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Analysis of Real-time Performance of Algorithm Credit in Xen Virtual Machine

ZHANG Tian-yu GUAN Nan DENG Qing-xu
(School of Information Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract The development of complex real-time embedded systems has become a trend in recent years. To reduce cost
and enhance flexibility, multiple systems are sharing common computing platforms via virtualization technology. We
studied the real-time performance of algorithm Credit in Xen which is the most popular virtual machine monitor. Firstly
we analyzed the basic implementation of Credit which is the default scheduling algorithm in Xen virtual machine. Then
we proposed and proved an effective method that can configure VCPU parameters to improve the real-time performance

of Credit for promotion, On this basis, we finally obtained the resources function curve SBF allocated for VCPU in the
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worst case by showing and getting the basic properties of Credit scheduling algorithm,
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PETG 2 1 SERHME X H A% R B T Credit 7E4L 38 SCAHE 55 B
FREGRE X RA X BRI MW ESR, T SEDF
Bk, B THAIH 2R AETE. £ Xen RFEATEL
HRIZB LA H IR R A . A EE M TR
Xt Credit B3 ) SEH P BEFEAT 4007 B 5838 5T RAD (Xend, 1. 4
WA S B AL R AR T —ME M ECE VCPU
SHEITIEER Credit WL HEREF BT FEICERD |8
IR B Credit BB L 80 2 A IR, OF B 445 KA R
IEBLT X VCPU 43 Re i e IR s 2% .
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HER, ZFENERIEH R FTEST Xen T KBS,
Govindan % A 3 TR & Xen # /O H e, B HERE
VMM 7r 4th 38 W 4% 38 5 4 55 8 B e B B3 18], X SEDF 8 ¥
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FHA W HE T 4B Min Lee % A7 LIMI 45 6238 A 611 E 4015 A
Xen FEREAHE S5 MR AL, H B Credit BRI T —
3 SMP 1703057 47 A6 5k 52 5 8 B 2%, UG ZE Xen FRATA
T XA B AHE & B .

7EXT Xen MSEAT R H I, TR H Lee AR K H
Wit#y RT-Xen!® " Z | THI LN ZHXE. RT-Xen £
Xen 58—~ AF B HUVE BEAE 28, BLIE 7 SC itV e 0
Xen Z [EIAYEER] . RT-Xen #244t T —MH M- &R K EA
VAR SEBRE , BRI AL T AL B I B . A TiB 4R
—FETF Xen B & K5 b BSR4 45095k 0 HF
SRR RGN TEE I R BTR R N
EHEEEE, EPRECENSEEN—FER CPUE
R RE A LA R MBIE T B IR 3t
BHEIPLEIEIF CPU 8 B 1) 8, BB K 1B B 4 8 CPU
FIFAZE, I EHLOT LU0 B SR 0 00 nT R RS . Bl ok
MR TS AP B Credit BT T TE2 B RI4L
IEPBITRIRIR, ZOH B S hypervisor A% Guest #
ERGH RS, AT L Xen X #13E CPU % 09 2 B2
B,

{H, L B FEERSAE N Xen BB B 00 0BT ERE 28 8
T RALRITEAG . TR F3E 0t R G, 6B 13 1T 2 B X H A AT
RN, DRRAERKLRETEBF AL HIES 4
RBULHIMER, ToEARMTAEE ST BEE
YA IR AL AR I HTIE R X E R AR RS, A&
XHIZERTFE R T 5T Credit B BT HE R R AL,
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Credit B—Rg B AT AL E A S R B, A
A EEPSTHAES ERH A S WetE R, M IEAERITHE
FWF CPU A, CPU # &8 A BT 5 $4T. Credit 8
B TRy SMP FEOFM CYEA CPU & F 8 WRRAH, B#%
S IWHEABR CPU A LLEFTH VCPU), X ikREas
BIFREE R G F HA 7 LUia 478y VCPU I R4 i 2s
W CPU, B R RE T RANTRAMHE, FHit,Xen i#
FERBIAMER Credit HREEE M, (B THAF M, Credit
TEAL BB EE S B M RER S .

