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Predictive Scheduling Model of Embedded Control Driving State Transition Events

ZHANG Jing,CHEN Yao,SUN Jun,FAN Hongbo

(Faculty of Information Engineering and Automation,Kunming University of Science and Technology , Kunming 650500, China)

[ Abstract] In the execution process of status transfer tasks for embedded control systems,the schedulability of events is
difficult to guarantee and it needs high costs when a task is preempted. Aiming at these problems, this paper constructs a
predictive scheduling model combining Feedforward prediction Model( FFM ) and Feedback Monitoring Model (FMM ).
It adds the real-time label of constraint condition including value and timing constraints, so as to adjust the order of events
in the released queue in real time and improve the real-time performance and determinacy of the control system. The
result of simulation shows that the proposed model can improve the performance of control system and stabilize system’

s effect time.

[ Key words] embedded control;state transition ;scheduling ; determinacy ; constraint condition

DOI:10.3969/j. issn. 1000-3428.2017.08. 015

0

o A 2 T A TR LAY T i o R 4 o 4 B
SR PR IS S R o R T A A S IHE S 4R
e B2 T3 Wi By Tl S, AR 52
IS 1% 4y B o ol ] TR i S S R B
T R 8 TR X SR AT O S R A
26 1 R B ST I 5 R A R L N R 4
PEAE AT B0 T R AT AE 42 w5 45 ) AR G A S I
M. Bt RA SIS ST R AL R LIRS
PR BT | o 275 JE AR 7 AT I T ) RE G L2 ik ], 2
SRR M R oy 2 K Bl AR R S T A R
IR Qi

A SRS R GRS IR HLAR
GERY AT I AR o 5 S A S A e Dy e 1] [8] B AT

INBYTF S AE AT R B o RS AR 2 i bR A
15 249 R FR 98 S I 1) I 8] b 26 1 42 oo 4 1 R e i o
PRI AR o A e 2 o) 5 (8 2 R 4
P A 24 TR RIS B B [RE S R S8, i SL it 3 3
BLC R D7 eE T A Petri YRR A5 56 58 o
FIALY RS AT, H b i b 29 o 2% 1 26 0L T 0k 0 1
e BRE TE] 5 BR A A] A  E 2 oR 2ALT R B
(Quality of Data,QoD) i f: A M .

AT AR R IR SRS B E 0 2
FEARA AL — T K Bl AR S e B =0 e 91 ) T )
}5i7 ( Feedforward and Feedback-Predictive Scheduling
Model ,FF-PSM) 15 A v S {1 (%) B8 BA 5] 5 4R 285
B BEERIUT — 80, BT ME—I2 477" o TR
P2t #% ( Feedback Controller, FC) H 1% 42 5l & 4t M
RBIR 2, A W I 00, AT A 3509 0, IR o 5 | A At

EeTH ERA KP4 (61562051) 5 5 1 4 W A B Al BF 78 7150 T2 A 30 H (2014FA029) .

EE® A5k W (1974—) 50 38 W, 0007 1) o SE b AU s B 28 B0 AR SE AR 5 A
E-mail:414356764@ qq. com

W %5 B #5:2016-06-30 & [B] H #§ :2016-08-08

R OGEFEE) JEUE, /1.



F4a3 L B8 IS N 7

ilj:_: ,?/J\

1R, 5 < A AR T 9K SIR 285 2 A% S 114 T 3] A5 7Y 91

P15 #% ( Feedforward Controller, FFC) A i FiE 5 &
Gtk e, BT 48 B I [E] 455 5 ( Super Dense Time
Model ,SDT) "' 72 5 47 45 Hh A B 20 52 5 411 {8
B2 OR, 5 B0 R G I R B g A
FE-PSMASAY | 75 9K 51y R 285 5 # ), iy 4ot 000 42 o) = 1F
AMET A R E = B A, 5w R S 5 7 PR RE
P& 1 2R G0 00 S S

1 S=HRINREHEBITE

TEA X R G, i RERE LB LN
THEAHLIRAT T i3 20 A 42 i) 9y B0 S AR HAT 48R AR AT 55 19
R, HA R AT A A B AR A R B
L E SR DL T R GRS 78 w5 2 A R
MR —RZS, 2 pE i 2 48 A9 S 1k S A E 1 S
SCERAE R Bl R 25 e 7% o B 5 A i ) 29 S (B
)

