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Development and forecast of 10/40/100 Gbit/s PON technology
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Abstract: Currently, the evolution of EPON/GPON to higher bitrate technology has become a hot topic in optical
access field. Based on this, the current situation and problems of XG(S)-PON, TWDM PON, WDM PON and 100 Gbit/s
EPON were analyzed, then some forecast of above technologies was given.
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dual-sampling differential space-time orthogonal frequency division multiplex (D-OFDM2) coding scheme was
proposed. The proposed scheme constructed a dual-sampling method at the receiver based on the D-OFDM coding
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(1. LA RFEEERFIALFR, #HT 4N 310018;
2. AT RARFRIBERALLIR T, £8 HhTZAN 2ZEMER 32611)

1§ . 13T OpenFlow 1M LML (SDND 1, N TIHFRE IS, AHR FIFR MK & ] OpenFlow
AN, ANFERH R I W R = A e, A 23 5 mAS ML SERR 5 RAT A, JEMIHELARR 2 S 1 1
T LA SDN )44, FfidG SDN BURLHIY K LA T 2230 8 N B (M R, A8 L (o 3R 2t S I
IRIERIGK . TR ARG R R P SR ML, MG SFE KB RGN R . 255 IRIE% 2,
T RERH T — & & SDN A S 8 1 BE IR ph SR 70 SRUG 45 TR, BB —IRJEH )H
TR AUC iE5) 97.04%, 55 —RBEAI AUC iEF] 99.97%, [ I o S K I I 17] 55 37 6 R S B4R ME KOG &R
KHRIA: RIS SREEA ST AR A E XM OpenFlow

PESES: TP393 CERFRINAD: A

doi: 10.11959/j.issn.1000-0801.2017305

Policy conflict detection in software defined
network by using deep learning

LI Chuanhuang', CHENG Cheng', YUAN Xiaoyong”, CEN Lijie', WANG Weiming'

1. School of Information and Electrical Engineering, Zhejiang Gongshang University, Hangzhou 310018, China
2. LiLAB, University of Florida, Gainesville, Florida 32611, USA

Abstract: In OpenFlow-based SDN(software defined network), applications can be deployed through dispatching the
flow polices to the switches by the application orchestrator or controller. Policy conflict between multiple applica-
tions will affect the actual forwarding behavior and the security of the SDN. With the expansion of network scale of
SDN and the increasement of application number, the number of flow entries will increase explosively. In this case,
traditional algorithms of conflict detection will consume huge system resources in computing. An intelligent conflict
detection approach based on deep learning was proposed which proved to be efficient in flow entries’ conflict detec-
tion. The experimental results show that the AUC (area under the curve) of the first level deep learning model can
reach 97.04%, and the AUC of the second level model can reach 99.97%. Meanwhile, the time of conflict detection
and the scale of the flow table have a linear growth relationship.

Key words: policy conflict detection, deep learning, anomaly detection, SDN, OpenFlow
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(=1

B ELIBEY 55 F IR S5 7 SR IMAN TG K, =it
A N NI 6 AN S SRR 25 S - R L N
TATH R 55 (1) F B 28 SRRl it , BUAT 1 4%
ZEK) AN REAT RO X LB R 281 5 (1) il
Ko VEN T AU BRI EEACK, Ffhe M
4% (software defined network, SDN) iR %] T
N AT [N R S (RS NS [T NS S
OpenFlow [f) SDN HA T &4 51 7 KK I IR,
B EMN T U Google &5 HLIH: W Al [ K A £ i vh
TN RN

SDN [ £% ZR e 1) B B2 A1 i 428 o)~ 1 5
VIR 5325, 7E5E T OpenFlow [f) SDN 4244
S RIS IVl 5 O o = I e 2 e S
OpenFlow AT AL T A & T Y 1) e g S, K
UL e eV 25 IR, By ke L A s A A
o TR,

SDN 1% H 74k H1E J23 R 49 M 25 ik A 1y
WARTIN, P A ) g wl e 5 R GE N A I
At 55 SR [0) 7 A= o 5 e 1 Firop, SRS 1A 4.
SR 2 R0 3 LU M 5 FN 6 2 [ A7 AR T B 7Y,
AN S FAT Dy T AR AR, X A8 S R) A7 A
MR TP

20— K EET OpenFlow 1) SDN H 1]
FT A ML 55 BEAT B B E M, R AN
OpenFlow AZ#el i R BEAT oS AG I, —H.
OpenFlow # il #3 %) OpenFlow A2 # ML i (1) S 4
FM 55 2 1 AT SR (M AFAE PSS, R fiigg —4t
CUAFAE UL TR B8 D5 o 1M R e

SENVSS P AE B IR, YT RS o A
B JCE N S ) o e R AR 7 o i B L ) s
SRR, 54555 T OpenFlow [¥] SDN 47
ke Bam, AR T KB R4 SDN LS5 H
BE .

1 R T — ARG o 5 R By K Dl g
B, &S ETR A T 4 & PC L.
1 &5 OpenFlow ZZH#LFT 1 & OpenFlow #5Hill2% o
PC #L A 1 IP Hihl:>y 192.168.1.10, PC #1 B f#) IP
k4 192.1682.2, PC WL C fy IP Huht ok
192.168.3.7, PC HL D ¥ IP Hbhl-2y 192.168.6.5, 4 &
PC #1555 OpenFlow A2 #HLAHE 4Ll — Jajdak
M. OpenFlow A2 #4717 f¥] Flow Table 0 FA74E—4%
B7 K BRI, 27 K TR RN Bt s TP il
192.168.1.0/24. HI 1P Huhl>h 192.168.6.0/24 11
sy . L), OpenFlow #EHI2SRI N A —4 5K
W&, MG SER H K TP MRS TP HuhEES A
192.168.0.0/16 I T A7 Hidi 73 2H BB — M BAF 1D
I BAIZ NS T & 2] OpenFlow AZ #eHLHT, AT A I
IP Huhkh 192.168.1.0/24 F1H i) IP ik h
192.168.6.0/24 %4 73 A SIVEAT Ak x5,
NI 5 250 A 875 K 5 0 ) ) 2R A%

OpenFlow AH G SUA B I R4 LR R ph e
o ) b BEATL A, 24717 KL OpenFlow AZ#e LB A
fa R R T AT M D e, HR R I AT I D g
KH T HTAEG ) F A OpenFlow AZ L
S IIR R IU J7 12 W R OpenFlow AZ#eAL 1)
MRBEAEF R, ARG i & b A
44N OpenFlow ACHALIFIIZAT 5140 | ESZ IR K
FRIEREE SN 7 A e K

F1 FHEHRBRRTKRE

FU I MAC ik H ity MAC Hhik U TP MLk FI iy 1P Mtk Il

1 * * 10.20.0.1/8 10.20.5.100 drop

2 * * * 10.20.1.1/8 limit 8 Mbit/s
3 * * 10.20.100.1/8 * limit 1 Mbit/s
4 * * 10.20.0.100 * output port 10
5 14:10:9f:ea:7a:fd * * * *

6 * 14:10:9f:ea:50:3¢ * * *
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HrAL
IPv4 Src:192.168.0.0/16

1Pv4 Dst:192.168.0.0/16
@ Zhff:set-queue:9
A

192.168.1.10

OpenFlow s 192.168.3.7

@ AL @
% IPv4 Src:192.168.1.0/24
% 1Pv4 Dst: 192.168.6.0/24 %
B e drop
192.168.2.2 b
192.168.6.5

1SRRG RIS IR KB T RE R

AR FHAE SDN i AT HARE B ), 2 itk
N5 F B ] 24> OpenFlow AZ#eHL R & AN )
g, AN AL ARSI AT IR L I
Shy S obf E AT N R AR R, SDIN 455 2 7 B4
BN N R EERAE, IR A A el
LT8R AEUEAT IR, SR 5 4 Ab 2R &5 L 4 Y
FH/ 9 F 2 o S R DRI kg v SR 0 s T A A e L
W, ERIRERRAENOR TIOUR, M T e,
WG FAN TR E LR R T EZAE E,
FEPE TSN R S 2 WA R I, SRy o 5 S gk
WA,

ACE KK SDN HIRES S 4, $eth—Fb
TR A AR TR EE 2% 2] 1) SDN Y e 58
RE 77 o 1% 7 ER R BE 2 2 4 Ak & 2 Hk
H 25 2 1R, AL TS e S A R A,
A5 R FIRSE RV FH 56 285 1] e B bRk b o] JE K AR PR I
FE TG HH 277 I (RS o

2 HMxXIE

OpenFlow PRI 54T 45 H IR b o2 (1 LAk
filt P SR, AT AR R e B R
OFPFF_CHECK_OVERLAP fi #t 17 7 % &

OpenFlow A #e HL0A 20 B SE AT B ~ K R S5
LA AR E R ER . S
OpenFlow VLR M IRATIIKIBFTT, HB2HETALS M)
AHRA L,

222 SCRR[4]4 th T 8 e SR Ak 1Y 2%
(B, RIS T ARG, T A AL 48 M
28 [18) o 5 SR F AN WL I SR ms (R M vps 22 3
HR[S,6142 T —Fh 2L T “first-order” & # K &
AT R phoo ) 7 Rk ok R W e 5%, JF HoAE
OpenFlow 5 il 48 N R UL 1T B 7 HEBL 5] 4
A ML o .

S CR[TIN A T — Rl A Flow Visor
FARKAM OpenFlow X 4% B AE R P 58 1) 4,
FlowVisor #&—# 13 % ¢ FH 4L 1¥) OpenFlow ¥l
#%, ‘&Rl LAfE OpenFlow ZZ#ALAIZ & OpenFlow
AR 2 7S 2 — MR, AATTH 1 v SR
HiEse: AT M (hash-trie based conflict
detection, HTCD) #3% R BE T G iy A A4 i
(ontology based conflict detection, OCD),

Z2% R[S SDN &t T — sl /b LeRs 2%
i (RBV reduced bit vector) HyEX i L4758
il RBV S 2 T bR o< 2 & IF HRH
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—AdH, MR T 2RI R R

Z 5 SCHR[9] 3 tH T 2 4 g AT N
(FortNOX) 1 4%} FF 7805 NOX OpenFlow 7 1l 1]
— A&, FortNOX SKHI T ikl T 51l 44 46 I 1)
T3 EARAG E BE—ADN H E SHA 2 R i
P56 e A% 1) SR B A

2 CRR10]42H THRA “FlowGuard” (1145
HAESE, N FAEB)ASI¥) OpenFlow ¥ 4% S IR i
P57 K A I SR 5%, FlowGuard 7E 9 264k
A5 BB IS 250 9 4% r (R AR A T ARSI 2 A5 B Bl ok
e SR AH PR

22 2 SCRR 11142 HS 4 WA B A7 4 0 D) 7
BEATHEAN L SR AT BR R A I, AE ] VeriFlow
) A HUR I e S R i e, A AT AEAR SE o Al
IFREE R BRI T 2R, R
YE TSR — i R A7 it 2H 5 2R 1 AT e R B
WY Z K, SRR 55 45 5 U A BE I ) He 3 7>
ARG 22 SCER[10]82 T — B XAk (4
RUREI N BT fe e A 7, XA KE
SORAE R — AW, SR A A BUE 2 (A
ERIL D EHIE

Z 2 CHRk[13]4¢ H T 1| ADRS (anomaly
detecting and resolving for SDN) fif ¢ 5 & AR )
FAHERISH, R T RS g L, AR
RN AN IERRR T e R 25 RIS E 2, I
PAANERAY, St Tl 8 Bl R SR RAS I A o

SDN 520 H AL R e 5 1) A

ZHSCER[14]188 T —FP 5T FlowPath 15K
I 250) 25 SR T SRS B e I, B SRS
(7 SDN R A AR I 17 K itk 55 s (1) B #2 R (A1 52,
$EF FlowPath JEAT F 2 AL RILIRLEE (K fif e ih 5

NS ESR S PRUIPNE U S DY PN b
FRIHEAT PP ST M5 ARG SEI 45 5, R
A NFE AT 5 HLAR 2 A DG AT R, A
SCE R HH T TR P 2 S TR . T K R
TR TN SR U 1 7542 o

3 ETREZFI RPN

3.1 RSRAEMER

2N /9 I 2 BT I N FH IS, A T
FIHE AT HMLN K TS 275 5 2 1 CAFAE R &
TAFAEN S, AU PR B 2 S BEAT R DN, DA 22
I BT A I R I A A AR iE . T SDN
PR AS AL P (R 2R T H R B 1S 1 19 K
AN, VR A ) A URE A [l 5 K/ (R A\ gk
ATREI, R HE T[] & R ER A Ty v, A
MZERI L E 2 Fros

T N /R (BEHIEE) Th4Ey s SDN
T AL ARG, BTN AT
WA TN, TFUE T KB HE— OpenFlow Z#: 41, It
IR AT AL N SRR BT AT i A5 A X 450
RKIOEKITE, B —50H RIR R TTT 22 1 K,
BRI ET S T #I) X SRRETAH B — A

