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Design and Implementation of LXI Network Instrument
Topology Generation

LIU Yong-bin,LI You-mou, WANG Tao,ZHAO Cheng-qing

(School of Computer Science,Xi’ an University of Posts and Telecommunications, Xi’ an 710000, China)

Abstract: We study the dynamic generation and refreshing of real-time topology of network instruments under the LXI bus and various
management of the nodes on the topology map, which are all part of the regulatory platform of LXI network instrument management sys-
tem. Through the regulatory platform,network instrument topology can be visually presented and on the basis the network instrument can
be measured, controlled and maintained remotely and in real-time, formation of LXI instrument remote and unified management, overco-
ming the limit of time and space. In addition to the supervisory module,the LXI network management system also includes the back-
ground and agent modules. When the network instruments topology is acquire,or the SNMP GET or SET operation is performed on the
topological devices,the background module is required to complete the indirect information exchange between supervisory module and the
proxy module. The topological structure of the network instrument has two levels here. It is formed by different measuring instruments
connected by the agents connected in the LAN and different interfaces of the agent. The agent is the ARM series development board with
uC/OS-II and Linux OS. The measuring instruments include sensors, oscilloscope and function signal generator.

Key words: LXI;real-time ; topology ; SNMP; supervisor ; background ; proxy

2018

0 51 &

I 25 190 205 AR e 13 S B AR e R R A RN 3
(g 4 AR IR K 2R T B R AL, BT LA LXT A2k
SYFER IR A L LXT 9 46 AN 98 J2— Fh 454 1k B
AL IS 25 AR 45 B 2 ] AN 285 W2 2 ]
3 it LXT 8 EF7 F 0 3 RE ] AR 2 LA AR 4
S T 240 D Al A S o 5 O A

KfEEE7.2017-11-24 &0 H#A.2018-03-22

B E kST, B AR 5, S T A Gl (5 BoR Y
i 22 0l SR PR T L e QR A AN 1 g
S R A5 Ak, Ao R DR e 1 2 2 00 3 00 (S A2 ) 3
TP RE SR FR1E

TR LXT P 28 A% g B 00 4% | M 15 4 4 ) i 4 S
WA 3 AR AL R A 190 D0 45 AN A 4R 1 18T 3 5 R 1Y)
-4 T BUE x4 0 228 A i 4R Ak UL A B 42

) 4% H AR B[] : 2018 -05-28

E ST E : Py ERRHE AH % W05 B 5 H (2010ZKC02-08 ) 5 #x A0 LXT ZE AL &8I % K27l A (2015 KTCQO1 -04 )
YEE RN XACK (1993-) , 5 W-HBE5EAE BT 7 ik AR R & S50 25 3, B0, 0F90 07 n 4R i B 30T ik AR BT R 5

Bt

[ 4& H kit 3k - hitp . //kns. cnki. net/kems/detail/61. 1450. TP. 20180525. 1603. 058. html



11

XA : LXT P28 A 44 I B A Ay it 52 B - 151 -

AT SENEOL AT R 4 IR 36 O A
BRSSPI X J 4 R L 90 55
TGRS , SO R P S
USRS 5 A R P TR IF BT OF 315
LS

1 HRINEERRIET S
1.1 HiRERIRT
A LXT W 254281 B 2R 40 1 B8 e 4 L4
—HIEE P A A, % RGBS B AEAETE A A
xnmsdb [ mysql5. 5. 54 WA EdE b, Hod i S i %k
i ARG W & T 4Rt 09 Zh BB A2 1Y, 7 ) 254X
A NE B AT B 0 — 303, 5 B G SR U
FH MRS 5 5 H MAC H bk B 5F % (¢ AgentID-
MAC) 175 55AF B M 4 #b 3¢ & 3£ (t_RunningTree-
View) , HTRIEA R, 41X mkRM T,
t_AgentIDMAC 1Y &5# 153
CREATE TABLE t_AgentIDMAC (
idint(11) NOT NULL,//fCH4 5, 425
mac® varchar(20) NOT NULL, //{XF MAC Hitil, k=5,
TR
PRIMARY KEY (id),
UNIQUE KEY ‘mac" (‘'mac")
Mtk
)
t_RunningTreeView 454117 .
CREATE TABLE t_RunningTreeView" (
idint(11) NOT NULL AUTO_INCREMENT, //7 s i —
RS, HiY
nameVvarchar(20) NOT NULL,