3.1 Credit £
Credit & FEB 3 M —4 VCPU R & — 4 (weight,
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cap) sweight Fx VCPU B L 5 B CPU B[R] i 8 HL B85 cap
WE—A VCPU 81k i fi CPU B[l 9 _EBR{E . BRIA cap=
0,32 A LA 5 FI{EE A/ CPU B ], 24 cap=>50(100)At, &
REZT & HEA (—)CPU B ], Credit HEHE
VCPU iR — /M5 FHEE, VCPU R KB L BB HIT S
HEGHEE ZEH-TSEXKBEFHITES T VCPU K
EREME, EZTIREP, AESRBEREN R/ MERSE
B VCPU #4793 E . Credit BRIAGIR i & V8 B BB ] 5 oK/
3 30ms, B4~ VCPU ZE# H At VCPU # (5 RT#B ¥ Ll 3k 15
30ms BPATHTE] . Bt 30ms, FiA WEfTH VCPU HIfE A
EERSHERITE.

Credit # FFH VCPU 43 5% 1~BA%| : UNDER #1 OVER,
Bk VA EE M UNDER $3E# A 5 8 VCPU JEEE. #)
e, BrE VCPU {5 FEEER N 0, 3235 P A UNDER
i, Bk UNDER A # # VCPU i H $uT — /ot 8 A B
30ms, &Y VCPU g8 Eat, % VCPU W15 FEEE B 2> 300,
HAth VCPU M{E HEE AT, 8§ 30ms R FFH VCPU m k
H R weight WA M5 BB, 128 MATIATHY VCPU 9
{EREAE, & R, WK HHA OVER AR, ZF%EE O
VER 4 R EFEFHEMENEN VCPU, HF7E, MK HEE
Fiif AF| UNDER BAE ., TnRFE—4 VCPU WEHEMER
o T ESEAEE G 300 A HAEHEERE, FEZ
JEARBEREEIMEREE, B3 VCPU FREEE T
HRHE~ VCPU MIEREEREZE, SIER /D #XE 5
FHEEME SMEREEF, £ T —KR VCPU s A
EE AT AR B weight LB F 2B, Z /5 BkiE UN-
DER BAE B VCPU #4547 30ms.

3.2 Credit &% 4]

BRREFKFELE wou v 34 VCPU, {SRIBE(E MR
300,u, yus yu. B weight {HILH W, *W, :W.=1.3.6, 18K
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HERB—FMNTA VCPU R E weight WERAR, AL
RIERSH L VCPU MEREEEETIBR Sk
FR.

B 1 Credit BLPATE R PR K IH L VCPU MfF
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@7_%“ n,>W, :2:753\5": T Ikﬁkﬁ)’é s Ui —;tﬁfu%'}ﬁ% EKJ{%‘)%
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KIS MR 300 x (W, —n) . Bk v MEBB—KPIITELE
EE  KERPATERG v WEREEIERC . MC —F
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WHITE v —HBITT W R Bl v BAEENEREE
300 % W, v MILRBHERAEMENIC » T=(300 *
W,/ T) » T=300 x W, , B, Jig VCPU &1¢ T KBFTSE v:
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{H#fd ERREEO, AR — R IAEREREZHT, RGP
YA VCPU mi{s FRBEE BFR 0.
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B 2 RIAFEPE R4 260, 1A VCPU MG AEMER
BfKHO, BT —kEE e+ 1 HEZH,FEMNE -1
VCPU $h471d , ¥ AR B9 15 FEEE (B> 300, Z 54 HOHFE
£ 300 {5 B EIRFTA VCPU ) weight tWIESFBREE—1

VCPU, BB VCPU W5 FE BFAREE, Ik 0, 1B,

BT kaksExt 38 1 #FTIEH. Credit BT R S
ﬁ?k%l U i’%’ﬂﬂﬂ@%ﬁﬁlﬁfﬁ C.=300+W;/T, i}?{’ g{ Ui f_\_‘Z:F
UNDER BA%| B#8ad, 72 H F R 8 B BB g Rt KR H
FREERE. BABREX A £, L F UNDER
BB R