11 REHRBIEEN

AR AL 1 F2 D R DURE T BA 51 A5 6 e (1]
T4, B35 R T 2 A AR 2 LR Bl R A5 5 A2 1

EX 1 SRR R 0 FAF a 72 BB 4R AT
RTINS E) £ =1, J& , R385 A 0 A 205045t B i
W% a(r,j) AEMSZ) ¢, S 0F a,, 388 s, RS
L

FOHW RSB BEME 1 PR, 755K 15 B
TR, 1 A S P BA B v HE B S i 2R AT R I
] FFARAT R [6] ¢, JG B Al AE ¢ = ¢, BERETL 2
FARLARZS DL 8 HHe % o il S a, 725 Bk
WFIE) ¢ 05 A6 ¢ =0, B s, JER L B 2930 x,
WHER A RN jos K, F A a, MBIRES s, 5%
B, AL T LL R I [8) 249 S I e 24051, AR A
TR PERE L AR M2 o

FAEEASY

1 EHERIRERBIRE

1.2 SHHEPRERBHARES
TEFF IR S AR S B8 3 7 rh i A I i) 249 3R 2% 1
A 29 A P LA 28 48 1Y S I P 5 1
X2 AR KBRS B ST FA A -
(s0,09) Cayy1y,J,) = (s v,) (ay,75,5,) = —(s,,v,)
(o sTosrsdust) s e KBRS s € S(T,V) =TVt
eTve Vi FWEPREHEB AR EZ M acalr,))

=(a,(r,n),(1,t,,v)),vejel,Teb,

EX3 SURFMEREF =f(r,)), REFEH
R A inf(r) r=(s,v)  HHALY inf(r) NF#0
B IRASER LA <A,S, s, ,J,C,E,F>TE r=(s,v)
REIE W PATIE S HA  ECS xS xAx2° xA(C)
FFIB RS B B 425 C Fon kil B B 4
CA(C) TR AR NCC RREEB IR E
BB x

HE 2 5 X3 a5 fEH IR 7
AR, B S IR B RS AT AT 55, L
W 2 AR AR TR

EX 4 P2 R A A (X) R 29 )
PRECACT)  lEX T ENXL3 A ff:xeX,jel,v HiR
BAW)ZE, FE ceQ,0 NAEMA I

A(X):=x<clx=cl=86(x)18,(x) N&,(x)

{A(J)=V$C|V2€|‘|j(v)|j,(v) Nj,(v)

(1)
B a, BRI 245 R (D) ACX)
=A(J) =ture I, 0 Cs,v) il RARSFE RS 5611
TE X4 Al R F A A AR S L AR R R
AAF I 2 FR L E A a, WAIRES s, R RS
s, FlFa, KSR s R E s, o HFAF a, #5F
A ARFNRRE (7)) AT ISR 55 1, AT 7R AR
SRR PP R BB x, = A, OB, M B A 2L
B v, =0 ARG E L4 K (1) 2R, ATk
BEHBAES . MFM a,, WERIEIPRE s, PATHE
55, AR RAER 2 (o) AT IR BT 5%,
BN B 2 o5 R 0 A W R AT AT SR AT ey, B
Fxiy <o) 74 [R) 03 f 18 6 A R0 A2 45 7T
Eﬁéﬁ?gﬁﬂﬁgﬁﬁlﬁ Clivi , B (Vi+] Bcw‘n)?f o

(Xi1<C3i+1) 2(Di1 = Coi1)?

B2 REEBAREHY

1.3 ME=EEHNESH

FAFAE ¢ =1, BN Z AR, 78 S kR S Ok
HR AR SRR, 0 E = B ) o & AR
b, X fih R A FE AL M REBE 2 A5 1k

EXS5 [EEREG,v)BEE M a5, HE
PROR SRS FE R RMEWE L v, (1) + 1, =1, APFERL I
6] ¢y Bt IE) ¢, S50 FHE E) v, (o) B9 o

L v (1) =, (t+1) = Av, (o), WA A A2
TR ECH -

K(t) ={(t,+v,(1)) —t,1<t, +v,(1) | (2)



