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DESIGN OF A COOPERATIVE SIMULATION
PLATFORM FOR NETWORKED CONTROL
SYSTEMS BASED ON SCILAB AND NS-3

ABSTRACT

The co-simulation based on the fusion of control and communication is a major
and uniquely advantageous simulation experiment method for networked control
systems. In this simulation method, control system modules are simulated by
mathematical calculation software that is good at control system simulation, and
network communication modules are simulated by network simulation software, and
then merges the simulations of the two modules to form a complete networked control
systems simulation. This method not only realizes the accurate simulation of the
sub-modules in networked control systems, but also ensure the integrity of the
simulation experiment, so the co-simulation method has a huge advantage in the
simulation experiment of the networked control systems.

However, most of the existing networked control systems co-simulation
platforms are developed based on MATLAB. Such simulation platforms often have
some shortcomings, such as difficulty in deep customization of functions, inability to
re-release, high cost, high copyright risk, difficulty in popularizing applications and
out of the development trend of open-source software. Therefore, the design and
development of an open-source and free networked control systems co-simulation
platform has very important practical significance.

This paper has done an in-depth study on the simulation of networked control
systems, analyzed the development of networked control systems simulation tools in
recent years, and proposed a networked control systems co-simulation platform based
on open source and free softwares. The open-source mathematical calculation
software Scilab and the open-source network simulation software ns-3 are selected as
the software to build a networked control systems co-simulation platform. The main
work of this paper is as follows:

(1) Designed the overall architecture of the co-simulation platform based on
Scilab and ns-3, and the co-simulation interface program for communication between
Scilab and ns-3 software is designed. The architecture determines the functions of

each module of the co-simulation platform and the communication mode between the
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modules, and the architecture of the co-simulation platform also specifies the order in
which each functional module runs. The co-simulation interface program connects the
APIs of Scilab and ns-3, can unify the format of data exchange between the two
software, and realize the exchange and analysis of the simulation results of Scilab and
ns-3.

(2) A master-slave synchronization mechanism for synchronizing the simulation
time of Scilab and ns-3 is designed. According to the different driving methods of the
two software and the requirements of time synchronization for co-simulation, a
master-slave synchronization mechanism is designed to coordinate the sequence of
Scilab and ns-3 and synchronize the simulation time of the two software, which can
ensure the normal operation of the co-simulation platform.

(3) The usability of the co-simulation platform is verified through typical
examples. On the one hand, by simulating the wireless network control system of
lossy multi-packet transmission, the effectiveness of the control system of the
co-simulation platform for multi-packet transmission is verified. On the other hand,
the reliability of the co-simulation platform is verified by comparing the results of
simulation experiments with other simulation methods.

Finally, the work of this paper is summarized and analyzed, the advantages and
disadvantages of the design of the co-simulation platform are pointed out, and the
future research direction is prospected.

KEY WORDS: Networked control systems, Network communication, Scilab and ns3,

Cooperative simulation platform, Open-source software
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B EhXcosizEins-3
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FTAEXcos T H4E R
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Figure 4-1. Driver flowchart of Xcos
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4.1.3 Xcos tREI &5 =R SL I
Xcos B UNE] 3-7 Bz, Xcos B i a3 5  BEAAR AUORBI IR 4-2 B,

R 42 EHISFT REFRAORE

Table 4-2 Example of controller node mathematical module

Pl A Y
function [y1]=Controller(ul)

—

2 A=[0;0]
3. yl=[ul(L,1),[ul2,1),ul(3,1)]*A]
4

endfunction

Horul #hlasrmmA, ul(1, D)2 m R, FRiC A% B R IE R %) .
AR R RBCFROR B AN 4-3 Fs. Hp s St y Al z.

R 43 BN B RECAERIR G

Table 4-3 Example of plant object node mathematical module

AR RARAY
1. function [y,z]=plant(x,u)
2. A=[0.9,0;0,0.8];
3. B=[1;0.5];
4. C=[1,0;0,1];
y=A*x+B*u;
6. z=C*x;

7. endfunction

PAT BT S HCAR IR BN 4-4 Fion. HrPBiA N ul flu2, ul2,DF u2(2,1)
e BE AL A TRTER, A Wi N R TE) B8R 1 R /N i B Bl A A B s BT I8
Xcos WXBNACAD 2 TLF % 5.
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R 44 PITHT REARARE

Table 4-4 Example of actuator node mathematical module

Az R A Y
function [y1,y2]=Actuator(ul,u2)

—_—

iful(2,1)<u2(2,1) then
yl1=[u2(3,D)];

y2=u2;

Eal e

else
yl1=[ul3,1)];
y2=ul;

end

S R

endfunction

414 EIRA PR ARESE]M

KT P 5 GUI 208 77 AR, 78 GUI i b, F AT LA ns-3
g, FTLAHEAT Scilab N Xcos MR K ge, BCA 07 B85 RIGHH, 7 HK
{7 1ESE D)HE . 7 Scilab 4’5 GUI FHiHl, 75 L5617 Scilab %3¢ GUI Builder T HAH,
£ Scilab TAE X [E# A\ #r4 “guibuilder” BRI J35) GUI 4itEat. a5 A1 HF
& GUI A, A LSZHE GUI 34T ns-3 105 B AN % 1% DL f2 i id iy 247 1 B ns-3
PiE A H g R RN R IEAR &,

RAEVE TS GUI SRR E T

(1) ns-3 initial: ns-3 HIIEILIEE .

(2) Scilab_initial: Scilab HJ4E1L I E .

(3) Module_set: Xcos #HIKHE .

(4) Controller_set:Z %8 4% il #5151 .

(5) Plant_set: g 4% 1250 RAGEHL

(6) Actuator set: g4 AT AR R

(7) START:Ajj B Us 424l

(8) Delay_plot:Zx il iEiR K,

(9) Out_plot:2 il % H K

(10)Clear_plot:if 7= 2 B #4H

(11) Axe:Z: B X 35

(12)text: A bn i 4 4 “SCILAB NS3 COSIMULATION GUI” .

A B BT A, BT /a4 sci ) GUI F2¥, 1F GUI F2 7 i@ At
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FEF Scilab F1 ns-3 M 454k 4% il R GBS B & Wit

AR Xcos F2 6] ARG ALAY 4.1.2 T A9 A1 SRR, GUI I AT Y R A A4 CRS 7
BN 4-5 Fros, AR A B Y R A .

