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We examine the problem of control under incomplete information on the system's
phase states realized,The initial problem is stated as an encounter problem in a
suitable differential game. We use the concepts and notation of the techniques

in [1, 2].

1, Statement of the problem. We consider the system described by the

ti
ST Wld=A@My+rtu ), uEP, veQ (1.

Here y is the object's phase vector; u and v are the control vectors of the first and
second players; P and () are compacts; the matrix A (£) and the vector f* (¢, u,
v) are continuous functions, The subject of the paper is the problem of the first player
(the ally [1]) about the encounter {y [01},, & M at a fixed instant & with a target
set M specified in the m-dimensional space of the first m coordinates {y},, of vector
y. The problem is reduced by a suitable linear transformation to the encounter problem
z [9] = M at instant & for an m ~dimensional vectar x with the same set M, where
the time variation of x [# is described by the equation

dz [ dt = f (¢t u, v (1.2)

The peculiarity of the problem is that at each current instant ¢ e [£,, ©] the first
player knows only the information region G [t] containing the realization z [#]. There-
fore, the problem is reduced to one of control of realizations & [¢], which ensures the
inclusion G [0] CC M. The target set M is assumed bounded, convex and closed. We
assume that the admissible regions G [¢] are also bounded, convex and closed. We dis-
tinguish the following cases of the use of the information for constructing the regions
G [4].

1°, The second player (opponent) may come to know both the realizations z [¢] of
the phase vector as well as the realizations u [Z] of the first player's control at the cur-
rent instant ¢. The first player knows at the current instant ¢ the realizations G [¢]
of the information region, but does not receive direct information on the realizations
v [£} of the second player's control,

2°. The second player may come to know the realizations z [¢], but has no direct
information on the realizations u [¢]. The first player knows the realizations G [¢}, but
does not receive direct information on the realizations v [¢].

3°. The second player may come to know z [¢]. The first player knows G [t] and
can use the values of v [#] in the controls producing the operating force u [f], but he
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180 N.N.Krasovskii

cannot use the values of » [t] (v << ) for making the realization G [f] of the infor-
mation region more precise.

4°, The second player may come to know z [¢}. The first player knows G [#] and
can use the values of v [£] in the devices developing the control u [t]; he can alsouse
the values of v [t] (v < ¢) for constructing the realization G [¢].

In all the cases the first player's control procedure in the small half-intervals 2, <
¢t <C t* isbased on the following concept of his program [J [ty t*), which is used
here to construct analogs of the strategies in [1]. In each case we first define the con-
cept of an elementary program [J, [t,, t*), which we next extend to the more general
concept of a program U (t,, t*). An elementary program, specified for ¢, < ¢ << t*,
is a piecewise~constant function u [#] &P or a function piecewise~constant in ¢ (e.g,,
a probability measure i, (du) on P ) or a function u (¢, v) & P piecewise-~constant
in ¢ and Borel measurable in v & () (respectively, in the cases 1° or 2°,0r 3° and 4°);
it is defined as an operation which forms the point sets

"

Gt t¥] = co{z:z = | f(t,u[t],v (1) dt; v(t) = Q} (1.3)
tﬁ

"b
Galtyo 1 ={ziz= | | 7(t,u,v)p (duyv@)ivi(do)} (19
1, PxQ

where v, (dv) ranges over the set of all possible probability measures v, (dv) on Q
weakly measurable in ¢

Galtwr ¥l =co{aia =1 uv@)v@)ds vOEQ) (L9

Gulty, ¥ = = | f(tult,v (@), v () dv(HEQ (1.6)

where the symbol co {z : = ...} denotes the closed convex hull of the corresponding
set of vectors Z; in equalities (1.3) and (1.5) v (t) ranges over the set of all possible
Lebesgue~measurable functions v (£) & Q, while in equality (1. 6) v (#) it is some such
fixed function.

