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Building a better connected world
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What is AD
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f(x1,x2) =In(x1) + x1x, — sin(x5)

Forward Primal Trace

v

V-1 = 21 =2

Vo = T2 =5

vi =Ilnv_1 =1In2

Vo =VU_1 XV =2XDH

v3 = sinwvg =sinb

Va = V1 + V2 = 0.693 + 10

Us = V4 — U3 = 10.693 + 0.959
Yy =5 = 11.652




What is AD

JRERZEY :
f(xq,x3) = In(xy) + x1x, — sin(x;)

JREREGEIRALDAG ( BRIFEHE )

IRIEE IR S AN T

fxy,xp)

Of _ 0v_q , 0V 0vy n 0vy 0vy Ovs Of
0xq - 0xq 0v_q10vy 0v_q0vVy” 0x4 0Vsg
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AD Forward Mode

f(x1,x2) = In(xy) + x1x, — sin(x,)

V;

dv; . dy;
0xq 0x;

Forward Primal Trace

Forward Tangent (Derivative) Trace

V-1 = T1 =2 1}_1 =:i31 — 1
Vo = 2 =9 Vo = T2 =0
U1 =ln'v_1 =ln2 ’l°)1 =1')_1/v_1 =1/2
V2 =vV_1 XV =2XDH V2 =V_1Xv+voXv—1 =1Xx5+0x2
v3 = sin vy = sin b V3 = Vg X COS Vg =0 X cosb
V4 = U1 + V2 = 0.693 + 10 Va = V1 + V2 =05+5
Us = V4 — VU3 = 10.693 + 0.959 Us = U4 — U3 =55—0
VYV y =us — 11.652 VY § =5 = 5.5
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What is AD

JRERZEN

JREREEIRAIDAG

IRIERERS ENEF
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f(x1,x32) = In(xq) + x1x, — sin(xy)

Forawrd pass >
of/x, oflv_, In of /v, + of /vy
S <---= <---=
V\ g - - ~
N Ry 7 24 h ~ ~
* of /v, ,®t> TR
‘/’/ sin 57 ofIvs
7 Rn (1)) S a———— >
df Ix, of v, of v,
* - - m - m—— - — - Backward pass



AD Reverse Mode

f(x1,x2) =In(x1) + x1x; — sin(x;)

oy,
l avi

Forward Primal Trace

Reverse Adjoint (Derivative) Trace

V_1= 1 =2 A 7, =7, = 5.5
Vo = T2 =95 T2 = Vo = 1.716
vi =lnv_;  =In2 U_1= 01+ Vgt =0-1+01/v_1 =5.5
va =v_1 XV =2XD5 To =To+0252 =0o+02Xv_1 =1.716
V1= T o2 = Ty X Vg —
v3 = sinvg = sin5 To = 1732%3 =73 X cosvo = —0.284
va =vi+v2 =0.693+ 10 Vo :1743—2‘2& =74 X1 =
U1 = Tag =74 x 1 =1
vs =vs—wv3 = 10.693 + 0.959 U3 = V5Pl =75 x (—1) -1
Vs =UsFe =75 x 1 1
VYV y =us = 11.652 Vs =7 = 1
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Jacobian Matrix

YFERE Y = f(X) , HP f:R" > R™, BBA Y FXT x BIBEE R LAZR2/9 Jacobian 6% :

PN 22 I K

f= _— et — | = : . .
Ix; 0x; 0Ym 0Ym
L 0xq dx, |
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AD Forward Mode: Jacobian-Vector Production a]

YFERE Y = f(X) , HP f:R" - R™, BPA Y FXT x BIBEE R LAZR2/9 Jacobian 6% :
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[ox;  Oxy,
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dy1 0Ym
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v ] [OL) [
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9 Huawei Confidential. MindSpore



AD Reverse Mode: Vector-Jacobian Production

YFERE Y = f(X) , HP f:R" - R™, BBA Y FXT x BIBEE R LAZR2/9 Jacobian 6% :

P oy |9 O
I 0x, oxl oy oy,
|0x;  Oxp
IRE UV BRTERE L =g@) BIBE :
. ral ol 1"
v: —_— ces —_—
Yy, 0Ym
vector — Jacobian FAFLREEE | XTF X BUHEE
0y, Ooym,1 [0l 1 1 0l7
axl axl 6)/1 axl
Jb-v=|: ~ [0 |=]":
0y1 dym| | 01 ol
10Xy, 0x,1 L0y,l Ldx,]
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Reverse Mode VS Forward Mode

STFEREL f: R" - R™ , 5 Jacobian %GF% :

NF—PMmHETE v, HIT RRART

dx, dx, || RITEL Jacobian BMFE—1T
Ir=1T" - :
| 0x4 dxy, |

- Im>n, BEERARNEEINBINMND |
- ZAn>m, BEFERAREREEMD
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Automatic Differentiation in ML

Jacobian %B% :
0xq 0xy,
]f = : :
Ym| = 9m
| 0x4 0xy, |
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Automatic Differentiation

HILUANGER | HEBEIBINMEFITKEER
f-9)'C)=f'(9(x)g'(x)
P ARIERIIR [FERT |, $/93KAE Jacobian #ER%

[0y, %N
.
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Conclusion
TIRBIE S D BT IR [
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TR LCRRIENE A RIS |, BiRflR Ao R RLER
TR T B BT AEZR = AN E SR
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/BUILDING A BETTER CONNECTED WORLD
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