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Abstract This paper aims to identify exchange coefficients of a nonlinear polynomial
tri-compartmental catenary system of (a+ ) order. This is based on two principal
procedures. The first procedure presented is related to the recommended solution
consisting of introducing an adequate time t* > 0 in a way to be defined. That is to
say: wait a moment to allow the exchange to settle in the polynomial (« + ) order
nonlinear catenary system after injecting the quantity into the main compartment, then
measure this compartment with compartment 2, at this time ¢* > 0. In the second
procedure, we apply the Taylor formula to linearize the nonlinear system and identify
the exchange coefficients. In the end, we will prove that the linearization method is
stable.
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1 Introduction

In this paper, Nonlinear compartmental systems of polynomial type are encountered
particularly in population dynamics. These systems are controlled by the following
hypothesis: "The quantity passing from compartment ¢ to compartment j is equal to
szvfxf (8 = 0 if compartment j is outside environment)(see [2, 3, 5|) where x;(¢)
denotes the mass quantity of compartment ¢ at time ¢ and £;; the exchange coefficient
and «a, [ are constants characterizing the compartmental system. This is so-called the
hypothesis of order polynomial exchange (o + ). The results of the bicompartmental
system of polynomials are the result of the work of B. Hebri and Y. Cherruault (see
[5]). The problem here is to determine the exchange coefficients between compartments
by measuring of compartments the amount of the substance in a minimum number of
compartments (not all the compartments). After injecting an amount of substance into
compartment number one and waiting for a certain amount of time for the amount of
substance to reach the second and third compartments. By measuring the amount
of materials in the first and second compartments. The system is modeled using a
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nonlinear differential equation under the law of conservation of mass:

pri ; kjiz;(t) - ; Kiji(t)

JF J#i

—_— S
> quantities entering — )  quantities leaving

To be approximated to a linear differential equation using Taylor’s formula, the lin-
earization method is considered a stable method.

2 Definitions and notations

We consider the nonlinear tri-compartmental catenary system of polynomial type,
namely (Sl(\fi)), shown in figure (1).

Figure 1: (Sl(\fi)): Nonlinear tri-compartimental catenary system.

The mass balance principle in each compartment leads to nonlinear differential
equations (see [2]). The identification is done by exiting the system with and instan-
taneous injection of substance quantity a in the first compartment.

Thus we can say that the tri-compartmental catenary system is governed by the fol-
lowing differential system with initial condition:

(2 (t) = ka2 (D] (1) — ko ()25 (1) — kreas (1)
h(t) = kioaf ()25 (t) + ksoa§ (£)25 () — (k! (t) + k23$§(t)> z5(t)
2 (t) = kasx$ (1) 75 (t) — kgoa§ ()25 (¢) (1)
z1(0) =a

\ x3(0> =0
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The state function of the tri-compartmental catenary system (SI(\IE)), is:
F:R® — R3
(21,22, 23) — F(x1,22,23) = (f1(21, 22, 23), fo(z1, 22, 23), f3(21, 2, 23))
such that:
fi(xy, o, x3) = korx§ 371 — kpox§ x2 kiex$
fo(zy, 9, 23) = klga:l:vQ + k32x3x§ — <k2151:1 + k23x§> x§
fa(x1, 22, x3) = Kozl :L‘3 ksox§ xg

With these notations we can write the differential system (1) under the vectorial form:

X'(t) = FT(XT(t))

a (2)

3 Preliminary study

The partial derivatives of the function F' being:

( 0fy
8f (1,29, 23) = ﬂkglxgxf_l — odﬁg:c?_lxg — akad?
1
0 _
afl (551,33’2, 56'3) = ak21x2 1375_3 - 5]“51233'?95'23 !
T2
df1
) ) O
8x3 (961 T2 xs)
0
f2 (3517 X2, $3) Oékux?_lxg - 6k21xf_1x3
8%1
0 _
afz ($17l’2, x3) = Pkiazd $2 -I— 5k32$3$2 Y (kzwf + k‘23$§> x5 ! (3)
T2
0
f> ——=(x1, T2, x3) = akgrs™ 13:5 — k23:p§‘1mg
axg
df3
b ) O
s (351 X2 5E3)
0 _
afs (1, %9, 03) = avkgza§ 'y — Bhggagay "
T2
df3 s 3