OBIRTE ¢ 861 Z, v 915 FHEE R 0, B84 kA UNDER
BAF HERE v 2T VCPU R EBH n—1 4., E—rZIRIR]
WATEEE R EME N IER VCPU #4#% A UNDER BA
B, TRIF—EE v 2/, B, X n—1 4 VCPU R £ 88
WBIE v ZHPITn—1 K, Z/EY v BREAEDE, H5H
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QBRI ¢ B %], v BEFAEARR 0,F/NTF 0,0 —ENL
F OVER AFI R, 5BEFE, Bk v WIEREE-EXT
0,i2H ¢, MRiZitAt UNDER BAF)HHEFE v ZHT#) VCPU
BB m A, FLE X m 4 VCPU BB REBTE v ZRIHAT
m W, HWI v FREEEREFEREER c+Co*xm,

SFHRD, v —ERM OVER BAFhiin T —KEH
EE C: J5¥i#E A Z| UNDER BAF|H 8, B LB B AR ¢ —EWH
B e<Ci; B—NTE, B R 0,80 v BWEREMEKXT 0,
YRR 2, E BB ZIFTE VCPU B{EREEZ MET 0.9 H
BBt —iE BAELE—4 VCPU HIfE BB /NTF 0, B OVER
BASI R E A FE— 4 VCPU, FR 4 At UNDER BAZH1BR T
v BEEAH n—2 4 VCPU, Bl m<n—2, %E,0+C x (n—
DZ=ct+C xm, BTN T HHIER B BLE A EE R ERAE
B, AEERE 0+C * (n—1) < 300,80 W./T* (n—1) <
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7SR R R ST U, W T — A E B L RHE 5B L FI
HA A RS G A W T B, B I 75 SR SR PR R 3 (Demand
Bound Function, DBF? ) P4 J %% #5557 BR 2% % (Supply Bound
Function, SBFM ) sk, fRj 83k, DBF F/REEE K/b
BB E] X IRT P9, AR 5 SR FE BB L T T E MBS T TR
AR H , SBF 378 16 [B 8 K /)N B st [ X ) P, A LS BE 4R
R RMLBEBRELD. BR WREMTFREIAED
454, oAb B R OR K FRERAS M L b 3R 45 SR AL JH A
FH TR, B0 DBF<SBF, MAZIEFE—ESRTHREMN.
Hik, N TRETAEYE, FHRAEREERER T EMHRERE
%450 DBF, (8335 2 7T B 8 0 S ik 5 RV RE 3 “IF B9
AbEE 2R MTEE R AT AR A+ H SBF R F R EE.
BEFZ RO RER A R AR, R E & BRI T
K AR B P IR AR k% SBF.

EX 1RERBE SBF) St TF—NAEMNAHEE,
fEF SCa,b) TRHEAERFEX M [, b) IR LTI
FKAAN, WL s6£ (D) = {min (S(a,d)) |b—a=1}, H FRIEHLE
FH 1 HHEA E Credit LM BTHEABRER sbf (D,

RYE Xen WK REW , R+ A W LA EF2TEFT
FEARH VCPU #, IE a5t FEFFEA VCPU v FHMES T
=, HIRB AL BB R R /N B VCPU Bk 3 32 prib 2
BRELLHREN. BREZ, AXHEHFRM Credit TH
SBF B R4 VCPU 7 Credit BT B KB M8
BT bR AR BT IR

EE2 FH— VCPU v WFIRESEIMITZ AR EE
B T—W,.+1 WAk VCPU BT, B W, R v X RIHY
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weight FWIE, T AIATE .

