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Abstract: The capacity of receive spatial modulation (RSM) is developed to solve the problem
that Shannon capacity cannot evaluate the performance of RSM with finite-alphabet inputs by
analyzing the mutual information between the channel inputs and outputs, and a robust RSM
with imperfect channel state information (CSI) is proposed to improve the bit error rate
performance. The channel inputs of RSM are discrete spatial modulation symbols formed by
combinations of a conventional modulation symbol and the spatial index of the expected receive
antenna, both of which are carrying binary source information. Then, zero forcing pre-coding is
used by the transmitter with perfect CSI to focus the signal power on that selected receive antenna
while the signal powers on other receive antennas are forced to zero. The spatial index of the
selected receive antenna can be easily detected and decoded for extra information bits. When there

exists imperfect CSI at the transmitter, an object function based on the minimum mean square
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error principle is constructed to find the optimal robust RSM pre-coding matrix. Results from

numerical simulation and comparisons with the original RSM show that the proposed robust RSM

achieves 1 dB performance gain for the optimal RSM detection at BER of 10" * and 2 dB gain for

the suboptimal RSM detection at BER of 107% when the variance of the transmitter’s CSI error is

0. 3.

Keywords: spatial modulation; channel capacity; mutual information; zero forcing; precoding

Z i A Z i ) (multiple input multiple output,
MIMO) Jo £ 5 £ G h T 78 & S AU s [7] B >R
2 REHAR AT LU AL 73 B2 1 25 L I8 7] DL it 5
FHBE 25 B O 2 5 1 B8 A% 1) RE 8 28038 RO 3
RO 2 R R A% B 3 A A L R R I S — TR
Ze i) MIMO $ AR ALE STBC R4 DR SEK %
$2 iy V-BLAST R4 % (H Fid MIMO R4:H
T ARAS BRAT I 1 8 4 A R K A R A% (R 2P [
P W i 1 52 2% B8 A v o DA B KA SR A5 g 5], 52
FIEEREE KO R B 2B K. JFH 725
(TR R0 R %Y =Sl R == N T 7/ R & B 7ol < 9 3
AEHY 45 AT Hr 41,

J T SR R AE 55 MIMO $ AR 4 Bl 5 8] i X
BEARAG 22 R Ok 1Y 25 5 19 15 . B T 4 1 19 &5
] 94 1 (spatial modulation, SMD™ H A J&— 4~ Hr
AIBEFE R R . T8 SM v, Rk S AL I R O — A5 4
AU B I R A e 1) 2 2 98 ) (PSK L MQAMD 4
O 09 5 3 IR 2 1 5 U e S R — O o EE R AR
Bo TER W 8 A A S R R S R g
PSR AR B R . XA, —J5 1 SM Al LA
A 2 K& R OSBRI, 55—y T
T BT — AR R 2O » ve IR 15 38 18] 40 R R S
)20 ik . S5 22 B AIE ST R WYL SML &R 4 Y H2 AL
R 3 &2 2% BE M EE AT iR MIMO $ R FEARR £,
TSRAAT Y KL 10 5 R A% 18 A 2T A 1L e B4
P L Bk 2 S 2 ) 8 45 8 ) (space shift key, SSK)
FARDT ARWI L SSK 2> SM. i (1) £ 5t 14 il B £
N 1R . AR R S R AR RS 2 IR E 2
KR S 0 Rk B REH A W7 5 kG H(E B
WIFR Z M HET 19 23 8] 98 ] (generalized spatial mod-
ulation, GSM)™* . JeRi KL SM BF 51 K
SIHLIY R 2 7 5 4R S A 1Y 25 Sl e TR A% 38 45
BT BB R OHLA e 1) 1% 18 {5 B (channel state
information at receiver, CSIR), 5 Z X} )&,
BRLO T 5675 18 T 4 42 W R 4 1 I 5 oK A% 36 45 ob
A5 8 s A SCRR 22 A #5025 ) 9 ] (receive spatial
modulation, RSM), RSM /{4 i% & 5F Pl A 52 3 1)