-1 a—1
——(x1, T9, x3) = Pkozxiay  — aksex§ x5
\ 8x3
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The function F is differentiable in all point (1, xs, x3) such that z; # 0, 2o # 0 and
x3 # 0 for all & > 0 and all § > 0, and the Jacobain matrix is given by:

(DF(xhxz,xs)) =
—ag1 (21, T2, 23) — akyea§ ™! g2(21, 2, 73) 0
= 91($1,$27$3) —92($17$2,I3) - 93(1/‘17$2,$3) 94(961,$27$3)
0 93($1,$2,I3) —94(I1,952,903)

with:
-1

-1

a—1_0

91(21, T2, T3 = akyox] l‘gﬁ— Bko1x5x
a—1

Go (@1, T2, x3) = akoras ™ xf — Bkipafe

_ -1
93(331, T2, 5133) = akzﬁ% 1335 - 5k32$§$ﬂ
B—1

_ a—1,08
94(21, Ta, 3) = aksox§  wy — Pkosrix

For the linearization of the system (2) we apply the Taylor formula in the neighborhood
of the initial condition (a,0,0).
Remark 1. 1. F is not differentiable in (a,0,0) if « <1 or B < 1.

2. Ifa>1 and p > 1, F is differentiable in (a,0,0).

The Taylor formula applied in neighborhood of (a, 0, 0) leads to:

FT(xh T2, *1'3) =

= F"(a,0,0) + (DF) (0,0 (T1 — a, 22, xs3)" + (D*F) Ty — a, o, x3)°

(w01,702,703) (
with: (ze1, o2, Te3) = (1 + 0 (v1 — a) ,x9 + 0.29, 23 + O.23) with |0] < 1.

For ¢ sufficiently small, Our aim is to approach the differential system (1) on [0, ¢y] by
the following linear differential system:

Z'(t) = FT(aa 0,0) + (DF)(G,,O,O) (21 — @, 22, Zs)T (4)
with
aki.a®t 0 0
0 0 0

We remark that this matrix is not well adapted to make an approximation of the
exchange coefficients, so we introduce a temporization procedure. First we choose a
time t* > 0 close to 0 and consider the differential system witch governess the tri-
compartmental catenary system, represented by the figure (1), at time ¢*

( (1) = kana§ ()27 (1) — ko (D)5 () — kyews (t)
2h(t) = kaa§ (825 () + koa§ ()25 (t) — (ko (£) + ko (75)) x5 (t)
xégt)): kasag (£)25 (1) — kap§ (D)5 (t) (5)
z1(t*) = a,

\ 173(75*) =cC
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That we can write in the following equivalent vectorial form:

X' (1)) = FT (X7(1)
{ XT(#) = (au,b, ¢) (6)

The Taylor formula on the interval [t*, (] is given by:

FT(z1,29,23) = FT(a,,b,c) + (DF) (g, o) (T1 = @4, 02 — b, 25 — o)F

+ (DZF) (z01,702:703) (131 — 0, Ty = b, T3 — C)2

with: (21, a2, Te3) = (1 + 0 (1 — ax) , 22+ 0(x3 — b), 23 + 0(x3 — ¢)) with [0] < 1.
and:

—g1(as, b,c) — akyad™! ga(a, b, c) 0
(DF(G*,,,,C)) = g1(a, b, c) —g2(ay, b,¢) — gs(as, b,¢)  ga(as, b, c)
0 g3(a*7 b7 C) _g4(a*7 ba C)
such that:
g1(as, b, ¢) = akia? b’ — Bhobal ™!
go(as, b, c) = aky b tal — BkipatP1
g3(as, b, c) = akozc?b®1 — BhgpbP e
ga(as,b,¢) = kb’ ™ — Bhosc? 1
and

kglb“af — k:lgafj‘bﬁ — kleaf )
F™(a,,b,c) = | k12a2b° 4 kspc®b® — (krglaf + 1{72305) b ;
kngacﬁ — kggcabﬁ

For t sufficiently small, we propose to approach the differential system (5) on [t*, ts] by
the following linear differential system:

7' (t) = FT(a,,b,c) + (DF) (g, 5oy (21() = @, 20(t) — b, 23(¢) — )" (7)
We pose:
gl(a*7 ba C) = gT
92(0’*7 ba C) = g;
93(01*7 ba C) = g;
94(a*7 b, C) = g1
and

fik = kglbaaf — klga(jbﬂ — kleafj‘
f2* = k‘lgafbﬁ + kggcabﬁ — (k)glaf + k?ggcﬁ) b™
fék = kggbacﬁ — k’ggcabﬁ

