OMNet++

1. GIOI THIEU

1.1. OMNeT++ la gi?
OMNeT++ 1a viét tit ciia cum tir Objective Modular Network Testbed in C++.

OMNeT++ la mot tmg dung cung cip cho nguoi sir dung méi truong dé tién hanh mo
phdéng hoat dong cua mang. Muc dich chinh cua Gng dung la m6é phong hoat dong
mang thong tin, tuy nhién do tinh phé cap va linh hoat cua n6, OMNeT++ con duogc
sir dung trong nhiéu linh vyc khac nhu mé phong cac hé théng thong tin phirc tap, cac
mang kiéu hang doi (queueing networks) hay cac kién triic phan cimng...

OMNeT++ cung cép sin cic thanh phan twong tng véi cic mo hinh thyc té. Cac
thanh phan nay (con dugc goi 1a cac module) dugc 1ap trinh theo ngdn ngir C++, sau
do6 dugc tap hop lai thanh nhiing thanh phén hay nhu’ng mo hinh 16n hon bang mot
ngon ngir bac cao (NED) OMNeT++ hd trg giao dién d6 hoa, trong tng véi cac mod
hinh ciu trac ctiia nd dong thoi phan nhan mé phong (simulation kernel) va cac
module cia OMNeT++ ciing rat d& dang nhung vao trong cac tmg dung khac.

1.2. Cac thanh phan chinh cia OMNeT++

e Thu vién phan nhan mo phong (simulation kernel)

e Trinh bién dich cho ngén nglt m6 ta hinh trang (topology description language)
- NED (nedc)

e Trinh bién tap dd hoa (graphical network editor) cho cac file NED (GNED)

e Giao dién d6 hoa thuc hién mo phong, cac lién két bén trong cac file thuc hi¢n
mo phong (Tkenv)

e Giao dién dong Iénh thyc hi€n mo6 phong (Cmdenv)

e (Cong cu (giao dién d6 hoa) v& d thi két qua vector & dau ra (Plove)
e Cong cu (giao dién d6 hoa) mod ta két qua vo hudng & dau ra (Scalars)
e (Cong cy tai liéu hoa cac mo hinh

e (Cac tién ich khac

e Céc tai liéu huéng dan, cac vi du mo phong...

1.3. 'ng dung

OMNeT++ 1a mot cong cu mod phong cac hoat ddng mang bang cac module duge thiét
ké hudng doi tugng. OMNeT++ thuong dugc st dung trong cac ing dung chu yéu
nhu:

e MO hinh hoat dong cla cac mang thong tin
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e MO hinh giao thirc
e MO hinh hoé cac mang kiéu hang doi

e M5 hinh hoa cic hé thong da bo vi xur 1y (multiprocesser) hodc cac hé thong
phan cting theo mo6 hinh phan tan khac (distributed hardware systems)

e Danh gia kién trac phan cing

e Panh gia hiéu qua hoat dong cia cac hé thdng phirc tap...

1.4. M6 hinh trong OMNeT++

Mot mé hinh trong OMNeT++ bao gom cac module 16ng nhau ¢ cdu trac phan cip.
Do sau cua cua cac module 1ong nhau 1a khong gidi han, diéu nay cho phep nguoi sur
dung c6 thé biéu dién cac céu trac logic cua cac hé thdng trong thuc té bang cac ciu
trac md hinh. Cac module trao d6i thong tin v6i nhau thong qua viée gii cac message
(message). Cac message nay co thé co ciu truc phirc tap tuy y. Cac module c6 thé giri
cac message nay theo hai cach mot 1a giri tryc tiép t6i dia chi nhan hai 1a gui di theo
mot duong din duoc dinh sin, thong qua cac cong va cac két ndi.

Cac module c6 thé c6 cac tham s cia riéng nd. Cac tham sé nay c6 thé dugce sir dung
dé chinh stra cac thudc tinh cia module va dé biéu dien cho topology cia md hinh.

Cac module & mirc thdp nhét trong ciu triic phan cip dong goi cac thude tinh. Cac
module nay dugc coi 1a cac module don gian, va chung dugc lap trinh trong ngdn ngir
C++ bang cach sir dung cac thu vién mo phong.
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2. TONG QUAN

2.1. Khai niém mo hinh hoa

OMNeT++ cung cdp cho ngudi sir dung nhitng cong cu hiéu qua dé mé ta cau tric
cua cac hé thong thuc te.

Céac module 16ng nhau ¢6 cdu tric phan cp

Cac module 1a cac d6i tuong cu thé cua cac kiéu module

Céc module trao d6i thong tin bang cic message qua cac kénh
Céac tham s6 cua module linh hoat

Ngon ngit mo ta topology

2.1.1. Céu triic phén cép ciia cic module

Mot mé hinh trong OMNeT++ chira cac module 10ng nhau c¢é céu trac phéan cip, trao
d6i thong tin v4i nhau bang cach giri cic message. Mdi mé hinh nay thuong biéu dién
cho mot hé thong mang. Module mirc cao nhét trong cdu trac phan cip dugc goi 1a
module hé théng. Module nay c6 thé chira cac module con, cic module con ciing cd
thé chtra cac module con cua riéng no. Do sdu phan cap dbi véi cac module 1a khong
gi6i han, diéu nay cho phép ngudi sir dung c6 thé dé dang biéu dién mot céu trac logic
ciia mot hé thong trong thuc té bang cau tric phan cip cia OMNeT++.