R 4-5 GUL IR T AR R AR 61
Table4-5 Example of GUI call node module code
GUII % A HA Y
1. function “FEELAFK” (handles)

2. exec("FEHFEF HF, -1)

3. endfunction

FEFP RN, GUI FHianiEl 4-2 fros, Eid GUI #EAT B & 07 5T 5 10 % R
RULE, AR

SCILAB_NS3_COSIMULATION_GUI

Delay plot out_plot Clear_plot
NS3_initial SCILAB_initial MODULE_set
Controller_set Plant_set Actuator_set
START

E4-2 AU EFEGUISFH

Figure4-2. Co-simulation platform GUI interface

4.2 ns-3 NFERFEEIR

AN B 4 ns-3 1 FUBIA (1 BARRE Py SEEL DL 8 IR A 1 BT 6 7 BB
D ns-3 RE P SCAESE Y, EEAIER 4-6 TR M.
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R 4-6 ns-3 FEEF UM
Table 4-6 ns-3 main program files
Stk fER
ExterallyTest.cc ns-3 {7 HLIHATE ¥

externally-driven-sim.h IS WZFEF, BeA i Bz iR
udp-echo-new-helper.h wEEN, ZRNHET
udp-echo-client-new.h Ja 8% 7 v B FH AR P
udp-echo-server-new.h Je Bl IR 55 o B FH AR

tep-server.h Ja 3l tepserver B

tep-client.h Ja3) tepelient N

4.2.1 ns-3 FEMAIZRF

17 FLHATE T & ns-3 (7 1IN FEBEEISTHRET, AT O ns-3 LEM
S, core B, network #EER . internet BEER . applications FEER DL Az PN % R Bl A
B, BE MRS T RN R . BS54 R Run
Stop Z5, VEIL 1.4.2 7. &1} ExterallyTest.cc ) main)EREE N TR, B4 ns-3
WIUE A A JE M D B B2 configure() A1) 3 A 21 B8 %L Run() .

(1) JEMERCE R AL configure()

configure() R ELH T L & ns-3 1 R, EIEM emd ap 2ATH LGS,
A A AT A AR B AR &, ns-3 FREUIX L6 & K o] H T 07 LA BS54, BI#)
et ns-3 e . Al — SRR EEMERE, W) HE K totaltime,
ER R SO AE b EAL peap, 1 B K simulationstep, Ak 453 I servport, 1j H A 7
B ALY protocol, T RN I BERE RxGain, & EIERFRELL Setdelay, E
K lossrate % .

(2) MIzg+5 507 HIT 46 B4 Run()

W H R 2L configure() AT ns-3 JEVERCE J5, 75 B A% FH X 6 & PR 3E AT I 2% () 4%
A, Run() &8 57K UK L8 8 PE RS M 25 FF IR s B, 7 Run(BREH, SERUN 4%
AN A MLk L= TCP/IP MhsUR )22 de . 3N ERE P WERH. )
BEGEIREE . Ui H AR FAE IR . Run(O)EH I BRELINR 4-7 Fios:
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R 4-7 i B Run () 3 A A R 3

Table 4-7 Calling functions in the simulation script Run() function

B K 4 fER
SeedManage() WE BEHLF T
Configure-phyMode-Defaults() WEYHEEEE
createNodesphymacmobility() B SR AR
Set_ExternallyDrivenSim_config() SN E T FP K P 1R
InstallInternetStack() 2% internet PSR
InstallApplication() RN E
SetupWaveMessages() W B 5 1E H NAEAY
ConfigureLogTracing() FRER SO E
Runsimulation() WENHIH SR

W28 8 7 5¢ Al E, A Runsimulation() BRI &S 217 E, Runsimulation() PN 45
Simulator::Run, #M 9K )2 7 25 ExternallyDrivenSim /A A 4k 7&K DefaultSimulatorlmpl,
J#E 5 | Simulator::Run(). Simulator::Run()H 3311 & .

4.2.2 HEEEIHZIEF

i B AT 7 1) 3 2 R $ Simulator::Run (), A 7 RS ns-3 {7 B A,
Wit 1AM 7 E RSN AR P SR BN 0 E I AS, AR IR BN A2 2K ExternallyDrivenSim
N k7K DefaultSimulatorlmpl 25, F£7E ExternallyDrivenSim 28 8 5 & 7 i f1 AR 5%
i I FH R 7 BRES, SIEL e 2 7 g S FH A 5 N 2 FFIE AT Socket 1532 28 IR 55 v S
ExternallyDrivenSim 25 N B #{ Run() £ 5 Simulator::Run () HA{E NG E B AL,
ExternallyDrivenSim 28] UML El4n | 4-3 frR.
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ExtemallyDrivenSim

<<static>>-m_TimeLimituints4_t /7 57/8 $ArtZ]

listener:int /i FFEHEF

-addr:struct sockaddr_in /22385 Hhit

-m_sock:int /BT BT

-m_TimeOfEnd: Time /8 4-{5 ] LR

-m_quit:bool /17 BE 5

-bytes readiint /EIEFITE

-m_nodld:uint32_t /81T Fid

-m_timeOfStep:uint64 t //FEIRR IEVRE
-m_pucl:Ptr<UdpEchoClientNew> // % F¥5 R FE fE 65 (udp)
-m_pud_tepPlr<TepClient> /75 F 3% 5 I Re ekl (tep)
-m_nodeldTo:uint32_t/B 57 &id

-m_applic:Ptr<Application> /FEEY 3 /7 B AR fefksh
-m_nod:Ptr<Node> /AR #Bid 1R [B1F5 g2 A8 G Fekt
-m_PayLoad:string /%7 5. F IR A E TN
<<static=>-in_sam_trans:bool // FEE 4 BERE

<<static=>-g SimulationStep: Time /[EF R F
<<gtatic>>-m_nodenumber:int /T3 24~ %

<<sfatic>>- g_trans_protocol_modenintl6_t //HEHZE Hril
<<static=>- m_nodes:NodeContainer /8] #7251 #F
-DoDispose (void):void /47 i £ IR

Listen (:void /AE 25 R AES, MAAHZHEM,
-GetClient(Ptr<Node>): UdpEchoClientNew™ /% SEfe4t Fie & iBte 4T Cudp)
- GetClient_tep(Ptr<Node> ny: TepClient® /& BeFe4H 8% (tep)
- GetDestIp(Ptr<Node=>):Ipv4 A ddress /R B8 £T1& BlipHhtE
-ProcessOneEvent (voidy:void /T — F4H-HAT

+ Stop (Time const &time): void /45 BA% 1F F#

+ Run (void): void //{f BizAT B, WEZH I RIBN
<<static->+GetNotices(UdpEchaServerNew* p) void /3R EUT B 258 2% 5 EA MM A (udp)
<<static>>+SetEventld(void):Eventld // jh 1 - FREL F fHid

