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Abstract: In the application of Credit algorithms, the VCPU awakened by the I/O transaction is in the highest priority
BOOST state, which gives it priority to gain access to the PCPU resources and improves the response speed of the I/O
operation, but that will cause long time delay and destroy fairness principle, when multiple v1rtual machines are doing the
operation of I/O at the same time. To solve this problem, SEDF algorithm, Credit algorlthm Credit2 algorithm are
analyzed and L-Credit scheduling algorithm is proposed to reduce the response delay caused by multiple virtual machines’
concurrent I/O operation. By monitoring I/O device ring sharing pége to get the number of requests, which can further
refine the sort in the I/O state BOOST operation, so-that spérse type I/O operation can the implementation before the I/O
intensive operations. According to the comparison report of the L-Credit algorithm and Credit algorithm in the same
application scenario experiment, L-Credit algorithm can improve the performance of the I/O response, and inherits the
Credit algorithm load balancé and the characteristics of proportional fair sharing.
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B A A 152 % (1) . P[] B R 1/ O 458 A 1) SIZ B2
LA PE. IntelFATAMD % Ja 70 7l #E i T Intel VT
(Virtualization Technology)fIAMD VT #hP! 1R K FE
FE Ff@ vk 7 CPURE MG AN P AE g 4044 i) . T 1/O % #%
WAL H T I/OB & B A R tgtko. AEREA 5
B R BN R BE AR 2 — . WL R4
REWEARB NG, HhXen i P& H &
VMM —A 58 2RI H , BA BRI Iz AT
MR, TR RN 52 3 )32 EAL Xen, 761 £+
JUAEIT [a] o, 6V CPU Y B2 S AN W I A Ak e, 4 R
W HE7: BVTH %L, SEDFH L. Creditf ik,
Credit2 532, H T &7 I i Xen B ML BRI B2 A
Credit®32, Credit2 532 H B IS 7E 26 By B,

A B Xen LML A B 2% S FEAY @i 6V CRUR

JE 5% SEDF. Credit. Credit2 i FEGLVEHT 784347, 42
Hhy— R O S L-Credit v, I T % 4 K0
BRI AT VOSRAERS, 17 7ERILOBRAE I KA AP 1
R BRI 5 ) .

1 XenEfUML45 73 Hr

fEXen R4, FAE— MR EHM AT Z B
25 (VMME{ Xen Hypervisor), [FIE{T1EE 2 _F 1 REHL
BLHR AR R ADUAE 1 B U5, () IR 29 P A B I e B U, R
YIE RPN 2 T P LB BT, R UL AR 2 A3k (Dom).
REFIHLE B VMMARE T #AE R ShE1 2 0], F 2
YEH 2 A7 A E RGN AZ S AL EE 1 P15, XenK H
RAEEL, #E —MDom N BUHDomo, H &Rk

ADomU. DomO0 M T4l B Xen® ¥ HoAh i DomU, #24L. |

AR 9 KAV B AIR 55, i) /& DomU I /O £

HRAHE VMM H S0 L3R B PR U 097 3K, Xen i
4k 77 X % NEV(Eull Virtualization). PV(Para-
Virtualization)+ HAV(hardware Assisted Virtualization).
DR A R R R, FVACAR BRTT DL i ki ST R 0 R B
SRR 56 4 AR ) (R RE AL PR, DL R 45 RE AL B2 it 5
OB SRR %5, (A5 FI/OR &1 &, R 2R T
PVIREE I & (¥ i G o R B A X, R, e ¥ X en 56 42
REAAL 75 B A8 Qemusie ff i HEHLREAF, H /O 4 1)
PEBELLPVEL AR B, MTHAVH A 7 E CPU X Hfintel-
VTH AR B #H AMD-VE AR, XM 5, PVHE A SZH )
VORI PERESE AR R AN (.