R A 58 1
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Ui A |
55 o g | EMER e |
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X1 SRRBIME L1, AE N — R B 2% S A
R NB o JErh, 38— R R A SRR 1Y)
NEHE 2 X1 45 R T T A (5 BVARRAE . 2R
OpenFlow #E il CAFEMTA TR H AL X 5%,
W TER A 785 B I IE R 3 X 45T
WS EE B RRIE H AL X %&, W)
FH LA T 10 o PR 30 2 T00Rs b 7 11 (R AR T H
EN X 4o BT R DR S — R
SRS ()3 N SR WX A 1 1 e ) T AR T
ARG o WRAFAEMP S, WK %5 LR 4%
IR R R MR R — N L, AEA
5 R A SRR I A N oK o AR IR P
ZP R AR . o, 5 T RIR S I B 2
DAV 4% U2 T BT A R A A R DA 12 2 F i N
G/
3.2 REFIRE

i OpenFlow1.5 #313, OpenFlow UL ft i
5 45 7B, BILH ) ETH_DST. ETH_SRC.
ETH TYPE. IPv4 SRC. IPv4 DST. IPv4 SRC
MASK F11Pv4 DST MASK 14 A i i 2 S R )
B NFFME. Hob, ETH DST A H I MAC Huht,
ETH_SRC 4 MAC Huhl:, ETH TYPE 2 LUK M
PhERAL, 1Pv4_SRC Jyilsi IP Hili, 1Pv4_DST 4
H i IP Huhil, IPv4 SRC_MASK ¥ IP Huhl 11 1
MG, IPv4 DST MASK &y H (1) IP ik i -5 M
HEf o fe %, X UOS BN K o Bl A e il — k)
B A R B 2 IR ) i NARPAE

R AR IR N2 CNN 2, B
WZH M JZ CNN 2R N 4244, Wil
2 RGN TT I AR R . N 2 B
S A3 IS B ReLU (rectified linear unit)
BRE ZRRECH AR RS, RO

f(x) = max(0, x) Qe

B OTE R Al R 2R TR O R 2

Sigmoid FREL, H:
fx)=1/(1+¢™) (2)

AT TSR GRS, I BUOCR
LR, R 2 R AR SR 3K
P — RS CNN ERAeiEs)z: 5K
B A 7 . T A JZ 8 CNNZ, B
oS S AR, = 8 T M
ER)R o i N2 AN B (130 pR AR ReLU
PRAL, TR ST R ECR . Sigmoid AL, R
RIS JZ o= Ak = O a5 =, s
BR KRR 23 AT I DL AT AR o

S PR o SRR R o 2 B
KSRGS Bk 3. B 4 Bios

R [ eRR
N R ==
wemg < T
o O© ) "~ (
WA [

3 YRR IR SRS

AR SOREAKEFH (938 FE 27 SIRSE R 25K T R 7 =X
ik :

Model =(I, (Ko , Ky ,++, K; =+, K,)), [T, O])  (3)

ﬁqﬂ, Ki=[T,L,ng,ny, ", n, =, nrlo “r Rk
RN ZANGETTIIANEG “T” RoRERE, 45
BUZH “C” £oR, BERZEM “F” £or; “L”
FORIZENEE: “n” FORBIRE TR ZME
T 07 Forf i A TT AN

BN G IE AN 8 2, TR 3] ik P R 2
TR IIREABCR R Z o T 50— R B 2 ) B
T ELAT IR N R EN S0 24 000 A, REIES% %2
Pt AN — PR BE 2 ST RSN R H 1200 000 4
FERTEHESE . 4 T RIS A1) SDN SRBS ok
DU S — IR P 2 SRR, A SCR g T 2 AR
F M BEARLIEAT LR
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mis | R

gz | MeiEmr ]

WA |
(@) (X & 2 oI

bR |: IR

e IR D=
a2 Phie =N

Y =
niz [

(b) AR ERERE

K4 5 R SRR S

ASCREAT IR P At (%) 55— R B 2% S A
BTN

1>C3F4_1=(24 000,[“C”,3,512,256,128],[“F”,3,
128,128, 1281,[“F”,1]);

2>C3F4 2=(24 000,[“C”,3,128,128,64],[“F”,3.64,
64,641,[“F”,1]);

3>C3F4_3=(24 000,[C”,3,128,128,64],[“F”,3.64,
32,16],[“F”,1]);

4>C3F3=(24 000,[“C”,3,128,64,32],[“F”,2,32,
16],[“F”,1]);

5>C3F2=(24 000,[“C”,3,80,80,64],[“F”,1,64],
[“F”,1]);

6>C3F5=(24 000,[C”,3,128,128,128],[“F" 4,128,
64,32,16],[“F”,1]);

7>C4F4=(24 000,[“C”,4,128,128,64,64],[“F”,3,
64,32,16],[“F”,1]);

8>C5F2=(24 000,[“C”,5,128,64,32,16,8],[“F”,1,
8LIF”,1])-

HE T 58 R FE 2 S B BAT () N SRR EAS
Hh 480 A, FRAEEED, DRSS — iR AL
ST R T 400 000 MEEA B S, Hoh
TARMU AL 3 PR BE S SIS, ARSI T
FIANRI R BY ) 2 AR BE 2 I BLEAT LU : — b2k
T2 B T BRI, BT B AT R RN A 2
T MR AR AR, B G
ERAERE .

AR AR AL (1 4 3k 7 2, AR SCHEAT M R A
[F) 28 B 1 22 AN 55— IR P 2 I BRI 4k % X
LUNNE

1>F3=(24 000,([“F”,2,256,128]),[“F”,1]);

2>F4=(24 000,([“F”,3,256,128,64]),[“F”,1]);

3>C1F4=(24 000,([‘C’,1,512],[“F”,3,512,256,
128]),[“F~,1]);

4>C1F3=(24 000,([“C”,1,256],[“F”,2,256,128]),
[“F”,1]).

4 RHEIGIFE

4.1 HIREFETALE

MR R R DU Y ETH_DST. ETH_SRC.
IP_ PROTO. IPv4 SRC. IPv4 DST. IPv4 SRC_
MASK F1 IPv4 DST MASK FBAE W& —4ii#k
TR IE o 28— R BE o ST BB N2 100 4%
TR R AEAR B, BT DU T 55— R B2 % S B
Y () A AT iy NFAE B0 45 T 100 SRR I i
AHRFEAE R o 55— R B S B ) B AR 455
TPIREEE, — RN EAMRARI S, 5
—RNEA M RFERI G - 25— PR L
BRI (R Bl A P AR SRR R

(1) AP R AR T

flow_entry 1 = GenerateRandomFlowEntry()

flow _entry 2 = GenerateConflictFlowEntry
(flow_ entry1)
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while true:
flow_entry i = GenerateRandomFlowEntry()
if isConflict(flow_entry i, conflict
flow_entries) == False THEN
conflict flow_entries.appEND(flow
entry i)
break
end if
number of conflict flow_entries: m
if m <100 then
goto3
end if
Shuftle (conflict flow_entries)
conflict_sample.appEND(conflict
flow_entries)
number of conflict sample: n
if n <600 000 then
goto 1
end if
LIRSE R AR L SR
PR AR JEARTE PR B A S 2 o
RIFRARI, FHARGRE L ARRIUIY AN
K] 98 LU, S Sk _L-3& 100 AR IUBFAT L -
FIL VLA 600 000 AMHSFEA.
(2) PR RIS LRI
flow_entry 1 = GenerateRandomFlowEntry()
while true:
flow_entry i = GenerateRandomFlowEntry()
if isConflict(flow_entry i, non_ con-
flict flow_entries) == false then
non_conflict flow_entries.appEND(flow_entry i)
break
end if
number of non_conflict flow_entries: m
if m <100 then
goto 2

end if
Shuffle(non_conflict flow_entries)
non_conflict sample.appEND(flow_entries)
number of non_conflict sample: n
if n < 600000 then
gotol
end if

AR R TR A R I R 5 SR A
AR RS, (B AR B RMIANR], 25 i
E 600 000 M AEMRFEA

FERS ALY 3R S35 A i R U A7 Pl A B
I 0 IR i SRR AR b SR A () R I
Fedie e —HERB G, TR AR R FEAST
EARZE 1, R AR R REAST _EARZE 0,
B¢ Ji B v R R BRI AR v 5 2R Y Y U R T e
IF. JFHATEUNUY, ) i EdE 42 1200 000 4>
FEAS, I RAAEM IO Ty 101, 7R3 4.2 15Tk
MISEIRIAEE T, AR — S (I R A I 1)
2104 5 ho

B RIRE S BN e 2 FR AR I
MR AEAE B, BT B 158 GRS R
AR NRFAE RS T 2 SRR TR LS
Ko B TR R A SRR (1 B A 1] R S
A B E A 1 SR U AR T i A A b R
TAR TR B 5 G B o SR Y o 4k
PRSI R SR B S 2R (Al R AR
RN AT H] T I 5057 2E 1) 400 000 /M
A B Z R EAT I SRR, e g A
APPSR AT 11 B R (I b A A ik
I 2924 15 min.
42 FWHER

A B SRR R . PR Navidia K80
(42K, 128 GB AT, #4F R 4i 4 Ubuntu14.04,
T JET Keras IR B2 S HERE,

BEXE 2 AR ES — GR BE o SI Y, i H]
1200 000 MEA I EAA AT ISR, a1l
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#2 F—RREFIEBBNIKEE
¥4 C3F4 1 C3F4 2 C3F4 3 C3F3 C3F2 C4F4 C5F2
filter lengthl 3 3 3 2 5 5 2
filter_length2 2 2 2 2 3 3 2
filter length3 2 2 2 2 3 3 2
filter_length4 / / / / / 2 2
filter _lengthS / / / / / / 2
WK 90.06% 90.03% 91.23% 90.82% 90.68% 88.90% 89.38%
WK B2 90.14% 91.20% 91.46% 90.84% 90.24% 89.60% 89.24%
AUC 96.45% 96.91% 97.04% 97.00% 96.61% 96.10% 96.39%
#3 FIRREFIEBRNIKEE
ZH 4 F3 F4 C1F4 CIF3
filter length / / 1 1
i 98.53% 98.21% 98.50% 97.77%
DN 99.35% 98.35% 98.59% 98.60%
AUC 99.97% 99.96% 99.80% 99.93%

BORGEE WL 2. WL % 2 AT LAE 1, C3F4 3 B
e AR R S i ABE Y, DRI AR SCREUR) 26— 2%
TRIE 2 SR % C3F4_3 B,

BEXTR 3 AN[RIIEE R e S B,
400 000 MFEA TR E s SR EAT Y25, 5w 1F0 A
FERE WA 30 GBI 3 7T LUE Y F3 AL Rk,
JEE g e (A28, DR A SR BRI 38 — R FE 2 )
R B3R,

43 KT

AR SL N L 2 1 ST DN )R E 2 3] B 5 L
ez s ) RandomForest 4828 88 BIEAT T 10
o FE5EE G b SRS AR [F] R B8 A A5 T
JEF Ubuntu 14.04 J% scikit-learn Hl %827 > HE4E,
i FAH R (G %Hs 42, i RandomForest (BAL
PR or RASHEAT T L0, SRS 4R
LR LK 4.

Mz RaT LA, YR R A AR,
DRI 2D TR R I aORS B L AL A% 2% ) J5 50K

F4 REZIFEMEMMNBFBEIHENLE
FEAA KA RIESAS](C3F4)  BUNLARMK
400 000 89.56% 62.7%

1200 000 91.46% A7

DR B2 s o b, BE L AR AR 43 38 3 A8 VI 2k
1200 000 MFEAKAE N, R T AR H 70 GVE 3R
5 FARIRIRE R

v B o IR 8 2% >0 (RS ) 7 ¥ (1 R B 1)
BT TR, AESEg b b, ZEAS R KN SR R
TR ITE A AT XS G, 58— IR P 2 SRR
A0 B IR WL S

5 R R S 5 At BRI S A T
CEPRS I 100 A28 — 0 BE 27 SIRERL IR 2 1D 1R I
(124 0.206 so SRS G B[] Ay B — SRR B2 )
20 R 55— 2R R 2 > A AR WU I ) 2 . Y
OpenFlow 4% 1 T A7 [ 2 T 55 RIDRE R A 11
TR TUB A PSR TR, WG 7548 FH 58 — iR
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R5 F—RREFIEE AN ETE
MEIAHUA 1 000 10 000 25000 50 000 100 000 200 000
oz B 160 /s 0.341 0.607 0.957 1.677 2.906 5.631
% 6 first-order logic 77 5% T AR 41 = it 3 BUA S 44 B (8]
MBI HUA 1 000 10 000 25000 50 000 100 000
R I i)/ 0.010 0.172 0.817 9.079 257.675

JEE 2 )RR EAT A, i I TE] 2 0 24 OpenFlow
AEHHL P R B SRR I B R R IR SR T
AN, S R R A > R S I )
40206 5. 2455 n AN GRS IR E N
(AR AL IAT PR EINS, 58 A DI 1) 24 n%0.206 s,
SN TR) B IR TR R/ S e P B

Z2SCHR[5,6]F AH K first-order logic 574
XYL A AL U BN PRI WU N ) L2 6

A FH P Al 7 V2 AR 2 PRI s T e B an i) 5
Jime MBS sl LAE Y, Al /N iR
ROUHEAT PP AT I, 2225 SCER[S148 F 1 2
first-order logic J7i%, S5HTIREES: 2] kAL,
RS DU IS TR AT AKX ] s A% KRS A0 1R I
RIIAT IR M FAT M, 22 SCRR[31FTAE )
first-order logic 5%, RIS A S F5 E 6K, 1M
TREE 5 ) T T I TA) ) SR e P G, /N THAE
G AR RS U I ) 6

300

—o— first-order logic Jj 14
= RS T

= 200}
=

S I i

4
1000

3
10000 25000 100000 200 000
ARTEE /A

5 IRPBEE )57k first-order logic J5 i oS I i A) Lb 4%

S CHR[614E H ] HTCD $¥% K OCD #
S RULEAS T el I IR R k= RF R BT B =P s
H O(nd), Ja#E K Om). o, n HFRIUEEL,
d I BE 73 20 Sk A UK T AN 0 T AR SCHE H 1R 2 T

RIS 2 S 0 SR N 73, R o 1 4y 5 vk
BT n SRREING IR B 5 b (k>100) 4%
PRI m AT, LEARAT 50T I 18] 52 2%
%15 O(nlk).