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

{Z 11 B (channel state information at transmitter,
CSIT), ¥TE BT A & 5 K 2k, il ik 2 M il 2 A 4%
AU RS K S E S D) 3R AE B T 0 B R R Ak
R4 MR AL R AL 0 %, Bk E AR IR
LR F 5 AR SSK AF 5 K A% i K . SCHR[11]
¥ RSM fif 75 SM AR XS I B 4 5 F B 32 2 19 4%
WKL 1Y H 5 5 R AR f i A B R

ot SM ik RSM, Hkiy A K02 A BRI A i 25
Bk A PR HAS 8 25 B AN e A0 = B e AR
MAELAAE ., SM A RASCHL12]E 2 1
W53 BT AR ST 18 1 He WL AR R 42 i i
T B AN REBSHET B L 2 AR R Y SM &
GiswmitH., ARCEE PRI E 2R KL
) RSM fFiE #55, & nl Ll MIMO 15 385 19 % A 4
HEAF SRR, HXT RS RSM 25 Rk rh i
K Z A Gy AR AG I S AR SCa T 3 T S
R BN BUE R . o TR S PR {F b & S PLR
MEAS B B A9 15 38 15 5, 33 FE 23 0 56 T 2 5 791 2 1
) RSM 2 48 vk RE A ™ 52, PRI AR S8 AR 4 A
AN T R 25 HE M 4R T — Fh 45 4 B9 RSM(RRSMD
T Gt B R R 5 T 7 % L B A AR IR AR A T R 2
Bf RSM R4t iR %,

1 RSM R G

FZIE—1 MIMO “F27% 240, KGTPILE & N,
R ML RE B N, =24, R RH
M= 2" [y g A 98 1 (B an MQAM , MPSK) , H: 4 i
AL R by s b, s sbu b S ELD, [P =1, fBE—
WK b+ ko %A CRRIR 22 WU 5 38 2 56 (1<
ISKNOMRIZEWCR RN m A WEA RIS 0., BN
A LR 25 TR R B2 500 R s, . AR, L AT
DO NI ob 3 TSt o M o S e S S
Forb A PR R AT S 0, A R, R R S AL
() Ry RS R SSK JH IS5 i b0, s, 1]
LR K

Sim = €D, (D
Krfrie J2 N, sl 5 NMITEN 1L HRIT




$e

SR A WS TR R AR A A B R PR B 51

Z R 0,8 e,=[0,++,0,1,0,---,0]",
Xof 23 AR A5 s, 54T 300 4 5 O K 33 3] JE 4%
G5 WL AR5 1 S NI IS 5
y=HPs,, +n (2)
K HJE N XN, 5 E a5 5 B P JE N, X
N, Ae i A HE P sn R WCR L E R E &
Wl i, KA TCEN T 2R on = 1/v. =1/
[y +k) oy 1oy RRBAFSEMLL, v, RN LY
fFM L,
ST BR MIMO {5 38 8] T 6 422 S HL i 52 e
B DR VA A B it U B R UL ) R B B R 2k I it
T AR [ R B 4 T 4 5 B L R R 5K
HP = pI (3
KT J2 N, B 500 56 B 5 B 2 D) 08 3 R A6 P i
SRR AH tr(PPY) =N, ,
MR TR B 0 E EAE S H B, 31
i Bl 38 2K (zero forcing, ZF)fi#
P=pBH"(HH") 4
(D ZF fRAFTEM LS E N =N, I Hi 2 2)
LYY B AT I R PR R MR AE AR ] 8= (N, /
tr CHH™) ' ]}V%
Fie LR B AR T U4 A% P S 8 e (O AR AR
) EBHL RN 5 5 7 LLE BT S

y :‘Bsi./11+n (&))
A GO LIARIER (D —2 0 N
i = pb,, ;
Yo = Bt 6)
Ve :nk,‘v’kﬁi

R 2 (5 L Y HL AT LA SR FH F5e AL SR A6 ) 0 3
XF SSK £745 ¢ ML G Jf il 775 0, B4 K I
[Zmﬂ=[€‘,1’__;}§Vg>.{”rlei‘rll."_’M‘{ | y/B—si. |7} (D

ol AR 4 2 (6) SR IR 52 4% 3 A vk 00 G 0 44 9% B S A
M SSK £F5 ¢, FRAG A% 48 I 1 455 0,

i = agﬁ_?ﬁf{' yi |2} 1 .
b, = arg mi/n‘{| vi/B— by, \2}(

b, € {hy by

R e KUK PRI B RSM 2 05 Bl e R =X (7D
Mde B0 2 24 8 o O (MN,), 1fi 2 L) V-
BLAST REMFEMEIRE N OMY) , BE— 45
RSM 5 e pLR A 2 C8) YR A M F) 355 52 4% 2wl LA
Wb B K2R OVD ] RSM. & 4 20 HLE5 14
7 B AR I A R AT BE I RO AR

