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Aerodynamic Optimization Using Sensitivity Derivatives
from a Three-Dimensional Supersonic Euler Code
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Initial results from a three-dimensional marching Euler code equipped with an efficient sensitivity
analysis capability are presented. The aerodynamic sensitivity derivatives with respect to wing geometry
parameters obtained by the incremental iterative method are compared with those obtained by an efficient
central finite differencing method and are both accurate and computationally cheaper. Sample cases for
a Mach 2.4 high-speed civil transport wing—body configuration are shown that indicate the feasibility of
using these sensitivity derivatives in aerodynamic optimization studies. These demonstrations have been
given for design variables that determine wing planform and control flap deflections. The filleted wing—
body geometry and computational fluid dynamics grid are modified by automated surface geometry and
grid generation codes through which sensitivity information is propagated.

Introduction

HE use of current advanced computational fluid dynamics

(CFD) analysis codes in design optimization studies and
applications via sensitivity analysis (SA) requires the efficient
and accurate calculation of sensitivity derivatives (SD). The
incremental iterative method (IIM) was proposed and dem-
onstrated to provide such SD from a two-dimensional thin-
layer Navier—Stokes code for both nongeometric (flow) and
geometric (shape) design variables in Refs. 1 and 2. In addition
to accurate, consistent discrete SD obtained with computa-
tional efficiency (in terms of both CPU time and memory re-
quirements), the IIM also allows the use of approximate so-
lution operators of choice for greater efficiency, parallelization,
or robustness, etc. Initial results from a three-dimensional
marching Euler code for SD with respect to nongeometric de-
sign variables have appeared in Ref. 3. The present paper dem-
onstrates an efficient calculation of geometric (shape) SD with
respect to wing planform and control-flap deflection design
variables (DV) for a three-dimensional marching Euler code.
Sensitivity derivatives for these DV as well as those with re-
spect to wing-section thickness and camber parameters have
been generated for a filleted wing—body configuration that ap-
proximates a Mach 2.4 high-speed civil transport (HSCT) and
were reported in Ref. 4. The wing planform and control-flap
deflection SD are highlighted because of their close relation-
ship to structural shape design and stability and control studies,
respectively.
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The three-dimensional Euler equations are solved for a fully
supersonic flow with the space-marching method described in
Ref. 5. The method is an upwind cell-centered finite volume
scheme that is higher-order-accurate (second-order in the
streamwise direction and third-order in the cross plane) and
fully conservative in all directions, including the streamwise
(marching) direction. The method is locally time iterative in
each cross plane with a spatially split, approximate factoriza-
tion approach.

Because the grid-generation and flow-analysis codes are sep-
arate entities, the coupling of these two disciplines to obtain
aerodynamic (flow) SD with respect to geometric (grid) design
variables involves the transfer of not only the grid but also the
grid sensitivities. The aerodynamic optimization studies sub-
sequently performed also involve these two disciplines, which
are coupled sequentially, i.e., no feedback, at each optimization
step. Sample cases for a Mach 2.4 HSCT configuration are
shown that demonstrate the feasibility of using these SD in
aerodynamic or multidisciplinary studies.

Two other works also present results for the aerodynamic
optimization of three-dimensional wings with Euler equations
and analytical derivatives or adjoint (costate) variables. Both
were for transonic flows with a subsonic freestream; therefore,
the studies have employed elliptic-like grids and more complex
mixed-flow-solver algorithms. Burgreen and Baysal® and Bur-
green’ considered both wing section and planform design var-
iables and implemented discrete SA with an optimizer. Jame-
son® considered wing-section variables for a fixed planform
and implemented an optimization technique based on control
theory. The present approach is conceptually similar to that of
Refs. 6 and 7; however, most of the details differ with respect
to the surface parameterization, the grid generation and differ-
entiation, the CFD flow solver, the linear SD solver, and the
optimizer. The present paper will not address these details at
a level sufficient to point out the differences; the primary pur-
pose here is a twofold demonstration of efficiency and accu-
racy of aerodynamic SD obtained via IIM and the feasibility
of using SD via IIM in optimization studies.