CAu trac caa mo hinh c6 thé duge mé ta bang ngdn ngit NED cia OMNeT++

module hé thong module/don gian
module két hop /
/

Hinh I-2.1 - Cac module don gian va két hop

Céac module c6 thé chia nhiéu module con va duoc goi la module két hop. Cac
module don gian 1a cac module ¢ cip thdp nhit trong ciu trac phan cip. Cac module
don gian chira cac thuat toan ciia mé hinh. Nguoi sir dung trién khai cac module don
gian bang ngon ngit C++, sir dung céc thu vién mo phong cia OMNeT++.

2.1.2. Kiéu module

Tat ca cac module du 13 don gian hay phirc tap déu 1a cac ddi tugng cu thé cia cac
kiéu module. Trong khi md td cac mod hinh, ngudi st dung dinh nghia ra cac kiéu
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module; cac ddi tuong cu thé cia cac kiéu module nay dwgc sir dung nhu céc thanh
phan ciia cac kiéu module phurc tap hon. Cudi cing, ngudi sit dung tao module hé
théng nhu mot doi twong cu thé cua kiéu module di dugc dinh nghia trudc do, tat ca
céc; module ciia mang déu 1a module con (hoic 14 con ciia module con) ctia module hé
thong.

Khi mét kiéu module duoc str dung nhu mot khéi dung sin (building block), s& khong
thé phan biét d6 1a mot module don gian hay phirc tap. Pidu nay cho phép ngudi sir
dung c6 thé tach cic module don gian ra thanh nhiéu module don gian dwgc nhing
trong mdt module két hop, va nguoc lai co thé tap hop cac chuc nang cua mdt module
két hop trong mot module don gian ma khoéng anh huong gi dén cac kiéu module da
dugc nguoi su dung dinh nghia.

Kiéu module c6 thé dugc luu trir trong mot file riéng r&. Pidu nay cho phép nguoi sir
dung c6 thé nhom cac kiéu module lai va tao ra mgt thu vién thanh phan

2.1.3. Message, cong, lién két

Cac module trao doi thong tin bang viéc giri cac message. Trong thuc té, message c6
dang khung (frame) hodc 1a cac goi tin (packet) dugc truyén di trong mang. Cac
message co thé cd cau tric phirc tap tuy y. Cac module don gian cé thé gui cac
message di mot cach truc tiép dén vi tri nhan hodc gui di theo mot duong dan dinh sin
thong qua cac cong va cac lién két.

“Thoi gian md phong dia phuong” (local simulation time) ciia mdt module tang 1én
khi module nhan dugc mot message. Message cod thé dén tir mot module khéc hodc
dén tir cing mot module (message cua chinh ban thin module - self-message duoc
dung dé thyc hién bo dinh thoi).

Cong (gate) la cac giao ti€p vao ra ctia module. Message dugc gui di qua cac cong ra
va dugc nhan vao thong qua cac cong vao.

Mdi két n01 (connection) hay con goi la lién két (link) dugc tao bén trong mot murc
don trong cAu truc phan cép cia cac module: bén trong mot module két hop, mot ket
nbi ¢ thé duoc tao ra gitra cac cong tuong Umg cua hai module con, hodc gitra cong
ctia module con v&i cong ciia module két hop.

module cha module cha
module con két ndi v&i nhau module con két ndi vi module cha

Hinh I-2.2 - Cac két ndi

Tuong Ung v6i cdu triic phin cdp ctia mot md hinh, cac message thuong di chuyén
qua mot loat cac két ndi voi diém bét dau va két thic 1a cac module don gian. Tap cac
két ndi di tir moét module don gién va dén mot module don gian duge goi 13 route. Cac
module két hop hoat dong gidng nhu cac “cardboard box” trong md hinh, ¢ ‘trong sudt”
trong viéc chuyén tiép cac message gitra cac thanh phan bén trong va thé gidi bén
ngoai.

Trang 4



OMNet++

2.1.4. M hinh truyén géi tin

Mot két ndi co thé ¢ ba tham sd dic trung. Nhitng tham sb nay rat thuan tién cho cac
mo hinh moé phong mang thong tin nhung khéng hiru dung lam cho cac kiéu mé hinh
khac. Ba tham s6 nay bao gom:

e Do tré duong truyén (propagation delay) tinh bang s - gidy.

e Tisd 18i bit, dugc tinh bang s6 16i/bit.

e Tisd dit lidu, dugc tinh bang sb bit/s.
Céc tham sb nay 1a tuy chon. Gi4 tri clia cac tham sb nay la khac nhau trén timg két
noi, phu thudc vao kiéu cua lién két (hay con goi 1a ki€u cuia kénh truyén - channel
type).
Do tré duong truyén 1a téng thoi gian dén ciia message bi tré di khi truyén qua kénh.
Ti s6 15i bit anh hudng dén qua trinh truyén message qua kénh. Ti s nay 1a x4c suit
cac bit bi truyén sai. Do d6 xac suat ¢ mdt message dd dai n bit truyén di chinh xac
la:

P(message gtri di duoc nhéan chinh xac) = (1 - ber)n

trong d6 ber 1a ti s6 13i bit va n 1a sb bit ciia message.
Cac message truyén di déu c6 mot co 16i, cd nay s& dugc thiét 1ap khi viéc truyén
message co 10i.

Ti sb dir liéu dugc tinh theo don vi bit/s, va n6 duoc st dung dé tinh thoi gian dé
truyén maot goi tin. Khi ti s6 nay duoc sir dung, qua trinh giri message di trong mo
hinh s& tuong mg véi viéc truyén bit ddu tién va message duogc tinh 1a dén noi sau khi
bén nhan di nhan duge bit cubi cung.

N ]

t A tg

Message gui di

truyén bi tré

Do tré dudng truyén

Message nhan duogc
>

Hinh I-2.3 - Truyén message
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2.1.5. Tham s6

Cac module c6 thé cac tham s6.Cac tham sé nay c6 thé duoc dat gia tri trong cac file
NED hoac céc file cau hinh ompnetpp.ini.

