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Dynamically Fine-grained Scheduling Method in Cloud Environment
ZHOU Mo-Song, DONG Xiao-She, CHEN Heng, ZHANG Xing-Jun

(Faculty of Electronics and Information Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The coarse-grained scheduling used in cloud computing platform allocates fixed quantity resources to tasks. However, this
allocation can easily lead to problems such as resource fragmentation, over-commitment and inefficient resource utilization. This study
proposes a dynamically fine-grained scheduling method to resolve those problems. This method estimates resource requirement of task
according to similar tasks and divides tasks into execution stages according to the task requirement, and it also matches task resource
requirement and available server resources by stages to refine two aspects of allocation granularity: allocation duration and allocation
quantity. Furthermore, this method may compress resource allocation to further improve resource utilization and performance, and this
method uses several mechanisms including runtime resource monitoring, allocation policy adjustments, and scheduling constraint checks
to ensure resource utilization and performance of cloud computing platform. Based on this method, a scheduler has been implemented in
the open source cloud computing platform Yarn. The test results show that the dynamically fine-grained scheduling method can resolve
resource allocation problems by significantly improving resource utilization and performance with acceptable fairness and scheduling
response times.
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Fig.1 Resource requirements and durations of tasks execution stages
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Fig.2 Results of request-based scheduling
K2 BT BEUR Faw v i B A R

BES B3 2 vE S 6 RS BN N R RE TR A A D ), A SR b R R EE B U R 7 i (fine-
grained method, fiif FX FGM). 1% 77 4 73 W B UG e B Y58 7 s R R 0% Yt 40 A B 5 UG ORE B2, O £ 23 TiE P A Bl B8 5
A s 45 0 8 i o 2 — 2 B vt B M) Y AR AR B e T T T S4B R AR B B DR B B R L I A SR i 3 P
7. FGM HERIAE 55 (1 55 905 5K, A5 A 55 3l 50 9 IS SAT B B 2 J5 FGML 32 AT 55 25 BAE T B (19 B 5 SR B
SN 1) 73531 VU E DE U FGM A [ AL R A2 J3 E L 52 s T o BE U5 2 ) R 47 CPU BRUSAN AL BL (K BE U5 oK.



JA 2R SRR S AR TR T ik 3983

SN 2 5, FGM R4 ALA2 il B1 1) CPU %53 I, 1 3 MESIFATIAT AL F A2 45302 )5, BL i
Bk 45 43 TOTR 2%, 3R 15 R 08 0 R R A0 1) 0 Y05 448 LA 58 BT ) D9 AR B2 v 77 I 55 4% 140 0 5T P SR T 45 AT 4
5, DR, SR A 45 55 2 i B 14D 50 3 N ) SE K 7T 57 2830 48 42 5 il P ) 45 9. FG M 18 B85 1) SR g BR8] 7 4.05 I [R] 22
A 56 G, B 2 e (i 8 4 R A R 5 R T S5 00 47 3 5 T TR) B A AR KR I

=) >
o o Sk
1G9 Lo A5
4 Lol o2 |
£k A
E I F
8 B 6 | |
Ee, |
;H.H§£52 i B2, f
) e . S
| 4
BLSL _jA2S2f | BLSL _iA2S2i |
o a2st E | A2.S1 :§ :
ALSL 1ALS2E I ALSL  ALS2| Lo
1 2 3 4 Time 1 2 3 4 Time

Fig.3 Results of fine-grained scheduling
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AT AL R, = (R, RD) PR, = (R, R JUBTCALKIIN . 343 535 A R A0) B 2 R (1) 35, 4L 5
e AR A R (12) 1

R, +R,=(R:+R!,..,R"+R! (10)
R, xR, =(RLxR!,...,R" xR (11)
cxR, =(cxR:,..,cxRl) (12)
P TG AL (/8 F 56 B AR 23 SR (L3) 05 B R, AR 6 2 N T Ry PR AL B EIICE, M R, <Ry KR
hEL:
(Fi)(0<i<naieZAR! <Rl >R, <R) (13)
JIR 2% 5% b HE B R U B 0 U IR, A VR R R A O R U R R AT R R LR .
3% 1. Fine-grain Scheduling.
Input: Te: 455 A FEAE 5 2 6
Pa: I 55 75 1A B SR mgs
125 55 3 vl % SOG4
N R 45 25 PR U5 i el
1. if T<ThxN or isUnschedulable(P,) then
2. return; HASA] 43T, IR A
3. endif
4. sort(T,Py); 142 J 0N ST SR s o A T P A
5. fortinTsdo
6. check data locality of task t;
7. match«true;
8. if unpredictable(t) then IME55 t 2 IR 5% B8 0 R 88 HE A I
9. match<«—allocRequestQuantity(-);
10.  else if P,==FineGrained then
11. match«fineGrainedMatching(-); IR 38 2 97 7 19 400K B DG L 47k
12.  else
13. If A <M, then
14. match<«false;
15. end if
16. endif
17.  if match and checkQoS(-) then
18. allocate(t); A BT IR 4 AT 45 t
19. if the resource is used up then
20. break;
21. end if
22.  endif

