5378 % 6 77 I N DR A N S S 74 Vol.37 No.6
2023 4F 11 A Journal of Hunan University of Technology Nov. 2023

do0i:10.3969/}.issn.1673-9833.2023.06.001

HEAGLIA I AE T IS AL FO R B/ IME ST

XN, ks, B £, BF5, LHE
Cibrg Tl 2% JHELABE, AR BRI 412007 )

W OE. ATHBAAMTRAATREDRESHTHRAERERNMMPA, BET —HFRGTAEFR
(BL) #e#£TR o B R ws, JFik4 T —F a4 R T L AE K E & (BLMSL) , BLMSL % &L 44%
FHEBRT E S ESRAY RSB, RELEE 5MEMESLIE I MY, £ Epigenomics = LIGO
WEFE IR LR AT, SR AW, EHEAERY KRG T, BLMSL Sk B ik bk ed B 2 X
Hokme kg eyiAERE, BAARRH,

XEIE: M= ARG kAt AEKE; HAARA

hESES: TP311 XEAREE: A MXEMRS: 1673-9833(2023)06-0001-08

I AW, KA, B B, F.OREARTEATRAFRGAERER DR [J]. #Am T
XK FFIR, 2023, 37(6): 1-8.

Scheduling Length Minimization Algorithm Based on Budget Level Under Energy
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Abstract: In view of a solution of the minimizing scheduling length under energy constraints in heterogeneous
cloud systems, a novel budget level (BL) energy preallocation strategy has thus been proposed, with a scheduling length
minimization algorithm designed under energy constraints (BLMSL). The BLMSL algorithm consists of three stages:
establishment of task priority queues, preallocation of task energy consumption constraints, and selection of the optimal
processor and frequency combination. The results of experiments conducted on two types of scientific workflows,
Epigenomics and LIGO, show that under the premise of meeting energy consumption constraints, the BLMSL algorithm
is characterized with significant advantages in achieving a smaller scheduling length compared to the most advanced
heuristic algorithms.
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AN HE 1A DAG ERRIF AL, #
2H0H T VM A OESEL, Eh AR A ROT R
LA RIS S DRI 55 . REFELIHE E,00(G) IR E N
E(G)x A, LIBUE N 0.5, 24 MSLECC 543 i /i
32 RS vM JAER 1 TR LSS AR, R
FERK & 129.525 6.

R2 VMBIWESH
Table 2 VM power parameters

vy Drina Cren € Drtow Dt max
vm, 0.03 0.8 2.9 0.26 1.0
EMFEEE RO, %3 2/RT BLMSL Bk
FERE 1 IR AT 55 S h R BE N 85.852 4, FIriH
FEREFE N 71.739 2, L MSLECC &%, BLMSL &
PR BN T 33.73%, BE R M AEI/ D T 9.04%,
A5 AR AR B B FIREAEARAR 24k
%3 {EFH BLMSL EAERE | FiRMHITRASERER

Table 3  Parallel application allocation results as shown in
Fig. 1 using BLMSL algorithm

7, Eyivenl(T) E () vm(r) AST(x)  AFT(r)  ¢(z)
7 8.6243 85051 vims 0.000 0 9.8901 091
7, 79314 59200 vim, 18.8901 26.890 1 1.00
7 99739  9.1300 vm, 218901 32.890 1 1.00
7, 9.3333 93226 vims 9.8901 43.8524 0.53
s 74640 73913 vim, 268901 42.7438  0.82
76 7.5503  7.4502 vm, 328901 489345 0.81
Ty 9.2413 8.8800 vim, 59.8524 718524  1.00
7, 7.6148 58100 vm, 489395 559395 1.00
T3 85514 41500 vm, 62.8524 67.8524 1.00
Tjo 123109 51800 vim, 78.8524 858524  1.00

i F BLMSL B8 E 1 rh L4542y 4s S an e
2 s, PHEERE R 85.852 4,

SL(G)=85.852 4|

vm, L[ & [o] |
!
|

v, | 7, I I 7, l | 7, I T,
!

v, [ 7] T, I |

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
2 BLMSL Hixpif B RE
Fig. 2 Scheduling effect diagram of BLMSL algorithm

4 SEIWERFS

AT AT T 245285k X e WEE BLMSL 5754
B H el EE . HN AR E, R
25 SRR G R K 3T o
4.1 SKINEE

SC8 A U BE E T Intel Core(TM) i5-
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HUE, ¥EEEN 0.01 GHz,

HEFT 5752 50 R 40 1 LU/ R B KR B b
(2 MU, MSLECC Sk S5 ARSI TAEY WAE %
JEREFELI AR A AT EE i/ MUK B, BRI
FPELEAE R se e ip Xt e . X 3 R EA ST B
FR¥T R e/ M T AR R IR B B

A S B FHSE PRI REFE E(G) FHER AR EE
K SL(G) 1E HA MR TN 8 bR, s PERET
ST T2 Ad R A B A TAE S AR A TR
3 3 2 AR 1 B (4 /NI RE AR 29 SR K/ N
WHL U BLMSL 34k (194 5
4.2 Epigenomics TAEA A