The convex closed bounded region G; [f,, t*] is characterized by its support function

g (6 t*, t,, U) = max, 'z, z& Gy (.7

(The vectors are treated as column-vectors, the prime denotes transposition, ||I|| de-
notes the Euclidean norm vector 1.) The functions g; (I; ¢*, t,, U) of the variable [
are looked upon as elements of a Hilbert space (see [1]), H of functions h (l) square-
integrable on the sphere | I|] < 1 ; the scalar product <h+g)> in H is defined by the
equality Cheg) = ‘S h(l)-g(d {1} (1.8)
ful<t
hence the norm |4 |y is defined by the equality
|hlg = <h-h) (L9
For a fixed value of j we set up in the closed space H the convex hull co{g;} of the

set of all support functions g; (I; &*, t,, U,). corresponding to all possible elementary
programs U, [£,, t*) for fixed Z, and #*. The operation which forms the set G [ty
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t*] corresponding to some support function g (I; t*, tyy U) & co {g;} is now called
the program U [¢,, t*) for the given value of j.

The fixed region G [¢,] and program U [f,, ¢*) define the attainability region
G (t*, t,, G [t,], U) which comprises all points z* = z, + z, where z, = G [¢,]
and r € G [t,, t*]. The time variation of regions G [} is subject to the following
conditions (see [1]). Suppose that at the instant ¢ = ¢, the region G [¢,] has been re-
alized and that for the half-interval [Z,, ¢*) the first player has chosen some program
U It,, t*).Then,only aregion G [¢*]which satisfies the inclusion

Gt = G (#, ¢,, Glt,], U) (1. 10)

can be realized at the instant ¢ = ¢* , In addition, we assume that the region G [z,]
and the program U [¢,, t*) delineate the family {G* [¢*]; G [¢t,], U [t,, t*)} of
possible realization of regions G* [¢*] satisfying condition (1, 10), Thus,only the region

G [1*] = {G* It*]; G ¢,], U Iz, t*)} (1. 11)

can be realized at the instant f = *, The properties of admissible families (1. 11)
will be stated later on,

The first player must form his own control on a discrete-time scheme based on a suit-
able partitioning A = {1;; Ty =&, i = 1. ..., R, T, = O} of the ¢ -axis into
half-intervals [Ty, T4q). Each program U [t;, T;.,) chosen by the first player at the
instant T; for the next half-interval [t;, T;.;) is determined by the realization G It;)
and, possibly, by the realizations at instant T; of some other auxiliary variables which
the first player finds it convenient to form in his control devices, Let M) be the Eu-
clidean e-neighborhood of the set M. Then, the first player's task is to construct a con-
trol procedure which is determined by the programs {U [t;, 7;.q); G [t;l,. . .} ope-
rating in the small intervals [7;, T;+1) and which ensures, for every preselected value of

e > 0, the inclusion G 18] = M® (L. 12)

for all possible realizations of regions G [f] satisfying conditions (1, 10) and (1. 11), if
only the step § (A) = max; (1;.; — T;) of partitioning A is sufficiently small.

2. Formal{zation of the problem, The time variation of the information
regions G [¢] is treated as a motion g [/; ¢] in the functional phase space H contain-
ing, according to Sect. 1, the support functions

gll; &1 = max, 'z, z= Gl{] (2.1

of regions G [t]. Let g [I; ¢,] be the support function for region G [¢,]. The support
function g (I; t*, t,, g lI; t,], U) of the attainability region G (t*,t,, G [¢,], U)
is defined by the equality
gl t*, by, gl 8], U)y= gL t,] + g (I; t*, ¢,, U) (2:2)
where the quantity g (l; t*, ¢,, U) has been defined in Sect. 1 above,
As a special case of condition (1. 11) we choose the following inequality (see [1]):

gl 1 +gl—1L A<o(t D) (2.3)

where we assume the function @ (¢, ) to be nonincreasing and differentiable in ¢. In
the general case we rewrite condition (1. 11) for the support function g [, ¢] again as
an inclusion
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gll; t*l & {g*ll; t*1; g l4; ¢,), U Lz, t*)} (2.4)

We make the following assumptions concerning condition (2.4): (1) generally, condition
(2. 4) does not include the requirement that g [/; ¢] be a support function for some re-
gion G [#], it can be applied to some elements g[l, £} & H which are not support
functions; (2) the problems appearing below on the minimum of (3, 1) and (4. 1) under
condition (2, 4) have the solutions p° and /¥ needed in Sects. 3 and 4; (3) let the func-
tion g [I; t*] be formed in g [I, t,1, U lz,, ¢*) and p (I) in accordance with (2. 6)
(see below) and let it satisfy inclusion (2.4) for { = ¢* ; then for the same program