92 02 N N ] A D -

201748 A 15 H

Wi Tt BE A SE AR b R B
K, (1)
Ji(1) =1 - (3)
v, -~V
Bal(2) . 2N3) Al F M a, WM REFE BT B
AW E & A E v, FERSXE (a,8) C (1,
7o) PABREARNE M AE T () =1 MREH
CPELim ™ (1) =0, 28 KA (o], o7™) 1 (1)
1.4 EHXRHREERBESDT KB THHRE
EX 6 HHEHEEER t=(r,n),7eQ,neN,
FUEWIREHEBONHEREAR = (7, 1,,v),7
eQ,,CrvCr, HBEHBAT A8 — B
sk xe Cifi R IREFER AR ZMH LPRERE Y
Hon, v fFEEREHH LB D AR P HIR
A 5o HAE WA a, DL SME—#E T —RE
s, BVRE 04 <A,S,s,,J,C,E,F > ZME—fff
FE o
mE 1 FR RSB S s,—s,— 85,05,
R ME— 1 1, B B W IR IR A (s, v ) TR UG, B —
AR Cspyvy) B E A F M a,, WS,
FHIEBNT —REW 2 —Em(s,,,
v, ) o B i T2 o — 5 2 1Y, = 1R BRI
2 fh A 9K 2l W 5 ORE ik B TE) B 9K Sl ok A R B M fe
AX,
2 T ERE
3 3ok A T 5 s 45 4 ] A 2 G 2R 0 9
FERERY X S BA A 1) R e A7 2R A7 1 930, 8 o ik
B, DR Al RSB, Itm ARG %
P 95 i 3 48 A A0 %) S P 5
2.1 HEEIEIE
AR SO — PP L T4 S i 1 &R 45 10 i A X R
SRS 5B = Tt o FE AL i A T A A
T T, B st A ] A T AR S B gl R A
I PERE 45 6 F w0 AN E = A SUE R B E S R
Tt A T BB B R I, T 0 R R ) X S R
WO AT
B S~ 3 AR S5 BA A T R TR 1) = A4
SR BIR A 55 # BA S IR A 5% B 1 B R OIR A ot
H<A,S,s,,J,C,E,F> JfHliE L6 135 %
o R R M — B A Y o
WE 3 Fros, 04 b 5K 2 4 1% i 2 = A S, A
A1) Hh A 1 2R 52 50 T R R [R) ¢, F 35 4 BA B K
CArRCRY ¢, & 3% ZET IS ] A 2E T Ab 38, A i o
FONASRIF A a, BUERARES s, WS AT BT 55
M)A B BE V, (1) FF15 0 Birbefe . £ o, K30
R s, G, iR OR SR A B 10 1 BE o A £
ATt AR A PR RE S AR, 5 R S0 AY H AR R
T a5 iR 25 Error, i R 25 #E1 712 25 0 #T

5 R S A BUEEE V, (1) 455 V(1) V. () 1%
B T B A A R B Y, (1) B
V,(t) =V.(t) +V,(1)

Va (1)

AT
= L
v

REHBIS

V(1) .
‘ st
@ - IR IR A

[ FHHPERE A BT

FTETE

H

B3 REEEERRR

2.2 BifRIEHIERET

FIA—Fh & A7 R AP (look-ahead ) 7" fy iy it 44
il % (Vt-FFC) HI 7 T 3 Je 4R 25 %% B8 P BB 10 AR A0
i A & (H. B vt-FFC ¥4 B B9 § i 0 I A Al
( Feedforward prediction Model , FFM ) it 4% i1 2514 A 371]
SORGS R NSNS, 72 SDT BEAYR | X =5 4 B s i
2B RASFE 7% 50 BUT 203X A~ B (8] BE R A7 40 A, 459 1 45
T TR S BAS op SR i ] 114 43T o

TEFAF a, IR Sk b BV IK AR s, -, 58 BUE%
3k A 2ok FE v i /T 0% ) 18] AT 43Sy 34> B B, BP7E =
4 B v 8 HE B TA) g, S A% 22 R A O fih 3K
R AE IR B FE B ¢, FARZS ITF I AT IR S 7% 5 3
58 IR S 7 % BT B B 1] e, o