//id N F
//ME—PEA R, Bif 1 MAC

/7 AR AR
pid int(11) NOT NULL, //A5 5 A4 5 1D, JE =
ip* varchar(20) DEFAULT NULL, 7/ TP Huhik
‘mac® varchar(20) DEFAULT NULL, //{C# MAC Hiht
dscr* varchar(100) DEFAULT NULL, //77 {5 B ik
interfaceint(2) DEFAULT NULL, ///CHEf3E 15
PRIMARY KEY (id) //id 5Bt £ 4
)
1.2 #HIVNESEHRH R
M B IT R BB E ] Windows OS HY Mi-
crosoft Visual Studio 2012 HYJ IDE, Fi| ] C#" i& & 7F.
NET Framework4. 5 E& N7 &, 76 C#AYE (KN
MR P AR BORAE NS P A r EEAmW L BRR
Sl o R AR FR AL D AN R R IROE R
T 6 TR 1) 2 ) Copy B T R I B A B4R Y R
TR RNEN: HA TreeView 5 1F, 2T\ m 1Y
H SR ZEAE A T B e, AR TR 1
SELEFY R — R B, RN RGN BRI I AR IR oK

ST LK P 48 A e 4 D T A A8 BT A AT A AHLERAE
KA MREE AR FNE I 2 75 2R Rt iy (518
B GDI+ R il B AT 4 5 R A N

FANEIAG R 2548 SR REAR 548, 3> LXT 284X
WEH RS REA 32 MU, R 4
DA AR SEPR A L AT 232 8 41 Bos BBy #Fh
W&, B AT A LA ) R BB O = S b A
AR VR R B — 2, A S bR S, R B AR
PR T AR 5 — 23 790 a5, W it A28 S 5 = 1 A,
Ry 5 SRR AT o i SR S PR Ry B M) rh 3 o
AR 8 4 RA A 4 i Fi A o4 WloR
ZHARIM R, iR FMA R e R E A A ) =
PRARFNZ IR A 2 ] 1K, I e 0 A Rl 2 ) 22
(187 2 SCF AR 22 ok AR i il AR 4 IR 2 | i
A GDI+#RER 2D TR X TR — AR
A B AR A .

(1) Graphics graphic = panell . CreateGraphics( ) ; Hf!
TEBE AR form H Y panell THiH b8 M, 32 F sk n]
PIFE panell L2 EIJE (26 5%  SC7 55, (H 4 i 19 i 45
SRR panell Y K/INUL S = HAR N2 RS HI 19K
TN AT B E A PR XY AR, B 2 S K
JE LA JRAR B A5 Rk

(2) ARARE A B A 22 i % S 1 8 e, FI ] Pen 2852
A ZE XS G2, 2 AR 23 B AR BDE | JF R 1k
() graphic"' XF S 7ERIE 21— Image KIIEAE MR
T bR PR AR Y AR XS panell {7 2 i HAH B
S, T i A,

(3) AR A Bx A2 i) 3 42 J& M, A Pen 28 52441
R ZEXT 42 il it for 6P M A2 B AT 2 s DU AR
FRAE e AR PR RERE . X AT ZE AT
AIRE R, A A 18 S BR A A A3 B 7 78 T 4
I, PRI AR A9 P HE KT AH X panell 7 & 2 il
AR P2 4%, T T4 16 AT LA .

(4) 5B 3, X IR for FEER 16 WK, A3 K 2 il
EJ5IE AR e I 12 A A0 AR U RE SR
1.3 #IMEMERSEH

T R =R D2 IS A HE [ 2 ) 1 o 42 T
T BRI T 22 ) S S B ey S ) b i Y TR R
X L AE 0 Ry 45l I v AT IR 23 4 DA B S SR R A Y
R R, B R TreeView 451 R BR M, Bt DA
P EAE R B R FN s R S i RN T
FEMFHFN DR % B R FM T4 B AR A A b
KF BB % B # AN T &8s % ¢ Run-
ningTreeView, I A#hFIMAT A8 25 SRR BT