U [t,, t*) we can find a segment p, (!) <{ p (I) such that the function gy [I; t*] =
gl t,) + g (U; t*, ty, U) — py (1) again satisfies inclusion (2.4) for ¢t = {* with

the inequality "P*(l) “H < ﬁ (t* - t*) (B = const) (2.5)

also satisfied, All the listed assurnptions are satisfied in the special case (2, 3) of condi-
tion (2.4), Thus, any function g [I; ¢,] & H, of the form

gl *l =gl t, 1+ g t*% t,, U) —p () (2.6)

where the segment p (l) is a nonnegative function from H, such that condition (2, 4),
or, in the special case, condition (2, 3) (for ¢ = t*) , is satisfied, is called the motion
g [1; t*] from the position g [l; ¢*] & H generated by the program U [f,, t*).
We seek the resolving control procedure in a scheme with a guide (see [1]). We de-
scribe the states of the guide model also by the elements w [I; t] = H. We do not re-
quire that the function w [l; ] & H necessarily be a support function for some region
Glt]. The guide's motion w [I; t*] generated by some program U [¢,, t*) from
the position w [/; ¢,) is defined at first, by analogy with (2. 6), by the formula

wr el =wll )+ g > 6, U)—p D), p(D>0 (2.7

and then we allow a further change in it by a jump w* [[; t*] — w []; t*] satisfying
the condition
|Awlg = Jw [I; *) — w* [I; g < a(0) (Tiny — T2)
where a(G)——>Oas 6-—)0, Ti+1_'Ti<6'
Now, the collection
{U¢ (I, Tive); & [Z; v, wil; 7;1)
U(lt;, Toa)s g I T, w G ), g 1 i)
p° (5 gl ), wil v3), g s Tl
wll; T wll ), UV p¥ gl tiall} (=04, 1o=1t0)
where the programs U# {1, T;,,) determine the system's motion g [[; t] in accord
with conditions (2. 6) and (2. 4) (for £, = T;, t* = T4, and U = U¥), while the prog-
rams U” [1;, 7;4,),the segment p“ (I) and the function W [Z; 1,4,) determine succes-
sively the guide's motion w [I; £] in the intervals [t;, t;4+1] , is called the first player's
strategy U/ (a pure strategy U/ in Case 1°, a mixed strategy U(® in Case 2°,a coun-
terstrategy U,(V) or a counterstrategy U,(V) in Cases 3° or 4°). Thus,in the present
formalization it remains for the second player to choose the segments p (I) = p* [I;
;] (i = 0, 1,. . .)in the motion g [/, ¢] in (2, 6) of the given controlled system,
Let L be the set of elements I (I) of H,which satisfy the condition k (1) < m (),
where m (1) is the support function of set M. We denote the e-neighborhood of set L
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in the metric of space H by L(}, The introduced concepts lead to the following for-
malization of the original problem on encounter with set M extensively described in
Sect. 1.

Problem 2.1. We consider the Cases 1°—3° or 4°, The instant © and the initial
position g [I; £,1 (¢, << ©) are given, Find the strategy [/ which ensures, for every
preselected value of & ~> 0, the inclusion

gl 84le L@ (2.8)
for every motion g [I; ] generated by it from the given position g [I; %], if only the
step § (A) = max; (t;;; — T;) of the partitioning A {t;} of the #-axis is suffici~
ently small,

8, Stable bridge., Asin a position differential game with complete information
{1}, in the considered case of incomplete information being the construction of the pro-
cedure for control with a guide is based on the concept of a stable bridge W in the space
{t, H},which must connect the initial position g [[; ¢,] with the target set L and along
which by suitable action the guide's motion w {l; £] canbe led toset L at the instant
t = O, while at the same time compelling the system's motion g [/; #] and the guide's
motion w [{; ] to track each other,

Let A (I) be some nonnegative function from H and let g [l; #,] be some admissi-
ble element from H, i.e. a function g [I; £,] =k (I) & H which does not contradict
condition (2. 4), although g [l; ¢] is possibly but not necessarily the support function for
some suitable region G [¢]. Further,let U [, ¢*) be some program. By the symbol
p° (L t*, t,, gll; t,], U, L) we denote the extremal segment p (I) in equality(2.6)
which among all the segments p (I) satisfying condition (2, 4), also satisfies the following
condition of minimum:

&%t gl ), U, M-A (D)) = n;(ill;l D@ A0 (BY

We assume (see Sect, 2) that condition (2, 4) is such that tire definition of the extremal
segment p° as a function (perhaps nonunique) of the arguments £,, t*, g [l; ¢,], U
and A is well posed, Every function p* (I} defining the function

R* () = gll; t,] + g (1; t*, t,, U) — p* ()
contained in the closed convex hull of the functions
() = gll; )+ gl; t*%, t,, U)— p° (I;2%, ¢, gll; 8,1, U, 3)

where the segments p° (l) have already been determined by the minimum condition
(3. 1), is also (formally) called an extremal segment p°(l, t*, t,, g [I; £,], U*, A) .
Here the function. g [J; ¢,] and A (I) are fixed, and U is an arbitrary program U [¢,,
*),

Now let W be some closed set in space {#, H}. The symbol W (f) denotes the inter~
section of W with the hyperplane ¢ = const. We say that set W forms a stable bridge
reaching I, at the instant @ if the following conditions are fulfilled:

1) forany e >0 if wll; 8l W@®) andwll; 81  gll; 0], jw (L 8] —
g [; 8lg < e, where g [l; ¥] is the support function for some possible realization of
region G [9], then w [I; €] &= L®);

2) for any sufficiently small & > O we can find 8§ >> O satisfying the following
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condition: suppose that we have chosen some values ¢, & [, 0) and t* = (£, 9],
t* — t, << O, anelement wll; t,] & W (¢,) and a nonnegative function A ()
H, satisfying the following condition: the function g [l; ¢,1 = A () + wll; ¢,]

is the support function for some possible region G [¢,], and, finally, suppose that we have
chosen some support function g [I; #*] satisfying condition (2. 4) for some choice of
program U/*; then we can find at least one program U [, t*) which ensures the in-

y
ealy Lo 15 %] — w [l *n <a (@ —t,)

w* [l; t*] =min {gll; *};, wll; t,1+ g t* ¢, U)—
p°(; t*, t,, g1, 8,1, U, M)}
wlh s W@r), wll ]l gl (3.2

for at least one extremal segment p° (I; t*, ¢,, gll; t,]1, U, A) corresponding to
this program U [z, t*).

4, Extremal strategy. we nowconstruct the extremal strategy /. Let W be
some stable bridge reaching L at instant . The strategy

U° = {U%, U", p”, w (l; T141)}
is said to be the strategy [J" extremal to this bridge W .1t is defined as follows; sup-
pose that certain values
gl nl, wlh e Wa), M tl= ¢l vl —wll 11> 0
have been realized at the instant ¢ = 7; (i = 0, 1,...). We choose the program
U? (It tia); g [ v, w0 10 )
from the condition of minimum
AL ) g (5 Ton T U9 — P° (6 Tians T g LG 0l U5, AL 6D =
ming <A 155 7,118 (5 Tians T D=0 (6 Ty, T, 8 5 Uy A LLTDD
where the p° (I) are extremal segments fully defined by the minimum condition (3, 1).

The chosen program U [1;, Ti:,1) ,together with the segment p [1; T;14] selected by
the second player, determines the motion

gl il = glly vl + g (4 Ty, T US) — p 1 154y

Now the program UY ([t;, T:43), g 155 1), wll; v, gli; 144,]) is chosen on the basis
of property (2) of the stable bridge W from the condition (see (3. 2))

wil vl e W(t), wll tinl <<g 5 74l R
where

|wll; T3] — w* U il << a (8) [ty — 7l

w* [I; 1;4] = min {g L t;,), wll ) + g (@ 14, T, UP) —

A UL FTOR TA S THR A

ve, Al D)), e (8) -0
as § = max, (Tyq — T1) — 0. Therefore, the segment p* (5; Tivns Tir & [Z; %1,
w [ 1, g I; T444]), defining the model's motion

w* [l Tl =wll ©) + g Ty T U —p" (5 Ty (42
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gl v, w il vl g1l Tl)
is determined by the equality

P¥ = p° (L Ty, Ty gL W, U AL ] + p,° ()

where p,° () is a nonnegative function specified by conditions (4. 1) and (4. 2).

