ g ™
- - Ajalvir

E-5

ELPARDO.

La Moraleja

. (J
Paracuellos — > —
de Jarama Y o o

VALOEFUENTES

o
Tiw TR
f=hegoplierto Adollo |

i SuérezMadrid-Barajas Los Berrocales |
GadTILA || PINAR DEL BEY Aeiaania

AT \ HORTALENE | 4 . :

ATALAYA AL ‘de Madrid- Torrejon

CHAMARTIN

CIE

VALDE:

= Torrejon o
e RNF@CSIC #ovens de Ardoz e
MINDS "= = 7ol
CIUDAD'LINEAL (hi-208 2% Los Hieros EEE
Parque Eurapa de m
Torrejon de Ardoz
M-224
Coslada San Fernando i
de Henares (W
s
208
M-225 Torres de
lisTofICo oE la Alameda
= VICALVARD Mejorada
"M,MMP* [ 2 D 2 \ g VICALVARQ, %, del Campo e
A PALOMERAS = A E
CAMPAME s PUENTE DE MERAS J . st
g ViSTA ALEGRE i LEcas | ST J ol
LASAGUILAS fusena Rivas de N — Loeches
& ! Jarama = e
3 % M-224
CUATRO VIENTDS W vellade
\. San Antonio Cape Eusg, Poi
L del
L ¢ 5 : | | o
Rivas-Vaciamadrid 1 M-230
\ |
=
Campo Real
[
— m %
{14209 |
La Poveda
N Arganda T
{ - comapraies®”
Fuenlabrada St e
erea Getafe )
b §om-229 Wz
(58] |
4508 [
| La ot

s 21 de octubre



redi
madrid

Topologia

Fisica 2025 (CORE + expansion)

César Sanchez

de I0S Heyes s 3 £ & Mecc
EL 8080s0 » L >
¢ 616 [ 1+-s0 | % &
\ & :;% [tos ] 3 Camarma de M-121
U AM £ ;’:‘{:“E‘; g Esteruelas
g
o= FUENCARRAL-EL Alcobendas
o . -E
b PARDO “ LREE
A = 0 150 e
Ak Ky | UAH
7% £1panno i f |
S 3 \ /La Moraleja
1opéra &N ED Paracuellos
\ = de Jarama
%1‘ e g vloeruages 2
Las KQas 4 Loarofid .
‘ % 1 ¥ 4
| | { Al e
X ¢ [EEY-—Acroplerto Adolfo H es
‘ P o | SudrezMadrid-Barajas Los Berrocales *
Majadahon gt “‘. | del Jarama /' e UAH
HORTALEZS w11 { /R o L 2
CHAMAHTUTLM A Tp il AN S Rdrid-Torrejon I 2
\ = AMEDA | 3] i 04 — cate
- RM@CSIC -oie 1 ; de Ardoz 3 50
\ hisa’ f Los Hijeros EREa
M-503. = O i
| \ Parque Eurapa de " -
f Torrejon de Ardoz,,
U =R | San Fernando » S bz
o~ AMPOSTA . Coslada Yo foiares. | X * =i M-220
sosdlla |MDEA 77 o
oadlilla A W6
del Monte - i R o it
i & P 235 orres de
Software la Alameda
- & Mejorada
wway %, del Campo M-ata!
o o
e PUENTE DE NewEd el Earel®
& Eva atecre VALLECAS i
i \ Rivas de Loeches
= fso] Jarama 4500
(o M8
Celoe bRy, ooz . Velillade
cASiTa V\/;LE?CEL ES San Antonio Cae g, B
- g N\ LIE \ i 2 del
! Nm\,-.\uvmﬂ" | - \ s S e \
L0 ROSALES e
Y Rivas-Vaciamadrid | M-z20
VILLAVERDE \ N
856 ¥
L shw AnoREs b Gampo Real
3 f L8 -5 | -3 QR
e IWteanE
Mostoles .
: o TN W/ \ \
U R Jﬁ 4 d €5} f La Poveda -
i V] Q y
ot — = . UC3M S e wganda L=
¥ - coma prales® B el Rey b
¢ e s s o]
f ’ 5 . £-901 | N
Fuenla’ada ) &' | CEFARMA Base M-506. \
) -‘ Aérea Getafe | | mze Mz
= URJC mes oy e |
a UPM wa

21 de octubre



redi
madrid

Red Cuantica (MadQCl)

César Sanchez

GE 108 HEyes T e &
£ 60kgso 3 Mecc
616 =3 % £
\ L 5, {4103 § g & Camarima de w1zl
° ¥ L7 % Daganzo o Esteruelas
& de Arriba 5
4 =<
o . o607 Alcobendas %
oo T FUENCARRAL -EL * M M =
PARDO =R Ajalvir X -
-2
52 {1450 A
. | UAH
% epao) | |
% 1 ‘La Moraleja /| -
Ml
- = (J
e UNED _ Paracuelos .
\ % i . L - de Jarama =)
% o505 E vAleeryages B
3 ¢ =
: o =0 VALVERDE
as Kbas st f
' WUAM CEwi o
J - | L | =R Al e
PERAGAANOE < R}~ Aeopuerto Adolfo Hel
yfELanseina 1P AR Wi SR | Sudrez Madiid-Barajas LodsE ?j:rzc,:aes UAH
4 ¥ 5 L -
IEMA ; N SHORTALEZA A | Aciouen e
VALDEZARZA CANILLAS BARAJAS | adrid-Torrejon
CHAMARTIN 32

UNED

M-503 Pozuelo L

SAN BLAS

MLANIEDA
£ OSUNA

M-516 1 .
g Himens MANCA / Coslada  San Femando
. de Henares
J I UCM -
b vMoBR Y T :
Boadilla
det Monte 44 RETIRO. J iikmnocoina 7 £ i 30-50
= MDRATALAZ
Software 4 "L
NUMANGIA firso]
— : » s
o sl o
o e it LEcas i
0 h AS USERA !U‘RJC Rivas de
OLONGD Jarama
o= - e \ :
A Selac Pl enTE OF VAL LEOAS .
; i y o} €
B ot o L ‘
Los hosacss S
{131} J i
| Rivas-Vaciamadrid
% Alcorcon 125 ] VILLAVERDE
W85

= i o)
Mostoles

| URJE.