<<gtatic->+GetNotices(TepServer™ p))yvoid /RN B LR H 2% 4 T A A (tep)
<<static>>+SetSimulationStep( Time) :void /¥ B E 5 A F &

+Run ScheduleTransmit(void):void /5 307% F v ZH T R RIZH I (R HFT Athib)

+RunScheduleTransmit To(std: string PayLoad,int mutipac=-1,int statenum = -1 uinté4_t delaysend = 0):void //j5 Bh7%& F inE T
T REEFEN (F ERT A
+GetEventld(Ptr<Eventimpl>m_eventImpl,uint64 t m tsuint32 t m_context,uint32 t m uid):veid /A FFiH iR A F ftid

+TransmitNotices(void):void /& 1518 F GRS AR A
<<gtatic=>>+trans_noti_insam(void) void /7 FHHIRE

<<static=>-+get node_number(int nodenumber):void //FEEL T S48

<<static=>-+ser_get des (UdpEchoServerNew* pp):void /FKEZ 5] 285 A 4T Aid (udp)
<<static=>+ser_get_des (TepServer* pp):void /3RAM=H 285 AT Aid (tep)

<<static=>+Set_trans protocolmode(uintl6 t trans protocolmede):void /1% B4 ZHE N

El4-3 4N KB ExternallyDrivenSimZ8UMLE
Figure 4-3. UML diagram of ExternallyDrivenSim class

40




T Scilab il ns-3 fM AL H] RGBS E P& 13T

2% ExternallyDrivenSim P A H B8 %A4 Run().
Run() B8 %¢ : 1 Bk I\ Simulator:Run() # 5 , & 4% i H #& %L Listen() -
TransimitNotices()55, - T-#&607 ke, HAEWE 4-4 Fios.
ERANKET TGS, ns-3 ENMEBAE, 75424 Scilab B i &A1 47 H
SERGE A, IR RE R K, ns-3 BCE T DU STIECINER N 38 K1 Y e #X Listen()
] A1 A 35 A ELd % pR 2L TransmitNotices()
o i E AL — YU X EOF AT W AR AL, T T AR R B Scilab -8
Ao SE S I A F1 R m_events AN AT 507 BAF IEFREAL m_stop iR 5 [FIA A
AR B4 R Z) m TimeOfEnd, m_TimeLimit &5 X PENL 2.1.1 F1. HJ:
m_TimeLimit <m_TimeOfEnd + 2*g_SimulationStep() (4-1)
IR AT LA SRR, S5 e AT AT A, T B P& RIEAT
FAFVRPATIEAR B T ASBOCE R AT AP R A, B 3ET
F 07 ] PR B AT R FEARAE T — A, BARBFEAR R PAT IR R BT N
HUH R — N34 £ next, 24HIB1 £ next FIHATIS 8] £ next.key.m_ts K4/ Fi [H] |
P m_TimeOfEnd 5 [ i 1] s K 307 FL e 8] B PR R S SZ i, BRI
f nextkey.m ts= m_TimeOfEnd+ g_SimulationStep (4-2)
m_TimeLimit=m_TimeOfEnd + g_SimulationStep (4-3)
N (4-2)  (4-3) or, AW EMNZEE R, 1847 TransmitNotices()[7] Scilab
FRIEDT R RN StopOSE WA H o 5 WA WY £ next BT IV 18] KT
m_TimeLimit, BJ:
f next.key.m ts>=m_TimeLimit (4-4)
0 (4-4) BOL, f next NAE T — M5 E AT, BEmH AR ¥ [A) 20 i BAM LA s
ity BI 21179, MiZHATH Scilab [F2D, X — D 2 E e R W0 a5 hr
&AL m_ quit AR, AT TransmitNotices() K iE# %1, Listen()H2UX Scilab £ 1t [F] 2
I ZIBE R, WER m_quit AR, BEMEREER, PR A RIAT
TransmitNotices() & i%, 1217 Stop()%hE R 1 K .
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[ 7

A 4

HaE L EAR
RIFX

Listen()¥% Y BAT TR AT &S £ ;
Scil abif &1 5F | 5 N A M& I ?ﬁé?g
ZHEE 7 HA Sty A ’ iE
= [ R 7
7y
BT —"E4F
T ATET F> 07K =
25 R [ & A 25 A 1 TransmitNotices()
vz bR RvE=Nipyl )
FEEE#S A
A
ST 2 o
SRAHHT—
TEH L
ProcessOneEvent() H
7y
&
5 e >
FXANAS
TransmitNotices()

TransmitNotices()

A 4

HEEE
Stop) /)

El4-4 ExternallyDrivenSim2& HRun ()i 2 &
Figure 4-4. Flow chart of Run() in Class ExternallyDrivenSim
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ZHI £ next FHAAT IS [E]/N T m_TimeLimit, Rl
f next.key.m ts <m_TimeLimit (4-5)
i (4-5) oL, BEME N DRSS BN, HEABEEHE T
R, FENEIIA G 1 S B Bk A ) A 2, BRI
f next.key.m ts>=m_TimeLimit (4-6)
X (4-6) oL, TR T —FHF £ onext /£~ — I, BEHIEH A, 0488
ATPEIRA, AT ProcessOneEvent()pfi %1, ProcessOneEvent() &% H T M 4451 %
m_events BUHPAT L, B EAEIHT m_events R, BiZFHAHAT,
Lk AR S MRS, i £ next (IPAT I [B] KT m_TimeLimit, AT [R5 £
k.
4.2.3 ns-3 {IENATERFSIHL
ns-3 LS HELL b B FH J2 (1) 22 3% 32 #2530 TCP N A1 UDP i FH, Bfig ihix dt
L 2R DLSEILERIS AR 4, ik BRIETT S B AR AL KIEHI N, SREUK
A& ) A I 8] SendTime ANERYSCT fUHHEUSCN [A) RecvTime, X 465 5 [ B
FAHE UdpClient 75 /7 5 5 I 240 4-5 iz, Udp IR 555 N 200 1K 4-6 FTw,
TepClient 2 7 3 . FH 2R an &l 4-7 Fron, TepServer Al 45 i 5 H 25 W B 4-8 Tz B
X R 22 3 B T-28, AR 0 B0 1 PN 28 75 SRO6S 16 1 s R S0 A 22 2R gk 300 N
WCHRI2 7 i I FH A e SR A A 55 L P AR P 36
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UdpEchoClientNew/Udp % F i I FHZE

-StartApplication (void):void /%% ;i R FE R BEh %L
-Stop Application (void):void /7 F* dii N2 )P 7715 11 pf £

- Schedule Transmit (Time dt):void /ZZHEEF % (It Hbsith i)