The extremal strategy [J° constructed in this way, together with the segments p [;
7] selected by the second player, determines the system's motion g [I; 7;] and the
guide's motion w[Z; 7;] for i = 0, 1,. . . from the position {g [I; £,], w [1; t,l},
where at the instant £,= 1, we choose w [/; T,] = g [I; 7,]. From the conditions of
bridge W stability based on the selection of all the functions listed above, it follows
that the strategy {/° extremal to this bridge ensures the preservation of w [/; 1;] &
W (t;) forall valuesof 7; (i = 0, 1,. . ., n), i.e, up to the instant T, = @, pro-
vided that w [Z; 7,] = W (z,).

5. Basic results, The following statement is valid,

Theorem 5.1. Let g[l; ¢, W (t,), where W is a stable bridge reaching L
at instant &, Then the strategy U/° extremal to this bridge solves Problem 2, 1,

The proof of Theorem 5. 1 similar to that of similar theorems in [1] for games with
complete information, is based on the estimate

lgll vl —w* G <] el vl —wll v lle? + o (v — 1)

where o0 (§) is an infinitesimal of higher order than §. The proof of (5. 1) differs in de-
tails only from that of the analogous estimate in [1].

6., Approximate control scheme, Henceforth, for definiteness we take con-
dition (2. 4) in the form of inequality (2. 3), We describe the approximate procedures
corresponding to the programs U¢ [v;, 7;,,) selected by the first player's extremal pure,
mixed, or counter-strategy [/° in cases 1°-—4°, respectively, Thus, suppose that an extre-
mal strategy U prescribes for the half-interval [1;, v;,,) some program U? [1;, 1;,,)-
We divide the half-interval [v;, v;,,) into some sufficiently large number of smaller
half-intervals [v, @, «0) (k=0,1,2, ..., i o® =1y, ‘tkgg = 1;,,) and approxi-
mate the program /¢ [%;, Ty ) by a suitable elementary program, The approximating
elementary program U.f [t;, 7;,,) must ensure the appropriate proximity of the functions
g T, v, U8 and g (0 v, T, U#). Asuitable approximation is always possible
under the definition introduced for the program U¢ [v;, T,,,).

Let the indicated elementary program U.# [7;, T;,;) be determined in Cases 1°,3° and
4° as a piecewise~constant in time ¢ function 4 [¢] or u) (1, v) , respectively, Then
when the control is effected by a real system, it is the control u = u(® [¢] (or (2 (s,

v [2])) that is actually fed into it in the half-interval [T;, 7;,,). And that control, for any
preselected value of € > 0 ,ensures the inclusion

z[08] = M©® (6.0
when the steps & = max; (t;,, — 7)) and 8 = max, (v} — 7,?) are chosen suffi-
ciently small,

In Case 2° let the approximating elementary program U# [t;, T;,,) be determined by
the piecewise constant in time function ") (4u). Then, when the control is effected by
a real system, it is the piecewise constant control u [¢] = s that is actually fed into
it in the half-intervals [t,{), 7,), where u® is the result of a random trial at choos-
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ing a vector u with the probability distribution px® (du) = Y (@u) (¥ <1 < ).
On the assumption of stochastic independence of the controls u [t] and » [:] in the

small half-intervals [t4', 7,{)) (as in [1]) this control, for any preselected values of

e > 0 and p <1, ensures inclusion (6. 1) with a probability not less than p when the

steps 8 and §() are chosen sufficiently small, Further, when the control method des-

cribed is put into effect, the realizations g [/, T4*)] should be increased by the sufficiently

small quantity o (% — 7,8 1.

T. Alternative, Thus, according to what we have presented above, for solving
Problem 2, 1 and for a practical realization of the control » leading the motion =z [¢]
at a specified instant ¢ = 9 into a preselected small neighborhood M) of set M ,it is
sufficient to know how to construct a stable bridge W in the space {s, H}, reaching L
at the instant 9. Therefore, as in a differential game with complete information [1] the
question arises of the existence of a suitable bridge W when Problem 2, 1 has a solution,
and of effective methods for the construction of the required bridge W. An affirmative
angwer is given below to the first question. The effective construction of stable bridges
in the case being considered here of a game with inclomplete information, as in the ana-
logous cases of games with complete information [1], is possible either on the basis of the
extremal aiming method (see [1]), or in the form of a priori stable bridges (see [1]).
However, the modification of these methods for their application to the encounter prob-
lems in a differential position game with incomplete information falls outside the scope
of this article and will be the subject of another paper,