2 RSM #&& 0

ST A I A i A MIMO {538 T (94

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

T BB A5 5 D 34 452 i M 0 A o 4K i X
T SM il RSM Sk Pf . 1% fii 5 B (1% SSK 475 Filf% 4t
Lty W AT S R A PR AD AR B B U A . Lk, &
B e 25 T A SO BE B R T SM
RSM 4550 . SCHRC120 HAr B 1T 58k ) B
AR K ZR 1 SM 28 L R BEHE) 3] Z AR 2R
LRIF B SM A AT . AR SCLATR =BT IR ALYy
Wit B 22 K2 Rk ST AL LY RSM 258 4,

H T RRIE AL S s i s, (c=1,
< MN), G4 WiEIE HAER G BI0ES y
(14 2% A1 ABE 23 285 bR By

1 — lly—HpPs. |*
2

f(y ‘ sr) - (TEG;Z,)N' exp On

B2 20 53040 015 U5 17— 0 1
WX 5.7 453 5 AL 24 245 0T R 0 )
in e WA A K RSM £ 45 f

CINEER AN g O R D SEC L

MN
T

C=IGs,y) = Zjif(sr,y)lb S lsoy,

9

f(s)=

~ ) f(y
(10)
A ) ] PAfR§ A28 (10) /R A4 T /Y 2 38
1bf(fy_(7‘y)sf> — bS8 =
‘ (I/MN) D) f(y | sO
J'\/I;'\"r o
D ] so
Ib(MN,) —1b =L = |b(MN,) —
fylso
< | HP( ) bnllP 4 lln®
1b26xp( s, — S, 2—|—n + lln )
—1 On
(1)

KR ADRAR Q0 s,y = F(yls0)

48
(53

C=1b(MN,) —
MN |

MN
71 \ 2
A, 2 En (10 XS expl(— [ HP G, — s 4 [|°

[ nll* /o] (12)
KA E, (o )FRCETAR n 1A,
AT (12) J 7E PR AR 3H SR 1 25 2, R Ik
TV T B2 B o0 5 18 U
Cruaing = En{C} (13)
EAAFE A, 3 12) P e TR n 43 A (919
iz BW MR Z 455, H AR LB R AE L H 2 T




52 [ . ]

Ko

R

1 549 &

PL3E i 52 4 R 2 4y B0 AT B A RS B A B At .
R (12) AT LUFE . RSM RS {58 & i E R i
SE BB M AR R R R N, R B E L X
WAF A EW i B, B R 3 — A4 RSM fF 5 i £
fiefL i Ib(MND R RE A,

3 EFER RSM Fil e 5 6 M e i

S 3E AF P K S LA B B B ) R AT (R
WA BT WAMER . 7ER43 T R4, CSIT
A AR 5 £ 108 H B I B o 1) £ O A S 2
B4y W T Z e, CSIT W] fly 3 W BL S 45k 45 30,
FT T 02k 15 T8 170 B 725 R R A e ) A i 25 AR
RGPS B A5 AN Al bk G A7 e Al TR 22
— PP AR B TR 2E AL H=H+ AH, 1E
WAL A i, H O LS AE TR B H 2o B PG 3
HIE SR AH FoR 58 Al TR 2 Rk iy
TCEMMNEHEM ST B & Wi 2N oo AX
AR O A5 A 1A 78 52— o 45 %) O 4 D

M AHER Y, 3R e 195 12 R A% T 4 0 4 I
P2 F 3 P rp A — S0 B LR E b RS fi
1

n;inE{ | Hp, —Be, | *}.Vi=1.,-.N, (14)

¥ H=H-+aAH {RAR (14 J-45A E(AH) =0 13

min | Hp, —pe, | * + p'E{aAH"AH}p, (15)

AR (] A AR R — A AR Ak R A e AR T
SURCN BN = R ANT R LY DS x|
p, = BCH"H + E{AH"AH}) 'H"e, =
B(H"H + N.oi 1y, ) 'H'e, =
BH" (HH" + N5 Iy )"'e; (16)
A5 16) XA p, WA
P=[p . .py]=pH"(HH" + N} Iy )"
a7
ZIEF| KA R tr (PP") = N,.p Ml & p=
{N,/tr[HH" (HH" + N.g:1y ) " 1}, 1 & 3
AT IE L5 3k L9 b 58 96 10 i 422 di WL 75 11 I
N TR 2 g AR o T B /N 38 T 1R 2 A AR T ()
o ZF fg . ROt g A B A R IR D R
AT DAAME Hh 05 38 A 11358 2547 ok 19 M BB T B L 16
Al — o AR L A MR L X — AT LA T Y
iETRES.

