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Simple exercise

X Find the adjoint of this nonlinear statement:

x=ay+pBz°

Note: o and B are constants, x, y, z are variables
Naming conventions

= suffix d for all tangent linear variables

= suffix b for all adjoint variables

= suffix O for the trajectory
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Simple exercise

X Find the adjoint of this nonlinear statement:

x=ay+pBz°

Note: o and B are constants, x, y, z are variables
Naming conventions

= suffix d for all tangent linear variables

= suffix b for all adjoint variables

= suffix O for the trajectory

xd = ayd +2[3 20 zd
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Simple exercise

X Find the adjoint of this nonlinear statement:

x=ay+pBz°

Note: o0 and 3 are constants, X, y, z are variables

Naming conventions
= suffix d for all tangent linear variables
= suffix b for all adjoint variables
= suffix O for the trajectory

W_ Solution (AD):
xd = ayd +2f3 z0 zd yb=0

zb=0

yb =yb+ oaxb

zb = zb + 23 z0 xb
xb=0
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Simple exercise

Direct

real ,
real ,

parameter
parameter

subroutine sub(x,y,z)

real ,

real ,
/

intent(in)

X =

intent(out) :: x

axy + bxzwx2

a
b

Ly, Z

Tangent linear

-
| N

subroutine sub_tl(x,y,z,z0)
real, intent(in) :: vy, z
real, intent(in) z0
real, intent(out) :: x
/
X = a*y + 2xbxz0xz

A\
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subroutine sub_ad(x, y, z, z0)
real, intent(out) Ly, Z
real, intent(in) 1 z0
real, intent(inout) :: x
/
y 0
y4 0
y y + axX
Z Zz + 2xb*z0*Xx
X 0
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A little more complex exercise

X Find the adjoint of this nonlinear statement using the matrix method:

ny(a,b)
z=9(-)
x=oay+pBz°
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A little more complex exercise

X Find the adjoint of this nonlinear statement using the matrix method:

ny(a,b)
z=9(-)
X =oy+ Bz

Solution (TL)

20=9(--)

yd =f_t/(a,b,a0,b0)
zd=g tl/(---)

xd = ayd+2f3z0 zd
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A little more complex exercise

X Find the adjoint of this nonlinear statement using the matrix method:

y =f(a,b)
X =oy+pz°
Solution (TL) Solution (AD):
yd = f_t/(a,b,a0,b0) 20=g(--)
_ yb=0;zb=0
zd=g tl/(---)
xd = oryd + 23 20 zd yb =yb + oxb
zb = zb +2[3 20 xb
xb=0
:g_ad(zb)...)
ab=0:bb=0

ab =ab+f_ad(yb, a0, b0)
bb = bb+f_ad (yb, a0, b0)
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A definitly more complex exercise
X Find the adjoint of this nonlinear statement:
y(:)=1(-)
2(:)=g(--)

x(1) =y
fori=2,n

x(i1) = ax(i—1)+By(i) z(i)

endfor
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A definitly more complex exercise

X Find the adjoint of this nonlinear statement:

y()= ()
2() = g(-+)
(1) =7+ By(1)2(1)

for i =
xd

) = axd(i—1)
+ Byd(i) 20(7)
y +Byo(/) zd(/)

—~ DN

fori=2,n

x(i) =ox(i—1)+By(i) z()

endfor

A
Rt ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS O©ECMWF

5/6



A definitly more complex exercise

X Find the adjoint of this nonlinear statement:

y()=f(-) fori=2,n
2(:)=9() x(7) = ax(i = 1)+ By(i) 2(7)
x(1) =v+By(1) 2(1) endfor
Solution (TL) Solution (AD):
yo(:) =1(--) yo(:) =f(---)
20(:) =g(-") Z0() g(--)
yd(:)="1_t/(--) yb(:)=zb(:)=0
zd(:)=g_tI(--) for i=n,2
xd(1) = Byd(1) z0(1) zb(/) = zb(/i) + B yo(/) xb(/)
+By0(1) zd(1) yb(i) = yb(i) + B z0(/) xb(/)
fori=2,n xb(i—1) = xb(i — 1)+ axb(/)
xd(i) = (xx?()i— (1)) dfxb(i) =0
+ Byd(i) z0(/ endfor
+Bz0(,) zd (/) zb(1) =zb(1)+p yo(1) xb(1)
endfor ) yb(1) =yb(1)+ B 20(1) xb(1)
xb(1) =0
.- =g_ad(zb,---)
=f_ad(yb,--)
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Absolute value

X Find the adjoint of this nonlinear statement:
x = abs(y)
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Absolute value

X Find the adjoint of this nonlinear statement:
x = abs(y)

Solution 1 (DIR):

ity > 0 then
X=Y
else
X=-Y
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Absolute value

X Find the adjoint of this nonlinear statement:

x = abs(y)
Solution 1 (DIR): Solution 2 (DIR):
ify > 0 then if —y<y<y then
X=y X =0y’ +¢
else else
X=-—Yy j X=Yy
with o, 'y and € adjusted so x and
its derivative are continuous
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Absolute value

X Find the adjoint of this nonlinear statement:

Solution 1 (DIR):
ity > 0 then

X=Y
else

X=—Yy

x = abs(y)

Solution 2 (DIR):
if —y<y <7 then
X=0y’+¢
else
X=Y
with o, 'y and € adjusted so x and
its derivative are continuous

Solution 2 (TL):
if —y<y0 <y then
xd =20 y0 yd
else
xd =yd
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