Céc tham s nay c6 thé duoc dung dé thay ddi cac thudc tinh cta cac module don gian
hodc dung dé biéu dién cho topology ctiia mo hinh.

Céc tham s c6 thé co kiéu 1a chudi, sb hoc, gia trj logic hodc ciing c6 thé chira cdy dit
liéu XML (XML data tree). Cac bién kiéu sb trong cac biéu thirc c6 thé nhan gia tri tir
cac tham s khac, goi ham, sir dung cac bién ngu nhién tir cac ngudn phan tan hodc
nhan gia tri truc tiép dugc nhap vao boi nguoi sir dung.

Céc tham sb c6 kiéu s6 co thé du:orc dung dé cau hinh topology rat dé dang Nam trong
cac module ket hop, cac tham so nay co6 thé duoc dung dé chi ra s6 module con, sb
cong giao tlep va cach cac két ndi nodi bo dugc tao ra.

2.1.6. Phuong phap mo ta topology

Nguoi str dung ding ngdn ngit NED (Network Description) dé mé ta cdu trac cua cac
mo hinh

2.2. Lap trinh thuat toan

Cac module don gian c6 thé chira cac thuat toan nhu cac ham cta C++. Sy linh hoat
va stc manh cua C++, két hop voi cac thu vién md phong cuia OMNeT++ tao diéu
kién dé dang cho nguoi sir dung. Cac 1ap trinh vién mo phong co thé chon lya viéc mod
ta theo sy kién hay theo tién trinh, c6 thé d& dang sir dung nhiing khai niém cia lap
trinh huéng dbi tugng (nhu da hinh, ké thira) va thiét ké cac mau thir (pattern) dé mo
rong chirc nang cua qua trinh mo6 phdng.

Cac dbi twong md phong (message, module, queue...) dugc thé hién qua cac 16p cua
C++. M6t s6 1op co ban trong thu vién mo phong cia OMNeT++:

e Module, céng, lién két...

e Cac tham sb

e Message

e (Cac l6p Container (mang, hang doi...)
e (Céc l6p Data Collection

Céc 16p nay c6 thé dugc sir dung nhu nhirng céng cu cho phép ngudi sir dung cé thé
duyét qua tat ca cac doi twong khi chay thir mé hinh déng thoi hién thi thong tin vé
chﬁng nhu tén cta déi tuong, tén 16p, cac bién trang thai va noi dung bén trong. Pac
diém nay cling cho phép tao ra cac md hinh mé phong cé giao dién d6 hoa (GUI) véi
phan céu trac bén trong duoc che di.
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2.3. Str dung OMNeT++

2.3.1. Xay dung va chay thir cic mé hinh mé phéng
Mot m6 hinh OMNeT++ bao gém nhitng phén sau:

e Ngbn ngir md ta topology - NED (ﬁle c6 phan mé rong ned): mo ta cAu truc
ctia module véi cac tham sd, cac cong... Cac file .ned c6 thé duge viét bang bét
ky bd soan thao hodc st dung chuong trinh GNED c6 trong OMNeT++.

e Dinh nghia cdu tric cua cac message (cac file c6 phan mé rong .msg): Nguoi
st dung co6 thé dinh nghia rat nhi€u ki€u messsage va thém cac truong dir liéu
cho ching. OMNeT++ s€ dich nhitng dinh nghia nay sang cac 16p C++ day du.

e M3 ngudn cia cac module don gian. Day 1a cac file C++ v6i phin mé rong
l1a .h hodc .cc.

Hé théng md phong cung cip cho ta cac thanh phan sau:

e Phan nhan md phong. Phin nay chira code dé quan 1y qua trinh moé phong va
cac thu vién 16p md phong. N6 dugc viét bang Q++, duoc bién dich va duoc
dat cung dang voi cac file thu vién (cac file c6 phan mo rdng 1a .a hodc .1ib).

e Giao dién nguoi st dung. Giao dién nay duoc st dung khi thyc hién qua trinh
mo phong, tao sy d& dang cho qua trinh sta 13i, biéu dién (demonstration)
hodc khi thuc hién mé phong theo timg khdi (batch execution of simulations).
C6 mdt vai kiéu giao dién trong OMNeT++, tit ca déu dugc viét bang C++,
dugc bién dich va dat cung nhau trong cac thu vién (cac file c6 phan mo rong
la .a hoac .lib).

Thue hi¢n md phéng va phin tich két qua

Cac chuong trinh thyc hién mo phong (the simulation executable) la cac chuong trinh
doc 1ap, tic 1a n6 co6 thé chay trén cac may khac khong cai dit OMNeT++ hay cac file
mo hinh tuong tmg. Khi chuong trinh khéi dong, né bit dau doc file cau hinh (thong
thuong 1a file omnetpp.ini). File nay chira cac thiét lap dé diéu khién qua trinh mé
phong thyc hién, cac bién cho cac tham s cua mé hinh... File ciu hinh cling cé thé
dugc sir dung dé didu khién nhidu qua trinh mé phong, trong truong hop don gian
nhit 13 cac qué trinh md phong nay s& dugc thuc hién 1an luot bdi mot chwong trinh
mo phong (simulation program).