Z2 CHR[14]H 3 H (124 T FlowPath [¥) SDN
ARG BSMFRATIN ITE . 7E—A h & EWL
1 GACHAL I 5EG AHA L IR LA n (1)
T T o 3 HH 2 W 11 Fr A7 1 8 PR S A R IR -

BIMEDL: hxnx] IRHEEE (A% 20,

SEYEBL: hx(n/2)x(1/2)IK ELEL s

AL B B CEEAERIN— ki)

AR PR GR BE 2 ) R A 5, 258
JSR BT SRR TR SEAT I, B — G R 58 I X
m AT RS TR P27 SRR (s I, Ay Uk
m=[n/k]+1, E RN G 7R E A, A
FNHEAE AEAE IS A S5k B 3, A e PR
MERELTERENREAA AR, W
m=[n/k]+1 WENEIRIG L, SAEL /N T2 SR 14]
SR AELIOR SO Sl M€ 9827 NV €188

HRIE

A SCB IS R A ) 5T OpenFlow 1)
SDN AHZ5 &, $#& T — BB i F R A I A8 T
OpenFlow [1] SDN H RN 5. &7k
SR FH B GRIR FE 2 SRR 5 PR e A i e
AR, IR AR iR 2 SRR E A
AR S AR I . T8 S5 B AT LUR
Y OpenFlow M 4% A7 AE KR TR I, A SCHE

5
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(03 5 PAEAS I b 5 LA T I A6 9% (¥ I 8] Bz /)
TGRSR TT % R, X AR V5 1E
TR BRI AT S

(L, AT FIEARAN BELRAEIA 21 100% RIS I
R, TR ) S AR A A R 1 )
TR S R A A0, A 2Rt i
IREA IR PN NN €1 UK S (155715 N/ X
JE2 SR IR JZ RO B J2 A T IO 3%, A )
BT R, RS 55T, AT
R L REAF 2 E— D (hde o
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2. ARBRFEZLIALFR, IH H5 330013)

i E. REDENSREEINRE RE AR SSRGS MERNER, TEIFRET - REEgsEmsE R
GEOCBER AT R D)4 2 R Bk I B8 T RS RA I B, X IR B B ZE (AT 25 22 A Ol AR ml
BRI E6 H i s gk ik s RGO X DI BRI BUR R R R AT B, T A I 1)
I — R RSB D) R R T7 1)

IR MR XU LI
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doi: 10.11959/j.issn.1000-0801.2017278

Handover technology in high-speed railway broadband
wireless communication system

LIU Yunyi', ZHAO Junhui'?, WANG Chuanyun®

1. School of Electronic and Information Engineering, Beijing Jiaotong University, Beijing 100044, China
2. School of Information Engineering, East China Jiaotong University, Nanchang 330013, China

Abstract: The existing railway mobile communication system can’t meet the requirements of railway information
construction. Therefore, the key technology research of next generation of high-speed railway (HSR) communication
system needs to be carried out. Handover is a key technology of HSR broadband wireless communication system,
which has great significance to ensure the train safety and communication reliability. The research results of the han-
dover in HSR communication system were summarized and the existing problems were investigated. Furthermore,
the development directions of handover in the future were explored.

Key words: high-speed railway, handover, wireless communication
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e A0S 20257 S SRS,
PRt B O oA FRIE PR R () s 7R 2. b
#2016 %, PSP AT 2.2 7T,
PR ASE—, B S BR R ERE 60% L Lo
2017 4E 6 H 26 H, “RX57 v ErHES) 414
SR 1K, bR R ke kN A
FHRFERCAR, Gk AR AR R
PRI BRI (2016—2030 4E) , it
2030 4, B [ ey ek 2K i o9 R AR S B PN 4/ TR L
X bR B0 . A OBl H T RO E A
BIIEAE . B 10 2013—2016 S5 42
Wil S G4 H I %s Rk sl . mid gl 4=
I R IR LI LE R ERK, #F 2016 4E
LLIE R 52.1%. BEE AR T 2mik. vk
AR S R T Is T, X E A
2017 FL 4B K.

TR B (1) R R R RS Bl A R AR
TR BRIk T RS R G
{3 i v 71 2 AR IS AT R R v A AR R T S A
AR A i s S At S A A ) St AR M 2% . Bl
B HE A IR S DL R EL I I e K e, T A
KIRNRAT PN SR L L MRS T H s K. B
T I A B AT 5 L IR 22 5 R R T Rk i
A PEE IR ERE. KE R RIS
B A5 4 KR BLK - 2 kb BERE ) A PR 45

450

) R, AT IR A (1 =k o i & LN R i
TCANBEIN L TR 0] Ik 55 i (quality of service,
QoS) ek, Bhah, 4 BRI R LA I
SEAB AR 22 WA N F 55 % v s AR 25 1) i 3K
DI, 7R g Bk B 5l SIS R,
il QoS MR A =LA HEH @) 1) n] i o

Frikic % (International Union of Rail-
ways, UIC) Fff & 2k % 5 117 3% sh il {5 R4 (long
term evolution for railway, LTE-R) 1§k F—{LEk
I AG R4, LTE-R Al 4E 20 Mbit/s 5 58 (114 1F
T A AR 100 Mbit/s (PR AL %,
FChiw B P SN SE/NF 350 ms, 1AL I
FE/NT 200 ms, S ATEREGE S RGBT HUEE,
2% SR Re BB TR RO . Y RERE 3D B B RESL
T AT I e 55 45 R R e A Bk B R R SR, Lk
FHEH 5G-R (fifth generation for railway) A,
A KIS MIMO (multiple input multiple out-
put) . =K (mmWave) WL Sl
B RN AR = BB A RGP B A
B AT REE R N A e R R 45

2 XY

T DX T4 e T B B I 2 L AR 4 T ) O
PR, AEBRERIEAS P oS A L E AT . RS
Ze v i N XS I, PERE R R )

60%

4007 ———52.1%
: 150%

PSS 350t 458 % // @
< i
;17; 300} _ -40%%
) 250 / =
& 29.0%@ 430% 4
o : e 3764 4017|3695 g
{1504 318.1 120% %
= 100 239.6 =

167.3 Lo &=

50}
0
20134E 20144 20154F 20164E
s 071 e 217 Y B 42508 R IE R 5 L

K1 2013—2016 -4 [EEk % H %18 Rk
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77 ZE e DR B 41 G5 AR R 2 A5 L 45 1R AT
SEVE. S MERE SR, X DR HE 4 Sl
2 g I\~ TR 55 S5k i (1 7 5 Y0 1 % ) 30 A 418 5k
B RVGHET, SUR A R R, DI b
Heuli b AN TARFFIEAF L 1 R o an D)4 R,
¥ FECRGE RTINS, FEE W PR, X
A AR RE M o = S AR R IS AT BR
B A K sk, D7 T RER T
T WEEsk, AR V)45 A0 m g s i
I 7702 Bk i o

(1) P R &

SERRE AL IETY: AN P EL VSV il K/ =B34
HBE LA KR BB R (CRH3 BN ZERI %5
BUkERTIk 24 dBID) SERFIN F 0, 13514
RS RIS S TR S, PR 5 %)
M2, ExRgIk Ry N, UE
PRI AL .

(2) VA

2017 99 H 21 H, “EXX57 g My
FEERIEUTFUR LA 350 knvh (R SEISE o B V11420
JERIEE R, DI RURAE o /N X 4224 3 km,
HEHRXKEN 1.2 km, WA VIR 48 s HIZEm T
Y, EESX IR MREACY 12 s, BrLAZE
AV T S S RE , BT B ik I A B (1)
PR 7 %

(3) H)HH

MHNEETE B NX I, B4 RS s i [
PATOM . “ENET7 BN 24 1110 449
%, B 10% MBS B &b THEPRES,
[l AR ER 110 AN P B DI sk, ek
w4 KB E A H, AN “fE4 K
27, HOREKRM RS

(4) QoS fRilE

EEAZE SRR S5 1) QoS H A D)
171 FERARG o 8] T, AT HL T 1 43 2L B SE 821N 50 s,
T 1) 38 3 5 2 100 ms.o 0 S 155 76 ) e )

], U SICT A L IR QoS 25K
3 WA RMHIZIT

3.1 EFSEMUTmARiRIT

XYl 3 ANBrB: Uil 1)
e e LA S OJ AT o DIl & B AR 3 &
FHELPMETERG, FEuh n B 8l & Al a6 4,
Bahe FvE Eail g5 8, FRab R s )
MR, 0 L E AR, D)t 2 i
Ko N YIHRL BErp g K )25 b2 Ed AT Ak,
RTHUIHbERE, & KW 1A

(1) T PR BAS R YI#7 St Bt

e R IR A e — MR R SR AT, T
A G R e AT Bl R 1, DI SR A3
TAEA], e 2 R A I M B A AR R
VI %o AEZHCHIRITI, A5 ZEREN H bRk
it ()78 o DI, AR 210 4 PR T R 0 Y o E
Dl fil i 4. WA End i 8), FH P vees )
PABE A fid A D)4 . #5225 SCHR 8] FH A BR 2 47
A4 (global positioning system, GPS) %t
Rl ER BT YR EPS YL PR (7 vi e S privkc I S =
T8N A T i R IS A S N2 o 222 SCER[918 HH T
— i LTE-Advanced 2% F PRI I 7 58, 245142
FEL TOE YA B I, P2 AT DL E B R D)
o 22 SCHR[10D0 5 ol 1 788 i X Xl A A T IX
B, AR A DI, 2 AT DA i
I H P B AT V) « 226 SCHR[1 18 LA A
e, AR A AT B 2 g AR AR AR N X B,
R A5 270 23 P8 /)N DX i) 90 2% o) 1) 460 by LA 5 3F
ATBE , AEA A5 A 26 e e I D m Iy,
i MR AR 1) A I B AR R TR A5 S B H bR
uli, SEILTHRTNEE o 276 SCBR[ 12044 41 22 P b iz
B ATROE R DU A E H AR, AR S
WA G VIS SARKR, 15 A R I
()1 TPRAEL, 4514 ik 2 2% KO I TG T 1T BRI
X H AR X HEATAS T8 2 BOFIEGS , SEIL PR D)3 .
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AREE T M EA AR B DT ST LIRS 1
MY (), AH 2 2 S EUBAMOE 2 T .
o, PRI R A T AR R
AR Hk, LTy RBOKIZE B eI
s, 1G04 R ) TS A . i ] ik
F1) 2 S0 3 R PR U0 e 7 A — A T AR U 1)
B, AR5 MR s E R AR A
TR HRR YA B A5AE RAGE LS4, T
SEAEA Gas ATk ey, SRR o W) A a4 S )
NV RIE DN AL BAF B o X PRI IT A2 5 U
HMEAE TS . BeAh, HE T PR B AT B Dk
Ti G AE GPS A5 S EMON R B0 R 235w D) e 1k
Reo flt, HFZEEFFREERT, 514 LK GPS &
& AT BT BN R R LRSS, RN,
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Abstract: To further enhance the location precision of unknown nodes and solve the node location error in wireless
sensor network, a location method based on cellular automata bat algorithm was presented. Mixed the idea of cellular
automata and the bat algorithm and drawed into the cellular RCS niche technique and disaster mechanism, the algorithm
could jump out of local optimum and increase the convergence speed. In order to verify the feasibility and efficiency, the
proposed algorithm was verified through simulation of several benchmark functions. Then the algorithm implemented
the CA-BA to node location prediction to increase the precision of the unknown node location. In the measured experi-
ment, the results show that the proposed algorithm has higher accuracy compared to the improved PSO algorithm, which
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PRI e Sl S 1O ol TP BN 0 B 7 Ny R SN
RS 5 0k BEFR 7R (received signal strength
indication, RSSD). ZIAK}[A] 2 (time difference of
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AL H, WAL SHEAH AN, HREfER
FRFNORFFA A Z RN A A R 3
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[ — A AL AR A, HARAN o Rets 31
A HIE S, BRI AS SRS e s s 559
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() ARRE BA HET I, JEAGEANMI IR AN A 1R
—ANTOMI, RN SR A T SOEE IR T B ) T R
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/NSNS A FR) e D0 AR A T 3 R A P B
N T KA, A TC Mo A B B P b gk L
S S AR AL A T T £ LI G, B T AR
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SAE OO BE RSl B2 E#SLL BA 594 .CBA
FIEU K MA-BA E3EH %, [FIRRR LN
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1 S BEAR IR E AR R
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21 EAXBAEZE
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S ALAi o
22.1 LI B ShALE 3628 Bk 69 RAHLE
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CRIARERE 10 AU IRKALD, K IO X IANA
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SREPEREA T O LI, [N 5 A BA 5%
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241 AEGERE
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PN IZT 50 k. i, CBA R AHE
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1 &, £ Xi
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WAEEAARE N 10 m, 30 MEKISBENL M e
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F 3 RETI AN EIAREELE
MA-BA CA-BA
KA gz 2B /m