4 FEER 5 b

ARG 25 ) — e R(E ) F A SR 00 U AR e

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn

TP R I BB B R RER
AR Z RE R G T LLAEIE H 1 E %R
MFG AN 34 B H A e R R 0 BME L
22k B R T BEALAE B, B 1 P RSM 45 4
AR (12)  (13) 3 i 5207~ 2 7 54T 3 1Y 45
B HE T, RSM A& ER S N R/
*L 584 MN, R E X F 3 b (s Ho ™!
) RSM {55, N, =2 . QPSK WIS B AH A L N, =4,
BPSK W4 & RER G H R A& X T 4 b« (s ¢
Hz) "By RSM £%:. N, =4 QPSK [ & 315115

NV
EAERK.
4.0
3.5t
3.0t
‘525
=
@ 2.0
2,4 —a—N=4,N=2,QPSK
o —eo—N=4, N=4, BPSK
--a--N=8, N=2, QPSK
L.or --e--N=8, N.=4, BPSK
—%—N=16, N=2,8PSK
0.5 —8—N,=16, N,=4, QPSK
—*—N=16, N,=8, BPSK
04 5 10 15

B 1 RSM{EiEs&

ARG A A £ & R (multiple input sin-
gle output, MISO) RGBT N, =14 1
PRI B R MARA S (12) (13 E] . A S BT E
THIFEBERHE 4 b (s* Hz2) ' FH RSM &4 5
MISO % 5§ 9 o I (915 18 25 5, L K R S R4
N, % RSM G & 2, 25 L sl 2 fros. M
Bl 2 ] LA . N IR/ RSM A &1 1
FAHBTHRKRE N, 246 7 205043 45 B
EEAR(EME L T 55 RSM & & AR, #F—4.
WML 2 KB, N, =5 i, RSM 1 %5 1 il 4k 75 &
TRAE M LY Y RN 3 60 T MISO U 5 i 25 2 il 28
O RN NP E A = IS H N,
=10 B &2 H KA — 13 dB 4. N, = 15 B} 1E
—18 dBAk; 4k&R3% i N, %] 20 Bf , RSM (1) 25 2 4 1ok
MISO ¥R IE ) 2 . X & T RSM & 0L =
ADFEEEAN N A A B T F DL BR{E I T
oo N BN HREF T B0 B B TR A R G
oy BN 2% T IR AR MR L i R A BN I MISO
ARG, HREI IR R LA (N, =20, Br
TAREAES T T 54 K 5 o 4 3 #5091
JE R 2 6% 2, DR AE BT K {5 MR L Y LN RSME &




$e

SR A WS TR R AR A A B R PR B 53

SAERYE T MISO %,

4.0r
3.5}
3.0k
'3 2.5k
jas}
= 2.0f - =
: —8—N=5, N,=4, QPSK
° —e—N=10, N,=4, QPSK
S 1.5 —A—N=15, N=4, QPSK
—+—N=20, N,=4, QPSK
LoL# —8—N=5,MISO, 16QAM
1 --e--N=10, MISO, 16QAM
05 --a--N=15, MISO, 16QAM
% -=+4--N;=20, MISO, 16QAM
0.0% —15 —10 -5 0 5 10
¥, /dB

B 2 N, % RSM.MISO % & fih £k 19 5 g

3T EL T AR SCAR HY Y B A B T 4 S X RSM
RGAFTEAF B A TR 220 YR AR PERE . AR
8 T F) e AR 18 5 24 A 5 LR AR 19 A5 B A5 S
W AR PR H AR A R R 0 #0375
P T OI A T 28 o = 15 MR ST HLAR IS IR 1B 15 B A
BN H AR 2 A 0 B 2k ~7 52 % 0 46 B 1)
H=H-+AH, H.AH 0772535 0 ot vof IFH o +
o; =1, PiEH RSM ZHESHN N, =10, N, =4,k
FAS B WL A9 QPSK i #E 4T 100 000 Y 37 52 56
JEBOT . P 3 h g RSM A 0 K W o7 T 58 (7
B3 U BR E BF R (8) B Bk . T DA
FE B30 45 B o = 0) 5L T RSM YR #6380 f
LB A0 88 A 2 7 15 A K W 5 4
BER HfE. YAFEEEWFEEMITRZE o =0.3
I AE & Y RSM S LA I AH FE of =0 I R 2541 2%
2 dB, T E 4 A RSM YA A6 5 i 32 M B I AN
AR ZEAS MR LB N 2] 10 dB B AR . X 2
T S UAR A8 A 1 A 194 £ 0 1 R B s A 90 g A