We can prove that there exists v, and w such that:

Y
(DFa.pe)- | 0 | = F"(as,b,c)

w
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indeed
—g7 — akyad™? 9 0 v fi
g1 —-9—95 g1 |-| 0 |=|Ffs
0 93 —9; w 3
Or:
-9y — akieal 'y + g50 = ff
gy — (95 +93)0 + giw = f3
930 — gaw = f3
then:

(A B+E)
T = k a—1 -
AR1eQx «
59— fi—
9
_ 90— f3

\ 94

Therefore we consider the linear differential system:

21(t) — ax +
Z'(t) = (DF(a, b)) 2o(t) —b+ 06
23(t) —c+w

The change of the state function of the tri-compartmental catenary system:

yi(t) z1(t) —as +
Y(t)=| w(t) | =] =2{)-b+d (8)
ys3(t) 23(t) —c4w

permits to reduce the system (6) to the canonical form:

(1) = (DF), . Y (1)
{YT@*):( ) ©)

The matrix (DF)(Q*J),C) has the general form of a compartmental matrix, so to this
matrix we can associate "formally" the compartmental linear system that we will note
<Sl(;2p)> represented by the following figure:

with:

( P12 = O[k?lg(lfilbﬁ — ﬁlebaaffl
po1 = akyn b tal — Bkipafb’
Pz = tkagcPb ! — BhaabP e
P32 = akgab’c® ™! — Bhosc?1b”
ps1=p13 =0

| Pre = akyeal™!
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Figure 2: (Sl(ip)) Linear model approximation.
Proposition 3.1. The real numbers a,, b and c such that

p12 >0 p21 >0 pas >0 P32 >0
exist if and only if « > 5 > 1.
Proof. Knowing that:

{ P12 >0 { akiaa® — Bknb®Bal > 0

pa1 >0 aka1b®Ba? — Bkipa® > 0
and

pag >0 ako3b® — Bkggbﬁca_ﬂ >0

P32 > 0 Oé]fggbﬁca_ﬁ — Bk’g:gba >0

Let @ = k12a® and y = ko 0% ? and 2 = akysb® and w = Bksgb’cF
(x>0 and y>0 and z>0 and w > 0)

{p12>0 <:>{ozx—5y>0

po1 >0 ay — Pz >0
paz >0 az — Pw >0
{p32>0 <:>{ aw — Bz >0
If o < 3 the solutions set:
ax — Py >0
{ozy—ﬁx>0
and
az — Pw >0
{Ozw—ﬁz>0
is empty.
If &« > 8 > 1 the solutions set :
axr — Py >0
{ay—6m>0
az — Pw >0
{Ozw—ﬁz>0

is not empty.
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3 Calculation of the exchange coefficients
{pij/ ij=1,2,3 i+#j} of the system (s{;”) and the
excretion coefficient py,

Note the compartmental matrix of the linear model (S (TP)> by:

lin

—P12 — Pie P21 0
A= P12 —P21 — P23 D32
0 P23 —P32

The matrix A being tridiagonal and compartmental, its eigenvalues noted \; {i € {1,2,3}}
are real, distinct and strictly negative. The general solution of the system is written
in the form

yi(t) = Blexp(\it) Vie {1,2,3}
=1

where (7 (i € {1,2,3}) is the Jacolumn of the matrix B of the elementary masses,
associated with the ¢ compartment.

The measurements made on the first and the second compartment make the mini-
mization of the functional J introduced by Y. Cherruault [4| possible:

m 2

3 2
J(Bl M, 1<i<2,1<k<3)=> > <x,-(tj) - Zﬁ,ﬁe*ktﬂ') (10)
k=1

j=1 \ i=1
we put:
minJ (B, M, 1 <i<2,1<k<3)=J (B, A1 <i<2,1<k<3)
The functions ¢;, i € {1,2,3} defined by:
@i (t) =exp (Aft) ,Vt>t", Vie{l,23}

being linearly independent we can conclude that for every integer ¢ in {1, 2,3} we have:

ANFB = —p1afBlt — pieB 4 pu B (11)
)\:@2* = P125i1* — pmﬂf* — ngﬁf* =+ pzzﬁf (12)
AE‘B? = p235i2* - pszﬁ? (13)