THUAE /m AVE/m TR /m AVE/m
1 (6.1044, 43345) (6.296 8, 4.4507) 0.224 8 (6.1853, 43439) 0.081 4
2 (1.049 1, 0.8704) (1.1873, 0.9523) 0.160 6 (1.0378, 0.8555) 0.018 7
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Abstract: Focusing on the impulsive noise mitigation in underwater acoustic communication, an impulsive noise mi-
tigation method based on iteration adaptive approach was proposed. Firstly, by utilizing the orthogonality of the sub-
carriers in OFDM system, both the impulsive noise and background noise were separated from the signals. Then null
tones matrix was used to construct a steering matrix and get the impulsive noise interference covariance matrix. Fur-
thermore, a cost function based on weighted least squares approach was proposed and a close form expression for the
impulsive noise was derived. Finally, the impulsive noise was mitigated by substracting the estimation of the impulse
noise in the received signal. Simulation results show that the proposed algorithm can reduce the bit error rate (BER)
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Design and implementation of spam filtering
system based on topic model

KOU Xiaohuai, CHENG Hua

College of Information Science and Engineering, East China University of
Science and Technology, Shanghai 200237, China

Abstract: Spam filtering technology plays a key role in many areas including information security, transmission effi-
ciency, and automatic information classification. However, the emergence of spam affects the user's sense of expe-
rience, and can cause unnecessary economic and time loss. The deficiency of spam filtering technology was re-
searched, and a method of spam classification based on naive Bayesian was put forward based on multiple keywords.
In the subject of mail, the theme model was used by LDA to get the related subject and keyword of the message, and
Word2Vec was further used to search keyword synonyms and related words, extending the keyword collection. In the
classification of mails, the transcendental probability of the words in the training dataset was obtained by statistical
learning. Based on the extended keyword collection and its probability, the joint probability of a subject and a mes-
sage was deduced by the Bayesian formula as a basis for the spam judgment. At the same time, the spam filtering
system based on topic model was simple and easy to apply. By comparing experiments with other typical spam filter-
ing method, it is proved that the method of spam classification based on theme model and the improved method based
on Word2Vec can effectively improve the accuracy of spam filtering.

Key words: text classification, spam, topic model, Bayesian theory
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], K FRAG I ) FEB AL A A

A2 LA TR 4t Word2Vee THHE R

RIS, WiE 6 Prs.

Ak 0.753 134 727 478
L3 0.744 346 022 606
FFIA 0.742 993 593 216
HHE 0.740 987 539 291
HR 0.736 198 425 293
FE 0.730 711 936 951
KTk 0.721 120 536 327
YERTFEA 0.719 886 183 739
FERFE 0719 811 201 096
73 0.715 863 049 03

Es 0.737 105 131 149
I8l 37 0.723 619 818 687
HE  0.656 879 663 467
N 0.652116 060 257
X 0.651 973 962 784
FRR 0.624 698 638 916
FRIE 0.624 465 227 127
V] 0.622 716 546 059
EEICIREE 0.608 891 963 959
B¥E  0.608 388423 92

(a) Fil “BEAN” FeAA S

(b) A1 “TEHK” B R HYH

praiil 0.527 298 688 889
[ 323 0.521 845 817 566
R 0.487 869 590 521
iz 0.486 806 541 681
JBIATF 0.486 096 262 932
SEHTZE 0.478 215 456 009
BAI5 % 0.476 194 471 121
N3k 0.474 913 895 13

Bl 0.473 794 817 924
AW ALE 0.472 240 090 37

Wed 0.638 935 208 321
P4 E 0.583 482 027 054
HU4TIEE 0.571 007 490 158
FHEA0.570 166 230 202
ek 0.566 872 000 694
BE 0.562 694 907 188
FH 0.558 761 715 889
H4% 0.556 449 472 904
K 0.547 636 032 104
RN 0.545 845985 413

(c) Fir “B%0” kSR

(d) i “RF” B

6 EdiiZ it Word2Vee TS 13RI 45 R

PLUH P —AN R4 41, i) Word2Vee 47 i JiR

A K 12 AN, R 6.

*6 FREIESYREM

P R EEN I R LDA 53k
THRLE T -

B2 FRHNEREIA TN, 15305 2 58
BahR.

FEARSER e £ 8O 20 4, 380 o
10 MR 124y, LS8R T 5 4555

MR L5 R WL 7,

&7 ET Word2Vec szt RS BRI IR 77 7 M 45

MI{EBOE  HPBER EMR FIE R3ITPFIE
1 0.48 88% 88% 88% 85%
2 0.49 86% 92% 90% 85%
3 0.47 83% 84% 83% 84%
4 0.49 81% 83% 81% 89%
5 0.48 90% 88% 88% 86%
P 048 85% 87% 85% 86%

e il 'ﬁaznzﬂ {j}ﬁ;\ﬁ%ﬁlﬁ iﬂ“ﬁiﬂ
FHOCRE T AHORJE

'S 0.088

HAT: 0.081

Mk 0.081 HRAE 0.081
5T 0.081

TR 28 ] 0.081

AH I 0.081

JE 5T ] 0.081

A3 0.081

BriR 0.081

R 0.081 B 0.081

XS R o A D IR

ST 7, SO T IRAE R N 2 A SRIB A
LT, 78 F1AH LR IASOE W 2, 18 5 IRk
KA 3 AT T RORMS s, R T kU ik
INEE g

5 HRIE

AR SO T A BB AR 1) b A Dk R
¥k 5 S BLEAT T 0 M MR IE, B AE SR R
SR DL BE B AR A L, DU T i 98 S
ARHERRE, NI T RGN 2P 5 i
PE o Tk 5 LAt e 7R 7 3 S A dok T vk 1 ) L
S, F B R T R A ) by S A 43 2R T
1 ST Word2 Vee [ 50 771 ) e A 08 b
S WIS AP To 90 PR TR A B

TEARK BT, BT 18 SR SCA 7 2R
AR KW J) o BEX B ARTE 5 1 AR Z 4
K, BLER A ) 5 R 2 2 1 U7 302 28 A At 4
BRI AR NI R ) . FERXFPE SR,
IS 24 42 A 7 v R e o mT LA 2 25 A DG 5 R R adF
TTHRARR . B, AR FERAG R =

H
&k

>N
£
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OB LERBEASKIE Wi-Fi RETH—ANSERIRE. O MR R EE RS B AR AREAN T
1155 il AP JCIBE il R IX SSBIF U A IR A0 B 25 i e sk, MH P IR s J sk R, BAIR: 2291 58 3 IC I
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B Ba, I SR — e B T BRI R

KRR L BRSO

FESES: TP301 CEAARIRED: A
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An association optimization algorithm for wireless
access points based on graph transformation

TAO Wen', SHEN Yan’, GUAN Xinjie>, WAN Xili*

1.College of Mathematics and Information Technology, Jiangsu Second Normal University, Nanjing 210013, China
2. College of Computer Science and Technology, Nanjing Tech University, Nanjing 211816, China

Abstract: Wireless access point association problem is one of the fundamental problems for Wi-Fi systems. Existing
studies focus on the AP association problems under the bandwidth capacity constrain, without considering bandwidth
demand for users. Considering the user bandwidth demands, the access point association problem for a Wi-Fi system
under hybrid network architecture was studied, with the objective of maximum bandwidth allocation. Different from
existing studies, by utilizing graph transformation techniques, this optimization problem was transformed to a net-
work flow optimization problem on a flow graph. Then, an algorithm was proposed based on the maximum network
flow problem. Theoretic proof for the optimality of the algorithm was presented and simulations results further vali-
dated the superiority of the proposed algorithm.
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IEEE 802.11 iR GEF A Wi-Fi) FIHH
Al g ARSI, MELSRRE, B
1 IEEE 802.11 WhSUR A I o4 Ja ek M L AE R
L) &R F A 2 . BRI
SRS T Wi-Fi 103 A, TREA NI
TSR TAE M SATTTH o AEAZTH, T ) AS [
M) Wi-Fi NV RGEAW g AEH . ) Wi-Fi
HARHHERZ A, BAE LBV, A
SR Z B8R ERPkEE, warseiii. A
SRR AR S ) . IR ek, TS
€ Wi-Fi RGBT MIRIE T, 3 RSRe RS
B2 FH P S B Y R 2 2 RE I — A T )
o R IE RIS, W] LAgE— 4 & Wi-Fi
FRGAESE BRIV R 50K

TESERR) Wi-Fi N, BRAEOLT,
& H P i B s EEdR 7k (received signal
strength indication, RSSI) J| i Wi-Fi £ A i (access
point, AP) MIfE T 5%, FEIEFASE 5 ol B A v
AP 52 KRBk IR EANRE G By LA 204 ]
(1) AP I, B oo AP L8, Al AP 5%
ICIR I 2l AT 32 1 3R 48 W8 W AN e A 78 23
M, BRT REBAEREKH P EHE . Ibsh, X
Fip 7 FO2 DG 5 o B OG- Fl AP, TR
FBEEA AP AR ZARN, BETRe A g
PR —E M. Bk, e AP AR
T, SEEESRRETIE, NI RS
BRI E N PR AP SRR — A T
fi]

AR, BEAE Wi-Fi (IAKE &, Wi-Fi 724>
WEHHBA T Tz N ifEdg . RIERX
T I S RS ) A SR X 3, Wi-Fi JEAR S A7
e TEIXRM) Wi-Fi REiF, 24> AP il mik

AT LM SOE B P RPEIT , IXRR S A
—FEA Rk rh R AR A A A

N, A AP Z AT LOE AT M Sk )
BABSEHRAER, ARG A DLl
RAFAESA AP fF BB AR, i
R Y I e AL, 0Bt Wi-Fi BE
BRI A &

ARSCRWTIAEIX RS TG R 1 Wi-Fi
BORAT S8R AP ORI, Oy —2epff o)
TR T2 AP SRIKI) . SXEERIFST T IR 5
FRARGKME R, W] 55K 58 70 B b 2 11— Ff
AP SRIRT5 5 o (EIREERITTUIFBAT 5 e 2 7 (K1
TR, BEEB S LIRMIIN AR, T 3RS af
(R P s A, fn L F TR L B AR
R X o BRI AT 584756 — € IR . FE T,
ARG RGP wE SR A, WFSR TSR R 1
KA TN AP RIKAUAL R L. 225 SCRIR[1]
HIRHRE T A%, WEIT T IuH 9 oK R K 5
KArse o Bei) AP SCIAAL, gt — A ordk Rk
HEVEASK %I, HIZ IR A RER AT 1% 1)
A AL CARIR T 5L RN AP SCHK R
AL NP MR, iy HL 32 202 N e
FRLAE I S5 A ST ok BT A A UL B i
UL 5 EAWIE AR, AR K
RIPCAC BRI R AR PR SR ) AL, FRIR RS L A 1
NAFAERARARII T RENE . AR Y T AEREAD
i SR AE FRCHE B8 BB B, AESE T E I S AL
U HR LA b, R K L AP ORI
AR AR, BRIRUE IR SEIG 4 R it — b
Bk T AZAIR M IERTE

2 FXIME

B AT Wi-Fi H]7 800 K K DU
L ARG Wi-Fi RETE, #THRGAH]
R R B 2 P i3 SR ) AU A AT Bk
PEo Do gt 8, SEARFRI T AR T,
T i) ANTEIDEAR AR 1055 50 A 73 BE SR IR B
226 SCHRR[1 B T 1T 170 75 98 70 PG I AP ORI i

2017310-2



« 85«

BIERIE 2017 £5 11 8

. S SCIR21EERE AP SCHEM L, 2%
BINMTIN R, WA AR vk, WAt T A
HAA WG O . 2% SCk[4]3¢ 1
T T B D SR S B RIBR IR R R B,
e WAL R BRI AP AN, 5L
BRISI%HE T AP ] DLFROCHRIALAL ), $2ih T
FEITAE LT A% 1) 18 ) e K ik B IR AL B
Pio S5 CHRI613E T 38T 0] FH 2% 42 11 4 2 B4y i
(1 AP JRIRE:

A 275 S5 A5 P 90 C 1) % ) R B
K, RHTZ2MRBEE. SH MBI T £
FhERy % P 5% (IEEE 802.11a/b/g/m) F, it
Y R AT AR TN e A 1 AT, AR
UR3Eat B, DR MAC 2080 HAR, 2% 58 T
AT RIE R, AL AP G ) BT P
TEEE AP K. S 30717518 T A%
AISCHEZAS AP IS0, JFE S50 i it ) 24
AP AR, I NBEE L AE 2 A s i
JEh 4+ e . ZHCHR[81H H T S 9k 5 (1) WLAN
Bk RN, FELAA 4R RO ETE M L. AP OCHE
HAP ThEds 5 . 22 3CHR[9, 10]0F9T T KA
5 I WLAN HEZL R (¥ AP SCH )8, 25 58 T it
WEIR . By H B REZ RN R, S ) R 55
R RIEM AP K75 S5 G132 AR
M AP SCIR SIS AR, I N PSSR SK i AP
RN

3 MBIREL S o] @ ik

3.1 MBHEEE5ENX

R BEAEVR A 1K Wi-Fi &, 45 n 4> AP Y
M V={AB, AP, AP} , m A B F) &k %
U={d,,dy,-.d,} , MEDIAK AP i — M
LT TS, T AP W] DUER %A 4
MR BEATIS . WA U={d,,d,, - d,,} 155 TE
AWK, W U RonizfE s B8l rafs
U W NI B Ros A Ao WL TR AP