UEHA . 7E Credit BiLHUT IR F HRAPATEAS T, A,
B v & T, ARBRE—XPITERZE, Hit VCPU R F
BEPAT m K. HTF Credit 50 FES & 1% # 4 F UNDER
BABIBN & 8 VCPU, 3 BB TRBIZS G T A VCPU )
FREESR O, kG AMANERE —MITH VCPU, X
PATE R EREEER 0, FEH#AZ OVER AF, 2
Wﬁu? UNDER BAFUBAE , BN F A P47 BRI dhet . 4R 2

% VCPUBE - 1A% . Eilk.ZEA# T, WEIX m RIFT
&, REBE—MIITH VCPU,IEHR v » HE 3 BiR.ZET
AR T, +1 Fr &6, 78 UNDER SRS ML BN T v Z
AU, M HAl VCPU i T4 T, Wt v F#i#E A OVER A%,
HEH7E T,+1 HE i [E 5 UNDER AF| At th—EHETE v 2
JE. EFAEY T, +1 F, v ASFEEIFF iR AT—K
&t A OVER A, 3F H ¥4 v, EH [EE UNDER A% 8¢
W—EHETE v ZJ5 BP vy B—IRPITZHT v —EEEHRIT
ATV IBAETAES T, +1 FFiRES # UNDER A 1, HE
T v ZHIH VCPU % v E RPATRI B ZEGE AT T —
W:—m+1UREIERB T, W, T—W, —m WA HAT LK
B AR/ VCPURMEAS VCPU #§ H #0047 —1K) . IXFERELR
B T,+1 RESEPITRERS) . &b BEESEA T,
T 1 MERPITZ R ZER m+(T—W, —m+ 1=
T—W,+1¥&,

v, m-14 ARAY T-W,-M"™ A\
f_-_\ last last f_H
I I D[:I I i -
Te Ton Time i

B3 EHZIEHRE

EH 2 T FEE VCPU AT B IRk
frZ A Wt E R A/, BT R T REM RS
TIRBEARE VCPU M weight B AR B B0 98 IR 7R K 4L
BT R AR 3

EEB3 REARKWMHXT VCPU BB B AR, HF A
VCPU B weight ELAEBER W) W, 2eees W, =1 11 2031, Y
EE—4 VCPU v M HEABRELH N .

sbfi () =[" m"“?]ﬂTz] T 5

T+1
%F‘Wl W, VV,S’i 1:l ezl gy E"Jﬁﬁﬁgﬁﬁﬁjﬂ
sbf BRI Ak ILIERT ,

WEBRAER v s0n 50, TR 0 A4 VCPU,
£ weight HAE R W, 1 W, & eee
+e W, =T,

(EFLIERI FEA v, HHMHFH VCPU FE 4
BRSO W, W, W, W, =1:2:3:4,v, Mo, &IHFAE
A We:We Wy=1:5.0),% v FTRBHLHBERHERRLEY
we, B v A T AT,

IEBR MR v Z 4N VCPU R B HEFES. v §
weight WERE, MR | FELIEHT, 5T weight H
B W, 89 VCPU v, KESNRY T AT e W,
Hil v £ MRS T AHIITRERE.

(23K v TEARE weight HAHBLE T B ¥ I 57 R 6 5
sbfi.
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A& VCPU
W, 3t BAREHER 1, W, +W,

R . & AT A VCPU 1 weight FLIEAR[E], BIW, W, «
et Wo=1:1 311, HWEHRYE v ALZEWI 4 UNDER BA S iy
i, TR VCPU B weight HABEERRE B K/,
&4~ VCPU B S T WE RPUT—0, MZES — AT
FAR T W, BT VCPU #i% BB 4k UNDER BAF) 874K
WHPAT, BB v WS WIREIHAT. BABANAS TREF
A VCPU BMEHEMERZ N o, H B~ ITR T )5,
¥4 UNDER BA%I By 5 jg — 4~ VCPUGEN v )% A UN-
DER BAZRIBA T , BIFE F — 04T R 58 — A 0T, Ko
A VCPU #ITF K S HE—0r, B ESR A AH T
v WS i+ 1 IRBRBPUT, ZHERKER. Llab,ed 4
VCPU,weight tWAH W, W, s W, :W, =111 t---:1 JL{, 34
FRRMAE 4L iR, IFERT S FEE— VCPU v K
sbfiIERALE A2 . sbf; MZnE 5 iR,

\ )
abcddnbcicdnbbcdaiabcd

1 2 3 45 6 7 8 9 10111213 14 15 16 17 18 19 20

B4 BITERRH

A

e~ — — »! -——T:I--_/——
W ‘ X
5 sbf sk
@FE W, Wy 1ot W, 52 111 50021, 2 o B weight L

B W= 18}, %% UNDER BAF = VCPU ST 4 o
Vs s Uty Uy WREE v BRARZEBAF AL B AR v AT
ARZSTT A4S R AT BIFp S .