Déu ra ctia qua trinh mo phong 1a cac file dir liéu. Céc file nay co thé 1a cac file vector,
cac file vo hudng hoidc céc file ciia nguoi sir dung. OMNeT++ cung cap mot cong cu
dd hoa Plove dé xem va v& ra ndi dung cua cac file vector. Tuy nhién chiing ta ciing
nén hiéu rang khé ma co thé xir Iy diy du cac file két qua ma chi dung riéng
OMNeT++; cac file nay déu 1a cac file ¢o dinh dang dé c6 thé doc duge boi cac 2061
xtr Iy toan hoc ctia cac chuong trinh nhu Matlab hay Octave, hodc co thé duoc dua
vao bang tinh ctia cac chuong trinh nhu OpenOffice Calc, Gnumeric hay Microsoft
Excel. Tat ca cac chuong trinh ndy déu c6 chiic ning chuyén dung trong viéc phan
tich s6 hod, v& biéu dién (visualization) vuot qua kha ning cia OMNeT++.

Céac file vo hudng cling co thé duogc biéu dién bé'mg cong cu Scalar. N6 co thé vé duoc
céc biéu do, cac dd thi dua vao tap hop cac toa do (x, y) va co thé xuét dir liéu vao
clipboard dé co thé sir dung trong cac chuwong trinh khac nhim dua nhitng phan tich
chi tiét hon.
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Giao dién nguoi sir dung

Muc dich chinh cta giao dién nguoi sir dung 1a che nhitng phan phirc tap bén trong
ciu trac cua cac mod hinh ddi v6i ngudi st dung, dé dang diéu khién qua trinh mo
phong, va cho phép nguoi st dung c6 kha niang thay doi cac bién hay cac ddi tugng
bén trong ciia md hinh. Piéu nay 1a rit quan trong ddi voi pha phat trién va sira 13i
trong dy an. Giao dién dd hoa cling co thé duoc st dung dé trinh dién hoat dong cua
mo hinh.

Cung mot md hinh nguoi sir dung c6 thé trén nhiéu giao dién khac nhau ma khong
can phai thay ddi gi trong céc file mé hinh. Ngudi st dung c6 thé kiém thir va stra 16i
rat dé dang qua giao dién dd hoa, cudi cung co thé chay n6 dya trén mét giao dién don
gian va nhanh chéng c6 hd tro thuc hién theo khéi (batch execution).

Cic thu vién thanh phin

Cac kiéu module ¢6 thé dugc luu tai nhitng vi tri doc 1ap véi chd ma chung thuc su
duoc st dung. Pac diém nay cung cap cho nguoi sir dung kha nhom cac ki€u module
lai v6i nhau va tao ra cac thu vién thanh phan.

Cac chwong trinh mé phéng doc 1ap

Céc chwong trinh thuc hién qué trinh mé phong c6 thé duoc luu nhiéu lan, khong phu
thudc vao ciac md hinh, str dung ciing mot thiét 1ap cho cac module don gian. Nguoi
str dung c6 thé chi ra trong file cdu hinh mé hinh nao s& dugc chay. Diéu nay tao kha
nang cho nguoi sir dung c6 thé xay dung nhitng chuong trinh thuc hién 16n bao gdm
nhiéu qua trinh mé phong, va phan phdi ndé nhu mot céng cu md phong doc lap. Kha
nang linh hoat clia ngdn ngit mo ta topology ciing hd trg cho hudng tiép cin nay.

2.3.2. Hé thong file

Sau khi cai dat OMNet++, thu muc omnetpp trén hé théng may cua ban nén chira cac
thu muc con dudi day.

Hé théng mo phong:

omnetpp/ thu muc gbc cia OMNeT++
bin/ cac cong cu trong OMNeT++ (GNED, nedtool...)
include/ cac file header cho m6 hinh mé phdéng

lib/ cac file thu vién

bitmaps/ cac biéu tuong d§ hoa
doc/ cac file huong dan, readme...
manual/ file huéng dan dang HTML
tictoc-tutorial/ gioi thi¢u st dung OMNeT++
api/ API tham chiéu dang HTML
nedxml-api/ API tham chiéu cho thu vién NEDXML
src/ mé nguon cua tai liéu
src/ mi ngudn cia OMNeT++
nedc/ nedtool, trinh bién dich message
sim/ phin nhian mo phong
parsim/ cac file danh cho vié€c thyc hién phan tan
netbuilder/  cac file danh cho viéc doc dong cac file NED
envir/ ma ngudn cho giao dién ngudi sir dung
cmdenv/ giao dién nguoi dung dong 1€nh
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tkenv/ giao dién nguoi st dung dua trén Tcl/tk
gned/ cong cu soan thao file NED
plove/ cong cu v& va phan tich du ra dang vector
scalars/ cong cu v& va phan tich dau ra dang v6 hudng
nedxml/ thu vién NEDXML
utils/ cac tién ich khac...

test/ b6 kiém thr I
core/ b6 kiém thir lii cho thu vién mé phong
distrib/ b6 kiém thr I

Céac qué trinh md phéng mau dugc chira trong thu muc samples

samples/ thu muc chira cdc mo hinh md phéng mau
aloha/ md hinh cua giao thic Aloha
cqn/ Closed Queue Network

Thu muc contrib chita cdc chuong trinh c6 thé két hop véi OMNeT++

contrib/
octave/ script cua Octave dung dé xu ly két qua
emacs/ bo danh dau cu phap NED cho Emacs

Ngoai ra ban ciing co thé tim thdy cac thu myc khac nhu msve/, chtra cac thanh phan
tich hop cho Microsoft Visual C++...
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3. NGON NG NED

3.1 Téng quan vé NED

NED dugc sir dung dé mo ta topology cia mot mo hinh trong OMNeT++. NED sir
dung phuong phap md ta module hod. Di€u nay c6 nghia la mot mang c6 thé dugc mo
ta nhu mét tdp hop cac mo ta thanh phan (cac kénh, cac kieu module don gian hay két
hop). Cac kénh, cac kiéu module don gian va két hop dugc sit dung d€ mo ta mdt
mang nao do co6 thé dugc st dung lai khi m6 ta mot mang khac.