REE W BIE B S5 SIE 2 NI ET A 3 B 1
RIKTGK o BRI KRR BB j 0oty
W F KA ryo BEAL, RN R 2 DH
—ANATIER AP TR, (EARMTINZ], RSN
2% HBERIK— AP,

B 1 (K545 34 AP (AR, AP, AP} F1 4 /4
BEW % {d,,d,.dy,d, |, BEIFE Y AP (5 57
de. HE L AT, d BERE AP 015 S B G,
Wk AP, M558, Bk, & EE AP 42
{AP, AP} « KA, dy RIE AP 52 {4P,, AP}

1 34 AP Fl 4 M3

B AP A B EA C I AT S

HAEE AP R AL g/ IR Ay o B n] DG I6 4%
AP. EX L NS i A AP 3. T, 5
DA —FEN, AR SO BRI RS ) e HU 2
{5 AP AL 1 AT s sk, RIT DGR 1%
AP. [, 55 AP I L % AP KERIIFE3))
WAIEH, MEA AP IR C WA AP, fig
KIS K H . Bk, %k,
IR I A ORI IR T A% BT ARAS IR S 9 5 e
(IR EEE AN

WA d, RIEE) AP, 78 X a=1, T a;=0.
IeAh, AW <uv> FERRFRIR A j RS
AP;
3.2 Bk

EX 1 G K AP RERED 48— MRS
T Wi-Fi W45, AXNZA n A AP 55U m AN 3))
BT e RN RIEN AP 1R T
SN, d5 K AP SIS KA —Fl AP SCIRAE
i M 4 AP FoRII R A H e %
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i) AT OB ARt e ok

max ) L =max ) a; (D
i€[l,n] Jjell,m]
st. Y a,<C,i=12,,n (2)

Jjell,m]

Zaﬁ =Lj=L2,---,m
ie[l,n]

a,; €{0,1} (3)
FRRBRBT L = Y a, %55 i A AP 17
JjelL.N]

o X (2) BAEEMREBIAREMS, Wttt
AP AR EN T ST % AP (M .
X 3 BEANMEN A EEH R, Bt
MRS E AR —1 AP, HE, —1
AP FJLAR 4 — A AN B B £ B

EX2 (ZHKWGUUV,E)) GUUV,E)
AR (s E 2 B, Kt u
UV oy iR oy B B2 R o RN E
& UMV ZAmES . X TR—1 AP 155
AP;, AE V AR i ST R AR
%, AE U HPEIE AL & AP TR AP
Bt g j MORIEE 1 2, WIFE E il in—4%
Wi B IA L G .

2 1 XN G

SE X2 S2bR RN AP S ) R B0 N
M= E GUUV,E) I, 2 T I B 3 RAH Y 5
P A

EX 3 WR—A AP KT Ei e (2).
X (3D, WIRRIZORIEE T AR AP JCHK ) )
Ky %

4 BiHRwitS5aHh

AT 5 SRR S5 R O IR ) 788 ) e It B0 DA
FHOC I AR IE B AN 0 AT o 2S00 T 2 0 1%
AP SR )AL A B L IR ARAR ), DT Y ]
LGB SRR R AR . 1 2ei ek AP QT
) A R — oy B B AR Rl R, AR5 45 th Ak
SRR AR Z A )

AR RIS, ASCTH IO AP G A
RER 22 1) — oy DUC B R A, D T —
AN AP AT (B4R U R AT D ] A
Z TR AN (R4 B 7P i — A5 10,
I 4XUCEE ) U A HAXRES VAN L
MCo ARAFPILIRE, ASCEEH— R IT,
IR AP SRIBARAR, in] /LAY A5k W2 (R LA Il
T AT LA FH I 2 AR AR SR A e DA
4.1 ETFWEERA AP KB HE X

AT T R R K AP ST )
SrH: Bl AT GUUD,E W), XA AP
RSB d), 43 U LD halgd— A1 i
i jo AR j 1E AP B U A, ok
& AP e AN RS d LTS 10, WIAE E A
—%M i B j AL G, ), FFRE G ) ACE
KW@, )=l .

NS R T S IR R R AP ORI

Bk T MR AP CHEENE

N APSEE U, BIR&HES U, B
B IIEE AP R A .

fth: BB K AP f# <a, > .

B R LR, Mk AP Gk
W GUUD,EW) .

P2 G IR @ RE G G 2
Fi7R), 15 GUUD,E,W) FEENRIN—A 2 LI
MS RIS T, F U RIREANTI G 4, SRR S
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HUEE I IR R W, T)=1.

T 3 NHAEME KMZGL Push-Relabel
SR PHE B G R 61 B, SRR G 1
K f e H f(i.)),ieU& jeV Rt Kt [
FEIL (i, j) T Kt

SE4 WR f(6,))=1, ieU&jevV MR
a;=1, BRI d KR 4P;.

42 BESW

I 1 e 2, EPORIERI NI AL S 2
Bl T MR KIRE LT (u,d ) 5 NIRRT L1 32
KFEN 1, B f(u,d)=1.

UFAA: M P2 4 B vk 2, R 4%
HITAIAINBCE (BB AR AR, R 2%
(e Kt M B . % 1 R TR I o
G' LB A B, I KR (u,,d )
—E A XK (u,,d ) ARCERY 1, B
LA (u,,d ) Fifr R g, Hmomabe 1, B
fu,d)=1,

5132 XL 4, €D iR, B AN
MOS BIA N T MW Sy oA, W

mafo(ui,dj)zl 3
u;eU

Fh 1, RIERSRCT RN, AT TR d 1
WIS F—E 4 1, KT BEAE,

EFE WRA AT O, A A
BBE S AP ORI, W BRI G EAFAE—
MIE RS B ¢ (3L, FLIZIRAEA ko R ARBAT o

UER]: —NEATR T kN3 &S5 AP;
KI, WHERIE G LT BAFAE k 5% (u,,d ) AR
HR 1. KA S S8 wilE, I HEA 4
S5 T HIE, MRAERZ TR, we i
MU RS BN T f HABIE X k4% (u,.d ) 32,
HAZTUERN f(s,0) o XK WATHRE L (2,
R AT IR LA AP [ B RAAT, M
2 (s,u) EORUCE NN, AP 785, Kk, 1%k

R G IRCE BRI 4

JRZ X TN k ATE R S BI85 T
(PR £ (s,0) » GEAT5IHE 1 FNGIBE 2, WAL TE
il ;€D Y ni, WA —FM w, €D AR ML
2 d@, H fu,d)=1. BN fis,o=k, WRIEHF
ML, Wb k4% (u,d,) AMRMES 1. Bk
AT k5% f(u,d,) =1, XN kDB ERES AP
TRORIBRI T, I HAZOr B (3. XA
(s,u,) VARIRUERE T AP (AR, FTLLiZokc
By S e (2, BIIZR T E A kA
E2olNax ESUSIIRIERY

T 2 K AP RIR)EUA] LUFAG R Uit 4]
G 1R R I 2% 3 ]

UEW]: SEBE 1 $EoR T A AP OCIBR ) I T A T
it 5 G BRI R RNOCER, I EAT
ATRRRER T8 G HOTAE. (EfRERRIRE, SR
AP SRR Rt — R AT, Has K
e AP SRIK A ) 1 44 T AL R IR LT A T A AT
(R A BU 2 Rl NI, d5K AP SRHK I R 1
i CRAIERAED XN TR G BT e
VR IRAE N, WA TR G R AN R
S RPN BT FIRIZGL. I, Bk AP ORI R
A S INERS AT Y e = SN2 S

REHE3 K AP SIFIHR I O((m+n)')

I ] P SR 1) S PR o

UE: B9k 1 I A R s K W S ik
F 7, MG REIER SR EIOE THEE 11
SRR . ISR 4 M () Push-Relabel 51301,
WIS 1 Z2EH Oy, Herh, r AWE G rpy
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4.3 Pl
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WA o GBI AR bR ES AR YT 32 (A
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K3 B2 XTI GIRE K k2 iR
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IR ZERT LG, R SO REREAT S50 20 HT MV A o
S n A AP L m MR A
AP TR R C, S PR AP 5 AT
o AR . ASEIGIE S AP SRR Bl 5 5K
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AAC compression detection based on scaling factor
transition probability

HUANG Qijuan, WANG Rangding, YAN Diqun
College of Information Science and Engineering, Ningbo University, Ningbo 315211, China

Abstract: Audio compression history detection is an important part of audio forensics, which is important to detect
whether audio has been tampered or forged. An algorithm of AAC audio compression history detection was presented
by using the transition probability differences of scale factors as the discriminative feature. Experimental results
demonstrate that the proposed method can distinguish the single, double and triple compressed AAC audios effec-
tively, and from the low-bite-rate to high-bit-rate, the average classification accuracy achieves 99.75%, the
same-bit-rate detection accuracy achieves 97.28%. In addition, the results of comparison experiments show that the
proposed algorithm outperforms the state-of-the-art algorithm.
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Abstract: Under the impetus of the global industry, the 5G technology developes rapidly and has entered the critical
stage of standard setting and technical verification. Based on this, the key technologies of 5G and its latest standardi-
zation progress was introduced mainly, including massive MIMO, new radio network architecture, ultra dense net-
work, edge computing, network slicing, networking on-demand , 4G and 5G interworking, as well as industry organ-
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Summary of existing framework in industrial communication
networks and future development strategies for
communication operators

CHANG Jie, WANG Yi, LI Jie, CHEN Zhengwen
Shanghai Research Institute of China Telecom Co., Ltd., Shanghai 200122, China

Abstract: Industrial communication networks are developing in the direction of networking, digitization and intelli-
gence, which could not be considered as just a single communication network but as important sub-systems of the
automatic control systems. Based on framework of the existing industrial communication network, the industrial
model was systematically studied and divided into within and outside of the enterprise. The existing framework
mainly concentrated in interior of factory within manufacturing enterprise and mainly referenced ISA-95 model, in-
cluded field-level, control-level, workshop-level and factory-level. The network configuration and management
strategies between each layer were independent. Then, the existing technology systems in industrial network and re-
quirements of network upgrading facing future development of manufacturing were analyzed in detail. Lastly, the fu-
ture development strategies of communication operators were put forward.

Key words: industrial communication network, development strategy, summary of framework
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industrial big data gathering. Also, the identifier is the basis technology of understanding industrial big data. Several
key elements in the application of identifier in industrial internet were analyzed, and some research ideas for the fu-
ture study of industrial big data’s understanding were given.

Key words: industrial internet, identifier, natural language processing, industrial big data

1 35l

jillf3

PIER A [) 5 i i B R PN FEA [, — A
ST IRV AE AR T o A2 A
(RO E A TR 11 28 A 1) 2 P IR X A e (1
oy, RCAtEA T EER, SO kR AT
LM AE . BREHIE . Ml T R A I Y 1
LRy, B AT R AR L, ook

WisHER: 2017-09-30; f&[E HEA: 2017-11-10

Bz 25 E A ER, Db E, RE. EERAR
(1 T F B B AR AR AR i A I RN, A
AR SGEE S RGN, $e T =R A
Fl () St a5 4 g o SR A SRR Tl
FLBCM ;A TTE 4.0/80 7 0REg 2025, ik
FEPRE b s 20257 A7 T B K s s B, 5
TEHES) LN 5 TVl 008, 8 M 45 il &k
J&, R BEARIEALG RGBT . Ak

2017296-1



*+ 135

BIERIE 2017 £5 11 8

TN H M R BB S N Ty 22—, iR
RE 3 BT K (1 2% 2 2 550 30 0 B S N T
(TS0 (€1 - B €/ Y S/ NI R/ U R N
@SS AT TSR, HATr W, WA
AL X AME ST KR AR PR AT BOR . DI, 72
TN HIKM %2 5059, b AT BOR Ok
2 B AL

ARICE A T AP S . TR
BOR, SRJE R HIRRA L T ELIER o9 40 P 5 2
R K, ASEIL B A FLIBE FLAE HARAE ML, $2
H T AR VR AT A Tl B 0 A5k ) B v A A
e, o e AR A IR T Ko e ERAR ) F bR, ST
PRUENT SR T RERI N S8, IFREAT T AR 7Y
Hrri4.