Q- THEE —RPITEv.. EXHELT,
v PEFEE 2 A UNDER BAFIBIEAE  BY wisviswns s wns
B W<T, BIRIRA v BINAEFABEE Ci =300« W,/ T<T
300, AE B o BT — R R %= 300 5 FEE G MM
EERBEEEREERT 0, T v REERIT—REtdm
AZB| OVER #,2 f5 UNDER 1 # KR v 5w, v KK
T BEHRT W, —1 K v (v BENT W—HHRIT W, 50O,
HFEZES T W5 —KPITNRE v, A Z F B —
MR EREZASNPATEE, @ 6 FiR, HEt o ik
B RIAL B B IR ] F i 43 8 B TDMA( Time-Division Mul-
tiplexing Access)!'2, T B #A K T, 8 &) 5 F/hk W, 9 TD-
MA Fri4tfy sbf

3BT (1 =max(t mod T—T+W,,00+| & | - W, @

— | ) I |
= =] =1 T=1 T
T 2T 37 4T 5T

El 6 TDMA #RE

BRI T WEE—RIITARRE v EXFFR
Tou —ERAT PHEMIBEFHELEDTT W, K. &
AR B v WM B IFIHE — K PAT, I BB H ELE R
158 W, IR AMBEEL 1 FHT, o #MA OVER AF)
ZIEEBIFALIAE VCPU $ATRE A GEHAT, NS T A8
B—WRPIT—ER v, BT v HAH T AFHRIITHRLS
fER e MLmTFZAHARSE —KBITH VCPU &% T
MRS 1ARE, B v £ TN ABTF R IAT R R AL
BlaEHER 1 AN A+ 1L, RIFESEIAT W, 1K, DA,
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HERENAYHEE—KITHN v. ZERPTHLSERR
i 1, B0 TDMA #3047, InE 7 frs, et VCPU v By sbf
A

Y < (N—1) % (T+DHt,

sbf? () =max{t mod (T+1)—(T+1)+W,,0}+

Le/(T+1] « W, 3)
WM(N—1) *» (T+1)<t<N=* TH,
sbfi ()=(N—1) + W, +max{t mod(T+1)—T—N+

¥ >N = THY,
sbff ()=N+ W, +sbfP*"" (t+—N + 1) (5)

HAP N=T—r—W,+1, %R v BRELT N IMEAHEEEK
BRI TDMA ENE 7 Fim k= (T—W,)
* (W, —D /W, TRRRTHRIEFE R T MBS —IKI
FIARR v, BB ATEWIHE UNDER BASI o v A7 LA H 1 B o7
BRGNS o HIESE L KRZH WL —TRASNEE—IK
PAT—ERE v B v BHEE L RZEF. M v B sbf —F
T sbf* BEHR v REEEHMAE Yy TODMA D), sbf " HIZR
WA 8 iR, EH 3iERE.

B8 sbf*phiR

BRIE AXFEHART Xen BB Credit 8 EH
HISER MR, (E/R BRI B I 1T7E Xen EHSEN REBEAT
AT YR BEYE AT, 3F B AT LUE T 2 Ak R B U5 R R Bk ik
B SERHAEREAT B PPl . B Xt Xen PAS (Xend. 1. ) 43
1 Credit BB FE, I BIEA T —FEEE VCPU 2%
BT 35, BRER B 15 A B A Mg B FR 300 &9 2% 1, 7%
Credit RISEif B BIE . TEMLER b, W1 ERAFEE Cred-

it IAEAMER . AU REENZIFE VCPU 5 AEE
BN 0, 3 B4R K HIERINE I T A VCPU 4 B % IR
PREHILR . HEZIETAEP B ARBEACH LRSS
Fo Xt Credit BHE#ATHE R HLILE Xend. 1. 4 fRAH .
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