From the relationship (11) for ¢ = 1 and ¢ = 2 we have:

N B = —p1aB* — prefit + pa B
A5 21* = _pIQB%* _pleﬁ%* +p21522*

we conclude then that if 57*85* — 3% 51 # 0:

_ (A=) BBy

P21 = * Q1% * Q1% (14>
T Byt — B3 AL




12 Ayoub K., Khelifa S.

We recall that:
ilfll* = kglbaa’f — klgafbﬁ — /ﬁeaf

and
Ix o1 (kY vk lk ATEF * ol ASt* * olx AXt*
o =y (1) = A8 e+ ApBy et + A3B5Te

we recall too that:
P12 = aklga‘j‘_lbﬁ — ﬁkglbaaf_l

P21 = akglbo"laf — ﬁk’lgafbﬂfl

therefore:
Ay
—P12 = k’lg(lfbﬁ — ék@lbo‘af
Q Q
—P21 = lebaaf - éklzafbﬁ
« «
consequently:

« b
—a P12 — —P21 = klgafbﬂ — k?glbaaf — é (k’glbaaf — klgafbﬁ)
(6] (6] (6]

Ay b , B8,
b pis = —par = —a) = kyead — = (a) + kyeal
aplg ap21 z]) 160 a(xl) 1ea3)

and we have:
(07
klt’:‘a* - _ple
o

therefore: ; 8 8
(s . Qs
S (- 2) (- 2)
o o o o «Q
then:
a* a* b *
—P12+ —Pie (1 + é) = —pa1 +27) (—1 - é)
o « «Q o «

the relationship (11) for ¢ = 3 gives:

5§*P12 + Puﬂé* = p21532,* — Xéﬁé*

therefore:
Ay Ay B b % 6
- — (1+—) piz \ _ [ —pa+ ) <—1——>
o @ @ Die N @ 2 1 @
§* :%* pB3" — A3657
by putting:
G 0 <1 N é)
M = o « «
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b x
e (e (1-8) 260

pupE = A3B5” 5
Ay b /% ﬁ
L T s
5 pufE = A3fB5”
and if 83* # 0, we obtain:
. det Ml
P2 = et M
(15)
o det MQ
Ple = qet M
Now, if we add up the relationships (11), (12) and (13) member to member, we get:
g
B = B ——a — p" — el vie {1.23). (16)
The relationship (13) for ¢ = 1 and i = 2 gives:
{ 187 = pasBt — paafit (17)
505" = pasfs” — psafly”
if 82*B3* — B3*B3* + 0, we have:
)\* o )\* 3% Q3%
p23:(2i 3*2_) ;* g* (18)
1 P2 2 b1
and
* Q3% Q2% )\ ok Q3% Q2%
Dy = — 11 12 2P Pi (19)

BEB — BT

The exchange coefficients i, p12, P21, P23, and ps3s are then identify. We denote:

Pie = Vl
p12 =13
D21 = V3
D23 = V)
P32 = Uy

3.1 Calculation of the initial condition c

Proposition 3.1. The initial condition c is given by:

1 * gk * gk * gk
c= o [(04 + ) ()‘T f*e/\lt + A5 ;”*ekzt + A3 S*e)\?’t ) + byjf]
5
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Proof. We have

therefore:
kol e — kag®b™ = N[BT £ NS BTN 4 N5 N

and we have
I/Z = Oék’ggcﬁbail — Bk’ggbﬂilca
l/ék = OékggbﬁCa_l — ﬁngCﬂ_lba

so:
i —bvf = (a+ B) (ksb’c® — kozcb%)

consequently:

1
¢=—[(a+5) (kaab’c” — knc’b) + 0]
5

Finally we have:

1 * gk * gk * gk
c = E [(a + ﬁ) (/\T ?*6)\115 + /\;63*6)\215 + /\§/323*6>\3t ) + bl/zﬂ
5

4 Calculation of the excretion coefficient k;. and the
exchange coefficients {k;;/ i,7=1,2,3 7 # j} of the

system (Sl(\l?)

