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Multi-level Pipeline Scheduling Algorithm in
Heterogeneous Signal Processing Platform

YANG Pingping, YUE Chunsheng, HU Zeming
(College of Information System Engineering,Information Engineering University ,Zhengzhou 450001, China)

[ Abstract] The existing real-time task scheduling algorithm do not consider the difference of node computing power in
system heterogeneity , which leads to the imbalance of task partition. Therefore, according to the characteristics of real-
time task in the heterogeneous signal processing platform,a multi-level pipeline scheduling algorithm for heterogeneous
signal processing platform is proposed. The multi-level task partition algorithm based on data flow graph and the idea of
multi-layer graph partition are used to realize the task scheduling load balancing and low communication synchronization
overhead. The synchronous pipeline scheduling method is used to achieve the purpose of low delay real-time data
processing. Experimental results show that, compared with the event-triggered data flow scheduling algorithm, this
algorithm can effectively improve the real-time processing capability of heterogeneous signal processing platform.

[ Key words] heterogeneous signal processing platform ; Directed Acyclic Graph(DAG) ; load balancing; task scheduling;
synchronous pipeline
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Void TopologicalSort (int Num) ; {//%5 S %0 H

Int gInDegree[ MAX_NODE] ;

FindInDegree () ;//%F 2% T0 s, 3R A JE{H

IniStack (S) ;// 857 A B {8 T &S k%

for( inti = 031 < Numj i+ + )

if (! gInDegree[i] )

push (S,i);
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//NEER O FEER k)2
While( ! StackEmpty(S) ) {

pop(S,i);
gVisited [1] = true;//HiH i 355
for( inte = gHead[i]; e! = -1; e = gEdges[e]. next) {

int v = gEdges[e]. to;

gInDegree[ v]--;

/7% 1 O R R AS A0 19 A5 A BE R 1

if (1 gInDegree[ v] ){

push (S,v);

/USRI O, ARk +1 2

{// END IF

{ //END FOR

{ //END WHILE

for (inti =0; i < Numj; i+ +)

if(! gVisited [i]) return ERROR; //fF7E o] %

{7/ % o )2 5 2R

3 it s DAG J3 J2 40 404k e 4 2R A 7 4], G
LK 3 (a) 3 — A A S 5 AL BEOF 5 0 9 DAG
Ml S5 1) b B2 ) R 1), V, SR AL BUME D A AR AE Ab
A R SRAT I ], 18 3 (b) ik T &R 5 R IS
1 DAG, HEiHA K 3(a) P& TR A BE(E R
JRA ABEAE ] O 35 SORTESE k)2, 8 H F— )2
T 1 BT AT S B BT R KAl O A T A,
NS k+1 2, H 3| DAG W ALETEAEME R 0 1Y)
W AMZE AN AT LU DAG g 7 H B ER
B, By 1k hAT I L BEAEA

(b)s}EHUT JE DAG

B3 DAG H RN EFERA
2.1.2 iy Rl R L
JIGE - i A SR 5 R X 43 2 AL B S 1Y) DAG #E 4T W)
AR 43 K AHAB B 1 s BEAT Rl A o AT 55 Rl 43 kL R

N AR IS RO 2, JF AT R R e (LT 5 T i
R AR, AT 55 3 23 L B2 K A5 T 8 b (B9 47
JEE AR )N o R il R vk S T I T R Rl S
SR b — i, K R AR R A T ARG A £ T
BRI A L (H A T BE 23 3 2k 5 B R 1 IR AT
I G P il R A I R A (A 55 22 1) Y 315 T 5
BN SR PR 354 55 B B F A7 1k LA K BBy i B3
BENG O o ASSCRISCHEK [ 14 ] 19 DAG UKL Rl 5 J7
U5 R RE AR SRS A B AR S SR
. L(vi,v)

Gam:—C(v,.)+C(vj) (1)
Hob ARG EERP R ITR L(v,,v,) . C(v,) . C(v,) 5>
SR A TR S A5 B LR v, BT A R (ED A
AT v, o

IRy Bl SR R AT

BiE2 Wymaik

wmAN 2325 H DAG G:(V,E)

Wl  fUWUFRELG SR DAG G:(V,E)

Graph G = ConstructGraph( DAG) ;

VertexNum = Count(G) ;// 4 1i 77 A%

averageWorkload = Weight( DAG) /ClusterNum;

/7 g AP A A

priorityQueue = ConstructpriorityQueue(G) ;

/W g BU{E B9 118 5 BA 31

While ( VertexNum > ClusterNum ) {

MaxGain = GetMaxGain ( priorityQueue) ;

/ /A5 BAF Hh R B S B K R A

If( maxGain < =0) break;

Pair < Vi, Vj > maxGainCluster =

GetMaxGainCluster ( priorityQueue,G) ;

ClusterWeight = Weight( cluster) ;

// 5 T cluster {17 4%
If ( ClusterWeight < averageWoekload && ErrorDAG )
// Y HTAH SR R A AN TR 43 S B S 3 B (E BT
//DAG& 1 ¥ I
PriorityQueue. delete ( maxGainCluster) ;

/74005 BAF TN B fie U 45

newVertexr = Fused( Vi, Vj);
/A JE IR

G. update( Vi, Vj,newVertex ) ;// 5 i DAG
PriorityQueue. update ( maxGainCluster,

newVertexr) ;// 5 5 i i I8 56 BA 5]

-- VertexNum ;
{ //END WHILE
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ProcessNum = Count(P) ;// 524k 3 25 5%

PriorityQueue_CP = ConstructpriorityQueue( CP) ;
/ /K63 LA BEAR TH5 6 T S BUAEL 04 15 56 BA B

PriorityQueue_Workload = ConstructpriorityQueue(G) ;

/ /R HE VAT 55 570 O AUE 10 5 A3

Match ( PriorityQueue_CP, PriorityQueue_Workload) ;

/7 ¥ b G T AR 0 5 AT 55 1 T 3R AT IR G

averageRunTime = Weight( Cluster)/@;

/R BV 2 e CE AT IR A (R A R 2B JE )

TopologicalSort[ ] = ConstructClusterTopoLogicSort( G) ;

/7K v R R AN #E AT R 4y

Int curPartitionNo = 0;// 4T 19 % 43 4 5

While ( SearchClusterTopoLogicSort( G) ) {

/MR T DAG H 43 5515 5

CurPartitionWorkload = Weight( Vertex) +
Weight( curPatitionNo) ;

If ( Weight ( curPartitionWorkload ) < averageRunTime x
matched( CP) ) {

/ /R HEAT: 55 £ 48 42k D J5C R 7 ) A 3L 8%

initPartitionMap. insert( curPartitionNo, Vertex ) ;

/7 BRI R

{//END IF

else

+ + curPartitionNo;

G. update (newVertex ) ;// % # DAG

{ //END WHLIE
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