10° —o—03,=0, RSMHEAR
@ 05 =0, RSMIXA
——03,=0.3, J-EH RSMBEAL
P 05, =0.3, JEEHE RSMIKA

—5—05=0.3, & RSM#EAL
i 05,=0.3, FHE RSMKAE

10—4 1 1 1 1 ':QI‘ 1 1 1 1 1
—10 =8 —6 —4 —2 0 2 4 6 8§ 10 12

¥, /dB
B3 bk RSM 545 #R RSM Y 12 A% 4 1 BE X 1L

http: / www. jdxb. cn

http: // zkxb. xjtu. edu. cn

W Gk 58 21 B A T8 18] 90, 20 {5 5 i D R AE AR
W R LA BEIE Z A5 2 (8) A AR A A I Bk
BRALRAE R m . HE— DL X TARE A TR E o =
0. 3. SR A SCHR H B & #2 9 RSML ] LA LE AF & 4 19
RSM TE S LA F $ 3 1 dB 1 RE 3 2 (RS AR
107 Ip) , P I i $ IR 2 2 dB PR BB £ (IR AT
R 100D,

5 4ERiE

RSM AR g —Ff557 (1) MIMO 4% 77 28 A AL
AT LA A R0 AR 22 WA WL ARG I B0 3 14 52 2% 2 R R A5 3 1)
I R o BE R AT S 3 o B DA e 25 AR Bl ok 1Y
RGBT, X RSM R 4 i A A BRAS
S SEBR B - A SC A I A R B AR B AR
e 1 s [8] 98 i R AR 58 L AR AR BRI IE A
IRt — P TR S PR A P Rk S PSR S
VR 22 I, AR e /N K O 4% 22 E ST T — R Y
RSM 70 2 % 4 . 7 1052 B0 45 SR W 2% T 44 %)
BT LA R R A RSML 2R SR [ 1R A5 <

e d

[1] TAROKH V, JAFAHANI H, CALDERBANK A R.
Space-time block coding for wireless communications:
performance results [J]. IEEE Journal on Selected Ar-
eas in Communications, 1999, 17(3): 451-460.

[2] FOSCHINI G J. Layered space-time architecture for
wireless communication in a fading environment when
using multi-element antennas [J]. Bell Labs Technical
Journal, 1996, 1(2). 41-59.

[3] MESLEH R, HAAS H, SINANOVIC S, et al. Spa-
tial modulation [J]. IEEE Transactions on Vehicular
Technology, 2008, 57(4) . 2228-2241.

[4] MALEKIM, BAHRAMI H R, ALIZADEH A, et al.
On the performance of spatial modulation: optimal
constellation breakdown [ J]. IEEE Transactions on
Communications, 2014, 62(1). 144-157,

[5] JEGANATHAN J, GHRAYEB A, SZCZECINSKI L,
et al. Space shift keying modulation for MIMO chan-
nels [J]. IEEE Transactions on Wireless Communica-
tions, 2009, 8(7): 3692-3702.

[6] FU Jinlin, HOU Chunping, XIANG Wei, et al. Gen-
eralized spatial modulation with multiple active trans-
mit antennas [ C]// Proceedings of IEEE Global Tele-
communications Conference. Piscataway, NJ, USA;
IEEE. 2010. 839-844.

[7] WANG Jintao, JIA Shuyun, SONG Jian. Generalized




54 [ TS S R N S 549 &
spatial modulation system with multiple active transmit [11] ZHANG R, YANG L L, HANZO L. Generalized pre-
antennas and low complexity detection scheme [ J]. coding aided spatial modulation [J]. IEEE Transac-
IEEE Transactions on Wireless Communications, tions on Wireless Communications, 2013, 12 (11).
2012, 11(4): 1605-1615. 5434-5442.

[8] XIAO Yue, YANG Zongfei, DAN Lilin, et al. Low- [12] GUAN Xinrong, CAI Yueming, YANG Weiwei. On
complexity signal detection for generalized spatial mod- the mutual information and precoding for spatial modu-
ulation [J]. TEEE Communications Letters, 2014, 18 lation with finite alphabet [J]. IEEE Wireless Com-
(3): 383-386. munications Letter, 2013, 4(2) . 383-386.