Aerodynamic Sensitivity Derivatives
An overview of recent research activities that have concen-
trated on the efficient and accurate calculation of SD from
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advanced CFD codes is given in Ref. 9. The IIM is among the
most accurate and efficient method yet proposed or demon-
strated; the results presented herein are the initial three-dimen-
sional geometric SD obtained from this method. Because the
method has been outlined in Refs. 3 and 9, the theory and
equations will not be repeated here. The recent work of Bur-
green and Baysal® and Burgreen’ also makes use of the IIM
with a preconditioned conjugate gradient type of solver to ob-
tain SD from the three-dimensional Euler equations for a tran-
sonic wing. In the present work as well as that presented in
Refs. 6-8, the required differentiation of the flow codes has
been by hand. Initial two-dimensional results from automatic
differentiation of a flow code to obtain SD via IIM are given
in Ref. 10.

Nongeometric Variables

Figure 1 is a view of the HSCT 24E configuration generated
at NASA Langley Research Center, including the wake portion
of the computational grid (37 streamwise X 121 circumfer-
ential X 15 normal) used in the nongeometric variable study
of Ref. 3. Grid refinement studies to determine the adequacy
of the computed solutions for modeling the detailed physical
aspects of the flow have not been carried out. This study ad-
dresses the consistency of solution SD computed by two dif-
ferent means and their initial use in sample aerodynamic op-
timization problems. The consistency aspect of the SD is
independent of the number of points in the computational grid;
however, well-converged solutions on the chosen grid are re-
quired to verify this consistency.

Comparisons of SD results for the six-component force and
moment coefficients (C,, C,, C., Ca, Cas, Car) with respect to
nongeometric (flow) variables have been given in the ex-
panded version of Ref. 3 and will not be repeated here. These
SD were computed by both forward finite differences and the
quasianalytical IIM; the calculated SD ratios (forward finite
differences, at a perturbation step of 1.E—0S5, to quasianalytical
derivatives) were unity to four significant figures. However,
the computational cost of the SD obtained by a finite difference
method was greater than that for the IIM.

Geometric Variables

Most modern advanced CFD analysis codes use body-fitted
computational grids that are required as input. That is, the grid
generation for a specified configuration is not part of the flow
code but rather a separate entity. This separation has several
consequences in regard to flow sensitivity analysis with respect
to geometric or shape design variables. First, these variables
are only implicitly seen by the CFD code through their effect
on the generated body-fitted grid i.e., these variables set the
boundary conditions in the grid-generation code. Second, the
CFD grid generation appears to be a separate discipline. This

Wake grid X

Filleted wing-body

Fig. 1 HSCT 24E filleted wing—body configuration.

separate discipline now must be coupled to the flow code not
only through the body-fitted grid but also through its SD with
respect to either the geometric variables that specify the con-
figuration or those that are deemed to be design variables. Sev-
eral approaches can be taken to obtain these latter SD of the
grid (or grid movement) with respect to design variables; these
approaches and related matters are also discussed in Ref. 9.

Automated Geometry and Grid Generation

The geometry processing and grid-generation codes used
here'"'” take as their input simplified numerical descriptions of
configuration parts in a wave-drag, or Harris, format. The var-
ious component surfaces are first intersected and filleted'" into
a continuous surface; then suitable computational grids are
generated.””> For the present study, geometric SD are propa-
gated from a design variable parameterization of the HSCT
24E configuration through these surface processing and vol-
ume grid-generation codes. These latter codes have been
linked together, front-ended with a 42-variable wing geometry
parameterization,” and automatically differentiated. Unger’s
parameterization'’ of the HSCT 24E wing geometry is divided
into three variable types: 1) seven planform variables, 2) 15
section-thickness variables (five each at the root, break, and
tip sections), and 3) 20 camber surface variables. The geom-
etry parameterization used herein is discussed in Ref. 4 and in
the appendix; the camber parameterization used by Unger has
been replaced and flap descriptions added. As in Ref. 13, prop-
agation of the geometric SD through the automated geometry
package is accomplished with the automatic differentiation
(AD)"™* precompiler tool ADIFOR (automated differentiation
of Fortran).'®™"® Execution of the ADIFOR-enhanced auto-
mated geometry package then calculates not only the grid but
also the grid SD with respect to the design variables that are
used in the geometry parameterization. Both are required as
input to the flow code that has been differentiated by hand.