PAPV 945 %f Xen #11/0 kg #0 Ak i A2 30 AT Ui 8. 4

KRR, fEXen RGH, 1/OEEAE X H 2 7 )5 Ui
(Frontend-Backend)I/OF A, A7 i 4 ¥ 45 9% 3l (Front-
end Device Driver){i, T-DomU H #1/01% 3R K& 441 T
DomO ] Ji5 %ify 1 %% JX ) (Back-end Device Driver), 7£ H
J i LA SR BN R /0T 3K, AR R A, il it 2 J5 A8 |
JRAE 2% 3RSl Dom 5 VMM 1] 1) $5 85 4% K 1) 72
FE TGN DB 25 K0 1R 2B 7= 38 0 B 3 B U &R
G 2 AL, & HXen AR Domain [ VCPU TG
JR. VCPURT A B 52X T 1O S AR 1 fiE A 5 52
PERIFZ IR, fEXenH, ?%?VCPUﬁ‘JiJEEﬁ?%H‘S%“&ﬁ
Smmﬁﬁ%%mpmwﬁﬁﬁ%\&wmﬁﬁﬁﬁ.
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Xen Hypervisor (VMM)
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YT P . SEDFSEE:TT DA 500 A 1 8 (R
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TR IR BLI/OHE UL HT BRI B s Credit2 BLVEZ: &
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2.1 SEDFE%
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Ferh, AN VCPUH L & I MEL B Z 30 weight(VCPU

HIHL ) Flcap(VCPUREIZ AT BB [A] (1) FR). HHweightik ‘

E 24 Credit(VCPUREEIZ AT I i) B, 24 VCPUHE
W E I 2 o creditfH 23 /b, Xend LEIHL 25, B4
VCPUH [ 35T R4 pOOSTf UNDER. OVER.
UNDERIRZS: 24 VEPUALL T IE 7 25451817 I H.credit(i
AN, VCPUAL T UNDERIRZS. OVERIRZS: R
YcreditfH A il VCPUY)H AOVERIRES, A P41
AT, BOOSTIRZS: 4k Fo44 ne et 1) KB UL B A e
FIR e 2, VCPUBEABOOSTIR A, Wik M ariz4r i)
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VCPU
Pri: BOOST
4 /| Credit: 230
PCPU i/
VCPU VCPU VCPU VCPU UNDER
Under Credit: 200 Credit: 400 Credit: 50 QUEUE
VCPU VCPU VCPU OVER
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K3 CreditBiEB1TIRSE
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I R 1 8 S 759 AR 5 L, £33 IR K B IR AT F
PR U fT A
2.3 Credi?& %

Credit2 By AT AR A Credit 5% 2 Biweight fl
credit. M weight & S credit{E 114 #E 18 %, weight{H
7o T FEIE RS, Credit2 U E SVEAT SR K F DA A1) 22 41
LU VCPU, 1H2 %A & A e ZUIR S 4L B VCPU.
7 Credit FiE & ARSI BB HE P A 22 5K Cocredit{H R
/N, A J2 Credit2 532 1 23 # W creditfi Hi K B /NEEAT A
FIHEF. A HIVCPUII R, 2 BAFIEAT Ik 2 2
[ I3, 1% B credit{E R /INMEN A S M B, A 5 #
CPUIEFE B\ Kt = AT IE AT, WE4FTR. 24k T BAF)
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VCPU
Credit: 230
JE I Creditfii K/
N IERALE
PCPU
VCPU VCPU ] VC.PU VCPU
VCPU Credit: 400 Credit: 300] Credit: 50 Credit: -10
Credit: 500]

K4 CrediRBEiEigiTIRES

X T VOREME R UL, VOERAEA LT HeE 45 b
ICPURIRED, 2t eizT, M HAERIFE RO K1)
BERT, N THER/OMLS SR BIT, ik T
CreditB k72 £ I Z A1/ OEAE R HEAT IS, SEIRFI 2
S S U A5 A TR ) 1) R, AELR: BT D)4, TR K

