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Directed acyclic graph application scheduling strategy based on

critical path cut on cloud platform
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Abstract: To address the problems that the resource is surplus, the resource utilization rate is low and the cost is unreasonably high for virtual

machines in the scientific application of DAG ( directed acyclic graph) , a novel DAG scientific workflow scheduling algorithm based on CPC ( critical

path cut) was proposed. In the algorithm, the CPC technology was adopted to circularly find the unallocated task which is finished at last; the

biggest connected subgraph was found from the graph constructed by the whole unallocated tasks; the critical path of this subgraph was calculated

and the task set on the critical path was scheduled to the performance-matched virtual machine to execute. Meanwhile, the isolated tasks were used

to fill in the idle slots of the virtual machines, such that the resource utilization could be improved. Experimental results demonstrate that, the

proposed CPC algorithm can effectively reduce the execution cost of the scientific workflows while satisfying the deadline constraint in mean time.
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Fig.1 Simple DAG example
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Fig.2 Two kinds of scheduling schemes
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Alg. 1  CPC algorithm

Name: CPC: Critical path cut algorithm
Input: W=1{V, E}; every w(e,); 8(deadline)
Output;vmList = {wvm, |k=1,2,}; vm, = {id,

vmType, sTime, aTime, rTime, scheTL}

1 FOR (from vmType, to vimTypey )

2 FOR(each t; € V) w(t;) =seq(t;) * A(vmType,)

3 {kpEL , kpTL| = getCriticalPath(V, E)

4 exeTime = zlt‘ekp'l‘l‘w(a) + zpkgkplﬂ<w(ek>

5 IF (exeTime < §)

6 New first VM ; vm, ;

7 vmn,. vmIType = curType; //vm type of
first VM

8 vm,. scheTL =kpTL; //task scheduled
on vm,

9 update vm,'s sTime, aTime and rTime;

10 add vm, to vmList;

11 break ;

12 END IF

13 END FOR

14 update remainTaskList ;
15 While(exist(z;) in remainTaskList)
16  FOR(each t; e remainTaskList)

17 FOR( each vm, e vmList)

18 placeTaskOnExistVM ( ) ; //schedule single
task

19 END FOR

20 END FOR

21 placeTaskOnNewVM( ) ;
22 update remainTaskList;
23 END While

//schedule path

2.2 ESEEEE

CPC B 50 18 5 ik placeTaskOnExistVM
SR R 55 R 48 B3 1Y RERLPILAS PRI ]
R, DL i R IR A IR, N5k 2 i

WA ¢ PR om, b 1R LR
t; 7€ vm, FSEBRBATES ] 15 3 ~ 8 X ¢, 7E
vm, 1Y) number(vm,. scheTL) +1 /0] 58 )4 AL
TR

Horp canPlace(¢;,j) THA R MR KE ¢ TAE
vmy, WAES5 513 scheTL 9% j &, FiR ] —
AN IRAEL. R, R DATR B 25 4 ) el
JEIE, canPlace (¢, ,7) A % [A] true, 38 & B3 . O ¢,
1 A2 scheTL )% j ME S ,om, | scheTL
LT o BT RAE S5 ANEAE ¢ FAES AT Ja
T AT 55 A4 ¢ W ACAT: 55, DRAUEAT: 55 [ A7 AE 1Y)
KRR @ o, 1l AB| scheTL (155 j AL EHT,
TG TS5 19 EST F1 LST , {1IFE max { LST(1,) +
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Alg.2  Task backfill algorithm

Name: placeTaskOnExistVM
Illpllt: t;; vm,; W= ( Vv, E)

Bk hiEm) 2 ~ 4 TR A AL 551 EST
LST {H ;1E/] 5 ~ 8 ¥ 1} remainTaskList 5 Ji%, &)
HMEHIAT 55 1, , FinishTime (1,) R AT: 55 04T 58
Ee iy mf MRl A WE A 10, Koo, iR, TR
remainTaskList "8 3| 5 K348 & 15 4) 11,3
T2 3 TR B OGS AR TR B33 H 92 O ek i

Output; flag; . N NI —
1 . TR R ] A 45 i (] 5 1) 12 ~ 16, J3 3l —
wlt;) = seq(t;) x A (om,. omType) ANHRI VM LT 108 T G B A AT 55
2 IF(vm,. rTime>w(t;)) g o .
3 FOR(j =0; j<number(wvm,. scheTL); j+ +) }Tﬂlﬂ‘b( M jm/\ vmList,
4 IF (canPlace(¢;, j)) 2.4 fEERA
5 Insert(vm,.. scheTL, j. 1,) LA 1 4 DAG Jofi], CPC 31k ELAR AT it
6 return true; .
; END IF N 3 FrRo
§  END FOR oot vm| & | 4 | & | ma ||
9 return false; :
10 ELSE return false; Step2: v, 4 | b b | 4 | | i
Step 3: v, 4 | ) | 4 | L | |
2.3 BZEEER - [« ] «
ST BEIE BT e ——