Cac file chira mo ta mang thuong c6 phan mo rong 13 .ned. Cac file NED c6 thé duoc
load dong vao cac chuong trinh mé phong, hay c6 thé dugc dich sang C++ bang bo
bién dich cia NED va dugc lién két bén trong cac chuong trinh thyc hién.

3.1.1. Cac thanh phin ciia ngén ngir mé ta NED
Mot filel NED bao gdm céc phan nhu sau:

e Céc chi dan import

e Khai bdo cac kénh

e Khai bao cac module don gian va két hop

e Khai bao mang

3.1.2. Cac tw khoa

Nguoi sit dung can phai cha y khong sir dung nhirng tir khoa c6 sin cia NED dé dat
tén cho cac doi tugng khac. Cac tur khoa co ban ciia NED bao gom:

import channel endchannel simple endsimple module endmodule error delay datarate
const parameters gates submodules connections atesizes if for do endfor network
endnetwork nocheck ref ancestor true false like input numeric string bool char xml
xmldoc

3.1.3. Dat tén

Trong NED nguoi st dung c6 thé dat tén cho cac module, cac kénh, cac module con,

cac tham s6, cac cong, cac thude tinh va ham chtrc nang cia kénh... Cac tén nay co thé

bao gdm cac chir céi tiéng Anh, cac chit s6 va dau gach dudi « . Tén ludn dugc dit

bit dau bang chit cai hoic diu gach dudi. Trong truong hop mudn dit tén bit du

bﬁng chit sb, ban co thé su dung thém mot diu gach duoi dat ¢ dau, vi du nhu
3Com...

Neéu tén bao gom nhiéu tir nén vi€t hoa & dau moi tir hodc co6 thé st dung dau gach
dudi. Tén cua cac module, kénh va mang nén bat dau bang chir cai in hoa con tén cta
tham s0, cong va cac module con nén bat dau bang chir cai thuong.

NED la mt ngdn ngir c6 phan biét hoa thuong.

Trang 10



OMNet++

3.1.4. Chu thich

Cac dong chu thich c6 thé dat ¢ bat ki vi tri nao trong file NED. Tuong ty nhu cu
phap ctia C++, cac dong chu thich trong NED bat dau bang dau “//°.

Chu thich trong NED c¢6 thé dugc sir dung trong nhitng céng cu tao tai liéu (document
generator) nhu JavaDoc, Doxygen

3.2. Cac chi dan import

Tir khoa import duoc st dung dé thém cac khai bao trong cac file m ta khac. Sau khi
da import, nguoi st dung co6 thé st dung tat ca cac thanh phan da dugc dinh nghia
trong file mo ta do.

Chu y khi thém moét file mo ta, chi c6 cac thong tin khai bao dugc st dung. Cling
tuong ty nhu vay khi mét file dugc thém vao khong c6 nghia la no s€ dugce dich khi
file chua n6 dugc dich. Nguoi su dung s€ phai dich tat ca cac file chu khong phai chi
la file & nmmc cao nhat.

Ban c6 thé xac dinh mot file thém vao ma c6 hodc khong viét ph.':fm mo rong.

Vi du:

import “ethenet”; /[import ethernet.ned

Ban ciing c6 thé sir dung duong dan trong khi sir dung tir khoa import hodc tét hon 1a
ban st dung trinh bién dich cia NED vd&i tham so -1 d€ dat tén cho thu muc chua cac
file ma ban mudn import.

3.3. Khai bao cac kénh

Mot dinh nghia kénh dugce dung dé xac dinh kiéu két ndi. Tén ciia kénh co thé duoc
st dung sau d6 trong file dé€ tao cac lién két véi cac tham so6 khac.

Cu phéap:

channel Tén kénh
/...

endchannel

Ba tham s6 ¢6 thé duogc gan gia tri trong phén than cua doan ma khai bao kénh, tat ca
cac tham sb nay déu 1a cac tuy chon: do tré, 16i va tdc do dir lidu (datarate). Do tré 1a
thoi gian tré trén duong truyén dugc tinh bang gidy. Loi 1a tham sd dic trung cho xac
suat truyén sai mot bit trén dudng truyén. Toc d6 dir liéu 1a tham sb dugc tinh bang do
rong bang théng cua kénh truyén, dugc tinh bang bit/s va dugc dung dé tinh thoi gian
truyén ciia mot goi tin. Cac thudc tinh co thé xuat hién theo bat ky thir tu nao trong
khai bao.

Gia tri ctia cac tham s6 (thudc tinh) nén 1a cac hing sb.
Vi du:
channel LeasedLine

delay 0.0018 // sec
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error le-8
datarate 128000 // bit/sec

endchannel

3.4. Khai bao cac module don gian

Céac module don gian 1a cac khdi chuong trinh dwoc xdy dung sdn cho cac module
khac (co thé 1a cac module két hgp). Cac module dugc khai bao bang tén va theo quy
udc tén cia cac module nay dugc dat tén bat dau bang chir cai in hoa.

Céac module don gian dugc khai bao thong qua cac céng va cac tham sb.
Cu phap:

simple SimpleModuleName

parameters:

/...

gates:

/...

endsimple

3.4.1. Cac tham sb ciia module don gian

Céac tham sb 1a cac bién phu thudc vao tirmg mo hinh. Tham sé cua cac module don
gian dugc st dung boi cdc ham (hay con dugc goi la cac thuat toan cia module) khai
béo trong chinh module. Theo quy udc cac tham sb s& duoc dit tén bit dau bang chit
cai thuong.