KEIBE N T AWK /7, H i Credit2 B k40 F 25k |

SRR, BB A XenBRIA I 4.

v
4

3 R !
31 EEMILREASRE

JEEXSEDFHi%. Creditfik. Credit2 575k #r
EE A, At S5 i R KB UL/ O3/ SE I 7] B, 7F Credit5i%
(2 hilt BT AR 46 M B VCP U 2K, a5 42 Y
/O AF 3% i 7 U1/ O A, 33— 54140 HEFFBOOST
R T VCPU. R Xensh #4191/ O % AF 45 ¥ 5 £,
Xen K F 15 £ 70 25 10 S 4 Pl 5, Js A6 1) 1 4% TR B 47 7
T4 B D om0 H [ B 38 AL A S I W A% WK Bl , 1E
DomU H A7-7E 14 /2 FiT vy B 4 B3] 1 ity 9K 230 38 3 R T BA
PN IX . AR DL S A8 TE 5 i o K Bk A7 52 L.

= REAUHLI AR AE R G B IGEIVOBRAERS, H LR

YR @ LB AE B, 43I — A A R U R AT/ O #
W, ARG ﬂﬂﬂ‘fFEXenstoreﬁjﬁﬁﬂl\ T I AC i
i it 90X 2l 7 B 14 AR A 46 7 O S T, SR 5 I i A
HESTHERE, M XenstoreHH i HURT I 42 4 A0 AL 51
Wi BI/O W A& PRI SL S U TH 3R HCHT I 96 7 1 4
TETE. AT RRAE 7 B WA IR B S A SR, &2
1 RN R, AR S5 8 R I E AT R, A
WA & B MVO® A, 1M HigERERTR— R
FAA/O R Bl SR A F1, 2R J5 & 1% —~Hypercall, i
Xen Atk 1) 77 S0k 42 52 A i SR 5. ZE/O % & 3R 1)
ARSI RE 58 T =R f ik, L= IR Ui 4544
. WTimAAA AR E AR G i RA A AR A R AR
FUME2 R, @I RIS /K T0 Fonr_ents &1TE 3L 52

U] A 8 AT SR AN, X AN N AN BT
FFEL-Credit/F vk,

D DomU
GucgsT(())S Guest OS
Wk L i | sz o]
i T % i)
HyperCall
YRR 3
Wi i 9]
A Xen Hypervisor (VMM)

| s | [Esvmu |

[rember | pemprie]

-
| WORERCIIICPU. AT, W%, BRES)

E5 VOi&E&H

Rl AR AR AR

struct _name## front_ring(Hi % 45 #I1£)

RING_IDX req_prod_pvt TR RA T H RS

RING_IDX rsp_cons FoR LT 2 IR 2R 5
unsigned int nr_ents S = T e e A SR AN 2
struct name## sring*sring IR a5

R Javm AT AR AR

struct__name## back_ring(J 5 PR 45 K K)

RING_IDX rsp_prod_pvt FNIR R A T R

RING_IDX req_cons ﬁ/ﬁ% ;%Jﬁ PHFEMR ]
unsigned int nr_ents S = T o SR SR N4
struct__name## sring *sting LI R FR B