Getafe

=3
M-a08

)
A
coma oo &

CEFARMA Base
Adren Getafe

ACIAM;

BRI

de Ardoz Lz
CETY
Parque Eurapa de
Torrejon de Ardoz
M2
Mejorada
. del Campo W3t
e ln et
Loeches
M-300
velilla de
San Antonio
= \
[ s
M08
 #4-209
La Poveda AN
Arganda
del Rey
73]
5901 | X
M-sa6.
-

cant
{14-204 |
4]

w00

Los Hueros

M-324

M-220
(M3t
W28

Torres de
|a Alameda

Cafly Poi
g,
. del

M-z20

Campo Real

21 de octubre



di i
/4,755 Evolucion (-2025) @i dea

1 1 1 1 1 1 1 1 1 | 1 1 1 1 1
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

César Sanchez 21 de octubre




di i
/4,755 Evolucion (-2025) @i dea

Al

\

1 1 1 1 1 1 1 1 1 | 1 1 1 1 1
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

César Sanchez 21 de octubre




% redi
madrid

Evolucion (-2025). Fibra Oscura

km

César Sanchez

CuU

UAM
EIT

MadQClI

400

300

200

100

1 1 1 1
1 12 13 14 15 16 17 18 19 20 21 22 23

25

1 1
26 27

21 de octubre



km

di i
/4,755 Evolucién (-2025). Fibra Oscura zi dea

Ge 108 Heyes = ) - o 4 Mect U /_\ '_'
UAH

19 M

MadQCl / 500 T

400 T

300 T

200 <

100 +

1 1 1 1 1 1 1 1 1
1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

César Sanchez 21 de octubre




redi
madrid
routers
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Fase de despliegue ( -2020):
1. Completar la red troncal (UAH) = en proceso de desplieque (RedIRIS)

Fase expansion (2024-26):

1. Backbone a 100GB (y transicién progresiva a 100GB) = en proceso (80%)
2. Nuevas fibras oscuras (expansion) = en proceso (90%)

3. Nuevo CPD en IMDEA Software = operativo

4. Nueva red de investigacion (MadQCl + ...) 2 desplegada

Fase estable (2026-):

1. Alineamiento de IRUs
2. Seguridad

3. Investigacion
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REDIMadrid en cifras (2025)

=i dea

Fibra oscura REDIMadrid:

Total: = 635km:
000 - 355 un par

O - 280 dos pares
Telefénica Correos Telecom

Usuarios de REDIMadrid:
Numero total de usuarios: 354.737
Numero total de mujeres: 179.149(50.51%)

chnie

NETWORKS

AntiDDoS: Genie networks

César Sanchez

Trafico cursado en REDIMadrid:

Total: = Picos de 65Gb/s

Todas las universidades con
posibilidad de conexién a 100G.

Equipos de comunicaciones:

Router instalados: 20, de los cuales 2 son
P’sy 2 son RR.
Numero total de equipos opticos: 9

JuniPer ciena

NETWORKS
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Capacidades Actuales (2025)

Entidades miembros de REDIMadrid

Velocidad de acceso

Conexion de REDIMadrid con RedIRIS en CSIC

100 Gbps (+)

Conexion de REDIMadrid con RedIRIS en CIEMAT

100 Gbps (+)

Conexidn de REDIMadrid CSIC con REDIMadrid CIEMAT 200 Gbps
Consejo Superior de investigaciones Cientificas (CSIC) 10 Gbps

Instituto CIB (Centro de Investigaciones Bioldgicas) 10 Gbps
Universidad de Alcald de Henares (UAH) 10 Gbps / 10Gbps
Universidad Auténoma de Madrid (UAM) 10 Gbps / 10Gbps

LHCONE

10 Gbps (+100GBps)

Universidad Carlos Ill de Madrid (UC3M)

40 Gbps / 40 Gbps

Universidad Complutense de Madrid (UCM)

40 Gbps/ 40 Gbps

Univesidad de Educacién a Distancia (UNED)

10 Gbps/ 10 Gbps

Univesidad Politénica de Madrid (UPM)

100 Gbps / 100 Gbps / 10 Gbps

Universidad Rey Juan Carlos (URJC)

10 Gbps / 10 Gbps (+)

Instituto IMDEA Software 10 Gbps / 100 Gbps
Instituto IMDEA Networks 10 Gbps / 10 Gbps
Instituo IMDEA Energia 100 Mbps

Instituo IMDEA Nanociencia 1 Gbps

Instituo IMDEA Materiales 100 Mbps
Universidad Europea de Madrid 10 Gbps

Casa de Velazquez 1 Gbps

Universidad San Pablo CEU 10 Gbps

ESIC 1 Gbps

CUNEF 1 Gbps

César Sanchez
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