The question of the existence of a stable bridge W in space {¢, H} is answered in con-
nection with the following theorem on the alternative (see the analogous case in [1]),
which we cite here without proof,

Theorem 7.1. Forgiven M and ¥ one of the following two statements is valid
for every initial state g [/;%] (to <C 8) : either Problem 2.1 has a solution or (otherwise)
a value of & > 0 exists such that for any choice of partitioning A = {vi} with a suffi-
ciently small step and of control u [/] successively chosen by the first player in the half-
intervals [t;, 1,.,), the second player can dispose of the segments p [/; 7] in the motions
g [1; ;1 given by (2. 6) so as to exclude the inclusion G [§] C M©.

This theorem on the alterative, as for a game with complete information (see [1]) is
proved as follows, From the region 1, < ¢ < ¥ in space {¢, H} we remove all those points
{t, h ()}, for each of which, as well as for the initial state g [/, 7] = & (), the second
statement of Theorem 7.1 issatisfied for atleast one value of e > 0; we also remove all the
points {¢, 2 (7)} for which condition (2, 3) is not satisfied, We are left with a point set
W forming a stable bridge reaching M at instant ¥. The stability Conditions (1) and
(2) for W (see Sect, 3) are strongly satisfied. Namely: (1°) if » [}; 8] & W (9), then
w{l, 9] &€ L; (2°) suppose that we have chosen some values 1, € [t,, §) and * & (4,
9], an element = [I; t,] & W (t,) and a nonnegative function A (/) & H, then wecan
find at least one program U/ [¢,, t*) which ensures the inclusion w» [I; *] & W (t*) for
the motion

wll *l=wll td + g (5 1%, tey U)—p°(5 1, ty, w [ 1] 2 (), U [ty %), 2 (D)

From such a construction of the stable bridge W follows the validity of the assertion that
whenever Problem 2, 1 is solvable for a given initial state g [/; #,] , a stable bridge W
exists, that reaches M at instant & ; consequently, if only a solution of Problem 2, 1
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exists, it can always be constructed as a strategy U° extremal to a suitable stable bridge
W. Such solution can be realized as the approximate procedure described in Sect. 6.

In conclusion we note that when all possible points z* [#*] in the attainability region
G (t*, f4, G [ta] = 2 (8], U 44, t*)) , and only they, are the elements G* [t*] of the family
{G* [£*]} of (1. 11), we obtain the idea of a differential position game with complete in-
formation, in the formalization given in [1]. In a game with complete phase informa-
tion the distinction between Cases 2° and 4° disappears and both these cases reduce to
one and the same minimax differential game (see [1]). We take this opportunity tonote
that in the most general minimax differential position game the results for the nonlinear
system dx / dt=f (t, z, u, v) remain entirely unchanged if in the constructions of that
game the realization » [#] of the opponent’s control at the curtent instant ¢ is replaced
by the quantity t

dg
v-(t):lim[gv[i]ﬁj_?)], T—t—0 (1. 1)

for almost all values of ¢ for which the limit (7. 1) exists and, it can be assumed that
v~ (¢) is an arbitrary quantity » & Q for those values of ¢ for which the limit (7. 1) does
not exist. According to results in the theory of functions of a real variable, for every
choice of a measurable realization v [¢] the equality » [¢] = v~ (?) is valid for almost
all values of ¢ € [¢,, #]. Hence, the Euler base broken lines z, [¢] which satisfy the
equations

dzpldt = f (2, zp 1], u (v, 24 (W], 2 [t]), v [¢])

(1 St < Tyyy)
(see [1]), are absolutely unaltered when » [z] is replaced by v~ (¢) and consequently,
the motions z [¢], which are the limits of these Euler broken lines, are entirely unchanged,
Thus, in the minimax differential position game in the considered formalizations we do
not require, strictly speaking, at each current instant ¢ information on the current reali-
zation v [¢] of the opponent’s control at that same instant; it suffices to know only the
history {v [1]} (v < ¢) of this realization up to the instant s, Moreover, as a consequence
of the limitation of the choice available to the opponent by the measurable realizations
v [¢] and of the equality » [¢] = v~ (2) valid for such realizations, for almost all values
of ¢, this assertion may have a formal sense.
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