K vt-FEC () FEM B4 3 B i B an 1 4 PR,
Hor e, FoR F A0 IR BT BT 5 e, Fom F IR S
R FEAL TR BT - 2 B a) B SR Z
FFBAF H SRR B S R B 2 BT LA HE BB
] g, Fifi 2 G i ) ok B o R TE AR G0 TR 58 LIk
SHB P THERRN, SF R 4 15— q
WS B 43 ey o, WIAE ¢ =1, BV Py DRME
SR HAETE SRS 58,6 O A1 i R 5K
SRS 7%, AL 4G BB R ) A @, , ) Ny = Oy

+P,,

B4 mErRmN&R

EXT 4 T, ZonWahdeh i F1F a 3 FHAMF
a, PR s, | S8 BURSFE A% T i if 1a] . B —
1 a, DK 25t 2 56 BUOK Sl IR 28 57 7% i FH 7 34
ik T, Ty =T x Ny



F4a3 L B8 IS N 7

ilj:_: ,?/J\

1R, 5 < A AR T 9K SIR 285 2 A% S 114 T 3] A5 7Y 93

TEE 4 T RRBA/NERIK B T=q, +c,

+eo TN, P HEAD
T,~BFGD = (AEGC - AEFB) + CGD
WL 4 T LA

SAEGC =1, XNy
1
S srs :?Nx(to +t);)

1
SCGDz?NX(td_tr>
HE X7 Alig.
T, :fXNX%(AEGC—AEFB) + CGD
1 1

=1, X Ny _TNx(to +1,) +7Nx(td -1,)
R, A
- 1 1
T%tr_j(tﬂ_i—tx) +7(td_tr) (4)

EX 8 B P23 Be 20 B i 1] 3] 5 78 4K 5l
REHEH TSR 0, W (1, - 1) =0 - Ta,.

ST B S8 AT T =1, (it +1,) +

2 (4) 3 B B LE S 05 BA ) o 28 15 2 10 R T el
] A F BB . BT L, RACBEAY S FR Oy By AT
FOHT o0 WO RE I (] 1) 5 05 20 F TR A5 B 1
BB BN A AEZ i V(1) o HE X8 ATAl:

e S 1
V(t)=3Xa, - Ya,~—|T -1, +(t, +1,)} - Xa,
i=1 i=1 w 2

2.3 REBESSHIEIT
Fg A il 7% (vi-FC) BRI AN E 5 i o

W o2 = 1
* Za;,m\Uﬁzaiz*%T—f, +7(to +tx) } o
= = P 2

BB RE >

Pl (<
B 5 RiREHESEER

Vt-FC 5 1 X 22 55 P R 1 4 Wa ), 75 IR 25 4 7%
YERE P(k) 8P (k) = = | P(k) | 5 i 25 {4 BA S 5 FEM
BRI HARR AR ERE T(k) % T(k) = | T(k) |,
S 5 Wa |45 Y ( Feedback Monitoring Model ,FMM ) {12
R

e(k) =|T(k)|-|P(k)] (5)

15 n(n= D) A IR SR S5 5 05 R 50t 1Ak
W s S MR AR PR P (k) %M BE IR IR T
I BER 45 2 % JE 401 ) 160 9 F IR S B RS VR Py (K — i)

FREGR YRS RB R Py (k-i), WEE o,
B
P(k) =3 {a,Py(k—-i) +BP, (ki)

13 (5) 75 3 Y 15 25 a) LATH 530 H S 45 42 1) 4% X
R GUR AT B 2V RE #2511 ARG 90 JZ
1 -A(e(k))

ACD (6)
Horr, ACe (k) ) o s 4 ol 4% 45 21 19 1R 22 e (k) 1942
i, ACe) O R Gas 47 OB il s 14 i ) A2 L
AR B Aot 42 T 6% 10 RS 0 BE 4R B, R GBI R =0. 8 TN
P 45 T 45 T J 0 B2 5K

R’ =

EXO U B B TR L O G (<)
T oo e g () = LDGE

“V,.(2) 1-P(2)G(z)” *F
V(1) =V, (t=1) +K, [ (K, +1)e(k) —e(k-1) | ERTE
B 2 oA Le A PR e R BT, B PT 45 i 5 o
BT PR 1 SR R G M o, DR IO 25 SR G003 015, U
T IME 8 PR

d)(z)=K,,(K,+1)[Zz_11/(K,+1)] 7
2.4 EHISELEIEE

R AEBECEAR ¢ = (7,n) 1, HE B HCE] 1Y
Wt AFEL (7, —7,_,) limi =0 | ] = [limx, = o ]
= [limy, =limp™ ] RS limS, (1) =0, X5t 5 P A ]
FHARCR SIS T