-Schedule Transmit(Time dt, Ipv4 Address IpTo,std::string m_PayLoad,int mutipac,int
statenum ):void //ZHFEE AL (G Hiwthil

-SendTo(void):void //&EFIT i (FH HsHull)
-Send (void):void //RIEFEMF e (Fo Hbsihbl)

-HandleRead (Ptr<Socket> socket):void /4t #IHIE BB %L

-SetDelaysend (uint32_t n,Ptr<Packet> pac,Ptr<Application> appcli,Address Address_cli):void
[/ BICR] Rk

- cli_id:int64 t /%% 73 N Fid

- set_pacqueue:queue<Ptr<Packet>> /4 HitL A FIG 5T

<<static>>- m_sercontainerp: ApplicationContainer* /¥ J1) 75 2%

<<static>>- m_delayswitch:uint16 t //4E %%

<<static>>- m_delay:double //ZEHJE P

<<static>>- m_lossrate:double // Z B JF M

<<static>>+ GetTypeld (void) : Typeld //70{5 S5 £ 1
<<static>> Getdelayswitch(uintl 6 t delayswitch):void /3R EUAE R IET0 R A%
<<static>> Getdelay(double delay):void //ZREUE N sF%L

<<static>> Getlossrate(double lossrate):void /TN EA LK e i

Bl4-5 Udp % /" ¥ B F R UML
Figure 4-5. UML diagram of UDP client application class

UdpEchoServerNew

- Start Application (void):void //I} 5% 331 1 A 5 i %X

- HandleRead (Ptr<Socket> socket):void //#{Hi 121952 HURD Ab 22 e %1
- Schedule_Asyn_event(void):void /55 445 AN N 22 T
-m_Asyn_event:Eventld /A R4 1T I £ 0 720 0 (Rid

- ser_id:int64_t /R4 35 15 ARidZ& 5l

<<static>> - ApplicationContainer* m_clicontainerp /%% F' ¥ N Fl] 75 2%

<<static>>+ GetTypeld (void): Typeld /7015 B O

+ SetDelayrec(Ptr<Packet> pac,InetSocketAddress Address_cli,InetSocketAddress
Address ser): void //#% & JEIR 5 5% ph T

<<static>>+ GetCliContainerp(ApplicationContainer* CliContainer p):void //3RHX
B 7 A

+ packetdelay:double /(3 £ HEMT

+ RCdata:string //Z(3E LA Z

+ RCPacketNum:uint32_t /(i B4

+ des[100]:int // F 5 75 &id

+ sys_ser_des:int /AT S

+sim_time:double //45% B AL W)

+ send_time:double /& 13 1% I ]

FEl4-6 UdpfiRk % 3 B2 28
Figure 4-6. UML diagram of UDP server application class
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TepClient /ftepZs iR R

- StartApplication (void):void /teps P FJS & it

- StopApplication (void):void /tepZE Pl S FE LE R

- ScheduleTransm it (Time dtIpv4Address IpTo,std: :string m_Payl.oad,int mutipac,int statenum):void /%
HREFHE

- SendT o(void):void /45 % m T HER 1% S

-SetDelaysend(uint32_t n,Ptr<Packet> pac,Ptr<Application> appcli, Address Address_cli):void /¥ Bk
B Ri%

-m_socket:Ptr<Socket> /5 P #iteplk &5 B sock et T

-m_sendBEvent:Eventld /% i%%Fid

-m_dataSizeuint32 t ARG AN

-m_sizewuint32 t SRR XN

-m_data:uint8 t* //Fg [AHER 28 X IFR £

-m_sentuint32 t /RIEFHEE T

-m_txTrace:Traced Callback<Ptr<const Packet> > //FH TR B3 {5 ELF [B11A i %

-m_txTraceWithAddresses:Traced Callback<Ptr<const Packet>, const Address &, const Address &> //F
T ERER (7 HH EIER

-m_peerAddress: Address /BT & Ftthuk
-m_peerPortuintl6_t //ECT & B 05
-m_pre_ipTo:Ipv4Address /{77 IR RIEHI BAF T Aip

~oli id:int64_t /% PR Fid

- set_pacqueue:queue<Ptr<Packet>> /¥ #EE A TR £
<<static>>- m_sercontainerp: ApplicationContainer™ /5 % #%
<<static=>- m_delayswitch:uint16 t /3L B35

<<static>>- m_delay:double /FERTE M

<<static>>- m_lossrate:double /EEZEE M

<<static>> +GetTypeld (void): Typeld /TE{5E & O

+ SetFill (std::string fill): void /R FERIEFHHE BN T

+ SetDataSize (uint32 t dataSize): void /¥ BFIEE A/

+ GetDataSize (void) const: wint32_t /ZREEHE AR/

<<static>>+ GetSerContainerp{ApplicationContainer* SerContainer p):void /45 MR F Bag f8ET
<<static>>+ Getdelayswitch(uintl6_t delayswitch): void /3R BUGE B HEI7 B 4

<<static>>+ Getdelay(double delay): void /3R BUEIR 571

<<static>>+ Getlossrate(double lossrate)-void //FRENE ©EREHL

# DoDispose (void):void /¥ Frsz i

Bl4-7 Tep % /7 3 N I R UML B
Figure 4-7. UML diagram of TCP client application class
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TcpServer

- StartApplication (void):void /AR 55 %5 5 F J5 51 2R £

- StopApplication ():void //Bf 5% 28 B A J& 50 58 51

- HandleRead (Ptr<Socket> socket):void //%#E £ it s BUAN 4k 3 oA 4L

- HandleAccept (Ptr<Socket> socket, const Address& from):void /452 7 F ¥ 74 42

BRI

- Schedule_Asyn_event(void):void /53¢ Bt 5 4h# M FAZ B
-m_Asyn_event:Eventld /4%EH] RS SR s 6 7 20 [Alid
-m_portuintl6_t //MR%% 38 A EUR 0%
-m_socket:Ptr<Socket> /IR 5 #3 B F B2 57 sockethid &

- m_local:Address A %5 #5 B i ipHihit
-m_socketList:list<Ptr<Socket> > //socket % J5 I E T 5| F
- ser_id:int64_t //fR 45 25T AidE 5

-m_rxTrace: TracedCallback<Ptr<const Packet> >

-m_rxTraceWithAddresses: TracedCallback<Ptr<const Packet>, const Address &,
const Address &>

<<static>> - ApplicationContainer* m_clicontainerp /2% ¥ . FH 25 4%

<<static>> + GetTypeld (void): Typeld //7ois BEH #

+ SetDelayrec(Ptr<Packet> pac.InetSocketAddress Address_cliInetSocketAddress
Address_ser): void //% 8 IEIRE: R