Comparison of Sample SD Results

A number of sample results that compare the SD obtained
by central finite differences and the IIM are given for several
geometric variables of each type in Ref. 4. These results are
computed on a half-space grid (only 49 points in the circum-
ferential direction with a symmetry plane at y = 0) so that
some forces, moments, and SD are not balanced by their im-
ages and, therefore, do not vanish. These nonvanishing com-
ponents do not affect the geometric SD comparisons for the
six-component force and moment coefficient (C,, C,, C,, Cy,,
Cy, Cu) SD with respect to geometric design variables. In
obtaining SD via central finite difference approximations
(SDg») analysis solutions at design variable perturbations
(~10% from the baseline were run from restart solution files
and converged to a relative residual reduction of 10™"". This
process results in an appreciable time savings in obtaining
SDgp, at least for the present CFD algorithm and code. In
obtaining SD via IIM (SDga), the relative derivative-residual
reduction was done to several levels: 10”7 [three orders of
magnitude (OM)], 1077 (7 OM), and 10~ " (11 OM). Compar-
isons are given in Ref. 4 for both accuracy and computational
efficiency.

Six SDs with respect to the four outboard flap deflections
are compared in Table 1. This table has three parts: Table 1a
gives the 24 SDq, values; Table 1b shows the 24 ratios SDgp/
SDga for 11 OM convergence; and Table 1c gives computa-
tional timing results. Table la shows that these derivatives
range in size over 4 orders of magnitude and are both positive
and negative. Table 1b shows that the SDoa agree with the
SDgp to between three and four significant figures. Table 1c
shows the computation of SDos to be more than 2.5 times
faster than that obtained from the efficient SDgp, i.e., with re-
starts, central finite difference time is about 0.88 rather than 8
times a baseline analysis solution time. The speedup depends
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Table 1 Comparison of geometric flap deflection sensitivity derivatives for HSCT
24dE at M.. =24, o = 1 deg, B = 0 deg

Scaled design variables, D

407

SDaa Flap I Flap II Flap III Flap IV
: Quasianalytical sensitivity derivatives of force and moment coefficients
aC,
D +7.7336E—06 +5.5417E—-06 +7.2944E—08 +7.3339E—-07
aC,,
6_D —6.5184E—-06 +2.3167E—-05 —4.4830E—08 +5.5264E—06
aC.
D —2.1190E—04 +9.6692E—04 —4.6974E— 06 +2.8558E—04
dCaq
E)_DA —3.0110E—-05 +1.2727E—-04 —9.2512E—-07 +5.5924E—-05
ICayq
=D +5.8343E—-05 —3.1718E—04 +1.5573E—-06 —9.7259E—-05
dCayq
6_D —3.6965E—06 +9.5445E—-06 —3.0774E—-08 +2.0969E—-06
SDmo Design variables, D
SDaa Flap I Flap II Flap III Flap IV
. R . finite difference
b: Sensitivity derivative ratios, ———————, except terms of O(e)
quasianalytical
dCx a a
-_— 0.9999 0.9999
aD
‘:)C\' a
— 1.0002 1.0001 0.9997
aD
aC.
D 0.9999 1.0000 0.9998 1.0003
dCaq
E)_DA 0.9999 1.0000 0.9998 1.0006
dCay
E)_D‘ 0.9999 1.0000 0.9998 1.0006
dCas a
_— 1.0000 1.0000 1.0003
aD
Solution method Number of solutions Ratio
c: Computational timing comparisons
Baseline 1 1.000°
Central finite difference 8 0.877
Quasianalytical 4 0.3439

Ratio for extremely small quantities is meaningless.

Baseline solution run time for (R},./R},) reduction to & = 10" on Cray-2 is 152 s.

on the SD accuracy required and the analysis code conver-
gence performance from restarts.

Similar comparisons of the six SD with respect to three wing
planform variables are shown in Table 2. Here, SD compari-
sons are shown at the 7-OM convergence level. Several SD
with respect to root chord (RC) appear to have much larger
discrepancies between the SDyp and the corresponding SDoa
than expected; that is, much better agreement (to several sig-
nificant figures) has been shown for SD with respect to all
other geometric variables.* The discrepancies appear to be
about 5% for dC./0RC and about 1% for both 9Cy;/0RC and
9Cy /ORC. The SDgs with respect to RC were sensitive to the
perturbation step size; at perturbation step sizes of both 10™*
and 1077 the comparisons were worse than those shown. With
this exception, the SDoa agree with the SDgp to about four
significant figures; in addition, they are obtained faster with
the IIM.