(1) A= i TreeView, B %€M t_RunningTreeView
TP BRI 77 A DataTable P75 4, Al DataT-
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able ZEAYXT 4 Y Select 72, Bl DataRow[ ] dr=dt. Se-
lect( " pid=" +pid) , i 17 foreach i# IH 1Y MARFY &5, B
pid R O B 5 4f iy drey B U Ty S 46 BT Y
node X4, I T1E TreeView N5 &, B TreeNo-
de node=new TreeNode( ), dr X} % )44 T{H 5 node
AU JE PE 48 X, T3 8 node i 53 Add 77 B 2
TreeView ; 7EiX i) F Hd EgF 4T SRR A5, S0
(E NS €% €T NS g

(2) 4% TreeView H1 115 B ORAE 2 AH B £ 21 | LA
¥ TreeView Hi B0 #M 40 8 OC &R M Bdls 5 E#iFh
HE TR AT 2048 A 26 7 , B 38 3 foreach /)32 I b ik [Ty
TreeView 1 nodes 15 &, MR8 5 50 2 R ) 55 I8 1 1
W, ¥ node YA B A7 fif 31 A 2 S0 2= A 45 AH SC B
SR 0 ¢ SR €/ A AW R U

private void tp_binding ( TreeNodeCollection nodes )

%

foreach( TreeNode node in nodes)
%
if(node. Level==1)
{

agentName[ i, | =node. Text;

/7R

/7R

imgIndexAgent| i, ] =node. Imagelndex ;//{XE E4RE 5|

if(node. Nodes! =null)//iZfCHE T A %+ 75 5, BI &
(e

|

childNodeCount[ k, ] = node. Nodes. Count;//Zt i1 % CH T
SEPE A

k, ++;

sub_tp_binding ( node. Nodes ) ;// 4t it A A5 A 5 I

!

i++;

m, ++;

f

tp_binding ( node. Nodes) ;//i# -

=0 root

B Azentl
[ Feode—d40)
;" Vode-T3
- Fode-83

BIAREEME

|
|

private void sub_tp_binding ( TreeNodeCollection nodes)
|

foreach( TreeNode childNode in nodes)// 3 Fi{CHL T (1) 0] £
(e

if (childNode. Level==2) //Ml&{L 7%

|

devName][ j, ] =childNode. Text;//FEREM A #% 2

imgIndexDev[ j, ] = childNode. ImageIndex ;/ /M & {3 #% &l 45
5l

Litts

|

sub_tp_binding ( childNode. Nodes ) ;// T LA I B 451, P hy %
AT

!

!

(3) MAE T i B e —2H AR BOZH R 5] A&
S ACHEAE (] (9 s A B0 3R 2 A4 B0 AR R T
for IR 1l DA A5, T2 i Hh AR 25 45
SCF UL X FRAEAE AR B LT B R AR AR
ANt B AR 44 S5 SCF Ul 5 AR I 58 iR L SE it
JUT 4 7 2L 1% T T T A AR A ) DU A R
B . for(int i=0;i<4 * index;i++) j, +=childNodeCount
[i] s BXARREE 1 24 1 20 v e {8 A A S 46 2%
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B, FEIS R TA] B b SO R BRAE o B2 I Sh 2 k8T , bl B
R Nl Pt R A LR A Rl R Y E S U TN
AU B AR B, B8 ¢_Running TreeView
B | FREA TR P 4 W A R

FRI JR 385 90 F 4 L 3 TR S RO 4 5 TR A
i, =R AR EL A 2[R 28 LS A AT 55, B— R
A, TR Z R TR, X 8RR R, 5
VibR

(1)DHCP A #hi&H" , &5 A BHE H i —
ANJFE DHCP, H A 2 % B0 sy 38k 9 e i 4% BT %
M, IF R o e TP bk, SR 5K TP Hb hk AAG Y
MAC Hihk 6 25 W8T & L HR 12 5 & I B A
ez 6] 5% P UEFR 1] 7Y socket 18 {5 SE P W E &4 1]
BIEIFIE 8 T —A 5 6 48 R BUx % A5, 4
WCEIHEIR AR BTG W A4 51 B2 v ) 508 B U 91
A RRORT L 2 AR A, I 45 21 9 A 3808 e Sl s 78 W 4
FHEESEM iR RS A H &S
MAC 7£ t_AgentIDMAC %45 2% v 2 % %5 i 1% # 2 45,
FEARYE IP 7F t_RunningTreeView % f #F 8 % i i ID
IR AR R U AR AR, T BN i AR
BRI EHIEZR t_RunningTreeView W, R IHFFMA %
BERE AR, ROFFIME g R AR 50