WAL 2.2 55 2.3 1 fl AR 0 4R i an A 15 )
R RE S R T ] A A A v, (), Bt B e
t=((n-1)7r,n7) B FMHEHTREWMHE RS
W (i<scljizce)o WAAERRR R ¢ BR A4
FI) 3k AH R PR A HLRE W A (B A B 20k d, o

D) & d, <t, B FE SR HER TIRERTZFH4C
S8R0, W S A U RV, (o) 98 B2 5 BA A o
PR B 1] 2, ) 7 %] 2 SRR A RE R 1) 2L, DA R Y
{H 1 B AE

2) 4 d, >t BLWTE R F T IR AR I 32 B [A) B
SR AN E = B, [H 2 W R &R A T R M R B
3, Rl 3 Ao A 4 o A A 0 R BE S R BA B R R
T[] 2, 1] J 8 3 SRy A 0 R TR [R] 27, DAV R R R
P BE e
2.5 MEEESHR

7% 303 5k 9 A Matlab [y RTC T E. s gt~ —
Tl AT 40 A 4 4 19 4% 1) S5z I 45 5 i At e A O
LS I 428 1) 2R G0 1) AR A B R A B - 3 o O 8 A5 Y ok
A 10 43 AT T, BIF 5T 2R G0 JE B R 2R 48 M) oy R
B8], 39 3F FF-PSM #5274 J2& 75 BE 46 /5 5 il 2 48 1 55 i
ST . 5290 75 4b B 5 Intel (R) Core (TM)
i5-4590,CPU % 3.30 GHz,RAM %#38.00 GB [ PC ¥l
247, F Matlab R2015a #£4 705 B .




94 D2 - N ] A D

W AT 55 B 15 R GEBEHLT= A 110 3 47 1 51 F0 6
LA, B BLAS 2 1 A ~ 200 A i) 2656 22 o]
PR IR 6% (Ut E 3 R AN 200 AT R
TS

Hy 55—/ A e R 2 (L, 2 (7) g
GRS o B K, L R BRI ) 7
fb, I 6 TR, 1350 0 <K, <1.974 4, % K, {E3%X —
305 P, W6 R ke AR e T K, > 1,974 4 J5 L 4R M
R R G RERE AT B I K, = 1.974 4,

K,=1.974 4

Whil/s
E6 RE K, T %R 5050 A i 2%

[ i 4 57 FFM BEA  FMM 45 B 55 FF-PSM it
B, A2 K Sl A B A B BE HL i A 200 4>, 158
1 3 PSR R B IS X &R GE A RE B9 A AR X e & 7
P ATLAE L EF AR R 80 Ma, REE
AE 2l #a TP A2, FEM RS AT i 652 000 4 1T, e 7 <
PEEB/INTE, X R G009 5 W L FMM 6 R 4 i 7
FMM A5 S 45 W 0 45 DT, A = 1R 0 R, 0 &
GERY R 4F T FEM BB, i) FF-PSM A5 18 X 28 48 1k
AE Y52 i) 7 B A I E] Be N %0l 0 T FEM B 5
FMM #3

4 —

3k —— FF-PSMAE
----FFMAiH

Ll Aoy e FMMA

-2 1 1 1 1 1 1 1 1 1 J

0 20 40 60 80 100 120 140 160 180 200

7 BHEAMARFERENBRELL

e FF-PSM &Y AL H & 3 S8 5 0 A B
JRCER 1 1 X & G A IR 5, TR S8 AE i
0.9 s,3 WL R 8 froax., v LLA 76k
A 80 AR PRI, AR G SE N Rl P A A O T
R EHMABERFOANZE,ZAEBTRE, AR
S B A PR R R 5 B A R — B, Ul W aE
1l FF-PSM #5818 % | GE 96 2 2 ) & 58 19 52 i 4
55 5E T