32 \ﬁtﬂ:%iﬂ-Credit

Credit Hi% 4 S AE T VCPUR LA =B RE
BOOST. UNDER. OVER, HH4FBOOSTIRZH)
VCPUR S CPUA FE AT . 1Ml Credit 512 HH /O AE 1)
VCPUAL T il e HBOOST, Hfy 2 FRAIK 7 M 7 4E 1R
SPIME, $em TR IA/OMERE, (H 2 4 TH I 2 M/OHAE
(A s BEAT I, A4 B ADUBIL 0 O S BB #8481 B A
BOOSTARZS, T4 M [F]— IRF BT, 047 0 441 o
B S MRS AL, 2 1 R AR K L8 IR AN 2~ 8 J5E T 75
. 9T BRI A o) L -Credit B0E 1] LU — /N7
AT IRFARAE: 24 VCPUREHT 1) 355 Me B, 7F Credit5
TERE T35 55 A0 S S G R 4y 04T BA AR Y kil |, A2
P 5 55 2 [RIAE N BOOSTARAS B, Jdisd JI W 4 mip e, %of
N 18 3 2 G T H e SR SR AN B0 VCPUBEAT HE 7,
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fii ibFBOOSTIRZS I VCPUH B I 5 33E 47 HE— 2541 47,
0 H A5 R BT, £E A R EE — AN AT,
M I B X 23 KA 1 1/O 5 55 2 Ji 4 i 2 040 2 %%
RUERVER) H 1, PRIERS 7 B O A Je T 3 S /O
SeW P EEBAT, W6 R, AR a0 N SR,

VCPU
Pri: BOOST
Credit: 230
Num: 12
1 e —
PCPU =/ vepu VCPU VCPU
Pri: BOOST|  |Pri: BOOST  |Pri: UNDER
VCPU | ¥ | Cogit: 200 le_| Credit: 400« Croait: 50 | RO QUEVE
Under Num: 10 Num: 4 Num: 0
VCPU [«—| vCPU [«—| VCPU OVER
Credit:-10 | Credit: 200 Credit:-60 |  QUEUE
VCPU
Pri: UNDER
Credit: 230
Num 0
PCPU VCPU VCPU VCPU | |
Pri: BOOST|___[Pri: BOOST|__[Pri: UNDER]| |
VCPU Credit: 200 Credit: 400 Credit: S0 [ N QUEUE
Under Num: 10 Num: 4 Num: 0
VCPU | _| VCPU |_| VCPU OVER
Credit: -10 Credit: -200 Credit: -60 QUEUE
Kl6 L-CreditHEiz4TH
List for each(iter, runq)
const struct cshed _vcpu *const iter sve=__ runq_

elem(iter);
if((sve->pri = iter_sve->pri) & compare (svc,
iter_svc) | (sve->pri > iter_svc->pri))
break;

} JdNE e

L-credit& %1 ;ﬂlﬁ Ty N PUANEB 43 Sburn_
credit. runq inserty ruing elem. Csched load balance,
W 7Hr7R. fErung_insert/ll A compare i 4% B8 4, F T
SRICVCPU (7] 3 5 T TH] Hh e 82 R0 7 5K AU, AR R
(] B HAE A S R — A 5 HBOOSTARZS I 5 AE HF 7 ik
P&, Compare 4% BRI EOAARAL A0 T

/* time-share waking up */

#define CSCHED _PRI_TS BOOST 0

/* time-share w/ credits */

#define CSCHED PRI_TS_UNDER -1

/* time-share w/o credits */
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THFEYHITVCPURY(E M

Sburn_credit(scurr, now)

Vcepu- > Credit > 0

y | csched vepu_wake(const
struct scheduler *ops,
struct vepu *ve)

Y
— AR AV CPU HHTVCPUREARHRIR S

csched_vepu_sleep(const
struct scheduler *ops,
struct vepu *ve)

List_for_each(iter, runq)

{

BEVCPUTE 3 const stmc{t cshed_vepu *const iter_sve=
BAGIER R | —undelemditen: ,
. if((sve- > pri=iter_sve- > pri)& compare(svc,
Yl;uanmsert Iter_svc)|(sve->pri > iter_sve- > pri))
pu, Ascurr) break;

}

RHA R A
HERIVCPU
_runq_elem
(rung- > next)

N
¥

HEAT S B
Csched load balance(prv,
cpu, snext, &ret, rnigrated)

\@ L Credltﬁzza |

‘#deﬁne CSCHED PRI TS OVER -2

<% idle */

#define CSCHED PRI IDLE -64

Boolean Compare(struct csched_vepu *vcpul, struct
csched_vcpu *vepu2)

{

/| W HT L B ) VCPU A 15 42 FH /O A 51 i */

If(vepul->pri < CSCHED PRI TS BOOST)

return false;
/* 34 Wi 7 e B P vepu 1 5 vepu2 22 [8) 5 52 T T i)
LA SR B/

elself( vepul->sdom->evtchn->nr_events >
vepu2->sdom->evtchn->nr_events)
Return true;

else
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return false;

!