2 FRRMEHE AN

21 FRIRBRITERARRE N
Py n] DUER AR H TR R SEAA
YIRS G A FRbrad, DU 8. TR
Frg s SCFEELL @ N B~ 75 d . Hr
FE PR IHE AR Handle. OID (object identifier,
X G ARRTF) o Ecode Centity code for IoT, 41k
W4 —FrIRIA ) « Epc. UCode 25, 439l i AN
MVZHZNIR B, S R R 1 1) 0 o0
BT G AT ME— bRl AR AHE B A )
e, HEI A PR = (5 484, HELe Ty 1H
FALT HIEM ) DNS. BRI
* Handle: i TCP/IP (IR KWIAL A7 “H
WM 2 42" Z FR 1) Robert Kahn 8+ B,
%00 250 H I 1 [H X AUHTHEFET (CNRD
JF& . Handle 7E2BERBLAT TR £
MR R 2 )P4 HLOE, X2 H 2 2%
B FERL IR S R 22— H O A —ANRe U2 4R
oy P gt he 7, H - ml DU
S o e SR AR G B A 2R )840 - B EE X
TR . HHT Handle $AYE N L& R )

I AR it S P A U A A
* Ecode: F&H B W AR IR iR, H
H Ecode Zfih. Hsbril iy, filtr
RE. G BEMARBLRS RG24 R
Bt 22 G5 2534070 241 il - Ecode H AR B N L&
FSCDI N AR = it BT 05 S5 A o
« OID: 1 ISO/IEC. ITU [ fpbriftH 2L ]
FE AR, 50 SE R S B 45 0]
S MEEECE R BT AERTOE X
ME—drf. —Hind, ZBMELEAU.
OID 7EPyy PASIIE. {7 B 2 4245 el sk
(ERIEANINAEP
UeAh, AT AR RSB, PR TR X 5
AWPEMAUR . BEAS TN LI I K RE, AA1E
RS VR A SE 8 T 00 BB R 4440k Fr JE it
VSRR, TR “f5 BN W, 58
B AN RIS ) 15 S e 22, 1 T K Ed . i
PR RS H AR SRR
2.2 FHFRIRFAAE Tl B BE M L F RO IR AR
PR A TR TR 2R (B 5
ARG BB F R, DEERER
WH ARG RFEHARGE . MBFH RGN H
PTG BEAT AH G BRI P ) o b LI D )
PRUENT, BT U500 0 25 Py 88 AS SEAR IR 1 I 45
- AE e LAl B3 T A S AR OGS B I Th
Ao b I M AR R AR AT BRI AR AR T, —
UKL R LA A T B (E R RS
PR R IhREN SRR R L R FMH
5 B I e f Rk
TESERRT, AR b — R A s —
KA H B S S, WA RS SR
J& SR — R0 — A “0F5” AN I IX A6
SR W, B I 45 SIS 2R AR BT R 4
FIETRT RGNS N R G855 RS
158 BGE X ThRet, PSRN (S B S
FOAAT BAH ORI, SEBNL A T K BT % I Thee,  an

2017296-2



B oonnner

+ 136

DRIBEONT G INF[R]y 2% Ta) A5 R HEAT ™ Sl B 4%
AR RBAR A L BRI N ks
WHARM A 3 NMEATTE: IR EAR, br
AR EARRBR R, @,

o DRSS EA A F P B S T
PRI 2l N SO PR R0 Ak 2 11 5
gy SCT-EUT R T AR LA O 1T &
HERAFSE. Wi AZE AR Z—
MR AR B — AR ARTB. i
T H e T3 m 5 BAC B, (HE
AU AR A R g i AR G —, i
“AE IR B AF B R G B ST IR
BTN R T R HE o

o ARRBUERBCARBLE T AR IR “ ik
B AOB ARSI B 2R A 4
JEfh. —4EfY. RFID. NFC 4%, {ELk#iik
WU DA Bl SC AR B O B W
BEULIAMR, 7T A AN TR )
B SRR R A

o DRV EA S TR ZR VIR 28 52 B
5 BRSSP s Bk /e, dnstbdik. 4)
ms R AL E AR i, R R )
PRVBEAT AR AT, AT IRAF A7 it H QI JE )
R 55 2 ik o BRI S 70 5 2% I 2 IR
L RERS AR T o RO SR UG B AR U B
FREM M5B AR,

3 mE I BELME KR IQ BT AR B9 FR
A5 B pgles

PR BORA G IFAE MR, Hoi
T 87 12 FH 2 S A e A 7 S X BT A ) A
B, AU R ) 3 S ) R T,
JIVARE BRI U ee oo ER KB S A (SR DR A
BoRN N7 A A T AL, XL
(1 Dt R B R A BT B A B Xt T2 (R A A AT
Ak, BEEWEM . TAV R AR, A

ATZEHN R ERRIREAZ DI Tl B R A
At SRS BRI SC R, RARRYIEM . T
b B IR RS I Y 1) e B AS ST RO

(H SR DR IR N M A IS e 7]
AU B B AL IR, S SR AT SO T
[ ) ELIRELIE 7 el AR IR T
i p A 37y S SR IV Y NS 5 N
SR T R A A AR I8 N B AR b
BRI BRSO EIE ()8, H 2 S B« B
TR 38 Bl b R B AR
3.1 EEFRIRRARBRELI R B

BREHIE AT LA B IO RE, %
FIRGE G EARGE 7 i LA 2 18] 1) /9 45 B
Bt A T o (1 A R LA SE
FERAT ey DRI TS A R AR AT, S
Pl B E A G0 A, B
TG A SR A AR HE R B BRI A
T ) ELAAAT M T PR AR AIT A K S 56 36 i Sl 48
BT, — 5t H R DU ok [ A A e e A
b6 T AR L, 3R Al BE R K
HEZD IR S R, ST E e
WAl RREAACT, e LB bE, KR
THIEM AP RSB ST, X AR
DA ) AR M K H o S5 s 1A I H 5K
T A RAT Ml P 5 IR L P T SR KRR Db
iS4 5 NP N (TR0 5 o N TR N A LT/ €7 e
) 1F 7 S AR bR e AR R, A HRAT b ) £ K B
b2 N L0 78 LTI (Tl s 2t ol 1IN
AR LW B RER S SHlE R
R EL I R H AR AR SR (Kb HERE 1) 2 i ke LB
[ JLK 225

TG AV A B LR L . B EBOR T I,
iy SRR ) A Bl AR ARG A A ER L AT
AR B Al BEAT MR AR BN R R TP AT S
—RIEVL AR IR T, R, AR B
BT KRR R . (B2, ZErkB, ik

e
2

2p
He
2p
He

2017296-3



137 -

BIERIE 2017 £5 11 8

T I VF 22 ) L, R ) A 4 I B o S 2
fR it EOL, AN RAEARFT L, EEH
QU HIE AN, 3 O AS SRR R K2R 5E 75 30
AR HU AR AL AEAS [F IR B B R
Gt H I KA, ik 145 BRI N 2=
Atk W=, G RN, AFAEA RIS
ERSC, XWAHE R A . B2, A
[ Al A S A il sy M ZE R, T
VAL =TT . DR, NN TR 5 36 i AT
AR IR AT B St B AR AE O XSGR B R gt
AT BRI B0, 96 A R e i ) 3 b T 38 2 1
BY) K

TR AV AE B KPR AL B
w1 2015 FIRATEMUAT T (SR REREEbrE ik
FEWAEH (2015 B0 ) (BRI (hiligds
Wtk g R ) O M, OO e R A AR A
e A T IR B, g Azl AR SR T
T ) 50k R (U bR AL SE, InE 1 Bls

i BN, AL AR R (i
bRUER R IR R ) JLal b, BRI AT
MR TR I seAh, RS BOR 2 K
s RV RE bR R A IR W P 7 SRR 5 46 A R 45
J T FLIPR LI 5K, A ) 208 A T i Kt i 5
B SR A7 T, andkAy Tk PON SR 1T
R RAUTARUEAL T A, Ko )22 T B 7 o
JEAKAREHIE b ELIB IR A5 RN R 5 3K o
FEFEIZRK 2015 Ji (& brrER R TR R Jeht b,
SO AE A SERIEERS Sy, REATSEAE TR I 1 Kb
L BEAR . PR IR IOIEPERT ST, AT AR IR
MV B e v X B A A I 1) FL A
FATNER TR, JEAT A A Al S AT Ml 52 s B
i RIARHELLBIE I FLR, T AT AR AE AT
I IRTSE,  dni AT R R R RE B
Y PRSI EE A AT bRiER R, AR
FERRICPEARAE K TAE EEAT d i ATk Ak s B
IS FH i SR bR HEAL BT

e | (| | e (Tl | s | e
o |BEL TaE| | Sw| || |2 B2 | ww R A LA
| on || tew| | mm| |DUE| O |BE i R
FO s | || skl |ER|RE] lm | B AR LR
i T L ML TR CRIE
------------------------------------ B g I T 2K 5
AFERY EETFRAEALRTA
BD BC —
T || meems [ AeeEs | [ mmeg | [ Tes | BE
AR TR
eSS ws Lmmww | [ Famw | e | || LER4H
: T :
! ML Tt | [medr | [Foemn | || [ ook |
(e E% :
e e
: femm | [AAz% | [ RS :
| L %§%§| || | | EP I
: EREEETNEEEETINEEN : HEEIEHE (A) : HaE
' P (it Tl EIRR
.................................................................................... GBS wHAGE) mi
(-0 ELUKTEH AL SR,
waen | | [ %2 | [ #m | [ewen] [owe FHR ARRIEACREE

U BET R i R v £ 5 R 5 BRAR IO B AE AL B8 R s 481

2017296-4



B oonnner

+ 138«

3.2 X FEIEEREMRIBEIENERE K
TV HE B s W . JEE R AR R T
MV B [ 2 ERRR 2, T SEILIX AN H bR K%
O EHR PR, JoI R SRR AEE UZ IR -
(R X LEBE AR AR RAATE N, R A
(%t 78 . bR Ron. B IORRUE T %
KBRS TT R BN S R A Rl . H
BIAMALEAIA], BMELE [ — A A3, ZE— 4
PR oS S PR REBAE RN R B . o, — A
RN GAEA AT T B AR R A, i
JRIXA SRS IR IE T AR Ak, APy
AR e 5 1 H R AN R, s T
5 BRIEM ZE s 5=, TP R BARKI N AR,
HEARFMTES. LR X WHE BB R A
CEHIES
T i Al P 3 Al ik SRR A
¥, —REHBM ERE AR, RiEE TR
R, RS SURATIE B R, SR AR
P AN TR i 6 [R]— SR I ik ik 22 e 1 1
Bty A ity 175 290 A2 1] Al P 36 [ — 4,
ST A L) BN R R N Rk A 2=
Sy B Rt i LA A, R4l
FEEE R, BLE AR A . T
LA T A I p, RS EAN ],
TETHAANTE, BT DAFLEE I = 2R o A% X Rk
T3 AR AR o PR S I BB  5  All
(Rl & BRr, 7520 1S BB RS AR
N T SRBUVE R . W PR ARG ) B ELE
KEHFAETR, TE—EG—10E B M
XA RGBS . IR MIbRAE S A FEAEH
AL AR L ) R
o SZIATME N B RIE G AT AR
FIERAAT AR RSN A7 1E,
TEARRN, SERLARSUR bR RS LA, X
AN IAEAR AT HL & R L
o SZIIAFATI . ARSI BRI R . @

AT BIERS AR RER M Hd, 217
F AR PEE AT IR, MR SR bR 2 )
e, SCHLE TR iR Ao B0, S8
P15 RS A (e R
o S TMP IR ) AR RN T B R
Mo MRE 2 SRbR PO L SR NI 2R
HRESCAER, RIMALTERE. Pl
2 BRE T B RAHE B A FES
BT IR 2 I AZ . ey W L L4
ATLUT AR5 M R B AT, ELIEKM
A RER KT LR R
I PR R F IR, I B A T i ST PR T
RPNIAET o O A% OB H AR
W E AR . T IX LA TAE, WA
AT EARMK AP R N, e B
FaFII AT
AL TP 50345
TR IR S R GEs I BBl #%
A Wiecrt, BbsEde TAE; 20 R AR R 1 A
SRIE S A BRSO S AR TR S
SRR QT T A EE T R Hde B A )
FIARTE 5 AL B T 17 22 AU TR 8k i 45 1)
IR 2 s,

4 WEEITWERNBERS. ALEER
AREHRIRFETAE

T R R A e AR R H B T A
(cyber-physical system, CPS) NSk, Hix
BT 2006 256 H [ KX R A G2 (NSF) 4]
LETFR T B RGH 25 BEAE BRI
K&, SEARTE L b SR B DR S B AR 4t
(U IR AR 1T B2 AR TP FIBE R L F I ) A il
VBRI, AR A AR e Tk AL B P
YRS LM AE(E B2 I B dkAT TRl S, fE
Rl A IS OB LA, AR IREORIE
FESKBUEA H R A DRI EOR . (HE LI —

2017296-5



+139 - BERE 2017 £ 11 #

Tl REUR G
W R

5 L

S S EL A
SRR AR " FERRIR T AT

iR EE

T IRE e Y Lfezn

ST ERE ¢ TR
SERLRL - BB -

FRIREARM

FRIRBLARA

FRIRBEARB
2 [ i) 2 AR IR il £ (RS AR AR

HAR, MARRBCRA R G, EEAIRE TR

HRE
FESARWIG)Z ML /A7 LA A
o TR RR U AT R R K Al IR SR HIBRM 5 bRl S a8, AUOUZ RIS
W, I, S 2% BT A SR 1 R B AT
o T I AP Y SCRELAR Bt SCHLARAEROBOR R Tl IR A R 0 R SE L BRA 2 Tl 1
Wt RIS eI A R (B oS g o AU
o FETRRPATAIE SCE S ) B (R F AR TV LB Ik o R0 B iy S
T A AR HEAL I B AR TE o SR ) FE AL 0 s AR SR R 2% TR ELIE A
o FETHRIRBORSORR TP IR -5 B R 5 RIS A S AR . A AR IRECR B
oA LR R B T IR ST BT 6, A0 B 1 i kg5 ] R3% i SR

o SRR T AR IR RO Be AL N FH IR AR P o AELLE T 1) A0k W9 A5 8 20 ) TR0 SCHEL AR T i A
DFAL, TR RRA SR R AR Y TR, JCIR bR T, A 3% 4
T AL ERR AR P NP SERRTT R, il L bR .

L ASEMATE PRRAITRAI
55 IR SO SRR, WAL
MR 2551 & 45 R Lk Je Skt A (11 TAkFfE EALES, B R 02, WK ae i bs

WK R BARR (2015 410D [S]. 2015.
. TR R S RIS, S A
iﬁh‘ ks \3&7'(6/] WJ’%E{*E}% JL: ZHH EEA'Q Ministry of Industry and Information Technology, Standardiza-

] é%{ﬁ i, Xﬂ' ﬂiﬂ% ] é%fi«ff'%" fm E}‘% ] 1‘/]? iH Tﬁ tion Administration. Guidelines for the intelligent manufactur-
> 1 R & 3/ [T ARG , ing construction of national standard system (2015 Edition)[S].