AT BB Wt A 2 G
1) & WL 5 X 2H 27 Epigenomics
PRI TAER S, T3¢
HRIFR EP, HRlE TARRN A $
PP Z5A AN 3 Fim o 9

SR —. AT TAE
Ui REAE 2 A E S 0.5 (B
E (G =Enn(G)x 0.5) ,  H4
EP L FH ) RS 53 00 R 19,
51, 103, 523, 1 003, B 5 4%
FEAS AT 55 B B AN R 3L 1
S B T FE RO K
MSLECC %7 Fl BLMSL 5 1 76 i 1) S5 56 22 451 o
HRRETEN FE REAFELY A A FTEE T AU TJREE, ik T
HEFT S AE B INFEA N, BARSEIL T RN IR
KB, (HERERER R LB R A

FARRT 3 PR RAEA AT S B0 T I SEbRRE
FERVAEE K . B TAERN BT ALY K, ABFE
FEER EEREZ 3K . AL HEFT I MSLECC 8.3,
BLMSL B AR IELET E RERE LIRS T, RARE
ANTERER B, 7ER FHRLEB A N=1 003 HLiH#ERE R
AAR A A5 30 R, BLMSL % 3 A [k MSLECC 5 &
VAR K BE/D T 4 63.22%, RPLT HAE R K B
/MU TR B R et

B4 JB/R T 3 MOEEAEAS AT 55 50 1 EP
THPE R LS R, &P BLMSL 350767 R AEFEZY
WA, SEEE TR A N R R

3 Epigenomics
TiEmEHE
Fig.3 Epigenomics
workflow structure
diagram
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Table 4 EP workflow scheduling results under different application scales

HEFT MSLECC BLMSL
INl Bl @) E(G) SL(G) E(G) SL(G) E(G) SL(G)
19 147.41 182.46 118 147.41 259.68 144.48 128.42
51 377.52 461.38 236 377.52 667.65 377.42 265.98
103 784.70 1058.22 469 784.69 1384.65 793.07 529.79
523 4006.83 5202.69 2256 4006.83 6 668.60 4006.00 2 605.50
1003 7461.20 9799.87 4238 7461.20 13 624.05 7 460.90 5011.47
14 000 BUERIBE R 0.5,
—8— HEFT;
11200k —&— MSLECC;

—e— BLMSL.

8400

G)

SI

5600

2 800

0 220 440 660 880 1100
[N
scheduling length comparison of different |N|

4 REMESEM SLxttE
Fig. 4 SL comparison of with different task numbers
4.3 Inspiral TAEFR
AR S50 R FH Ly Wy B2 U ) LIGO Bl TAE
Wi, HASHaE s foR.
SCEG T RESLER A N MBI E O 94, REFELY
W Eyooo(@) HEEN Ein(G) x 2, A BIBUE 2 31 4,

& 5 Inspiral T{ERZ5HE
Fig. 5 Inspiral workflow structure digram

TEANR SRR 5, M43 E REAREL AN, T
V30 P A 95 BE R B AL RE o S B B /N A
/=40, BLMSL 535761 /2 REAE L AR F T, SEhrik
JEKBE I HEFT B3 AH 22 3.72%, T REREVAHAEAD 1L
HEFT S35 1978 1347%. 915 TS5 SR 45 e REFEAL
/NS, BLMSL S7AM RS, 4 A=2 I, BLMSL
SLSEPREE B L MSLECC S4RTH T 76.49%.

RS5 AERBAREZETH LIGO TERBELR

Table 5 LIGO workflow scheduling results under different energy consumption constraints

HEFT MSLECC BLMSL
/1 Ebdgl(G) El
(G) SL(G) E(G) SL(G) E(G) SL(G)
2.0 401.02 1 060.81 388 401.02 2 388.93 400.98 561.74
2.5 501.27 1057.22 386 501.27 1917.61 467.98 501.27
3.0 601.52 967.30 369 601.52 1 589.40 601.45 431.60
3.5 701.78 908.23 346 701.78 1242.51 701.74 357.85
4.0 802.03 925.91 339 802.03 683.44 801.20 326.38
6 &R T A IF BEAE 29 3 19 LIGO 1 Bl F 3 il 2700
N > . e —a— HEFT;
PR TABER AR . AT DOWES . BLMSL 2200k —a— MSLECC;
A 2 S REAE SRR AL A I BB R R SR R A TS BLMSL.
VR R BEIARK R . ALFE AR [ RERE L0 4 T, < 7o
BLMSL 539 1) £ 24 0 FE < B 1R 24/ T MSLECC Z ool
LI VR B B
H DL 125 AT, BLMSL 553 B % [n] i 3 st 700
ARG RERE R R K W T, SCHLMERE A, - .

IEWEAE LIGO 1 EP J47 IRk LA B4 TR0
B2, Fo4rUHH BLMSL Sk 7E AR TAER
RS R iR & RS B PR

15 2.0 2.5 3.0 35 4.0 4.5

A
Bo6 AREEEFELIR LIGO Ky SL XFEL
Fig. 6 SL comparison of LIGO with different energy
consumption constraints
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