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THREE KEY IDEAS

1. An Alternative Perspective on the Adjoint-Variable Method is Presented.

2. A Highly-Efficient, Non-Iterative, ADIFOR-Assisted Method for Computing Second-Order Sensitivity Derivatives (SO SDs) is Presented and Verified.

3. Significant Improvements in the Computational Efficiency of the Reverse-Mode Capability of ADIFOR 3.0 for First-Order Sensitivity Derivatives (FO SDs) are Achieved Through Incremental–Iterative Implementations.

BASIC EQUATIONS

F = F(Q(b), X(b), b)

R = R(Q(b), X(b), b) = 0
F ( Aerodynamic Output Functions (Dimension: NOF)

b ( Aerodynamic Design Variables (Dimension: NDV)

Q ( Aerodynamic Field Variables

X ( Computational Grid

R ( Steady-State Discrete Nonlinear Flow Equations

INDICIAL NOTATION
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FO SDs                                                                DIRECT METHOD (FORWARD-MODE)
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(NDV solutions for 
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FO SDs                                                             ADJOINT-VARIABLE METHOD             (REVERSE-MODE)

· Lagrange Multiplier Viewpoint (Conventional)

· Derivative (Chain Rule) Viewpoint

ADJOINT-VARIABLE METHOD                      (CHAIN-RULE PERSPECTIVE)
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THE RELATIONSHIP
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· The Adjoint -Variables (Lagrange-Multipliers) are Derivatives
· ADIFOR 3.0 Reverse-Mode computes them as such

SO SDs

INDICIAL NOTATION
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SO SDs                                                                 DIRECT METHOD  (FORWARD-MODE)
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· NDV solutions for 
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,  followed by
(NDV2+NDV) / 2 solutions for 
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· NOTATIONAL COMPACTNESS
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DERIVATIVE COMPLEXITY
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DERIVATIVE COMPLEXITY
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EFFICIENT, NON-ITERATIVE METHOD
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· NDV solutions for 
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· NOF solutions for 
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· Preferred if  (NDV2+NDV)/2  > NOF

AIRFOIL EXAMPLE PROBLEM

· NACA 0012

· Euler Equations

· ( = 1.0(
· M( = 0.80

· Transonic flow

· Computational Grid, 129 x 33 points

· Upwind, Cell-Centered Finite-Volume Solver


(Continued >>>)

AIRFOIL EXAMPLE PROBLEM

· 3 Design Variables

g (geometric shape)

( (angle-of-attack)

M( (Freestream Mach. Number)

· 3 Output Functions

CL (Lift Coefficient)

CD (Drag Coefficient)

CM (Pitching-Moment Coefficient)
FO SDs

(Forward-Mode & Reverse-Mode)

	
	bj
	Forward-Mode
	Reverse-Mode
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· FO SDs from Hand-Differentiated Coding

· Results verified by Finite-Differences; Excellent Agreement

SO SDs

NON-ITERATIVE METHOD

	
	bj/bk
	g
	(
	M(
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· Results verified by Finite-Differences of FO SDs; Excellent Agreement
Relative CPU Timings

SO SDs, Non-Iterative Method

	Computational Procedure
	% of Total

	Nonlinear Flow
	5.4

	Forward-Mode FO SDs
	25.5

	Reverse-Mode FO SDs
	69.0

	SO SDs
	0.1

	Total
	100.0


Intermediate Summary

Non-Iterative SO SD Method

·  First, one requires solution of both methods for FO SDs

- NDV forward-mode solutions for 
[image: image34.wmf]Q
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· NOF reverse-mode solutions for (
· Selective forward-mode application of ADIFOR to strategic pieces of the same code used for the FO SDs for accurate construction of complicated SO derivative terms

· Thereafter, NOF x NDV2  “exact”  SO SDs  (i.e. the complete Hessian matrices) calculated essentially “for free”

FO SDs                                                             REVERSE-MODE APPLICATIONS OF ADIFOR 

TABLE OF ACRONYMS

· HD – Hand Differentiated / Hand Coded

· AD – Automatic Differentiation (ADIFOR) 