2017 428 A 15 H
) [---- i — sppunt |
=S o VNN
ﬁl{
0 1 1 1 1 1 1 J

0 20 40 60 80 100 120 140 160 180 200
RTS8
@F1RSERAR

it /s
)
T 1

1 1 1 J

0 20 40 60 80 100 120 140 160 180 200
RETHAF 5L
(D)2 J A

2
s
B | frommmmm e T II Y Y M Ye0s
&

0 1 1 1 1 1 1 1 1 J

0 20 40 60 80 100 120 140 160 180 200

RT3
(OF X/ exiaat S

8 BHEHENRZENHFM

3 HZERIE

AR S o S T R G R Y AR 4 A Y T
W5 B2 A5 7 FE-PSM, i 38 T % 43 0 i 5 20 3 5 B 4
2 o R 0 B T R R R e A XS T R SRS
R AR 95 ) R G0 M AR 2 I O S I S
FEVE . W e e R B SR A IR 2 I 0R B)
HEER RS R, 0F 58 0 IR SR S 55 B 19 29 o & 1
55 40K B R A B B A B0 I [R)BE B T Y f aE
P, SR J5 R A (8 A R0C(E ) R e A S i At T
T A i AE 45 A 0 R B S 0 R O A A B S F
FE-PSM #5 4 \- 214 #5070 47 1] 28 S5 B 48 1 . 3l o bh g
R G SE A AE R I [E] % B A BE TE — AR
R A ) AR G 0 S B

S % ik

(1] ESF, KA, % R, 5. ST ZR e E) Jf 17 85 Al
WhE P [T 6 5 e 3, 2012,27 (12) : 1859-
1863.

[2] E&IF, K=k, % R, F mAXERNRELBN
W PRSI LLT]. 45 5 P ,2014,29 (1) :83-88.

[3] Ao, B30, M, % ARG WAL
MBI gE [T, 71 B ML T2 ,2013,39(9) :178-182.

(4] X1 #F. N HIE G BN B 5 s iy AFDX 52 B O 4k
BT[] BN TR ,2015,41(11) . 135-141.

[5] K M. BRER. i AXNBMAR L RERERS »
BrlI]. 3Pl T A ,2014,40(6) :13-15.

[ 6] Bengtsson J, Wang Yi. Timed Automata: Semantics,
Algorithms and Tools [ M ]//Desel J, Reisig W,
Rozenberg G. Lectures on Concurrency and Petri Nets.
Berlin, Germany : Springer,2004 :87-12.

[7] ESIF, ka4, 5% R, IRAT 50 A0 5 6 9 45 19 5
I {7 5 I i 1 2 A [T ] #2555 e 3, 2010,25 (1) ¢
1727-1731.

(FHEHS 100 1)



100 D2 - N ] A D

201748 A 15 H

x1 BMAPEEBELERI MB
B JEA R LS NN
libcontent. so 229.00 14.20
libevents. so 1.21 0.12
libipc. so 1.99 0.18
libbase. so 14.50 1.30
6 ZRiE

Fifi 5 T 3K B AR 11 v R i L i A K R AR e A
TR B OR HR 1g ,  E % g X R I bR R T
RO ER Bl R Al i X A 2 T A P R
SRR R, N I R AT RN AR A B S S B
YEAR X Web [ FH ) 5 2508 BN 22 4 P i AR SCHR Y —
P 5L T Chromium {75 Ju i #  fm AL BR 25 7 3%, o A
T Chromium 1) 2 JFF2 404 DL Fe 32 3F 78 X6 {5 e b 72 1)
EIRALE G SRR 0 B HERR A e AL B AR
OGP DL Stk AR )38 {5 46 . /v 43 T Docker Ji L4k %5
MR S A #4511 5 Docker A5 5 1 1E Yy it %
fLFE B )5 %2, LA ]z ZygoteDocker [ A 77 4% it . 1)
eIt SiE R B R R TR T R RN
WIS AN, 45 R SR W, 3% 07 vk e Gk B B AR
AR TR B A R .

S & 3k

[1] Malinowski A,Yu H. Comparison of Embedded System
Design for Industrial Applications [ J]. IEEE Trans-
actions on Industrial Informatics,2011,7(2) :244-254.

[2] Xie X W,Mao H, Xie X W, et al. Mobile Intelligent
Terminal Equipment Learning Software Design and
Development [ C |//Proceedings of International Con-
ference on Intelligent Transportation, Big Data & Smart
City. [ S.1. ] .IEEE Computer Society,2015:515-518.

