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Resear
h A
tivities1. Power 
ontrol algorithms for 3G mobile 
ommuni
ation networks. In the 
ontext of the 3rd gen-eration mobile 
ommuni
ation networks su
h as UMTS, all users share the same radio spe
trumfor their 
ommuni
ations. Signals from di�erent users are 
ode separated ([Mul04, Spr02, HT01℄).Consequently, power 
ontrol involves a trade-o� between providing a guarantee of QoS for a givenuser on one hand, whi
h implies in
reasing transmit power, and redu
ing power 
onsumption andinterferen
e to other users on the other, whi
h in turn is obtained by redu
ing the said transmitpower. My 
ontribution to this proje
t 
onsisted in
• analysing one existing industrial solution (Al
atel-Evolium Release 3) in order to determinea relation providing the optimal values of di�erent parameters of the algorithm,
• analysing and optimising an advan
ed solution (Al
atel-Evolium Release 4) in order to ensurefaster 
onvergen
e of the algorithm,
• development of a new algorithm for multi-servi
e situation.This proje
t was supervised by P. Agin (Al
atel-Evolium, Fran
e). Along with the probabilisti
analysis, it involved a development of the relevant software modules for a Link Level Simulator forsubsequent veri�
ation by simulation of the full radio transmission 
hain.2. Optimal Hybrid ARQ 
ontrol s
hemes for HSDPA. In the 
ontext of High Speed Downlink Pa
ketA

ess (HSDPA; 
f. [Mul04℄) servi
e, an emphasis is put on transmitting available data as fast aspossible. Therefore an opportunisti
 s
heduling and 
oding approa
h is adapted. Whenever a blo
kof data 
annot be re
eived 
orre
tly, it has to be retransmitted. Turbo 
oding algorithm with 
odingrate 1/3 is used with subsequent pun
turing to adapt to the ne
essary transmitting rate. Thisallows at retransmission to send a set of bits di�erent from the one used at �rst transmission. Thiste
hnique is 
alled In
remental Redundan
y ([Per00b, Per00a℄). Another te
hnique � ConstellationRearrangement� 
onsists in using di�erent symbol 
onstellations to map blo
ks of bits to 
omplexsymbols ([Enh01, Fur01℄). Finally, a third te
hnique 
alled Chase Combining 
onsists in addingthe new re
eived soft de
ision bits to the old ones rather than repla
ing them ([Cha85℄). A 
ontrols
heme de�nes the sequen
e of di�erent parameters for ea
h of these three te
hniques to be utilisedat 
onse
utive retransmissions. My 
ontribution to this proje
t 
onsisted in a 
ombinatorial analysisof all su
h 
ontrol s
hemes to propose the optimal ones, and an implementation of the relevantsoftware modules in the Link Level Simulator for subsequent veri�
ation by simulation. Thisproje
t was supervised by P. Agin and N. Billy (Al
atel-Evolium, Fran
e).3. Performan
e analysis of demodulation proto
ols in the 
ontext of spatial diversity. In the 
ontextof spatial diversity, when the Binary Phase Shift Keying (BPSK) modulation is used to trans-mit 
hains of bits. The re
eiver obtains several 
opies (bi, ri)

N
i=1 of the transmitted informationbit (bi) ea
h a

ompanied by a referen
e value (ri). The Bit Error Rate (BER), i.e. the 
ondi-tional probability that the bit is de
oded as 1 under the 
ondition that the transmitted value is0, 
an then be expressed as P (U − V < 0), where U and V are two quadrati
 forms over al-phabets ∆ = {δ1, . . . , δN} and X = {χ1, . . . , χN}, where the for all i = 1, . . . , N , both δi and

χi represent mathemati
al expe
tations of probability distributions related to di�erent bi and ri([Bar87, Pro95℄). The formulæobtained in this 
ontext present a symmetri
al nature in termsof these variables, and therefore 
an be analysed by methods of algebrai
 
ombinatori
s (S
hurfun
tions, Young tableaux; see [Ful97, Ma
99, Knu70, DKT00, KV05℄). My 
ontribution to thisproje
t 
onsisted in generalising this approa
h to the probability of the type P (U − V < ε), whi
h
orresponds to a non-zero threshold for the de
ision algorithm. A quadrati
 numeri
ally stablealgorithm was proposed for 
al
ulating the 
oe�
ients of the Taylor de
omposition of this proba-bility, as well as a 
ombinatorial interpretation in terms of Young tableaux and a bije
tion betweenthose tableaux and 0�1 matri
es. This proje
t was supervised by D. Krob (É
ole Polyte
hnique,Fran
e).4. Systemi
 modelling. The word �system�, although frequently appearing in both industrial anda
ademi
 
ontext, does not really possess a stri
tly de�ned meaning. Indeed, di�erent systems(dynami
, Hamiltonian, syn
hronous, et
.; see in parti
ular [Fli81, BCE+03℄) are 
onsidered bydi�erent resear
hers and engineers a

ording to the nature of their parti
ular problem. Theseapproa
hes give rise to di�erent models (�nite automata, state
harts, hybrid systems, et
.; [Bro97,



ACH+95, Hen96, Sev01℄) and di�erent modelling, spe
i�
ation, and veri�
ation tools (MathLab,Esterel, S
ade, UML, et
.; ) 
hara
terised by extremely low interoperability due to a la
k of 
ommonsemanti
s. In this framework, we propose a low level model generalising the Turing ma
hine inorder to admit an input/output fun
tionality, a temporal hierar
hy (to re�e
t the di�eren
es in theoperating speeds of di�erent 
omponents), and 
ontinuous behaviour (as opposed to the dis
reteone). Our model allows to reunite most �
lassi
al� systems as they 
an be represented as its spe
ial
ases. It also introdu
es a new 
al
ulability theory on real numbers. This growing proje
t issupervised by D. Krob (É
ole Polyte
hnique, Fran
e).5. Formalisation of the BIP 
ompositional framework. BIP [GS05, BBS06℄ is a 
ompositional frame-work modelling systems on three layers: Behaviour, Intera
tions, and Priorities. This approa
h pro-vides a powerful and �exible way for modelling 
omponent-based heterogeneous real-time systems,en
ompassing at the same time di�erent paradigms of 
ommuni
ation (broad
ast, rendezvous), op-eration (syn
hronous, asyn
hronous) et
. A programming language implementing this model anda number of related tools have been developed in the laboratory.We have developed the Algebra of Conne
tors, formalising hierar
hi
al 
omposition of 
omponentsof a system, its semanti
s both in terms of intera
tions and in terms of 
ausality relation betweenthese. We have also exhibited a number of appli
ations of this algebra. Presently, we are workingon a notion of expressiveness for 
omponent-based models. This proje
t is supervised by J. Sifakis(VERIMAG, Fran
e). Publi
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