· II –  Incremental-Iterative Solution Algorithm

· BB – Black-Box Application of AD 

· AV – Adjoint-Variable (Reverse-Mode) Differentiation

                                                               (Continued >>>>)

 FO SDs                                                                     TABLE OF ACRONYMS

	Forward-Mode Method 
	 Reverse-Mode Method

	HDII*
	HDII-AV*

	ADBB*
	ADBB-AV*

	ADII*
	ADII-AV†

	*Previous Studies

	† Present  Study


INCREMENTAL-ITERATIVE APPLICATIONS  OF ADIFOR FOR CFD CODES

Computational Issues Associated With Present Reverse-Mode

Applications are Completely Analogous to Those Seen Previously

With Forward-Mode Applications

CRITICAL COMPUTATIONAL IDEA  

Forward Mode: ADIFOR computes the post-multiplication of a large Jacobian Matrix times a vector very efficiently; in particular:
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Reverse Mode: ADIFOR computes the pre-multiplication of a large Jacobian Matrix times a vector very efficiently; in particular:
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INCREMENTAL-ITERATIVE

SOLUTION METHODS
Non-linear Flow
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(N = 1, 2, 3, …)

FO SDs                                                                 Forward-Mode
Incremental–Iterative, Forward-Mode (HDII & ADII)
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(M = 1, 2, 3,…)

Black-Box AD, Forward-Mode (ADBB)
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(N = 1, 2, 3,…)

FO SDs                                                                     Reverse-Mode 

Incremental Iterative, Reverse-Mode (HDII-AV & ADII-AV)
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(M = 1, 2, 3,…)

RELATIVE CPU TIMING COMPARISON

	Reverse-Mode Method Tested
	Relative Timing*

	HDII-AV
	1.0

	ADBB-AV 
	7.9

	ADII-AV
	4.7

	ADII-AV  (with

Single, Frozen Forward Pass)
	3.3**

	*CPU Time/iteration/grid-point/differentiated output-function

	**Work-In-Progress, Projected Timing


· Results for Coarse Grid, 2D Internal Flow Example 
· CFD Code Same as Previous Airfoil Example Problem
Accuracy: “Exact” Agreement among all methods tested, as expected; verified by Finite-Differences

COMPUTER MEMORY  

 Disk Storage (ADIFOR Log Files)

ADBB-AV: Iterative Accumulation of  Log Files Unmanageably Large

ADII-AV: Log Files do  not accumulate; in contrast, they are fixed on  the first iteration and reused on all subsequent iterations 

RAM MEMORY

 Memory Increase – Original Flow Code x  NOF  Computed  Concurrently
CONCLUSIONS                                                      (THREE KEY IDEAS)

1. An Alternative Perspective on the Adjoint-Variable Method is Presented.

2. A Highly-Efficient, Non-Iterative, ADIFOR-Assisted Method for Computing Second-Order Sensitivity Derivatives (SO SDs) is Presented and Verified.

3. Significant Improvements in the Computational Efficiency of the Reverse-Mode Capability of ADIFOR 3.0 for First-Order Sensitivity Derivatives (FO SDs) are Achieved Through Incremental–Iterative Implementations.






_1052905590.unknown

_1052905848.unknown

_1052905883.unknown

_1052905940.unknown

_1052905975.unknown

_1052906740.unknown

_1052906741.unknown

_1052905979.unknown

_1052905971.unknown

_1052905902.unknown

_1052905853.unknown

_1052905869.unknown

_1052905851.unknown

_1052905823.unknown

_1052905831.unknown

_1052905837.unknown

_1052905827.unknown

_1052905731.unknown

_1052905746.unknown

_1052905757.unknown

_1052905787.unknown

_1052905790.unknown

_1052905749.unknown

_1052905734.unknown

_1052905631.unknown

_1052905719.unknown

_1052905609.unknown

_1052905502.unknown

_1052905542.unknown

_1052905584.unknown

_1052905536.unknown

_1051818340.unknown

_1052905497.unknown

_1052905500.unknown

_1051864436.unknown

_1052905476.unknown

_1051851040.unknown

_1051601436.unknown

_1051817317.unknown

_1051601530.unknown

_1051601435.unknown