1% 2% 3k

1 1 1
Proposition 4.1. Let p* = a* B2 B3 | the partial measurement matriz asso-

1x 2% 3%

3 P30 M3

ciated to the system (S(TP)> identified by ( 9) if « > B > 1 then the nonlinear system

lin

(S](\];)L) 15 1dentified. Furthermore we have:

det M2

ke = = ——
ay det M

- a.avy +bBvy _— a.Brs + bria

27 (a2 = pRybge’ T (a2 — B2)bea’

Proposition 4.2.

bavy + cfBrg

‘ bpvy + cria
(@2 - @b

s = (a2 — Bty

k32 =
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Proof. We proved that:
. det M2

- det M

DPie

and we have:
ple

ad~!

kle -

consequently:
det MQ

ko = ————2
e e Tdet M

We recall firstly that:

P12 = l/;< = aklgbﬂaf’I — ﬁk’glafilba
pa1 = Vi = akoalb®l — BkpbPla®

a linear combination of them gives:
a,avy 4+ bBrs = kb a®(a? — 5?)
S0:

a.avy + bpv;
(o — P)bPas

another linear combination of them gives:

k12 =

a. vy + bavi = (a* — B  ky

then:

a.fvy + bria

kot = —————
(02 — F)beal

We recall secondly that:

pas = Vi = akogcPb* ™t — BhabP e
P32 = Vi = akgob’c®™t — BhgscP b

therefore:
bav} + cBvi = kysc®b*(a® — B%)
so:
fon bavy + cfv;
(@2 = e
and
bBY; + cavi = (a® — BH)c W ksy
then:

bBr; + cvia

figp = —— 4
2 (a2 - )t
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5 Stability of the linearization method

Notation 1. We note the exchange coefficients of a real linear tri-compartmental cate-
nary system by:

P12 =7
P =5
Do = U3
D32 = 19?1’

and the coefficient exchange of a real nonlinear tri-compartmental catenary system by
k1o ; kov ; kos ; k3o, and note that €1 ; €9 ; €3 and &4 errors made on the calculation

of p12 , P21, P23 and psy respectively

Proposition 5.1. The exchange coefficients of the nonlinear polynomial system can
be approached by:

(— adia, + [U5h

— adib+ poia, (20)

L 2 (a2 — 52)afba

and
4

— av5b + BUc
kos = ———57——

a2 — 62)1)&05 (21)
T — adjc+ BU5h
("2 (a2 = p2)bBen
Proposition 5.2. which represent the respective approximations of kia, ko1, ko and
kso. More precisely:

aay + Bb

|k12 — k’lg‘ S maX(El,gg).W

(22)
_ ab + Ba,
ko1 — kar| < maX(Sl’SQ)'W’
and b+
— ab + pe
|k’23 - ]{323| < max(s;»,,m).m
(23)
_ ac+ (b
kg — ksa| < maX(€3,54)-m
Proof. 9% being an approximation of pi, then there exists ) (|¢}| < £1) such that:
U + &) = akib’al ! — Bhybal ! (24)
by following:
ab~la, (0 + £)) = &kbPLa® — afky b e (25)

¥ being an approximation of py; then there exists €,(|e,| < &3) such that:

03 + €y = akynb® 'al — Bhisb"tad (26)
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by following:
B(0% + €5) = afkyn b a? — BkyobPa® (27)

if we add up the two the relation (25) and (27) member to member, we get
abla, (9 + €)) + B0 + £5) = aPkib®la® — B2kyobP 7 a®

therefore: ) )
aa, (V7 + 1) + pb(5 + €,)
(@? - P)bPas

We can see too that the relationship (28) and (29) are equivalent respectively to:

k12 =

Bab (9 +€)) = Bakiab’ta® — BPhgb*'a? (28)

and
a(d + 5;) = %k b a? — Bak b (29)

by adding the two relations (28) and (29) member to member, we obtain:
Ba. b~ (05 + €)) + a(V3 + &5) = a%kanb®'al — Bk b af

therefore: ) ,
Ba. (V] + &1) + ba (s + €,)

(a2 — B2)bdf

k21 =

knowing that:

aa, (9 + 1) + Bb(95 +e5)  aad; + Bb;

Elg = lim

(¢1:2)—(0.0) (0 — B*)bPag (a2 = B2)bPag

and / ,
ko = lim Pa. (97 + 1) + ba (05 + 5) _ Ba, 7 + bas
(e1,65)—(0,0) (a2 — BQ)baaf (a2 — 52)[)&&5

we can write that:

aa, (U + €)) + Bb(95 + &) _ aa ] + bBY;
(o — F)baz (a2 — B)bas

|k12 _%12| =

’ /
aa.gq + bBe,y

k1o — kia| =
iz =l = | 2 = yhpas

< (aa, + bB) max (¢, ;)
(a? — F)Pa

SO:
(aas + bB) maz (g1, €2)

k12 — ko] < (a? — B2)bPaz )

and

ka1 — k1| = Ba. (9] +€)) + ab(¥; + &) _ Badi + bav;