Sburn_credityd #6135 F{H, % C(P)ATAPCPUHE
B 43R 4> B () eredit{E, W (P)NPCPUXT N BT A
VCPU % #iweight{H 2 A1, HAF/MEHIVCPUEAHE, 45
KA B B weightfE 8 W(P), 4 SEkA A A
VCPUREIR B F i 7] 73 BE i) credit{iE A AC(P), 1 2 :

ACy; (P) = Cs(P)+ Wi (P) /W (P)

4 L-Creditse 545 5K 70 4
NYAUEL-Credit ik Ae, #4582 NI T
ifFF & thinkpad ik 55 %%, 42 25 Inter Core i3

CPU, N f# 4GB, CPU T /E#ii#%: 2.4GHZ
AT 60 % 2% Xend 4. 2R AT R Xen Mg P14 £

#, FFBUEDom0y &Gt Ubuntu 14.04, Ha 343

DoumU F%Ubuntu 13.1, 4 Fliozorle fir & B0 1F,

iostateir 4 F SHIN Y 5 AN O R b B2 41 )

Ritufs.

IR e o il 4 RV Credit L -Credit 575
AT L, 7EDomO0 R 3E4T #6 i BU1/O %, DomUBEAT
VORI, 1B 1Tiozone iy & 7= 4 X N HIT/ O 1,
iostate iy 4> FJ - SN 428 B AN /O SR AR - 2y ek 7).

Bk

(1) FFE Xen B LY HE 28 VCPU I & 5y ik #:
Creditiffl & 575 FIL-Credit il JE 5% ik —, 47 5250
ELAL.

static const struct scheduler *schedulers[] = {

&sched sedf def,

&sched credit_def,

&sched credit2_def,

&sched 1-credit def, § *

|5

/* W FFCreditif] B SHEIE UV CPUIME FE 5%/

static char __initdata opt_sched[10] = “credit”;

/* U FEL-Credit i B2 5104 JyVCP U B 5L/

static char __ initdata opt sched[10] = “l-credit”;

string_param(“sched”, opt_sched);

(2) BEATV/OBES MK, MBS Kh 2128 M, it
SRHEN2 KEI8 M, FKe I B 4t B Excel S

447 Jopt/iozone/bin/iozone -a -s 128 m -i 0 -i I -

f /tmp/testfile -y 2k -q 8m -Rb output.xls

(3) HEATVOERAE By SE i 4%

447 iostat -d -x -k 1 10

Hrh, await(ms): B —AN/O1E 3R 1AL EE 1T 35
11; svetm(ms): 26T 5045 Ut 4 ORI f B 26
Yutil: 7E48THIN 0] N BT A AL BR /O 8], B DLE i1t
IR, Wi R svetm Ml HSawait/R T, BRJLFIEE
VOZERE, i awaitF{E T & TsvetmFI{E, R RT/OBA
EZEY NS

(4) ZREEMR, 5505 RGT WK, Ko
B 10775

-

200

150

100
50 I
- [l

0 Dom0 DomUl DomU2 DomU3 average
MW L_Credit 51O 30 B H]
CreditH2:1/O - 340 7 i 7]
I8  Credit ik H B IR 1E L T /O3 B
200
150
100

50 I I
- i

Dom0O DomU1 DomU2 DomU3 average
B L_CreditHyL1/OF 350 B )
Credit5i1/OF ¥ 18 ¥ ] i)

B9  Credit % 5L-Credit &k - 0 5

160

140
120
100
80
60
40
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