23. end for
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WP R R SO B IR S 2% 2 PR W R R IR 55 s A SRS, SRAN T R ) g RO R B 1 AT ~E 3 AT).
A 55 5% 25 PR R YR T 20 N A TR RAE v A X (14) T
r:Zn:(rixti)/T (14)
i=1
oA B8 T VORI IR LG 5 T UCRFR I RR S (R, T R SR AE v 55110 L N ],
Ty SR A P A D) AR e RN ST SR Py HE R A R FE SRS T, LUGRAIE YR L A PR CGE 4 47). 2 7 5
VR PT R FE A T K0 18 B0 A b M R 305 I 55 2% % 9050 1R JEE 30 W% TR0 % ) 75 SR HE DU 400, 2 o3t) 3% S AN [) UG T S s
FEAT R A0 SR HEDI AT EAS A B 75 SR AN B HEI, DU 5507k 3 J 0% W 1 B R AT R R UL BE (56 8 47+ 58 9 47); i IR 45
2% P 5E TR g IR B8 D) A8 D 00 A J5E 9% 905 DG 0 S5 92 DG R W 90 75 SRR AT R YR (5 14 47 2R 12 17), HAR VL Fe &v:
GIETE 2 Fros; i SR IR 55 % AN SCRFA00REE UC HT, U 422 e HELIL RE SR BE4T S YR DE K (B8 12 17~%F 16 4T). ARk B UG
e ep R TR SR C M P S I CPUL A A % V5 10 e R T W] R U5 e 20 A 3 R4S 2% CPUL A %E U

R A A2 0 UG R 2 B 5 U U R 2, 425 2 T checkQoS(-) K 5 12 43 2 e S f 75 S0 PR 2583654
255 0 25 S0 CB85 19 A7) 01 5 43 L S0 i P 1, 0 5 43 TR 8 U, DR 7 2 75 4 S 05 W N R — %6
V(45 20 17385 23 17).

L, 4049 58 7695 0 B 25 A 2 R U 7 5 AL I 20 0, 2 K0 5 LT 5 1 €0 6 0 S 4
R AL R 7 B8 5 A 0 AL 2282 2, D Bl 5 WA 5 2 T BT A 38T P AT 5 75
AL ) P 5, B RAIE R 45 5 0 0 PR 458 00 £ 5 10 BV S0 ) D T LA A4 3% (15) 54

D, =YD, /1-1,)) (15)

Forp Dy b AS S 4 USSR IN AT 55 55 | BRI RS I 1), o AT 55 55 1 BUAEIS AT rh 25 T mJ s 447 0 U8 s 457 28 1) e KA1
AORLRE PR ICRC SR STk 2 o, S LLRAT By BOA 5L UG RC B8 505 5K 5 m] T B8 5, O A6 DR T mh 37 11 %
5T R A R e B A 25 1) A BRAT B B R AT DL TG, dn AT 25 T A7 B B 1) 25 T 8 W05 75 SR 445 B0 A2, U DL
BRI 4 AT~ 20 A7), 4I0KL L VT FE S92 A5 DL FC ob X 43 v S5 ) Y o 1) P s 40 B2 058 A RIS ) B 47 92 U A o)
TANT] R 4 B8, S B e P mT 6 e 2 5 R SR G 4L TR T T 4 R, S T R R G 4 0 b R U
HICALN 5% BV R K IR 4 R el T TR S5 T3 5 1) R 48 YR R 5 SR oe A s, HEAT FL R IR 45 38 A
B FuVF IR HE T 0 Yt i R s 40 23 A 12 I 55 4 A B BE 23 IO AT 95 R 24 i DG S AT 25 A O A 6l 45 :X(7) 7 i 19
), FAR A 52 3 i 55 45 U 58 SRS (1 5% 1.
3% 2. Fine-grain Matching.
Input:ng: ik 55 # AT ] E IR Be S 13,
t A L AT S5 t BAT B B AR &
N i 45 25 8 U5 e At e Al
Output:PLFC &5 L.
1. n<«the first stage in ng;
2. A, «the tuple of compressible resource of the stage n;
3. fi, «the tuple of non-compressible resource of the stage n;
4. forsintsdo