%@ﬁ%ﬁ%%%&ﬁﬁﬁﬁﬁ @%% ot

AR ASCHAE B M A BRI BOEEOE LT ) om e ChE G RARRELTIS) | ER S

9. BRI 2. O AR 4% F N FH 2%, AT (OID) A BTI[R]. 2014,

2017296-6



B3]

(4]

[3]

(6]

(7

(8]

B oonnen

- 140 -

National OID Registration Center (China Electronics Stan-
dardization Institute). Chinese object identifier (OID) white
paper[R]. 2014.

RXST, FEg. BT A BRI AT 24 R e T G
M. E#EE2Y, 2012(10): 11-12.

WU S L, YAN Y. Innovative application of drug electronic
monitoring code based on IoT identification[J]. Capital Food
Medicine, 2012(10): 11-12.

FLOH, FU. TLIBER PR IRSS 1A 5R Ax il i 7 F %
R[7]. HERIE, 2016, 32(1): 98-104.

DU J, WANG F. Connotation, service system of internet and its
integrating path to manufacture[J]. Telecommunications Science,
2016, 32(1): 98-104.

W BYE. THRIRAERE “ Tk 4. 0 &7 SR B E HE )
EMI[T]. HUEERE, 2016, 32(1): 108-111.

YANG S W. Impact of the upgraded version of German “indus-
trial 4 platform” on China’s manufacturing industry[J]. Tele-
communications Science, 2016, 32(1): 108-111.

EEZE, Wik, NTREREHARBI AR B BIRSs 14
RIBET]. BEREE, 2017, 33(5): 1-11.

WANG Z H, YANG Z. Research on artificial intelligence tech-
nology and the future intelligent information service architec-
ture[J]. Telecommunications Science, 2017, 33(5): 1-11.

W&, BT, ARMCRE. T R N ] N A REAT SR R
WHRN]. HARHOR, 2016, 8(5): 16-19.

YANG Z, YANG N, XU M J. The study on the application of
artificial intelligence in the internet of things[J]. Telecommuni-
cations Technology, 2016, 8(5): 16-19.

RFE RE MY GEX A RAL SIS )]. RAE R
2015, 31(2): 7-16.

WU J. Big data, machine intelligence and their impacts to the fu-
ture world[J]. Telecommunications Science, 2015, 31(2): 7-16.

( o

[HEZE ]

2017296-7

BE (1972) . B, Wb, dE B

- AR ARSI Y B S R T

R, RIS N T BE
AREE, FRTIHERCR.

HARES

AR (1972-) , B, FEBEERA R
A gl b EL R R T A o
B TR, EENG IR CH
BRI+ o Ml BT 4 M A SR I8T T el RO
FLAF,

Z=E (1980-) , B, PEBERMARA
] TS TR, BRI R T
b ELIG R TR T BB A -

SKIEME (1969-) , 5, HHEHFRA AR
N BRI b, RIS RN
PRGN T HBRRT-& ., Tk
AN KRB BARS RE  A REE i e
Ti %5



MEX M E AR EL=

B M gE T B R R RS 5 AR S5 R

A

(B & 42 By A PR 8] LisAFRIZ, LB 200122)

O AR ] ZE 6 2 4R b T R UL R ELAE,  HL DA O 3, S BURZE M
“REIIE e HIRM AR RGBT ARSI R AL S G R L B BE ) A A% (R I A 2
. WIS TG GBI S AT, WETTI AL BEF & I B SR RIIR S5, SR -F & (A%
INRERRBEECR, IFar il F & R s
KR BTG WM G; RS
hES%ES: TP319

doi: 10.11959/j.issn.1000-0801.2017302

XHERFRIRAD: A

Architecture and service model of IoT enabled platform

PENG Zhao
Shanghai Research Institute of China Telecom Co., Ltd., Shanghai 200122, China

Abstract: Existing successful IoT (internet of things) application cases concentrate on the vertical field of local scale
and usually focused on closed loop applications, which leading to numerous application islet. Internet companies, tra-
ditional equipment manufacturers, cloud service providers, as well as other industrial giants have built an [oT ecosys-
tem with the core of its own capabilities. Starting with key point of building IoT ecosystem, technology architecture
and service model of [oT enabled platform was studied, the core function and key technology of platform was dis-
cussed, and the platform development trend was presented.
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Situation description and critical technology analysis for
industrial connection of intelligent manufacturing

LI Jie', ZHANG Dong’, CHANG Jie', YANG Zhen'

1. Shanghai Research Institute of China Telecom Co., Ltd., Shanghai 200122, China
2. Government and Enterprise Customer Department of China Telecom Corporation, Beijing 100010, China

Abstract: With the formally issue of the industrial internet in USA, the industry 4.0 in German and made in China
2025, the integration of the IT, Internet and industrialization has became the trend of intelligent manufacturing. In-
dustrial connection is the basic ability for intelligent manufacturing. Firstly, the technology situation of OT and IT
industrial connection was described. And then combined with made in China 2025, the eight demands for industrial
internet scenarios and industrial connectivity key technology were analyzed, including data acquisition, IP network,
wireless network, identifier resolution and network security, Finally, according to the domestic situation, the future
trend of industrial connection was prospected.

Key words: intelligent manufacturing, industrial connection, industrial internet, made in China 2025
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Automatic management technology of
object storage systems

HU Doudou', LUO Fei?, ZHANG Yuan'

1. Shanghai Research Institute of China Telecom Co., Ltd., Shanghai 200122, China
2. East China University of Science and Technology, Shanghai 200237, China

Abstract: The object storage system not only breaks the bottleneck of the traditional SAN storage system, but also
achieves the expansion of performance and capacity linearly in video monitoring field. However, the remote man-
agement for the resources of the object storage system has become a problem for managers. Aiming at this problem,
the method and related technology of automatic management of object storage cluster was studied, so as to improve
the efficiency of storage cluster. The functions of the automatic management system included remote lauching, stop-
ping and resetting of cluster components, monitoring of running status, cluster expansion and log viewing and storage.
Based on Ceph object storage cluster, the automated management system for Web application service platform was
achieved, monitoring and management was realized effectively ultimately, and the nodes of the cluster and the storage
capacity were expanded automatically.

Key words: object storage, automation, cloud computing
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KH T 2%} Ganymed SSH-2 for Java [fJf1, &
I'TH 530 SSH Wirisl, 57 SSH MRS #si%#e, JF
% HF SSH 21 . Ganymed SSH2 for Java J& —4>LL
afi Java M NSZIL SSH-2 Wh LI (3 FF
J2SE1.4.2 F1 5.0 LA EJRRA . EAEFILE Java I
Hr 5 SSH R4 asa ks, [HSZFF SSH [
20 GEREA2PATHA Shell Vb)), AHLFTZFE
Ui 1 AS H, AHLUREL & L X11 B2 5 AT SCP ThAgss: .,

HEME B RAENG G T LT MySQL %
PRI H G ERAESN, JEAR R AR T 428 T 0 A e A 1
FHAERE LI BAC ST o IX 8 I A 35 47 TCAE AT it
SR B AL, FTELY Ganymed SSH2 for
Java SAERE B g, SSH &1 )5, PRI
N (R) Shell JAIAS RIRTHAT Fir it B2 10 7 B4R

BGIBURE

3 ARFEZLM

W) SR Ui b BT, AT B R, AT
il T AJAX (asynchronous JavaScript XML) #% Z G0 Web 25 U1 [T 571 110 508 #4104 38 o 44
AR, SEHLT DUIITFD Web JIR25 2% 2 (0] 208 5 T G IA, S R e R, R
G HE Web GUI i JRAT AL I A4 8BS LR .
| sercepmmmmmnmerERs |
l
S BATH R AFB8 T IR/ BRASE B A S iHER
wllel 1L T ] b | [ ] ] [E] 4
7
Bl (& |z P s B osol  losol [#| | % |#]| |=&| |
W] |5 |q o f 5 AARE IREIGARE:
| s ] (¥ |a Bl |2 J JARE INEINE I AR
Wl a] [ =] # - 5 5 & wl LB (] [ | &
AN ARE 2olel | & i WULE| ][] R %
AR INEARE: 2 IREIRE IR IR
AR L | & |5 |8
1 RSThELH
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3.1 2FKREIE

42 RS I AE 28 m A A ceph -s $i§ 4 I AT LA
A SRR Y HDIRAS PR A R 7R 221 6
BEE, W& 1. HEMIES ceph -s frth A4
HI B HRESAE S, b grep F1 sed (1971
IV e Dy i S IO SERERE A B 1R A

x1 KEHEBEARS

i B2 BREE LIS AR

MON C(Hi#E75 MON AN = MON 7555 MON JR#&FIFE

)=9) i 1P Mkl

MDS (G4 MDS M4 MDS JfEFi MDS RAHIE
M54 S IP Mt

OSDCH %474k OSD M w5 1) OSD OSD IR
) M

TEAR/IGB AR ERM AR CAHARE

3.2 HFHETRSMRTSIEN

Ceph &y Al PV Pl SE R AR 1A
B B AU, I H AT DOy RALL R
MRS o IR GE IS, 75 BB ECE A FIAH G~
PRERE FEFRRIE, 24 Ceph SEREES]LUilEnT,
] RERHLE P U Il Re a8 RO 52, AER] e U ) HeAd 6
S0 MISATINIE R, NP BRI~y 5k
FEFIRCE A Re AN TE B I, SRS HERR

1B 2 AT, EERRE—A OSD IPIRASEGEAE
AR (in) BEEAEXANMERSE (out) [1); IFH,
EEEERIZATT (up) 1, B RANEAT (down) (1.
WIR—/> OSD WPRAAE up, BIEETEARNE (AT
BURIS ANEdi) BB TE out IR WIS 2 in R
R R HAERE T, Ceph KT N E 2 HiAh
OSD ', Wik OSD Afr&#f, %T Ceph I
CRUSH 532, % OSD AR E AL —MRE A
Wik OSD PR/ down, "EHASE out IRZ.

OSD#n in OSD#n up
OSD#n out OSD#n down

K2  OSD iRA#EH

AT Ceph Osd tree F52REMHfE ceph-osd
JE B RTIERIEAT, WRymdla i, TLUR
2 5 M\ PSRBT A 2L AR s, O AT Rk
HLE—, A HEAF 2 H ST i
IR PN NS S
33 E¥TaSHEN

EH TR I RSB WIE 2, PTLARTEE Web
U _E R S A FRA P ik, AL 2.

x2 EB¥NRERE

1P ikl 47 4% Hostname
192.168.232.158 serverO1
192.168.232.160 server02
192.168.232.170 server04

h T BRI R I 77 5 TP Ik AR O
Hostname, RJ#EAZ00E4 Hostname A1 IP Mtk 5
ARG A fete/hosts H o

[FI, RGN H )40 FAA 1T A5
OSD IS I/ MBRERAE o St FIBCE B — AR
(object) #BHI LAMRHE Ceph ] CRUSH 515 H
FARMAEIRALE . BTEL, 4 OSD KA, 4
TR 75 AR N (1 48 . CRUSH £734: & Ceph X
ZAEBIIRZD, Y T8 XN BRI E
TSR BRI, R EAIE X R 1D,
ERTE LA I FNAE TBOREN 3t m] LAV SR N A7
{EMEAS OSD o RIBE Ceph M TCHUIE AT ZAA S
PR R, BN il il LA E Ok S B )
OSD, KKy 7 xF el i K .

RADOS /2 il F§ CRUSH 534 ) 43 A1 Xkt 5247
fitt, t OSD H1 MON 41, OSD A $H 4 (K177 fik o
A LA TAE, MON {RUESEFE SR 1] 5 5 B
TEOUAHET . RADOS [HRF s —wli e Hohs 1 45401
[ 20 DL R Vi 52 5548 i OSD H R Hh5¢ i o

RADOS ' OSD M [ 4 3 dE (1 g J) e AT AE
CRUSH #3% L%, CRUSH. 532: 32 @ 37F CRUSH
map (f47% OSD HUi . 2G50 DL AFAifi gD
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. PRIARA 3 5soBr*) CRUSH map, % OSD
SEAERIHE, 150 OSD ke KIEF 4 PG
(1) OSD, W JCVETe s (a3« [R5 ERAE

RADOS 1l ] —/™ 1 MON 21 & 1) /NS E A= ik
5B ) CRUSH map. 2414/ OSD. &% OSD 41
L5 R B AE IR B L OSD 2Ry, T
Bl KB & 1% %] MON 4EH#F, MON A= pl—4y i 1
CRUSH map. [A]l} MON & #hx} 4l CRUSH
map MUF RS, HABST finf LA MON £
SREL— 43 58 (1) CRUSH map. MON 4+ %
Lease ML MON Xt4MEfE) CRUSH
map [ —2(PE, KA Paxos Phillik2s i —A
leader, [ leader #1574 8T 1) CRUSH map.