// % Socket WU 1 5 B B #E 4T BT H4K

public Object BytesToStruct(Byte[ ] bytes, Type strcutType )

{

int size =Marshal. SizeOf ( strcutType) ;//15 B &5 A 19 K/
/7 53 BEEE R AR N P A7 25 ]

IntPtr buffer =Marshal. AllocHGlobal ( size) ;

// W\ bytes I TE D2 Y725 ]

Marshal. Copy ( bytes,0, buffer,size ) ;

/7 FEBAE A A P9 A7 3 106 B S5 A S B R AT W 4

object obj =Marshal. PtrToStructure ( buffer, strcutType ) ;
Marshal. FreeHGlobal ( buffer) ;// B AR A7 25 1]
V28 PSR 3

return obj;

i

/7 BT IR BB RS540 S S5 R A, Ch &5 H ) LI .

/75| C#) StructLayout % , 38 B 2544 1 B8l 5 Be ) 1)
A )5

[ StructLayout( LayoutKind. Sequential , CharSet = CharSet. An-
si,Pack=0) ]

public struct DHCPInfo

%

//MarshalAs 5P 2 7% 40 76 6 55 AR 6 5 1 18 i) 3% 4

[ MarshalAs( UnmanagedType. ByValTStr, SizeConst=20) ]
public stringMACAddress ;//MAC #iihik 7B
[ MarshalAs( UnmanagedType. ByValTStr, SizeConst=20) ]

public stringIPAddress ;//IP 7Bt
|

(2) SNMP Hpill i Trap, U Trap &5 W45 5 (9
AR SRR RS SR R I
il Trap () OID S5 HE4T 5 4F £ 1 fiff A7 FN 4Ry 52 2%
(RS IR St K e o, 5B A8 2% 4 AR S
= B, 5# t_RunningTreeView, Trap 75 & G P
RIREIE BB, 5 B B P EAT — £ 5 Ak B 5E
socket B R IE G WE B,

(3) WA R AL AR IR R
DHCP A 3l & 8L, I £ 4 A% 19 48 4% A AL SNMP 11
Trap, X FCELAYWILR , 150 & Joik@ i M 4% Trap, H
YCX HLY) DHCP AN LA X RE I D) RE , i 2 RE ORI 45
V-5 AR — 2 i 8] 22 52 B ¢_RunningTreeView 2 H fIf
A AREER) ID 1 1P, 4R J5 il 2 C#P Ping 21 PingReply
ok Ping B4 TP, BRI & 3% ICMP [0]3% 33K |, R HL IC-
MP R ZZOIR S, AR B ZZPIR A 1, W R B2 1P X L
PR AT, 2 AR ) i e 2 A 2R 1 3 s
FEMIBR AR I 4 B2 0 4 M A 3R, BVREHT B0s
%% t_RunningTreeView, I % Ping 1 , ICMP Jij & IR 7%
R, WS BCR — A ID A TP, 8K I 2R A7 IRl RE A 45 1
ARG I

Threadt _ scan = new Thread ( new ThreadStart ( scanAgen-
tlp) ) ;// B RE
t_scan. Start( ) ;// 3 shER 2

public voidscanAgentIp( )
|

string sqlStr =" select ip, id from t_RunningTreeView where
pid=1";/ % pid 1, F/nREE, P FTA ARBRLEY A2 15 5 Y id J2:
1 %/
string connectionString =" server = localhost; user id = root;
password=lyb; database =xnmsdb" ;// % 72 1% 42 1 L HAF B,
conn_s =new MySglConnection ( connectionString ) ;// 5% 5] fk
e ISR AUE S
conn_s. Open(); //FTHFEIEF 4%
MySqlCommand cmd =conn_s. CreateCommand( ) ;
cmd. CommandText=sqlStr;
MySqlDataReader read =cmd. ExecuteReader( ) ;
while ( read. Read( ) ) //3EHUF — M0 3#4T
|
string ip=read. GetString(0) ; //FRIFIXATHE — T B, B

int id=read. GetInt32(1); //74%]id

Ping pingSender =new Ping( ) ;//5E{4k Ping 2%

PingReply reply = pingSender. Send (ip,250); // % i% ICMP
W1 S, A5 2 &

if(reply. Status! = IPStatus. Success)//J Wi ICMP h 2 Ik
B ARA I

{
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string sqlStrl =" delete from t_RunningTreeView where ip="+
ip + "Corpid=""+id + """ 3/ 58 SCMBRIZACIE B P ey Il £
AR i 2 4 R