S, «—the tuple of compressible resource of the stage s;
5, <—the tuple of non-compressible resource of the stage s;

while n.startTime<s.endTime do

if A,+F,xN<S, or f, <§, then
return false; NP

© © N o’
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10. end if

11. if n.endTime< s.endTime then

12. n<the next stage in ng;

13. fi, «—the tuple of compressible resource of the stage n;

14. fi, <—the tuple of non-compressible resource of the stage n;
15. else

16. break;

17. end if

18. end while

19. end for

20. return true;
24 BIERMKEEET

AT 45 AT 0 10 3 VB AT g 52 22 05 T IR 25 S i, DR1 bt 28 4 0 48 P {25 SI2 o 458 AL 22 R) A 4 A 3 4 1)
i 22 . FGM 78 S0 YA AT A B SR Ay i IR 25 4 b b it Y0 ) foff P i 5 52 oA P TR0 19 (i ZE R 2

EXACERENTEE). Bk TR S8 n BLE | B P R IS Bl H 8 g, SR URHEDAL FH 28 o, B Bt
PR FF 2 B 1) 4t T2 e AR U 4 6 B F LA 2(16) 1 5

‘e Z((,ui—ai)zxti)/T,y>a and | <ThxN
— ) i=l

(16)
0, u<aorl=ThxN
SO, Ay S 08 YR 5, oo AR B8 5 P 6, 0k B U5 A 5 PR 6 Th A 8 U0 2 PR B LN A 12 0 R B, oA

| B3 A (14) i 5
AR AZ E SCAX 4 8 U R 2 R /N T — L, L 0 90510 S o (8 P KT 00 A8 1] I, B R 75 5 B A
AIAEAN R OIZAE VU 9 Jit DR £ T A U 7 R Al 5 o R AR R 3 55 7 92 I 1 o 2 R 0 6 e A 1Y
TEOUR A S A ™ 5 S AT I 5 B, S B 2 Fe VAL 147 305 4K 4.
FGM RAF Il 55 4% 2 A 8 Ut foe AT J L /8 YA D A 5 AL, D A2 18 AT IR AR 388 JIR 55 46 45 B Ut O 40 755 5 82 L
JIR 55 % 384T AT 55 5 RIS T = 0 8 I A5 DR 2% U I 5% 4 T E SR, UL e U SR I R 2= . R U
s 245 8 A 55 5 RS R0 AN 224 18 82 R S P 5 i L A4 2 SR ) A B0 LS5 3.
&% 3. Policy Adjustment.
Input:S: il 45 %5 HE 4
forsin S;do
if averageConformity(s)>Ths, then
s.policy=stopAllocation;
if isDegradation(s) then

1

2

3

4

5. recycle the resource of s;
6 end if

7 else if averageConformity(s)>The, then
8 s.policy=CoarseGrained,;

9. else if averageConformity(s)>Thy, then
10. s.policy=FineGrained,;

11. s.compressible=false;

12.  else

13. s.policy=FineGrained,;
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14. s.compressible=true;
15. endif
16. end for

S I I R 55 45 S 1 PP T AT A 55 4% R 0 Al 55 s L e A P 7 B PR K Y VR 5 A 55 4 P 2 SRS - T 2R A 5
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SRS 8] D0y AN T TS 40 PR AR FEE R BE (58 9 AT~ 10 A7), 2 SR 5% 8 3 1P 3 B URAT & BE /N T B AH Theg, WK 1%
S e Vil JSE SRNGS I 46 Sy DR P2 R B2 (35 12 A7~ 15 7).
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Fig.6  Architecture of the fine-grained scheduler
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355 10y U B 45 R A5 S O Al 25 e v A DA R

HARASSCAE Yarn S 6 o ST A00RE R TR S 2 A AE s DR B2 R U U B 5 0 AN SRl BRI AN 11
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4.1 MRIER faE
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Table 1 Hardware information of server
T 1 RS AREAE TR E

A1 Yt i
CPU 2xIntel Xeon E5-2670(2.6GHz,8 Cores,16 Threads)
Memory 8x4GB REG ECC DDR3 1600MHz
Storage 2x300GB 10kr/m SAS
Network 2x1000 Mb/s,InfiniBand QDR HCA 40Gb/s
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Fig.17 CDF of job completion times in the cloud environment using online workload
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Fig.18 Completion times of online workloads in the cloud environment
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