& m, CPC H 3k R oh % 42 W K B %
placeTaskOnNew VM, iZ I IETERIR AT ECHIE 5514
JRH) TR TR — AOCHE R AR, BT HEFUBIL S
BIRSE X AR (T 55, Ak 3 s,
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Alg.3 Path scheduling algorithm

Name: placeTaskOnNewVM

Input: remainTaskList; vmList; W = (V, E);
8(deadline) ;

Output: empty

1 FOR(from vmType, to vmTypey )
2 FOR( each t; e remainTaskList) w(t;) = seq(t;) *
A (currentVmType) ;

3 calculate all tasks’ EST;

4 calculate all tasks’ LST

5 FOR( each t; e remainTaskList)

6 FinishTime(t;,) =LST(t,) + w(t,);

7 IF (FinishTime(¢,,, ) < FinishTime(¢;) )t,.. =13

8 END FOR

9 IF ( FinishTime (¢, ) <8)

10 childGraph =getChildGraph(z,, , remainTaskList E) ;

11 childCriticalPath = getCriticalPath ( childGraph) ;

12 new VM: vm, ;

13 vm,. vmType = curType; //vm type

14 update vm,'s sTime, aTime, rTime

15 vm,. scheTL = childCriticalPath ; //task
scheduled on vm,

16 add vm, to vmList;

17 break ;

18 END IF

19 END FOR

K3 CPCH ¥R
Fig.3 Example for CPC algorithm

o —2 03] DAG Hprfsc e 58 AT 55 ¢, , I
Mty R R B B K A R A OC B K AR
U o0y by o s b | SR G HR G SC S B AR A S 1
FEIAHL vm,, B FAAL 28 B Ol B, A A7 B TA) Oy
120 min, 25 720 S5 HARAE BT om, , K
L FFG A R . 5 =20 MRS B AT 55
H R B ML SE RIIAT 55 1, SR N 1 Y R R 3 i
KT, IR B IRAR {15, 05 |, FRAR A5G
SRBRAR K IS B AUAL om, , EAIMLIS B R S8,
AEAEIE] R 60 min ; 28 HARAT 55 T E B om,
Tl A2 (B ANGE G WO 2RI SR P45 - 3R BIR A AT
55 IR SE BUAT: 55 10, I N 1g M R 3R B IR K%
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Tab.1 Cost model
_ - %4
VM %ﬂ PEREFER
ES PERETE B ($/h)

type 1 1 VCPU,1 G 17,50 G fifif5 2] 0.16

type2 2 VCPU,2 G [Nf#,100 G Tfif2sm 0.32
type3 4 VCPU,8 G [Nf#,200 G fEif2sE 0.64
type 4 8 VCPU,16 G 17,500 G ffifs=zs(a]  1.28

3.3 XHEE
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AR R S

HEFT 5535 : AR Y54 55 19 7 B804 7 ) 1] 71 38
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A R HEFT {8 #9455 -85 FLJ B2 1) 58 i ]
/N RERIIL | o

IC-PCP Al IC-PCPD2 5335« 15 So ) U 1k 5% i
FEAE EAT S5 AU IS [R]85 R 3 VA A T 54K
UORIABAT: 55 1 A 1k B 1T, 22 ) A0 O SR BB A /7
FKHEFEAR PCP, 7R LI R 29 30F K PCP 4 b
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ARSCEEERX LIS 90 280 BRS8N BT

RS A S8 LR — B AT 4

N
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=

price,,, 37~ vm; AL AN US SR BRUE , aTime,, 3
7 vm, WA E] . BRI A8 48 CPU By S PRl
FH i B R AR CPU B LL ], B

z rTimevmj . cpuNumvmj
FRATR =1 - 25
Z aTime,, * cpuNum,,

X e rTime,, 227 vm, (TR ], B2 PRI [A]
341 HEHFHKEEHANLERGY A

S EAUMLIS I B R TR 1 4, i 40
HILSEA B 1] Jo B4 B2 2R 60 i, 8 1E B[R] & e
[ Short > Otong | » 1T 55 B HUEFE I 2y {50, 100, 200,
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[0.1,0. 9 I 5 5041 o SERLs ANl 4 Fs .
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