<<static>>+ GetCliContainerp(ApplicationContainer* CliContainer p):void //ZREX
7 i N AR A AT

+ packetdelay:double /455 1 4L BS

+ RCdata:string //##E B AR

+ RCPacketNum:uint32_t /448 %% 5

+ des[100]:int // B 4% i &id

+ sys_ser_des:int /B ¥ i A E

+ sim_time:double //8£5% 2 44E £LH A]

+ send_time:double /44 £ 12 B A

# DoDispose (void):void /4 ¥ & #5221,

El4-8 Tep Ak 55 i B X UMLK
Figure 4-8. UML diagram of TCP server application class

N FH 222355 B 2R 0055 UDP 70 41 7= A2 28 K1 TCP 0 4 7= A= 28, N 2238 B 2Rk
RN T BERUN 22238 2 R R E ANy, A (ER PR, N 2388525 UML K
& 4-9 Frx.
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Bt

UdpEchoClientNewHelper

- InstallPriv (Ptr<Node> node) const:Ptr<Application> /7 il node % %%
client™7 i I ] 47 ) % S N2 FH AR O 46
- m_factory:ObjectFactory /T HIEE KX RE X R 1)

TepClientHelper// Teps F* siii B F- 28

+ SetAttribute (std::string name, const AttributeValue &value):void /%
PO I 1 15 L R

+ SetFill (Ptr<Application> app, std::string fill):void //# % &% ) Hdh
A AER

+ SetFill (Ptr<Application> app, uint8_t fill, uint32_t datal.ength):void
IR ST Y S AR PR

+ SetFill (Ptr<Application> app, uint8_t *fill, uint32_t fillLength,
uint32_t dataLength):void//£{ 4 {01 75 (1) H %% 2R 3L

+ Install (Ptr<Node> node) const:ApplicationContainer /i st %%
client/s7 I 13 B8 4

- InstallPriv (Ptr<Node> node) const:Ptr<Application> /i
JinodeZE3sclient T mFFIR [F198 1m) 2 5 B AR I 1R 1
- m_factory:ObjectFactory //H T MM IR R T

+ SetAttribute (std::string name, const Attribute Value
&value):void /211 &P B B 4L

+ SetFill (Ptr<Application> app, std::string fill):void /#E#
RIE B BN BT

+ Install (Ptr<Node> node) const:ApplicationContainer /-
5% Tepelient S H TR FF B 4L

UdpEchoServerNewHelper

TepServerHelper

- InstallPriv (Ptr<Node> node) const:Ptr<Application> /7 sinode %
Yesever i niIFIR IR [ &2 2 i ) F2 P I R
-m_factory:ObjectFactory // T Hy R M R MR T

- InstalIPriv (Ptr<Node> node) const:Ptr<Application> //7i ffinode %
Fesever i s JFIR [ 45 1) 22 357 FH FEFF 1 4R 6
- m_factory:ObjectFactory //fl T # B M MM LT~

+ Install (Ptr<Node> node) const:ApplicationContainer /% %%
Udpsever S A I 1% [3] 95 [ 28 IR0 5 (MR 45 2%
+ SetAttribute (std::string name, const AttributeValue &value):void //

JRAEBLE PR B

+ Install (Ptr<Node> node) const: ApplicationContainer /% %
Tepsever v fi FFIR B 16 7128 [0%F G A FH 75 2%

+ SetAttribute (std::string name, const AttributeValue &value):void /
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PR

Mi3% 1 Scilab REFRNE

AI4E Scilab ‘B 77 Wb https://www.scilab.org/, iEFHRAE R GLhRA RN AT R 306 M
A Scilab 3o AR T #1 Scilab iliA A Scilab 6.1.0 Linux 64 bits iz, ~
|G EBAE L H R 3T N 4 “tar xzvf scilab-6.1.0.bin.linux-x86_64.tar.gz”
W 22 B AR IR B A, it A2 “cd <scilab-path>/scilab-6.1.0" T JFi# [ J& 1)
Scilab U, FEZ A A4 “./bin/scilab” RIATTJF Scilab.

Scilab [FJffH : Scilab B 7718 I 0FE M i 24 https://help.scilab.org/, {E Scilab [
TAEX [P ia AT SO X TE],  n SR 75 E I AT AN SO, 7 AR S ) o o 2k
NZSCF T RS AR JEN “.sci” “.sce” BTN Scilab [ AT $AT SCF. 7] LU
i 7 3 U SciNotes BIARELAEFEH G5\ SciNotes 7T I F K248 .sci F.sce 3T
4. 7£ SciNotes L HAIfEH a4 “cd XHFERAR” #ENSCAFERIE, $UAT .sci Fll.sce
S b ZRAE ST BT AE B8 AR, Y AR XA o 9 5 B B AT AT SCAF T AE SR &
W A4 “exec XA AT

Xcos T.HAf: Scilab #AF N E K] AL 5 T HAE Xcos HAMAMThRE, H
REfP IR 3L Simulink T BAH, fitl Scilab = U ) Xcos BIFRELAESE i 5 H A\ Xcos
JE8)) Xcos, Xcos T HAFF B FEMME 1-1 Fron. 9’5 5EmUa 1 Xeos B4
ARSI zcos” 5 84T Xeos B AT FEE ] & 4 “ [result]=importXcosDiagram('
PR AT “Xcos_simulate(scs m, 4)” o

Untitled - Xcos - o ®

i e mE OB RStk TR ?
OBEG @3 & ® 4 @ »0 Q& 60

Untitled - Xcos

B 1-1 Xcostibk

Extra figure 1-1. Xcos module
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B3R 2 Scilab B O T 4R

Scilab [ H] API: Scilab 6.0 AT 1 — L5 SMEE A AN SO R G I
API Ul api_scilab, i FHiXFh42 10 S01F A Scilab WAL S5 AN EdE, 1k API T
J& Scilab Tijfit. Scilab FIVF 2 FE & AE G 2/ HRE A iy BRI, XA
TE4% Scilab IXFEIF =5 5 R NSRS - Scilab (1) APT #2417 5 R ESE H 1T
HE. Scilab AT AR S5 =J7 AR THR 51 % . Scilab 1T C/CHHARASI L Th BEFK
A call_scilab B 8¢ H T Java B ##5AF javascio X248 & U5 A& @ ST AR (A
AR SERIT . 4k Scilab EEIE T mex A FE A4 “ilib_mex_build” 4w ct++
A RS FE N a4, il Ay 2 is AT CHIX

S5EERSAL H: Scilab AT 1E sci Bzl & 5#H4E /KRG, 1£ Ubuntu R4
AL T4 “unix('gnome-terminal — 54 —ZE" )7 FTH L HHAT A i 2
53 RG22 BB A4 “loadmatfile” F1 “fprintfMat” 04T A SO 5 &
HH SN 5 B
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B3R 3 ns-3 KUERNT4R

ns-3 MR HEEE N FEL Ak, i BEBA; ns-3 X ARS;

17 FC A R a0 N A AR e 2o
(—) T miFEAniiag

T ns-3 A BIEH 7 5, 248 A ns-3 #H AT WS H, 758t DU IR
TR GRS . gn S A AR AE AT BRI A, ns-3 BIBITHRERE
WA, IX LB A 15 AL HE gee g++ Python. mercurial. bzr 2%, {# /] Ubuntu &
gt 2 i A 4 ¢ apt-get install 7 %2 . B AR T OE WK M E LA S
https://www.nsnam.org/wiki/Installation.