Ji4b, OSD 1 s I8 HAHIE A 25 L 45 1
P4 1) CRUSH map [ epoch, Fi#E:Hi ] CRUSH
map 0 CRUSH map. 4% /752 M OSD
tE ORI, % 7 L W CRUSH
map: 575 55 M MON SERETF I — 10 e 9T 1)
CRUSH map, RJ5 tHEHAFBOZA R PG X Y.
) OSD, )%/ imty Hix OSD & HI
CRUSH map [ epoch, [[ ### ) CRUSH
map. WIRK R S 44 CRUSH map, fEA!
OSD J&E N, 41 % OSD ) CRUSH map AR 555,
A T2 S 5 () CRUSH map. 40 5% 7 i Al
OSD ) CRUSH map A3 7, {HEA ZE BT
(), A 1H ) CRUSH map 5 H (1) OSD _E ] fg
AT RN S, FEERAE RN, XN %
J 5 A mon BEHF I IERHT 1) CRUSH map-
33.1 OSD #hn

Hrih—A OSD W AT S
(prepare) FIPE (activate). #ERLIRITES M-
ceph-deploy osd prepare cephl: /dev/vdb, ZEun
THR:

push Bd'E 32 cephl:/etc/ceph/ceph.conf

push ceph.bootstrap-osd.keyring | cephl:/var/
lib/ ceph/bootstrap-osd/ceph.keyring

udevadm trigger —subsystem-match=block
—action=add

ceph-disk-prepare —fs-type xfs —cluster ceph --
/dev/vdb //BIEE T IX . M AL 1A

W D BRI $8 4 . ceph-deploy osd active
cephl:/dev/vdb, LRI FFTIR:

ceph-disk-activate -mark-init upstart -mount
/dev/vdb /4%, Ceph 431X

initctl emit —no-wait — ceph-osd cluster=ceph
id=0 /5N ID 24 0 117 OSD ~y4 b A, HAEH AL T
FREERRRES, B INTE 1% 0sd.0 5 EHAE R B) .
332 OSD Mk

MR OSD =y 4P dEfE N T ZE A4 1% OSD AN
FPRE AT —LEHIIHR 2, Ik B R S
CRUSH %%, Jf H5¢i% OSD EAH#ER S0 5¢
T, &) e k% OSD P it B AR T
Fro LERWTPIR:

service ceph stop 0sd.0 /45 1E1% % %%

ceph osd crush remove 0sd.0 //J\ CRUSH * %
bR 551% OSD AHK I E R, BLINHEZAT ceph osd tree
T8 1 UG B AAEERE 0sd.0 b T down IRZS

ceph auth del osd.0 // \IAE A IR

ceph osd rm 0 //EERF P52 2 # BRi% OSD 1)

GIEER-E1
4 REMK

N T SEAGIIK, ASCAE Ubuntul2.04 1)
REFUML EHEEIE T Ceph MIHIEASERE . XEHEA]
AR 3 AN, il ceph-deploy 56 )i
Ceph M 23 . H LW Ceph BF Rl E ¥S I 2
ceph-deploy ¥ HLT 5, SR )5 %23 ceph-deploy.
R LA P& sk B9 s 3% ceph-deploy
I AN T3 ZEAE A 2 W0 A I sudo 50 BA root £ 47
AT, BRI R EVEASAT sudo .
D I P 5 W R D e A7 s o/ )
e ilaE .
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41 IERIThBEMIR

LD REPT W T SRR RS W B 3 s,
f45: mon 7RI PIAETT L IBITIRES
mds RN FTET AL BATIRE
M IBATIRAES . AR RSEE: L,
OSD frfif7¥ 5 CUH #6413 838 MB,  Fl 43 v] 1348
53 4210 MB, RILIAAER Y 19 021 MB.

Monitor pagefiis
change cluster

cluster

Cluster's state:
sd
Mon 1 server01 w
nodes
Mds 1 server01 replay
components 0Osd 1 0sds 1up 1in
Storage 13837 MB used 4211 MB avail 19021 MBiin all

3 ERPIRE I

EREPSALE SRS W 4 FoR, BT
EERF A2 0t 5 OSD IR 43 A i ID 24 0 (1) OSD
AR 0.01999 (1 TB K/NMUZE RN
1, PrLh0.019 9 BEBH] ID 24 0 1] OSD f7-fi
T KZh 20 GB 24D ULACIRE N up.

cluster Osds' Distribution:

osd 0sdID weight 0sdID state
i 0 001999 0sd.0 up
components Click to change Osds' distribution

K4 SRR S

;%Eiv\m ROREGHHE 5 PR, X HLEIRK)

& DA IR, BHETY A TP Mk, Y
,@zﬁ\u&@w MR TS T B S ITLLEF,

H AT A1 5 1P bk 192.168.232.158. 15 i
serverO1 [F177 55 power £ 7R 152 up, BIFEIZATH,

Available Server Nodes:

components

Node ID Nade Name power
192.168.232.158 server01 up
192.168.232.160 server02 down
192.168.232.161 server03 down
192.168.232.170 server04 down
192.168.282.171 server0s down

5 SRR RURES

OSD ¥

4.2 ﬁﬁ% ,“,/J\Jlﬂ/ﬂﬂUF?IjJﬁmW'h't
7E server02 L¥I—A~ OSD P4 b, #
VERIZE G5 il &l 6 A 7 s

0Osds' Distribution:
Osd ID weight Osd ID state.

0 0.01999 o0sd.0 up

Click to change Osds' distrioution
0Osd Node's IP:

server02

6 Vish OSD.1 #4E

Cluster's state:

Mon 1 server01 up

Mds 1 server01 replay

Osd 2 0sds 2up 2in

Storage 26345 MB used 9752 MB avail 38043 MB in all
Osds' Distribution:

Osd ID weight 0sd ID state
0 0.01999 0sd.0 up

001999 osd.1 up

7 OSD.1 gk

B EEIEA A server01l _ETAK OSD 5p3~
HEFE osd.0 fHER, #AEAISER4HmanE 8 Ak 9
v

Osds' Distribution:

0sdID weight 0sd ID state
0 001999 0sd.0 w

1 001999 osd.1 w

Click to change Osds' distribution
0Osd Node's IP:

server01

Choose Osd's Operation:

v add

_
8 MER OSD.0 #fERiE
43 n_.\gglj] Hbl}nljrt

B HEAN I 0] BE O AAAE T s A oL, &5
WK 10 Firs.
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Cluster's state:
Mon 1 server01 up
Mds 1 server01 replay

Storage 12511 MB used

5537 MB avail 19021 MBin all

Osds' Distribution:
Osd ID weight Osd ID state

1 0.01999 osd.1 up

9 JHKE OSD.O HI4h R

Osd Tree Distribution:

Osd ID weight Osd Name Osd State

0 0.01999 o0sd.0 up 014-05-28 07:35:25
0 0.01999 0sd.0 up 2014-05-28 07:35:43
0 0.01999 0sd.0 up 2014-05-28 07:36:02
1 0 osd.1 down 2014-05-28 07:36:02
0 0.01999 osd.0 up 2014-05-28 07:36:21
1 0.01999 osd.1 up 2014-05-28 07:36:21
1 0.01999 osd.1 up 2014-05-28 07:36:33
0 0.01999 0sd.0 down
1 0.01999 osd.1 up

Time From‘ To:

28 May 2014
23:00 23:05 23:10 23:15
Cluster Nodes: 2320 23:25 23:30 233

23:40 23:45 23:50
Node ID @ Name power

10 Ky fe) HE A E 45 1

5 #HRiIE

BT R RAAE RS Ceph, WEIT T DI BAF
fRERAEIN AL LR ST, BB RSI Dh e 1 2
b AE 3 M ——RAPIRASIAL . OSD A7 4#7Y
RIS MR AERPRE H SR BOPair
B, KHEET MVC HEREUEAT B AL B
FI el @t U5 i) Web 30 58 245 14 77 2000 17 fif R A
WEAT fa] B AR A A B

VENIRIZAT AR B R 4T, IXLE D EH0
FEAb R, HIERIZE A . EEOESCL A )
WA AR RS PR G, R FI o 5 R SR 47 28
BIERAC AT BRI EE D Re . ARG X
A LR A AR 5835, XL T A4
AFFAERKIATIRAL -
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2. PEWAZERNE, b7 100032)

& . IP AN Internet (T EIER B, 76 = WP AR BT 5t HAEHOR 3. J7 W EECRAR,
IP 7R A% 0 (135 028 A0 A DA 2847 Jj SAy v 1] LA P R OO 678 o ARSI RS TP 7 48 IR 3 1 Bt |,
S SHEARBITL, $&H TET ARG 1MLk R AR RE 7 TR I IR, LU
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KA TP AR KA NG PRI TP—fL g

FESES: TNI19 CERFRINAD: A

doi: 10.11959/j.issn.1000-0801.2017256

Development of carrier’s IP bearer network in
cloud-network coordinated era

ZHU Yongging', HUANG Xiaoying', ZHANG Wenqiang’
1. Guangzhou Research Institute of China Telecom Co., Ltd., Guangzhou 510630, China
2. China Telecom Corporation, Beijing 100032, China

Abstract: [P bearer network is one of the basic internet infrastructures. It plays a more and more important role in the
cloud-network coordinated era. Entering the era of everything interconnected, the IP beaer network evolution has
changed from network-centric to user-centric. Combined the current situation of the IP bearer network with the re-
search of related technologies and service, some suggestions on IP bearer network development based on the concept
of “experience circle” were given. The “experience circle” concept came from the research on traffic regional aggre-
gation, which offered a way to optimize the IP bearer network based on user’s experience, as well as suggestions on
IP-transport synergy and application coordination.

Key words: IP bearer network, software defined networking, experience circle, IP-transport synergy
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data center, HIEEMEHE0D SR, SH M
25 ILIRIAE 1 T Internet (1) A4 o VR I W9 43¢ (134
A HAECES, P A ML Internet 1)K &
s HEA: 2017-03-31; fEZEIBH: 2017-08-28

AREPRIE T R REENEM . =ikE. AL

YR S50 55 (1) Jig BA S SDN (software defined
networking , K AF & W45 ). NFV (network
functions virtualization, M5 Y)REREIIL) FHIAR
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RSP ARREEE . R MR AR, ks
BEORASMBL T H A4, I8 TP AR B M ) A i
AP HLE S PR, I ZERAIR T

2 EBHEMZLREESE

TR GEA T 20 T4 70 GEAR,  BEAE P4
[F] 55 ) BEA3 [A) (R A0 R, TR I AE AN e R 1)
BRI T AE 2k 12D ) “ TR (internet of
everything, IoE)” M £k . IX AN FEAEBEAE IDC
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T IP W26 DR ) vh 55 A7 fifh S5 AU
JE, LT “m7 R B Rl G T R
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VY [ra) 7 PR, Aol R 2 B0 ) SR AR AL
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o PEARNK GG PRATE 244 5 — K EIER I N
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doi: 10.11959/.issn.1000-0801.2017267

Channel estimation and performance analysis for
uplink SCMA system

HU Xian’an, ZENG Xiangnian
Nokia Shanghai Bell, Hangzhou 310053, China

Abstract: There are two types of physical mapping for SCMA named RE-Sparse SCMA and RB-Sparse SCMA. A
frequency division multiplexing (FDM) based pilot pattern was proposed for RE-Sparse SCMA, and existing code
division multiplexing pilot patterns based on cyclic shift and orthogonal cover code (OCC) were considered. Under
different frequency selective channels, simulation and evaluation work for the two mapping schemes of SCMA had
done. Besides, a target user selection strategy was proposed for existing SIC-MPA. Analytical simulation results show
that both OCC and FDM can improve system performance with slot fading channel. Compared with RE-Sparse
SCMA, RB-Sparse SCMA with partially frequency orthogonal pilot pattern enjoys better performance gain, and it is
more applicable for realistic multi-user SCMA scenario.

Key words: 5G, non-orthogonal multiple access, uplink SCMA, pilot pattern, channel estimation, SIC-MPA
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Transient community awared data forwarding mechanism
for intermittent connected wireless network
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Abstract: In order to solve the problem of data forwarding in intermittent connected wireless network effec-
tively, a transient community awared data forwarding mechanism for intermittent connected wireless network
(ICWN) was proposed. Utilizing the semi-Markov chain model, the transfer process of nodes’s between mul-
tiple geographic locations was described and the time probability distribution of nodes’ encountering in the fu-
ture was predicted, then the encountering time and locations could be obtained, which provided theoretical basis
for the selection of next relay node. Experiment results show that the proposed mechanism can effectively im-
prove the forecasting accuracy of nodes’ encounter and has a great improvement in the data delivery ratio and
transmission delay.
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Research on NFV fault association and fault self-healing

MAO Binhong, YANG Zhiming
Guangzhou Research Institute of China Telecom Co., Ltd., Guangzhou 510630, China

Abstract: NFV implements the hardware and software decoupling of telecommunications network equipment, gets
rid of the dependence on dedicated hardware equipment. NFV brings benefits such as resource sharing, automatic
deployment, flexibility and other features, but it also brings some problems such as more fault points, difficult fault
analysis and so on. It results in NFV network operation and maintenance more difficult. The NFV fault process and
fault association were analyzed, and guidance for fault location processing in NFV was provided. At the same time,
the VNF fault self-healing implementation scheme was given to realize the network element and service fault
self-healing, and improve capability of automatic operation and maintenance.
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Planning algorithm of small cell deployment scheme
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Abstract: With the rapid development of mobile network, small cell is more and more important in the construction
of LTE network. A best small cell deployment scheme named association-AHP was proposed. Combining the analytic
hierarchy process with the gray relational analysis method, the relationship between each deployment plan and index
parameter was determined, and each plan was ranked. Finally, the best small cell deployment scheme was obtained.
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