Céc tham sé duoc khai bao bang cach liét ké tén sau tir khoa parameters. Kiéu cuia céc
tham sd c6 thé 1a kiéu sé (numeric), hing sé (numeric const hay viét gon 1a const), gia
tri logic (bool), kiéu chudi (string) hodc xml. Khi tham sé khong khai bao rd kiéu thi
mic dinh kiéu cta tham sb d6 1a numeric.

Vi du:

simple TrafficGen

parameters:

interarrival Time,

numOfMessages : const,

address : string;

gates: //...

endsimple

Céc tham sb co6 thé duoc gan gia tri tt NED (khi cdc module dugc sit dung nhu cac

khéi dung san ctia mot khdi két hop 16n hon) hodc tir file cAu hinh omnetpp.ini.

Tham s6 ngiu nhién va hing s6
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Céc tham s6 c6 kiéu sb c6 thé dugc dat dé tra vé mot gia tri ngiu nhién theo dang
phén phoi déu (uniformly distributions) hodc cac dang phéan phoi khac

Trong da sd truong hop, cac tham sb thuong chi nhan gia tri ngdu nhién khi bit dau
khoi gan, sau d6 gia tri nay duoc giir nguyén. Khi d6 cac tham sé nay phai duoc khai
bao la héng sb - const. Khai bao mot tham sd 1a const thi gia tri cia tham sb s& duoc
xac dinh mot 1an duy nhét khi bt dau thuc hién mé phong va sau do gia tri do sé duoc
coi 1a hang s6. (Chii y OMNeT++ khuyén khich viéc khai bdo moi tham sé 1a const
trir nhitng truong hop ban mudn st dung chire niang tao sé ngau nhién).

Tham sé6 XML

baéi khi cac module can d4u vao 13 nhirng thong tm phtrc tap hon kha nang mo ta ctua
cac tham sb, khi d6 ban co thé st dung mot ﬁle cAu hinh m& rong. OMNeT++ c6 thé
doc va xir 1y céc file nay thong qua mot tham sé chira tén cua file.

Tur cac phién ban 3.0 tré 1€n, XML dugc coi la mét dang chuén cho céc file cAu hinh
va OMNeT++ ciing tich hop sin cac cong cu cho phép ngudi st dung ¢ thé 1am viée
duoc voi cac file XML. OMNeT++ chtta by phan tich cu phap XML (XML parser),
c6 kha ning doc cac file DTD, sir dung bo nhé dém dé nhd cac file (trong trudng hop
mot file XML dugc tham chiéu téi nhiéu module thi né s& ciing chi phai load mét 1an),
cung cip cho ngudi st dung kha ning chon loc cac phan trong tai liéu thong qua
XPath, thé hién noi dung cua file XML théng qua DOM.

3.4.2. Cac cong ciia module don giin

Cong 1a cac diém két ndi ciia module. Diém bét dau va két thiic mot két ndi gitra hai
module chinh 13 cac cong. OMNeT++ hd trg kiéu két néi mot chiéu (don cong) do d6
c6 hai loai cong 1a cong vao va cong ra. Cac message duoc giri di tir cong ra va dugc
nhan vao tir cong vao. Theo quy udc, cac cong duge dat tén bit dau bang chir cai
thuong.

O day ching ta c¢6 khai niém vé cac vector cong trong do6 mdt vector cong la mot tap
hop bao gdbm nhiéu cong don.

Cong dugc khai bao bang cach khai bao tén sau tir khoa gates. Cip déu [] thé hién
mdt vector cong. Cac thanh phan cia mét vector cong dugc danh so bat dau tur 0.

Vi du:

simple NetworklInterface
parameters: //...

gates:

in: fromPort, fromHigherLayer;
out: toPort, toHigherLayer;
endsimple

simple RoutingUnit
parameters: //...

gates:

in: output[];
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out: input[];
endsimple

Kich thudc ciia mot vector cong co thé dugc xac dinh sau do d6 moi doi tugng cu thé
cua mdt mo hinh c6 thé co6 cac vector cong co6 kich thudc khac nhau.

3.5. Khai bao module két hop

Module két hop 1a cac module c6 thé chira mot hodc nhiéu cac module con. Bat ky
kiéu module nao (don gian hay két hop) déu c6 thé duoc dung nhu 1a mét module con.
Ciing giébng nhu cac module don gian, cac module két hop ciing co cac cong, cac
tham s va chiing c6 thé duge sir dung ¢ bat ky chd nao ma cac module don gian co
thé duoc str dung.

Hinh tuong hoa chung ta co thé tuong tuong cac module két hop glong nhu cac hdop
bia cimg ma ching ta c6 thé gidu phadn md hinh mé phéng va cac ciu tric phuc tap
bén trong n6. Khong c6 cac hanh vi tich cuc (active behaviour) nao lién quan dén cac
module két hop - ching chi don gian 14 mot nhom cac module két hop trong mot
thanh phan 16n hon dé c6 thé duoc str dung nhu mot mé hinh hoic nhu mot khéi dung
san cho cac module két hop khac.

Theo quy udc, tén cua cac module (bao gdm céa kiéu module két hop) déu duoc bat
dau bang chir hoa.

Cac module con c6 thé st dung cac tham so cia module cha. Cac module con nay co
thé két noi voi nhau hodc/va két noi voi module két hgp chira chung.

Viéc khai bao cac module két hop ciing twong tu nhu khai bao cac module don gian.
Phan khai bao ciling bao gom cac tir khoa parameters va gates, ngoai ra né con su
dung thém hai tir khoa 1a submodules va connections.

Cu phap:
module Tén module
parameters:
/...

gates:

/...
submodules:
/...
connections:
/...
endmodule

Chu ¥ 1a tit ca cac khai bao trén (parameters, gates, submodules, connections) chi 1a
tuy chon.
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3.5.1. Cac tham sb va cong ciia module két hop

Céac tham sb va cong ciia module két hop ciing dugc khai bao va hoat dong twong tu
nhu cac tham so va cong cua cac module don gian.