(3] & ¥ EEM, % 7,5 BT 00k 56 5 iy o 72
P B O A S BT ]. P R R ik ( A ABE
) ,2014(11) :74-79.

(L% 94 71)

[ 8] Ramchandani C. Analysis of Asynchronous Concurrent
Systems by Timed Petri Nets [ D ]. Cambridge, USA;
Massachusetts Institute of Technology,1973.

(9] XVRA,EA T, mite k. Jk T 0y 58T #% Y ) Bk id

PR I R 8 O ¥k [T ] Pl 5t 5K, 2015,30 (10) -

1885-1889.

BURIR RG220 45, B IROBOG A 14 R 45 52

B v [T ). AR LA ,2015,38(5) :999-1006.

Oh J, Kyoung-Don K. A Predictive-reactive Method for

Improving the Robustness of Real-time Data Services[J].

[10]

[11]

IEEE Transactions on Knowledge and Data Engineering,
2013,25(5) :974-986.

Zhou Yan, Kang K D. Deadline Assignment and Feedback
Control for Differentiated Real-time Data Services [J]. IEEE
Transactions on Knowledge and Data Engineering, 2015,
27(12) :3245-3257.

[12]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

LB BB M. i g5 R 0 P AR B
BRIRI[T]. NI T ,2011,37(23) ;141-143.
Huang D, He B, Miao C. A Survey of Resource
Management in Multi-tier Web Applications [ J ]. IEEE
Communications Surveys & Tutorials, 2014, 16 (3):
1574-1590.

XNFHF W R, HEN, S LT Web 24T 5
Android J§ A= B T BB 5T [T ). D0 4% 7 A 4 R
2015,4(4) :35-40.

Kristinesgnn S R. A Study of Linux Containers and
Their Ability to Quickly Offer Scalability for Web
Services [ D ]. Oslo, Kongeriket Norge: University of
Oslo,2015.

Chen W ,Xu L,Li G,et al. A Lightweight Virtualization
Solution for Android Devices[ J]. IEEE Transactions on
Computers,2015(1) :2741-2751.

and Cloud: From LXC to
IEEE Cloud Computing,

Bernstein D. Containers
Docker to Kubernetes [ J ].
2014,1(3) :81-84.

Reis C. Process Models [ EB/OL . (2013-01-15). https://
www. chromium. org/developers/ design-documents/ process-
models.

Wilson B, Goodger B. Multi-process Architecture [ EB/OL ].
(2015-04-30 ). https://www. chromium. org/developers/
design-documents/ multi-process-architecture.

Harris W. Inter-process Communication [ EB/OL ]. (2015-
11-13). https://www. chromium. org/developers/design-
documents/ inter-process-communication.

Nider J,Rapoport M. Cross-ISA Container Migration[ C]//
Proceedings of ACM International on Systems and Storage
Conference. New York,USA;ACM Press,2016:259-264.
Hacker T J, Romero F, Nielsen J J.
Migration of Parallel Applications Using Container-based

Secure Live

Virtual Machines [ J |. International Journal of Space-
based and Situated Computing,2012,2(1) :45-57.
Vinoski S. Where is Iddleware [ J |]. IEEE Internet
Computing ,2002,6(2) :83-85.

Maurer W D, Lewis T G. Hash Table Methods [ J ].
ACM Computing Surveys,1975,7(1) :5-19.

G RPE

Alur R,Dill D L. A Theory of Timed Automata[J].
Theoretical Computer Science,1994,126(2) :183-235.
BT R AR S (] fih A G U 1R AL
B H LA #r [T ] HHEHL TR ,2015,41(10) :59-65.
TRM I IR UL Sk T RE LA 55 R T SR 2 RS Y g
WRERETT] B YL TR ,2015,41(8) :1-5.

Song Han,Lam K, Wang Jiantao. Adaptive Co-scheduling
for Periodic Application and Update Transactions in Real-
time Database Systems [ J ]. Journal of Systems and
Software 2012 ,85(8) :1729-1743.

I RS AT, 4F. wC/OS-IT AL 55 18 56 2 R &
BEA T S UG T]. HR ML AR ,2015,41(8) :52-54,60.
Emesto W, Lothar T. Real-Time Calculus ( RTC )
Toolbox [ EB/OL ]. [ 2016-03-20 ]. http://www. map.
ethz. ch/Rtctoolbox.

Wi W%