T #: ns-3 YEARHD IR 2 RE B8 5% ns-3 19'H 77 MY https://www.nsnam.org/, T
3 ns-3 YA S B AT R R4 i 2 ns-3 VAT He i A0 i 1 21 A i

G FFARIE)S B ns-3 S0, Kumigfran4 “ /buildpy” “./waf clean”,
Z Jaf# H debug w32 “./waf configure --build-profile=debug --enable-examples
--enable-tests” FTHF debug FEH B0 L), < J5iatran 4 ./waf build #H1TH &,
NS “./test.py -c core” FATIMIA ns-3 A LA EEL,

M. Lo N4 “./waf - run hello-simulator” iz 47 A5 0L AS 451 5~ >k 0l X
ns-3 =L IFETEK, Fid “Hello simulator” I 37~ ns-3 3 58 I BE IE W 1847 »

() iAAE

F P AR EEHAT ns-3 Wi BRI, [EMSEMAREF, ZEBir iR
JAARER, BT EER, PG BRI E 5 LR LA

Skt — MR EALE ns-3 1 EAZ O core-module.h. network-module.h &3k 3¢
£, 40 core-module.h ST E X T ns-3 (B4 S AR A0 AR R RSSO T RE
network-module.h SCAHE ST L8 L 025 7 AL RN P 28 ol S B AR g 2 A 4.
FIHAT DURSE B O 5 /& Ed At Sk ok, ngeH 8 Y internet-module.h SCAF
5E X7 TCP/IP #3i%, applications-module.h S 5E X T B ZE )73 HISOR B

s S 8] ns-3 WIS i 44 22 (8] “namespace ns3” {R3 LAIX 43 ns-3 T H 1
Ak ns-3 T H .

ZE NG B FTER G B 1% NS_LOG_DEBUG AT EF S x5 B 1Y
NS LOG_ERROR %#%%,

main() PR % : ns-3 FURLFE @A EAAE main() R T, 7 main() BRI+
1 F B B Ay 2 AT 1 T N BB 2L omd.Parse( 2 £0) . 5 B 09 B [E] A% 5K
Time::SetResolution() LA S FH 07 Ll #5 Hh U ZH A 4T ERAE B LogComponentEnable() .
BIE ML Eh: ns-3 B2 P10 2 42 I B X 2% v 1 X 28 70 IR AR R 30 AT, 2%
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AN L R E A 2% 7 EAY (2 %E, 73 AT LA PR
(D AL A (THE RERAEZ G RN R
() PR JZ MBI RERR 2 - W20 Fh 2 B & SRR SS RS TE A k- 7F ns-3
& SUE E % 9 Node F1 Channel PA S 25 i vh T 3 745 T8 R 32 1) X 2% %
NetDevice 2555 =M. NetDevice F 2 11 Tt SCILFERE /2 I W1, Channel 3 %41 T3
VIBRJZ PR SR
LB EEEM: FHBFRREGENEME, BT RMEMSEE T RN H.
QIREE IR R4 . (TG E BTN Install R ECHATEE A 2 I 2 36 3
gimi b
(3) WM& ZAEHIZ: 223 TCP/IP ¥k, ns-3 (¥ TCP/IP ¥k (45 4% i
JZ /) TCP/UDP i, M2/ IP (IPv4 5 Ipv6) . ICMP (ICMPv4 5 ICMPv6)
A— RV M. a2 3% TCP/IP PVhislkk 18T 2 InternetStackHelper.
1&74: InternetStackHelper stack; stack.Install(nodes).
2 G BN G S 25 £ e TP Mk . 3@ i IPv4AddressHelper (IPv4 Hihik)
F1 IPv6AddressHelper (IPv6 Hitik) SEf%.
WEHH: ns-3 2NN M EZEEGIT NN T EZERH, 2R%
Py 15 B I I A A B 25 Ipv4GlobalRountingHelper ) PopulateRountingTables() 5¢
S o
(4) NiFZ: RN, ns-3 N R A& P B 5 b B R 7 A 50 X 4%
WA R, B Hr K& MBEIWAIT 8. @ik ApplicationContainer
clientApps=echoClient.Install(nodes)5¢ % .
(5 PiRai R BUREREIRE, rAfuE SN L aithae, 21
WX 255 B S 0G 1 245 S d Y, EnablePeapAll() RS2 IEE G 18 B AT A 45 S BE R 2 7
HPCRICT, R IRAF 25 489 .peap IS
A 545 W: ns-3 AR & f5— 2 Simulator::Run(); Simulator::Destroy();
return(), Run()e&EAT 2 BT PR E XA A BE, 582 J5 Destroy() bR E0H AT 44
SHRAE, e Ja, O B APAT A B — A CHAEF I main()eR %, B LAH return
R\ 0 2 FIAE RGFEF AT TE K
Y5 BATE T G L A2 “/waf - run AL BIaliz47 A
(=) ns-3 MRS
FEREAT ns-3 7 FLIN & 2 7] @S AT LA ns-3 FISCRY RG240, &H
TERF PR, #ATHARSZRB TG,
ns-3 Doxygen: H T &% ns-3 FUEMAAS, HA ns-3 JEACAS 725 H R MIAESE, J7
fFH T @ ns-3 BTS84 . 1E Doxygen I, [ 1 0] LAEAT 3 SIRARAD A, JLwT
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DL ns-3 HRIBH. BRBNARERE X, THRERZERRRE LIEE
FEYI{E 2. Doxygen SCEY M HESZ https://www.nsnam.org/docs/doxygen/index.html,
YER— NS B ) L E Mk, Doxygen X P A1 & 3 10 35 B AR K

ns-3 Wiki £ 71: $240t ns-3 H2e e #iE, AU SFRAT A5 IE .
ns-3 [ Wiki HOEAFER A FEN ns-3 KA ARSI HR AN T, IR EER A ATHIAR
T RS 23 FH P I P 8 A AR A, 4 7 P B TR

ns-3 Model-library: ns-3 K A7 &AL TF K 2 9 5 A8 FH SO

ns-3 manual: ns-3 FIZ2H). B iT BRI AT ns-3 A% CoBE R ) 32 EEH R SRS

ns-3 tutorial: ns-3 PJEEAMEEMEEAMHTTE, &a&HH P BIAT IR HETE.