Cac tham s0 ctia module két hop cé thé duge sir dung boi cac module con va thuong
duoc dung deé khai tao gia tri cho cac tham so cua cac module con.

Céc tham s0 ciing c6 thé dugc st dung dé xac dinh cau triuc bén trong cua cac module
ket hop: s0 cac module con, kich thudc cua cac vector cong mat khac cac tham so nay
cling c6 thé dugc st dung dé xac dinh cac két noi bén trong module két hop.

Céc tham s6 anh huong dén ciu triic bén trong ctia module nén dugc khai bao 1a const
dé gia tri cua tham sé khong thay d6i theo cac 1an truy nhap. Trai lai néu cac tham sé
duoc khai béo 1a cac gia tri ngiu nhién, nguoi st dung c6 thé s& ¢ cac gia tri khac
nhau mdi 1an tham sé duge truy nhap trong qua trinh xtr Iy cia module két hop.

Vi du:

module Router
parameters:
packetsPerSecond : numeric,
bufferSize : numeric,
numOfPorts : const;
gates:

in: inputPort[];

out: outputPort[];
submodules: //...
connections: //...

endmodule

3.5.2. Cac module con

Cac module con dugc khai bao sau tir khoa submodules. Theo quy udc cac module
con dugc dit tén bat dau voi chit cai thuong.

Céac module con c6 thé 1a mot module don gian hodc mot module két hop. Trinh bién
dich NED phai biét dugc kiéu cia module do d6 cac module con phai dugc khai bao
som hon hodc dugc import tir cac file NED khac.

Nguoi sit dung cling c¢6 kha nidng tao ra cac vector module con va kich thudc cua
vector nay co thé nhan vao tir gia tri cuia mot tham 6. Khi khai bao cac module con,
ban can phai gan gia trj cho cac tham sé ciia module va néu kiéu module tuong tng c6
str dung céc vector cong thi ban phai xac dinh cho né6 mét kich thude cu thé.

Vi du:
module Tén_Module két hop
/...

submodules:
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tén_module con 1: Kiéu Module 1
parameters:

/...

gatesizes:

/...

tén_module con 2: Kiéu Module 2
parameters:

/...

gatesizes:

/...

endmodule

Vector module

Vector module 1a mdt tap hop (mot mang) cadc module con. Kich thudc cua vector co
thé duoc biéu dién bang mot biéu thu:c dit trong cdp dau ngodc Vuong ‘[T". Biéu thirc
nay c6 thé tham chiéu dén cac tham sé cua module. Gia tri 0 cho s6 cac module ciing
duoc chép nhan.

Vi du:

module CompoundModule
parameters:

size: const;

submodules:

submod]1: Node[3]

/...

submod?2: Node[size]

/...

submod3: Node[2*size+1]
/...

endmodule

3.5.3. Tham s6 tén Kiéu module con

Viéc st dung tén cua cac kiéu module nhu cac tham sb tao diéu kién d& dang cho sir
dung cac module con. Liy vi du, cho ring muc dich ciia qua trinh mé phong la so
sanh sy khac nhau giita cac thuét toan tim duong. Gid st ban da lap trinh cac thuat
toan tim duong can thiét nhu cac module don gian DistVecRoutingNode,
AntNetRouting]l Node, AntNetRouting2Node, ... Ban cling da tao ra mot topology
mang nhu mdt module két hop goi 1a RountingTestNetwork dé phuc vu cho viéc danh
gia hoat dong cua cac thuat toan. Hién tai RountingTestNetwork dang st dung thuat
toan DistVecRoutingNode (tit ca cac module con déu c6 kiéu nay) va ban mudn cé
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thé chuyén doi qua lai mot cach dé dang giira cac thuat toan dé tién loi cho viéc danh
gia.

Pé thyc hién diéu nay ta co thé sir dung thém mot bién 1a routingNodeType cho
module RoutingTestNetwork. Dong thoi ban ciing khai bao cho NED cac module con
cua RoutingTestNetwork khong c6 ki€u co dinh, ma kiéu cua cdc module nay dugc 1a
gia tri ciia bién routingNodeType. Khi d6 mang md phong ciia ban c6 thé dé dang
thay doi cac thuat toan & trén thong qua gid tri cia tham s0 nhu
“DistVectRoutingNode”, “AntNetRoutinglNode” hoac ‘“AntNetRouting2Node”.
Trong trudong hop gia tri ciia tham so 1a sai (chua tén ciia mot kiéu khong ton tai) qua
trinh md phong sé& bi 16i khi bat dau chay - module type definition not found (khai bao
kiéu module khéng dugc tim thay).

Bén trong module RoutingTestNetwork, ta c¢6 thé gan gia tri cho cac tham sb va tién
hanh két noi v&i cac module chira cac thuat toan tim duong tuong tng. Tuy nhién dé
tang tinh chinh xdc, dam bdo tén cua tham s6 va cong ma ban st dung la chinh xac,
NED can c6 sy gitip d& tur ban. Ban c6 thé khai bao thém mdt module (gid st tén la
RoutingNode) va phai dam bao chac chan rang tat ca cac module ma dinh sir dung
thong qua tham s6 routingNodeType déu cd cac tham soO va cac cong giong nhu cua
module RoutingNode.