Aerodynamic Optimization
The purpose of these initial studies is simply to indicate the
feasibility of using the SD obtained by the IIM in aerodynamic

or multidisciplinary optimization. Additional applications of
the three-dimensional marching Euler code with efficient ge-
ometric SD calculations for aerodynamic optimization studies
are given in Ref. 4. The automated design synthesis (ADS)
program'® is used for the optimization code in these studies,
in a black box fashion. In Ref. 4, the design variables for
thickness, camber, flap deflection, and planform were activated
separately to ascertain whether the predicted changes were rea-
sonable when only a supersonic cruise point had been consid-
ered. The fact that other discipline codes are not participating
requires that side constraints be specified on the design vari-
ables, i.e., with no structural input, minimum thickness must
be set. Use of the ADS code requires that three options must
be selected; a strategy, an optimizer, and a one-dimensional
search.'” For the present constrained optimization results, the
sequential quadratic programming strategy, the modified
method of feasible directions optimizer, and the Golden section
line search options have been selected. Both function and first-
order derivative (SD) information is given to the ADS code.
Because the SD via IIM are local derivatives, this combination
of methods in ADS appears to give the most consistent opti-
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Table 2 Comparison of geometric planform sensitivity
derivatives for HSCT 24E at M. = 2.4, a = 1 deg, B = 0 deg

SD> Scaled design variables, D
SDaa Root chord Break chord

Tip chord

a: Quasianalytical sensitivity derivatives of force
and moment coefficients

9C .

D —1.5421E-02 +1.0243E—-03 +2.1698E—05
aC,,

6_D +1.6117E-01 —5.0936E—04 +7.1228E—05
aC.

D +4.7495E—-03 +7.7265E—04 +4.6021E—-05
9Cay

6_DA +7.1231E—04 +1.1721E—-04 +1.7400E—-05
9Cay

6_D‘ —7.9255E—-03 —1.9745E—04 —2.3264E—-05
9Cay

6_D +2.4522E—-02 —2.9745E—04 —5.9707E—-05
SD> Design Variables, D

SDaa Root chord Break chord Tip chord

finite difference

b: Sensitivity derivative ratios, (7 OM reduction)

quasianalytical
aC,
—_— 0.9993 0.9999 0.9999
D
aC,
—_— 1.0005 0.9999 1.0000
D
aC.
—_— 1.0490 1.0000 1.0000
dD
aC,,
—_— 1.0058 1.0000 0.9999
dD
dCay
—_— 1.0102 1.0001 1.0000
D
dCas
_— 1.0011 0.9999 0.9999
D
Solution method Number of solutions Ratio

c: Computational timing comparisons

Baseline 1 1.000°
Central finite difference 6 1.322
Quasianalytical (3 OM) 3 0.2046
Quasianalytical (7 OM) 3 0.2829
Quasianalytical (11 OM) 3 0.3606

“Baseline solution run time for (R%,/R.,.) reduction to ¢ = 10~ "' on Cray-2 is
152 s.

mization results. However, many function evaluations are re-
quired by the selected search procedure.

HSCT Studies

The HSCT 24E filleted wing—body configuration generated
by NASA Langley Research Center is the baseline for these
shape design improvement studies. The HSCT 24E configu-
ration resulted from multidisciplinary preliminary design pro-
cedures that included a camber surface optimization based on
linear aerodynamics. Structural optimization studies have also
been performed™ on this configuration. In Ref. 4, sample stud-
ies for shape optimization are done separately for 15 wing
thickness variables, 28 and 8 wing camber variables, as well
as those for the four flap-deflection variables and five wing
planform design variables shown herein. For these studies, the
flow conditions are Mach number M.. = 2.4, angle of attack a
= 1 deg, and yaw angle 3 = 0 deg. Convergence of both the
nonlinear iterative flow analysis and the linear iterative SA was

required to a relative residual reduction of 6 OM for all re-
quired solutions. Extensive use was made of restart solution
files for the flow analysis solutions.

Lift Improvement

For these lift improvement studies, the objective function is
lift maximization while the wing-root bending moment and
drag are constrained to their baseline values; that is,

minimize —C./C,

subject to Cp, /Cyy, = 1.0, C,./Cx, = 1.0

Side constraints on both the flap and planform design vari-
ables were also employed, but not violated in the sample stud-
ies given next.