MyMysqlMeans. getsqlcom ( sqIStrl ) ;/ = FRATELIE & 1 4E,
T T A e e 2 ) 5000 P R X S R AR N R S T i =/

load_tp=new Thread( new ThreadStart( createAutoFind) ) ;

load_tp. Start( ) ;

}

pingSender. Dispose () ;// £ 5% %

|
f

read. Dispose( ) ;

Thread. Sleep(3000) ;

%

FEEAR=M PP EH T t_RunningTreeView %
PR E U A S AR R A RO T 2l b
PRSP 1 7 BRI, 3 = Ry 2% i = AN R,
X EAERRE N A — AR AL T PUTES A
BT QIR U™ A ) 3X = AN AR 8 T 5 v
ST UL S A SR AN R, 277 A R, CHh A R iR ixX
FERHRAE, B LU P B R 46 M4 L IAT IR E Y &
6, KRBT .

Thread load _ tp = new Thread ( new ThreadStart ( crea-
teAutoFind) ) ;

load_tp. Start( ) ;

public delegate voidmy_autoFind( ) ;// /i 4L

//B@ 3 s FAfE—K

public voidcreate AutoFind( )

|
this. Invoke (new my_autoFind ( autoFindStart) ) ;// 7E2R#E I
PATHE E W ZHT

|
)

3 HAHIERNTRAEEES

T AR SR F AT b A AR I S
FIAFE T R A& Fh A, RO7EAQ 2 B0 4 (A5 1 TR AR
DX Il o B o BRUPR A SR s AR SR B | AR B 2
BRE G R — SRR S8 A% S LT 4 A B S A
HIJRE, panell TR BUbR B AR TEAMCTS IR

this. panell. MouseClick+=
newSystem. Windows. Forms. MouseEventHandler ( this. pan-
ell _MouseClick) ;

Xt F5Z P panell _MouseClick ( object sender , Mou-
seEventArgs e) HikMMRBAMT KL X B HEGE B %N
LR BEANIA

TR e XTI 5 A BUPR R AL, A
Sy R Ly | DO RS TR T R
IS5 o AR 20 /S X8, 3B HIHT e XT 10 XY
A AR 7 X 8 Xl R A (3 AN 5 K e
HABD IR 1, B 58 i 1 B AT RE IS AT LUdE i break

B AEER  IFE5 o) THE S s R R4l
FANEL, SRJE IR BUbR A B A R T X R 2
BH/NTF 4, G0 F I X SR AR, A5 0032 X 3k 2
W (S 5 Herh U R - 1<i<20, j YIRS Bl
-1<j< &,

R AR H X Bl i<4 75 F i< (agentNum -4 =
§) FIWTZIX WU A AR, QN SR AFAE 385 index =i+
4 IFREIZAIAE AN R T, R E R X
RITE AR B X 3 & 6] 5 2% R ) B agentMenu.
Show(e. X+250,e. Y+150) , #2745 35 ; Hovb agentNum
TR,

ARSI AR X3, ZE ] index =4 * j+(i-4)/4
BB ZX I ESET index R5| ARHTF 19 X 4,
75 FH (index+1) < = agentNum }| Wi iz X & ¥ @ 1) & 5]
4 index FYACHR XSl 5 AA AE AR, WURAFAE
node =treeViewl. Nodes [ 0 ]. Nodes [ index ] 315 Tree-
View #E4FH R 518 index AACHEY &1, Az AR HE Yy
FUNIEA T s (W EALES) il index] =i% 4 TH
At I AL 25 DX R X LB g A BT 11 4 A Xk
B2 5] %5, Bl 3 index1 <node. Nodes. Count ) W1 f 7
FIR) I A i DX P T AN A AP AR, WUERAAAE R
& treeViewl . SelectedNode = node. Nodes [ index1 ] £ &
T SRS A5, AEF I A 2 ) S DX ]
HSE R Bl devMenu. Show(e. X+250,e. Y+200) .

4 ZRIE
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FUE BRI A LA 0 A o SR R T LXT
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