[9] YANG Lie-liang. Transmitter preprocessing aided spatial [13] SOON X, HANZO L. On the MIMO channel capacity
modulation for multiple-input multiple-output systems of multidimensional signal sets [J]. IEEE Transac-
[C]// Proceedings of 2011 IEEE 73rd Vehicular Tech- tions on Vehicular Technology, 2006, 55(2);: 528-
nology Conference. Piscataway, NJ, USA. IEEE, 536.

2011 565-573. [14] EZM. Rib4E, SKRIEM. £33 A H 50 R

[10] WwARM, BB, Meys, 5. ZWMAZRMHBRAET 45 v R R R TE R A AN T LT, 7Y Al R
FTHE B A G 5 B I B A RV WU S [T, 79 42 2258 #4R, 2008, 42(6) ; 739-742.

K2, 2007, 41(4) . 475-478. WANG Shaopeng, ZHU Shihua, ZHANG Guomei.
MENG Yinkuo, YIN Qinye, TIAN Hongbo, et al. Combined carrier frequency offset and channel estima-
Joint linear precoding of transmit and receive for multi- tion for orthogonal frequency division multiplexing
ple input multiple output downlink system [J]. Jour- packet transmission systems [J]. Journal of Xi’an
nal of Xi’an Jiaotong University, 2007, 41(4); 475- Jiaotong University, 2008, 42(6): 739-742.

478. (i =1 4)

CEHEEES 5 30
Symposium on Operating Systems Principles. New [9] VAVILAPALLI V K, MURTHY A C. DOUGLAS
York, NY, USA: ACM, 2009: 261-276. C, et al. Apache hadoop yarn: yet another resource ne-

[4] REN Z, XU X, WAN ], et al. Workload analysis, im- gotiator [C]// Proceedings of the 4th Annual Symposi-
plications, and optimization on a production hadoop um on Cloud Computing. New York, NY, USA.
cluster; a case study on Taobao [J]. IEEE Transac- ACM, 2013 1-16.
tions on Services Computing, 2014, 7(2). 307-321. [10] ZAHARIA M, BORTHAKUR D, SARMA J S, et al.

[5] ZAHARIA M, CHOWDHURY M, FRANKLIN M ], Job scheduling for multi-user Mapreduce clusters[ R].
et al. Spark: cluster computing with working sets [ C] Berkeley, California, USA.: EECS Department, Uni-
// Proceedings of the 2nd USENIX Conference on Hot versity of California, Berkeley, 2009 1-16.

Topics in Cloud Computing. Berkeley, CA, USA.: [11] ZAHARIA M, BORTHAKUR D, SEN SARMA J, et
USENIX Association, 2010; 10. al. Delay scheduling: a simple technique for achieving

[6] HENDERSON R L. Job scheduling under the portable locality and fairness in cluster scheduling [C] // Pro-
batch system [ C] // Proceedings of the Workshop on ceedings of the 5th European Conference on Computer
Job Scheduling Strategies for Parallel Processing. Ber- Systems, New York, NY, USA: ACM, 2010: 265-
lin, Germany, : Springer-Verlag, 1995. 279-294. 278.

[7] FREY ], TANNENBAUM T, LIVNY M, et al. Con- [12] ELMELEEGY K. Piranha: optimizing short jobs in
dor-G: a computation management agent for multi- hadoop [J]. Proceedings of the Very Large Data Base
institutional grids [J]. Cluster Computing, 2002, 5 Endowment, 2013, 6(11).: 985-996.

(3): 237-246. [13] ZAHARIA M, KONWINSKI A, JOSEPH A D, et al.

[8] HINDMAN B, KONWINSKI A, ZAHARIA M, et Improving MapReduce performance in heterogeneous
al. Mesos: a platform for fine-grained resource sharing environments [ C] // Proceedings of the 8th USENIX
in the data center [ C] // Proceedings of the 8th USE- Symposium on Operating Systems Design and Imple-
NIX Conference on Networked Systems Design and Im- mentation. Berkeley, CA, USA: USENIX Associa-
plementation. Berkeley, CA, USA. USENIX Associa- tion, 2008: 29-42.
tion, 2011: 295-308. (g Kioin)

http: / www. jdxb. cn  http: //zkxb. xjtu. edu. cn