Flap Deflection Variables

In multidisciplinary applications, all CFD solutions should
be provided for at least an approximately deflected and
trimmed configuration. As a first step into this multiple disci-
pline interaction, the static balance and trim control surface
deflections should be investigated for advanced CFD code so-
lutions. Four outboard flaps were defined as part of the base-
line HSCT 24E wing. Typically, the flaps would be designed
at low speed, with takeoff and landing flow conditions. At
high-speed flow conditions, these flaps might be deflected for
trim and control purposes. An indication of their effectiveness
for lift-improvement on the HSCT 24E is demonstrated by the
sample results shown in Table 3. The objective and constraint
functions were given in the preceding text. Table 3a shows
that a 1% lift increase is obtained in five optimization steps
(which required 76 function evaluations and five gradienteval-
uations). Both constraints are active (within =0.5% of the
baseline value). Initial and final values of the scaled flap de-
flections are shown in Table 3b.

In regard to the run time of the codes on the Cray-2, for a
relative residual reduction of 6 OM with four design variables,
the initial 99 s consists of about 67 s for an analysis run from
a dead start and 32 s for the four SD evaluations by IIM. If
all function evaluations, including those for central SDy, re-
quired for this study, could be done from a dead start, i.e.,
uniform freestream, to the same 6-OM convergence level, then
the total CPU time would have been about 7770 s or 2.16
Cray-2 h. The total run-time savings with the use of restart
files is about 5600 s; the savings as a result of the use of SD
via IIM is an additional 590 s. Note, however, that 1) the run-
time savings as a result of using restart files is code dependent
and appears to be large for the present analysis code; and 2)
the run-time savings for using SD via IIM instead of SDgp
from a dead start would be about 2520 s.

Table 3 shows that the flap deflection SD for these outboard
flaps are rather small compared with the SD for other geo-
metric design variables, such as some of those in Table 2.
Therefore, we did not try to trim the pitching moment for the
HSCT 24E. Two studies were done, however, on a delta wing
where larger inboard and outboard flaps were defined. In the
first study, a lift improvement of 1.2%, with bending moment
and drag constrained, was obtained in five optimization steps.
In the second study, the pitching moment was changed about
8.6% in six optimization steps, with bending moment, lift, and
drag constrained. Summary tables for these two studies are not
included here.

Wing Planform Variables

Planform optimization should be multidisciplinary because
input from other disciplines is required. Therefore, it is typi-
cally done 1) early in the design cycle at the conceptual or
early preliminary design stage where these other disciplines
participate, and 2) with linear aerodynamic codes. Generally,
several (or more) discrete planforms are selected and section
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Table 3 Wing flap deflection optimization study, four design variables,

for HSCT 24E at M. = 2.4, = 1 deg, B = 0

Initial Final % Change
a: Design improvement summary
Objective (C.) 1.9087E—02 1.9309E—-02 +1.01E+00
Constraint T (Cay) 8.4736E—04 8.4727E—04 —0.10E—02"
Constraint II (C,) 1.9361E—03 1.9309E—-03 +0.63E-05"
Number of function evaluations 1 76 _—
Number of gradient evaluations 1 5 _—
CPU (s)° 99 1581 _
Flap number Initial value Final value

b: Scaled flap deflection design variable changes

I 0.0 —2.4125
II 0.0 +0.2644
111 0.0 +10.000
v 0.0 —1.7263

‘Run time on Cray-2 for 6 OM reduction in all analysis and sensitivity derivative residuals.

Active constraint.

Table 4 Wing planform optimization study, five design variables, for HSCT 24E

at M. =24,a =1 deg, B =0 deg

409

Initial Final % Change

a: Design improvement summary
Objective (C.) 1.9086E—02 2.0133E-02 +5.5
Constraint T (Cay) 8.4736E—03 8.4153E—04 —6.88
Constraint IT (C.) 1.9361E—03 2.0104E—03 +3.83"
Number of function evaluations 1 102 _—
Number of gradient evaluations 1 4 —_
CPU (s)* 132 2701 _
Design variable Initial value Final value % Change

b: Scaled design variable changes
Root chord 1.420 1.456 +2.52
Break chord 4.236 4.269 +3.24
Tip chord 9.303 1.488 —84.00
X break leading edge 9.965 10.358 +3.94
X tip leading edge 13.840 15.263 +10.28

2Run time on Cray-2 for 6 OM reduction in all analysis and sensitivity derivative residuals.