ns-3 BRPF RS AT LUE M RS T A #E R, 5 HARE P g 2
JI PR FERYES 2 1) E R AR LR

QDR RN PN g Y S

A5 FH 7 ELAAT AT 07 B SR B R I R AR U, 2R A — NN, D7 ELAE R 105
o ns-3 KBRS ASHEEN . BRI AT v, NS EFE T B
B 5 24T BN A B P 4

RN B E, Attribute JBPE) Z7E ns-3 WIZSBI A ol DA E 1)
S, ANAE 28 B a% h B BT Y NS TE AR R I N S 2% JE M, ns-3 T JE
il CHIRNAESLIMN] . &AL T 25 P 28 PR RE NS 45 58, - AT A
W EME RS, X ns-3 AP AT EIERE . B RS NES AT N8R
A AR AR AN AT SR S A, X REAGE A — AN A AT DL SRR 2 AN
IMHFE B E AR I =, AP RREBMEA =MI7E, B—MIrik: il
B F 3. 24T 1 Config::SetDefault() it & B 1 5 —F H k. fi H
ObjectBase::SetAttribute() BRI £ ; 25 =M 777%: {#H Config::Set(). SHUSEME: BLE
sef@ M JE, ns-3 752 @I ObjectBase::GetAttribute() B BRI — AN X R 1Y & AR
Z Ja P AT LU GetTypeld() pR #5047 BB K 1 ns-3 T8I I 28 30 11
JETE

i trace A2 F 72 T W £ A ADL I AR b — LB L 2% AT N AT AR, O
DU P ml I B i X e sk 45 3, AT 0BG SC Bt Be 48 Fn 128 4 an A4S
WG LR I3 R I% . BRSO B R FEAT 5% . trace WEAT EW 2 CHRN LA
T, s ANREERE . H T R AR A L E AR R,
trace RIHHEHA CHXT R NI trace W EAH KB, FCE trace A5 E T B FH
J7vk, H—MJ7k: Config::Connect() Rl LB HH 7 e T R e Eds £ R A 25
trace A HE; B MOVE: B BITFRECE trace R, BhFHRHSENE ML
(K44 . fLFE NetDevice B F-Z5H1 InternetStackHelper By F25. H /' Al ns-3 H
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5 I A< ns-3model library H A48, & 7] LUEIT GetTypeld() % £ Doxygen & 1t
HEEL.

1798 BR T PATIIAS, ns-3 [ waf iy 24716 0] LI B AR 5 2 B R
JEEAT R, X PR Ay AT R B AR I T E A T AT A () R g .
ir AT W B A 8 1A B T A AR A N R 4145 . CommandLine cmd;
cmd.AddValue (JEM%E) ; cmd.Parse(arge,argv).

WIS R Log RGN ns-3 R T trace W EAMA B — M EdEHH, trace ANAE
WA KM 2%, 1 H. trace I’ AFEEETF S X, 12 1) trace 2R EAF| TR
Bidtho Log fE N —Fiig B i) th RGAE XS trace R4 R . Log RE L EA
SIS B2 € X NS_LOG_ERRO.NS LOG WARN.NS LOG DEBUG.
NS _LOG_INFO. NS LOG FUNCTION. NS LOG LOGIC. NS LOG UNCOND

farey
=5

T2 B B4 LogComponentEnable() FH K 4% f ns-3 13120214844 73 JZ4T BN Log 13
S|

o

JABIE: BIT3K, ns-3 WHFIRINZE, KA44R2 UL Helper NfE4K. BIT-K%
Vet F R il SE IR 40715 SR B AN AS 1 g S 0 ST, B TS5 e 8 5 B 52 A I 2% 4
R S R BRI RE . e G B B A SRR, A ns-3 N ORHER 1
VRSP LB B TR 58 e ns-3 BB — MEIREE — 4 H SR F3E, A
% 4% TCP/IP ¥ k% 1 InternetStackHelper BT 25 & 7E 3 #F internet-stack-helpeer.h
H.
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Fi5R 4 ns-3 MEEHEREN 23

(—) ns-3 HHAH
ns-3 & HECE AT B, BUEF ns-3 AT RS B AT HEA, TR
P T B BRAR A PAT 7 IEMERAE D) CH R 3. 7E ns-3 B 78 SUH LA 4k K gk
2K ns3::EventImpl )7 2RA0E — MRS FHAE, L4k 7K ns3::Eventlmpl 251 B F A
53 StartApplication(). 5 (k44 StopApplication(). 17 /i K IEFAF K%
HAIAT I A Z Eventlmpl ::Invoke ZE7E IR 1% S48 B9 18] 5 8 i 7 31 51 1
H .

Mt 4-1 ns3::Scheduler::EventZE 2514
Extra table 4-1. ns3::Scheduler::Event Struct Reference

Public Attributes IS R PRI R R R AR

void Invoke ()

void Cancel () virtual void Notify

EventImpl * impl )
P P bool IsCancelled () (void)=0

uint64 t m_tsE{FA (a8

uint32 t m uidSE{FmE—id

uint32 t m_contextZ={f
T™XER

EventKey key

£ ns-3 1 FLAL A A i [R) 477 LN [R] 5 IS BRI RN ], 7 ns-3 P EBRIA SR 58
FSCAE RIS 1Y), T I ) df O e R R — AN S I TF AR I R) B S B PRAT X —JE 2R
IR

KA, BEAN TR BRI [A) PN ) IR 28 FR A 20 B T A B ECEAE, ns-3 4% BRIX — B[]
NGO IR IAAT BT A B S TS A R ()R AR B AE, ns-3 $4 HAEFE I A 4 0)
SRS P AT, 8 G BE LT AT 51 R 07 B4 AT . N2 PRS2
RIEFMWEHATIEA S RAEME, FhZ P NERE— A2 RAERNT, —4
FAF AR AT DL R R LR G A R R R — A T R

(=) THRIFAFRZL: schedule()