(a2 — BQ)baaf (a2 — BQ)baaf

/ ’
Base, + bae,

|k1o — k12| = (a2 ﬁ2)b0‘af
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(Ba. + ba) max (g7, &)
(a? — B2)bal

|k1o — E12| <

SO:
(Bay + ba) max (g1, €2)

(a2 — B2)beal

Y% being an approximation of pas there exists e5(|e3| < £3) such that:

k1o — ki1a| <

19; + E;’ = CkagCBbail — 5]€32Cabﬁ71

¥ being an approximation of ps; there exists (|| < &4) such that:
%+ £y = arkgoc® 1P — Bhogc® 10"

First step:
Multiplying the two members of the relation (30) by the number abe™

1
ac (95 4 €3) = ka1 — afkgyc® P
by multiplying the two members of the relation (31) by the number g, we get:
B0 + £4) = aBkaac® b — Bhipsc”1b”
if we add up the relations (32) and (33) member to member, we get:
ac (9% 4 €3) + B0 + £) = @Phosc® 10 — BPhgsc® b
by multiplying the two terms by ¢ we will have:
ab(9% 4 3) + Be(9h 4 €y) = kas(a® — B2)Pb°
therefore:

b ab(V% + €3) + Be(9% + &))
T (@ =)

Second step:

, we get:

Multiplying the two members of the relation (30) by the number 8bc™!, we obtain:

Bbe™ Y (0% + €3) = Bakysc® 10 — [2kgpc® VP
by multiplying the two members of the relation (31) by the number «, we get:
(0% + &) = &Pk 0P — Bakysc®1b®
if we add up the relations (34) and (35) member to member, we obtain:
Bbe (9% 4 3) + (0% + £,) = APkspc® 0P — BPhapc™ 1V
by multiplying the two terms by ¢ we will have:

Bb(9% + £4) 4 ca(P + £,) = ksa(a® — 52) D’

(34)

(35)
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therefore: / )
Bb(V5 + €3) + ca(V] +¢,)
(@ — Pt

k3o =
knowing that:

ab(V5 +e3) + Be(9 +24)  abdi + Bed;

Egg = lim

(eh2)—(0,0) (a? = 2)cPb” (a2 = ) cPbe
and , )
To—  lim Bb(V5 +e3) + ca(Vi+e4)  BbI5 + cad]
(ehsel)—(0,0) (a? = B2)cb? (a? — B%)cbP
we can write:
P O U e3) + Be(V; +e,)  abli+ cpv;
(o — 32)cPbe (a2 — B%)cPb~
|k;23 . E23| _ Oéb€3 + Cﬁ€4 < (O{b + CB) max (837 64)
(02— )b @~ )b
(ab + cB) max (=5, 24)
— ab + cH) max (€3, &4
|k23 - k23| S ((){2 _ /82)(36()& )
and , )
s — T = Bb(U3 + &5) + ac(Vi+¢e4) S5 + cadl)
(a2 — )b (02 — G
gy — T — Bbey + cae (Bb + ca) max (g5, £,)
(a2 — A2yt |~ (a2 — B2)cob?
S0: )
g — E32| < (Bb + ca) max (g3, €4)

(o? — F2)cab?

Remark 1. We have:
P1e = ple (866 /7/)
So: _
ple

_1 .
oaay

kle =

6 Conclusion

1. The linear model associated to the non linear polynomial tri-compartmental cate-
nary system of (a + /) order involves four important difficulties:

The initial condition at time ¢ = 0 does not permit to give a complete informa-
tion about the model (Sl(\fi) ). A temporization t* is introduced to suppress this
difficulty.
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2. If this temporization is not modulated, the linear model is not necessarily real.

We have shown that the measures done on the compartment 1 and on the com-
partment 2 permit to choose one measure at instant ¢;; = t* such that we can
develop a linearization method.

. The nonhomogeneous condition x3(t*) = ¢ being unknown is identified form

measures done on compartment 1 and on compartment 2.

4. The linearization method is stable.
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