Constraint violated.

variables are then optimized for each planform study. In the
sample case presented in this section, lift optimization for con-
strained wing root bending moment and drag has been done
with five planform variables (see Appendix); all other design
variables are held at their baseline HSCT 24E values.

Results for lift optimization with respect to five planform
variables are given in Table 4. A minimum (perhaps local) has
been found in four optimization steps with a lift improvement
of 5.5% and the drag constraint violated by 3.8%. Neither
wing-root bending-moment constraint nor any of the design-
variable side constraints are active or violated.

The baseline and optimized planforms are shown in Fig. 2.
For supersonic flow considerations alone, the wing tip should
be swept more than in the baseline HSCT 24E; Fig. 2 shows
that the optimization procedure agrees with this result. At a
Mach number of 2.4, the Mach angle is 24.6 deg. The angle
subtended by the wing—tip leading edge from the root leading
edge is 25.9 deg for the baseline HSCT 24E and 23.8 deg for
the final optimized planform. That is, the planform optimized
for only supersonic flow lies behind the Mach cone.

Planform optimizations with other objectives, such as drag
minimization or lift/drag ratio maximization, and different de-
sign variables have been done; however, comprehensive con-
clusions were not drawn. In particular, for the optimization
results just presented, the planform area changed. We have not
constrained it, nor have we differentiated the geometry and
grid-generation codes with respect to planform area to con-
strain it formally in the optimization. For the double trapezoi-

o4 = Sin_1(1/2.4)

Fig. 2 Comparison of HSCT planforms for lift-improvement
study.

dal wing planform this can be done with the three wing chords
and two wingspans held fixed, which leaves only the inboard
and outboard wing panel sweeps to change.

Concluding Remarks

A computationally efficient general methodology has been
successfully demonstrated for iteratively solving the large sys-
tems of linear equations required for obtaining quasianalytical
sensitivity derivatives from three-dimensional CFD codes. Re-
sults have been shown for the coupling of automatic-differ-
entiated geometry and grid-generation codes with a hand-dif-
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ferentiated flow code to obtain geometric (shape) sensitivity
derivatives and use them in sample aerodynamic optimization
studies. Demonstrations have been given for design variables
that determine wing planform and flap deflections.

Appendix: Wing Geometry Parameterization

The baseline HSCT 24E geometry generated at NASA
Langley Research Center resulted from a multidisciplinary pre-
liminary design based on linear aerodynamic codes; it is given
in the wave-drag format. The wing is described at 18 span
stations, which are located as shown in Table Al. The seven
planform variables required to describe a double trapezoidal
wing used in Ref. 13 and herein are root chord (RC), break
chord (BC), tip chord (TC), x location of LE at break (XBC),
x location of LE at tip (XTC), inboard span (IS), and outboard
span (OS), and are also defined in Fig. Al. The inboard- and
outboard-span variables are shown with dashed arrows because
they were not involved in any of the present optimization stud-
ies.

Parameterization of wing-section thickness and camber for
the HSCT 24E geometry is given in Ref. 4. The camber has
been described at each wing station so that both leading- and
trailing-edge flaps can be included. Locations of the four out-
board flaps on the HSCT 24E are shown in Fig. A2. These
locations are fixed in the present work and the flap deflections
constitute the four control flap design variables. Additional
spanwise control (or smoothing) is required to model the flap
edge gaps and for the optimization design variable changes
discussed in the text.

Table A1 HSCT 24E wing section
locations

% distance along span

Wing section from side of fuselage

1 (Root) 0.00
2 5.94
3 11.88
4 17.82
5 23.77
6 29.71
7 35.65
8 (Break) 42.44
9 47.53
10 53.47
11 59.42
12 65.36
13 71.30
14 77.24
15 83.18
16 89.12
17 95.06
18 (Tip) 100.00
TC
- XTC e VA
‘os
-t e T Y
XBC BC A
Is
Y
- - >

Fig. A1 Wing planform design variables for HSCT 24E.

Fig. A2 Wing outboard flap locations for HSCT 24E.
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