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Abstract: A parallelized implementation of automatic differentiation that derives from the problem of bundle adjustment is pro-

(1. Zhejiang Dongfang Polytechnic, Wenzhou

3. College of Electrical and Information Engineering, Hunan University, Changsha

posed, which is based on OpenCL parallel computing framework. Reverse mode of automatic differentiation is more efficient to com-
pute the derivatives of functions with multiple parameters, which is the case of computing the Jacobian matrix in bundle adjustment
problem. Under the framework of OpenCL, C/C+ + style function construction and topological sorting based computational sequence
generation are implemented on the host side. On the device side, function values and derivatives are computed in parallel according to

computational sequence. Large scale bundle adjustment datasets are used to evaluate the proposed implementation. The result shows

325035, China;

that our implementation runs about 3. 6 times faster than Ceres Solver which utilizes OpenMP parallel programming model.
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DVAR x1.x2;

DVAR fl1=In(x1) +x1 * x2—sin(x1)

DVAR {2=x1 % x2
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template<_typename T >

struct ADV_Node {

OpType op;
shared_ptr<?ADV_Node<<T>>> arg[2];
T val;

T dval;

int id;

}
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template<Ctypename T>
class ADV {
public:
shared_ptr<ADV_Node<.T>> ADVptr;
ADVQO;
ADV (shared_ptr<? ADV_Node<<T>>> ptr);
ADV (const ADV &.adv) ;
ADV(const T val) ;
ADV<T>&. operator= (const ADV<T> &rhs);
ADV<T>&. operator=(const T &.val);
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template<Ztypename T >
ADV<CT>> operator+ (const ADV<<T> &.x,
const ADV<<T> &.y)
i
ADV<T> adv;
adv() — >val=y() — >val+x() — >val;
adv() —=>op=ADD;
adv() —>var[0]=x. ADVptr;
adv() —>var[1]=y. ADVptr;
return adv;
}
FEfr ERY “c=atb;” FIKAE AT LB £ R 80v b
9 ¢ = a0, AN [ 52 5 A R R BOR MY RR K. R
B X O B T VR TR I A A R . 53 A TR 2 B
DU FH A DU BE 7 AUROR A A LK ADV <double > i
XA DVAR,
2.2 HERFIIMER
TE AL 2 pR L KRS I 0 1 5 B 2 05 . R AT DL s
S ROk BEAT SRR O T IE B M T S A
S RUE . TR e Sy 1 T R e Y R AT .
Bt A B TR T8 .
TER I THERECR . THE 81 3000 O IE 315 51 R

GRS 22 P SN R 2 S R DS I R Ak G - R A N A NE
SN T3 R B SR . T 1Y A3 A0 id 7 AR BN
AR R id B R T TR Y id (i BT LA T
S PRBEL B0 A ) 3 38 5 AT LA B BB A% R T I
B o SRTAERA E S 1) T 537 ) I, 6 20025 1Y 1 22 TR) 1 4
KA WO PR, WERINAT 57 IR A BE, A5 4b B A 2
W LR T A5 1 SRR I B BT Rk

EM P EF5:0 1 % 3 ;1)

6
S EPH:7 6 5 4 0

5
2
(EI I F iy S R N R R A b A =N ]

PR, SR 0 F I PP R 58 180 1) 7 53 5 90 A L. Bir 2R
TR S ) AR B v ST R T AR A R AR O R . Eh
Herp i D AR IS5 1.
BL 1 AT AU T S N HE
WA HHEG= (V.E)
Wi RIIFEFH L
WIHRATHECEE C Al TICR& T R AJE
for vin V do
A 5ot R o MHTIETT A
B s, 72 C YA
end for
while L JE3# do
WRBAFEABER A v
AmE] L R
A sat o BIHTIRCTY A
WA .t 7E C PN JE
end while
2.3 EEmHFTIHE
MAE F WL 58 T RF A ARz G 8 AT LUK R
TR R S B AN . TE B i AR B R R S
A R B A T R B0 U
TE OpenCL F, £ 4 kernel R %t 3 417 #b 76 41 CPU,
GPU #(# FPGA &4 Fisty. HAEN@AT S olfh —1
LAET, HIAT e otk T s Bt B ST s, D
FBAtHAIC LR KN ER R, FHm®EEEES
R ARSI R X B 3 75 2 A7 R S 0 eR AR B
[F] BF o /] DA S S i AR i, B CAEA . B L
YEZH H B T #F Wi L SIMT (Single Instruction Multiple
Thread) M=, JF H L5 — 4150 A BR 1Y & o R 38 77 6
fr o MEBOGHT 22109 W v, B A 1Y B0 53 8 T A 9] 1Y
THE BT 5. a0 SRS E 0 RF /N, B 4w DA
TR 5 e 0 A A ) Jeg B A i e A U 1) i oy B



« 158 TS AL 5 8 92T &
I $0F7 64 52 Bk % 3 2 0 kernel 5 5OAI XY 1L DVAR sintheta=sin (theta) s
M SCH IR B0 E 0 15 BRSO DVAR theta _ inverse=1. 0/theta;
B . SRS TR B 5 1) T2 R SR WA & A T 5 i S 5 DVAR w [3] = { angle_axis [0] x theta_ inverse,
. SRR o i AT ARG B HOE 4 L. angle— axis L]+ theta _ inverse.
T H AR B L 2 angle _ axis [2] = theta _ inverse
Tk 2, HIESE Kernel B3 for i=0 to size (for- b
4 ) do DVAR w _ cross _ pt [3];
ward _ seq
cross (w, pt3D, w_ cross _ pt);
compute _val (node_op, argl _val, arg2_ val) DVAR tmp=dot (w, pt3D) » (1. 0—-costheta);
end for DVAR tmp3D [37;
for i=0 to size (input _ args) do tmp3D [0] =pt3D [0] * costheta+
val _out [base+i] =node _val [i] w _cross _ pt [0] * sinthetatw [0] * tmp;
end for tmp3D [1] =pt3D [1] x costheta +
for i=0 to size (funcs) do w _ cross _ pt [1] * sinthetatw [1] * tmp;
for j=0 to size (reverse _ seq) tmp3D [2] =pt3D [2] * costheta +
compute _ diff (node _ op, node _ val, w_cross_pt [2] x sintheta+w [2] = tmp;
argl _ diff, arg? _ diff) tmp3D [0] =tmp3D [0] -+transl [0];
end for tmp3D [1] =tmp3D [1] -+transl [1];
for j=0 to size (input _ args) do tmp3D [2] =wnp3D [2] +rransl [2];
diff _out [base-+i* N-+j] =node _ diff [j] X focaltmp3D 101 fump3D (21
d for y=focal ¥ tmp3D [1] /tmp3D [2];
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DVAR x, y;
DVAR theta2=dot (angle _ axis, angle _ axis) ;
DVAR theta=sqrt (theta2);
DVAR costheta=cos (theta) ;
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