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100%
TABLE I T
EXECUTION TIME OF TASKS IN FIGURE 1(A)
task 1 2 3 4 S 6 P2 b T e et ;;;;:::::::‘;29;%
Te:cec(-‘:?) 1 1 2 1 4 1 idle | 1->2 2 4->6 idle |} )
T . T |
0 1 4 5 7 ) t
(a)
100%
frequency mm-e-- -
...100%
p1 (1| 3 5 6 P2 | __ 4 pnnnnn 33.3%
ide | 1-22 pJ 456 | idie | .
100% T | t
0 1 2 3 (b) 5 & 7 )
2 4
P2 ide |1->2 3->4 4>6] idle T33.3% 100%
333333333 t B
e o ooo.o S0%
(b) P2 | TS A T
idle | 1->2 2 d; 4->6 | jdle !
Fig. 1. HEFT initial task assignment without slacking 0 1 5 3 1 ! 6 : 3 t
(c)

Fig. 2. Slack results by different approaches
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® [/I B¢ 1:Task Mapping
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® ) X2:Task Slacking

1) Extend to performance constraint

. . T _
extension ratio . = %

B (25 R BN BN AT I AR : [AST (ny) , AFT' (ny)
Fop

AFT' (n;) = u- AFT (n;)
AST' (n;) = AFT' (n;) — Tezec(ns)
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® ?2) Calculate slack time

Test(ni) = max, epred(n,) (Test(nj) + Tezec(nj))
T:E ft (ﬂi) — HliIln;Fsuccl’nﬂ (ﬂ ft (TL;‘) — TE:EE::(”j))

Tstack (”z’) — ﬂft(”z’) — Test (”'i) — Temec(ni)
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® 3) Lower the frequency
WeFE Tire(ni) B KIWAESs > WIER Torack (ni) >0, {EnififEAL
e EERNZES Dipe(np, k—1) > Test(np, ) , HEF
Npjx FI— AL AAFAERT [R] [B] BR A B N . B A7 AL K 5t B
6] 2 0 AL S5 A4 Bl — A I B ISR
S = {-npj__k,npj__k_l, ...,-n.pj,x)}

FEX TeweelS) : SHEATI )2 F
Tooa () + 7 BAS R4 SO 18] 121 2 10 48 o

Te:nec(s) = Tezec (npj._k)‘l'Te:Uec ('n'pj,k—l)‘l'“""Te:sec (nfpj,:t:)

Ttotui(g) = ﬂft(npj,k) - Test(npj,:s)
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fgfﬂbai (ﬂpj k) = fmax-max (

TEIEﬂ(ﬂPJ k) Te:{rﬂc(s) )
Te:cec(ﬂp‘f._k) + Teiaﬂk(ﬁpj,k) : TtotaE(S)
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[T:‘,'ft ('TL-;;) — Tre:cec(n'i): T:‘,'ft ('TL-;,)].
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® 4) Update and Repeat
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® 1) Without Extension
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Fig. 3. Without extension
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®2) With Extension
FMETAEZE: 20045 A BENIDAGHI20945 i ljGauss DAG
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Fig. 4. With extension
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Fig. 5. Using ECS makespan as deadline
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An Energy-Efficient Task Scheduling Algorithm
in DVFS-enabled Cloud Environment

Zhuo Tang - Ling Qi - Zhenzhen Cheng -
Kenli Li - Samee U. Khan - Keqin Li

® Journal of Grid Computing, 2016 , 14 (1) :55-74
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1) initial task mapping phase
2) processors merging phase

3) task drawing phase
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1) Initial Task Mapping Phase
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2) Processors Merging Phase
® [ HANH B rankmE, rankm{E % T 0¥ g8 B AL
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® 3) Time Slacking Phase

Algorithm 4 T_Slacking()

Input:

Task slacking by using DVFS technique;
The scheduling results of Algorithm 3: MS’, D,
EST, every task’s execution time.

Output:

A new executing tasks list with proper
voltage/frequency pairs.

1: Calculate every task’s LF'T;

2: Calculate every task’s slacking time Slack(n;);

3: while there are un-optimized tasks do

4:  if The slacking time of task n; Slack(n;) exist then

5: Select the task n; with the largest LF'T';

6: Calculate n; ’s ideal operating frequency f,’,!. P

7: Pick out n; ’s actual operating frequency f,, ;'Jj_;

8: Update the frequency of task »n; from fp, max 10 fu,, pjs

0: Update the execution time of task n; to r;-' ;
10: Assign time slot of task »; to [LF T (n;) —r: LFT(n;)];
11: Update the LF'T of all predecessor task for task »n;;
12: Update the LF'T of the task n, which be executed just

before task »; on p;;
13:  endif
14: end while
15: return an executing tasks list.
D [fni = Neyi

LFT(n;)= . f i exit

Miny ; esuce(n;) (LFT(nj) —tj— Crlj) , otherwise

S

HUNAN UNIVERSITY

25



LI 5T

® X [V k. HEFTAIEES

® SZIGF 4. CloudSim simulator
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® 'LHEFEbR:

1) ECR (Energy Consumption Ratio)

DAGH AT 55 1) L Be ¥ 5 7E - B2 _ L HUAT I B s P i)
REFE 28 HP PATAE S I B FET LA

2) RGEHRERVEFHZAR (System Resource
Utilization Ratio)

A ZEE BB IR L.

3) PY¥HATHE] (Average Execution Time)
4) TEE#XR ( Energy Saving Ratio)
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The number of random DAG tasks: {20, 40, 80,
160, 320, 400}.

— The set of parallelism factor g: {0.2, 0.5, 1.0, 2.0,
5.0}. A high B will lead to a DAG with shorter
length but high parallelism.

— The communication to computation ratio (CCR)
set: {0.1, 0.5, 1.0, 2.0, 5.0}. if CCR value is
very low, it can be considered as a computation-
intensive application, otherwise, it can be consid-
ered as communication-intensive application.

— The set of processors available to use is from 2 to
32, incrementing by the power of 2.

— The extension ratio « in our experiments ranges

from O to 180 %.
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Fig. 5 Evaluation of random DAG without extension schedule length
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(a) Average resource utilization.
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(c) Average running time.

Fig. 6 Evaluation of random DAG with different number of processors
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(c) Average running time. (d) The energy saving ratio.

Fig. 7 Evaluation of random DAG with different extension schedule length
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Fig. 8 Estimate in Different CCR
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Fig. 9 Estimate in Different parallelism factor
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1) DVFS-enabled

2) KW— 8= P4

3) &R, slack reclamation
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