I SEH T N 48 185 R RS AT K 2 B AR A2 — AN Bl i B AR i S 72
TE ns-3 F2 7 HRHIE — 3% SRR 0 1 0 265 3 T2 e HEF [ 28 £ R L 23 J— 2R 910 190 5
FHAF o ns-3 AEUL YL R HEA R A A DA (AL SR AT 1K 53 B - 1) 5 B A o

ns-3 R IX LS E G 1 B B A e HE B — N A S Ak N BRIk, @
ik 2 HE B FAE RN A 51 AN RREBRAT (0 3 380t = 271 R I F IR L AR () C++
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REFI A TR YES A B X A FAF SR . 7E ns3 FHEAZ LIAR & event £, 1@
event id AT HMIIX 5y, )55t Schedule() BREZHEFEA:, WL CHHa4EME A
FAPIR P T EPATE L, A AU 2 Schedule( B ALE T A F AR
PR, X R B LARIE R B A, A FAT R BB 5 8 Invoke BREIK )
HPAT, 25T Remove BEE R HAF5 R P HAT I FHAE

Schedule() 4 1 =] 1 o £ 48 4+ T 22 HFFAT IS 48 AR A A 1) CHpRi K
W FAFE M R R £, 2 Jeidid Schedule() 2 HE#E 4513

ns-3 THRIFEAT R EOY F 10 Pl

Simulator::Schedule (tNext,&MyApp::SendPacket,sp.get()) ; 2 —"NSH NI
RIEMAEIR, 3B AN SHGE R AR ETRE, H=ASEE RS

Simulator::Schedule (tNext,&MyApp::SendPacket,this) ; ZH—PNSECNTLIH
PRIEIR, 5 AN SECGEHA R R BRE, B = A2 R R R 6 B
.

(=) [k %: Callback 3

£ ns-3 AT R EL, B2 B3 trace BEME . THRIFATFIAR
I UUERT R 7 A AL 55 5. IR A =2 @ XREdEE . R
B . s RS2 Callback ZRAEHRGE X, FILLE CeREU I [FHE A i % 9
NMEZ, Callback % 5 ) B i FIRAE £ 72 B MakeCallback() b8 £ 58 F o
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MiR 5 Xcos HRBVIRENFZEF

BfR5-1 XcostE U KB R FF

Extra table 5-1. Xcos model driver code

Xcos MR IR B FE 7

exec('controller.sci', -1)
exec('actuator.sci', -1)
exec('Plant.sci', -1)
order=2; // KRG E
nodenumber=4;//1% & 7 A4 .
C_A_data=[0,0];
S C_data=[1,1];
main;/I& 17T A8 B2 P v RS 7, #AT— IR L,
current_time=1.5;
State.values=[1,1];// IR =B BV GHE

loadmatfile("nodelreceive.txt");//ns3 1/j 5 J5 node 1 4252 I H 4 A1 4 2%

while nodelreceive==9999
main
loadmatfile("nodelreceive.txt");
end
S_C_SCl.values=[nodelreceive]';// & 1L 1 £ scilab iz 1T 7]
loadmatfile("/home/ling/Scilab/scilab-6.1.0/client/node2receive.txt");
while node2receive==9999
main
loadmatfile("node2receive.txt");
end
C_A_SCl.values=[node2receive]';// 5 1% 1% £ scilab 1217 2% [A]
ut_memory.values=C_A_SCl.values;
Xcos('daxingtest01.zcos");//$] F Xcos 15 7H
[result]=importXcosDiagram('daxingtestO1.zcos');
Xcos_simulate(scs_m, 4);//M scilab (3% 1 ] Xcos 1217
outtemp=[S_C_NS3.values];
loadmatfile("/nodelreceive delay.txt");//node2 F%E iR £
loadmatfile("node2receive delay.txt");
midnumber=nodelreceive delay+node2receive delay;
temp=[midnumber]; /% 37 F [F] ZE 47 [X.
temptest]=C A data;
temptest2=C_A_SCl.values;
ut_memory.values=[ut memory_ update.values];
ut_memory.time=(5.01:5:10)';
t=1;  JAERIREIE, RO =07 5 R B 7P K
while t<100//¥% BIEIMEIZATIREL CRFE sample) , HATECG T H
C_A_data=[C_A_NS3.values];
S C _data=[S_C NS3.values];
State.values=S_C_NS3.values;
main;
temptest]=[temptest],C_A NS3.values];
temptest2=[temptest2,C_A_SCl.values];
loadmatfile("node2receive delay.txt");
loadmatfile("nodelreceive delay.txt");
midnumber=nodelreceive delay+node2receive delay;
temp=[temp,midnumber];
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loadmatfile("nodelreceive.txt");
while nodelreceive==9999
main
loadmatfile("nodelreceive.txt");
end
loadmatfile("node2receive.txt");
while node2receive==9999
main
loadmatfile("node2receive.txt");
end
S_C_SCl.values=[nodelreceive]';
C_A_SCl.values=[node2receive]';
[result]=importXcosDiagram('daxingtest01.zcos');
Xcos_simulate(scs_m, 4);
outtemp=[outtemp;S_C NS3.values]; /217 7 Gt i i AH 2 LA+ outrecord. txt

ut_memory.values=[ut memory update.values]; /5 #1 Actutor F47fif 1] ut FI{E
IR k1 AT R 2 B9 52 40 A0 I )
loadmatfile("node2receive_time.txt");
loadmatfile("nodelreceive_time.txt");
nodelrecv_time=nodelreceive time;
node2recv_time=node2receive_time;
1/3R X P SE I
current_time=current time+0.03;
13RI A SE R
close_loop_delay(t)=current_time-ut memory.values(1,2);
t=t+1;

end//45 WG A

fprintfMat('outrecord.txt', outtemp, "%1f");

fprintfMat(' record.txt', temp, "%1{");
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B

F4E 2 IO KT I, FRAHT S0 (2 B 80k, [ B P46 2
A, B T RS B T RS, R T AR, ST T RS

EMAB SRR B, 7 B TR 1 BT 2 D . FE T2 o
Wi, SR ) S B R B U AR R, 3 LS TR BRI 5
ik, EEM LSRRI E O, X S IR LR 0 TR S IR R 7E )
TS TSR, SRR SISy % STl FE A S0 2 SR 1 4 B 47
BET VR B, TR BRI S, EUURITER, TEBRAITRI5E 6 3
5.

SH S 0 A 5 0 e S B P A 0 T .
R 7002 R s R ST R AR, RIS T R T SRR kB, T
TN RIGE, FPERT. B, TR R UM, BRI, TR
PRSP 2 5T TR, 0 BN TR 1 % A AR P N TRAR A T A
RS F R B, JERUTIT Tl K R TR A — A B AT O S ARHIFRR B, e
AR AR 4 5 IR F] S ST R o .

S5 5 TR AR 19 2 BE AR I T R A RN b TSR SR, 1R H
HEIHERF B EE TR %

BUG, RRBHERIES, E A T T h S O I S b
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