Cu phéap:

module RoutingTestNetwork

parameters:

routingNodeType: string; // should hold the name

// of an existing module type

gates: //...

submodules:

nodel: routingNodeType like RoutingNode;

node2: routingNodeType like RoutingNode;

/...

connections nocheck:

nodel.out0 --> node2.in0;

/...

endmodule

Poan mé nay néu nhin theo goc do ciia ngdn ngit C++ thi RoutingNode dong vai trd
cua moét 16p co sd, DistVecRoutingNode, AntNetRouting] Node 1a cac 16p ke thura tur
16p RoutingNode. Tham so0 routingNodeType tuong tng vi con trd tro tdi 16p co so.

Module RoutingNode khong can dugce thuc hién trong C++ bdi khong co ddi tuong cu
thé nao cta n6d dugce tao ra, né chi don thuan duge dung dé kiém tra tinh chinh xé4c cua
file NED. Mat khac, cac module thuyc sy s€ dugc thay thé (vi du nhu
DistVecRoutingNode, AntNetRouting]Node,...) s& khong can phai khai bao trong file
NED.
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Twr khoa like cho phép ban tao ra mét ho cac module phuc vu cho cung mot muyc dich,
cO cung giao tiép giong nhau (cé cung cac tham s6 va cac cong) va st dung chung
thay thé nhau trong file NED.

3.5.4. Gan gia tri cho cic tham s0 ciia cac module con

C6 thé gan gia tri cho cac tham sb cua cic module con trong phan khai bao
parameters ciia cac module con. Cac tham sé ciia module con c6 thé duoc gan gia tri
nhu cac hiang sb hodc c6 thé st dung ngay cac tham sé cia module két hop chira no,
hoic ciing c6 khoi gan bang mot biéu thirc.

Khéng bt budc tit ca cac tham sé déu phai khoi gan gia tri. Gid tri cia tham sb co thé
nhan trong lic thue hién hodc nhan tir file ciu hinh hodc trong truong hop gia tri cia
tham s6 khong c6 trong file cau hinh, qua trinh mo phong s& nhic ban. Tuy nhién néu
cac tham sb dé trong file cAu hinh, s& dé dang hon cho viéc stra chira gia tri ciia cac
tham s0.

Vi du:

module CompoundModule
parameters:

paraml: numeric,

param2: numeric,
useParam]l: bool;
submodules:

submodulel: Node
parameters:

pl =10,

p2 = paraml+param?2,

p3 = useParaml==true ? paraml : param?2;
/...

endmodule

Trong khi mé hinh hoat dong, cic biéu thirc gan gia tri van duoc tinh toan néu cac
tham sb tuong ung duoc goi dén. Ngoai ra dé goi mot tham s6 ctia module con ta c6
thé st dung cG phap nhu sau:  submodule.parametername  (hoic
submodule[index].parametername).

Tir khoa input

Khi mdt tham sb khong nhan gia tri truc tiép trong file NED hodc trong file cAu hinh,
ngudi sir dung s& duge nhic dé nhap gia tri cho tham sé khi qua trinh mé phong bat
dAu thyue hién. Tuy nhién néu ban muén cha dong nhap gia tri tham sb khi bat dau qua
trinh md phong, ban c6 thé st dung tir khoa input. Tir khod input ciing cho phép nguoi
st dung co thé thiét 18p thong bao nhdp gia tri hay dat gia tri mac dinh cho tham s6.

Cu phap:

parameters:
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numCPUs = input(10, "Number of processors?"), //gia tri mac
//dinh, ddu nhic
processingTime = input(10ms), //thong bao nhép gia tri

cacheSize = input;

3.5.5. Khai bao kich thuéc ciia cic vector cong ciia module con

Kich thudc ciia cac vector cong duge khai bao bang tir khoa gatesizes. Kich thudc nay
c6 thé dugc khai bao nhu mdt hang s0, mgt tham s6 hay mdt biéu thuc.

Vi du:

simple Node
gates:

in: inputs[];
out: outputs[];

endsimple

module CompoundModule
parameters:

numPorts: const;
submodules:

nodel: Node

gatesizes:

inputs[2], outputs[2];
node2: Node

gatesizes:
inputs[numPorts], outputs|[numPorts];
/...

endmodule

gatesizes la khong bét budc, néu ban mudn bo qua viéc khai bao gatesizes cho vector
cong nd s& dugc dit bang 0. Mot 1y do dé bo qua viée gan gid tri cho gatesizes la ban
s€ sur dung gatet++ (“extend gate vector with a new gate - vector cong mo rong voi
mot cong mai). gate++ s& duoc trinh bay ki hon trong phan Connection.

3.5.6. Khai bao gatesizes va tham s6 c6é diéu kién

Kich thuéc cua vector cong va cc tham sb trong module con thudng dugc khai bao
kém thém diéu kién.

Vi du:

module Chain

parameters: count: const;
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submodules:

node : Node [count]
parameters:

position = "middle";
parameters if index==0:
position = "beginning";
parameters if index==count-1:
position = "end";

gatesizes:

in[2], out[2];

gatesizes if index==0 || index==count-1:
in[1], out[1];

connections:

/...

endmodule

Chu y cac gia tri mac dinh nén dugc khai bao dAu tién bai vi NED s& duyét tur trén
xudng dudi, néu gip diéu kién dung thi cac gia tri tvong ing s& duoc chén vao cac gia
tri mac dinh trudc d6. Trong truong hop khai bao gia tri mac dinh cudi cung, gia tri
mic dinh s& c6 thé chén vao gia tri cia mot trudng hop diéu kién dung trude do.

3.5.7. Két ndi

Céac ket noi chi ra cu thé cach cac cong ctia module két hop giao tiep vdi cac cong
tuong g ctia module con.

Két ndi co6 thé duoc tao ra gitra hai module con hodc gitra module con véi module cha
(module két hop) truc tiép chtra n6 (trong mot s it trudng hop, mot két ndi ciing cd
thé duogc tao ra giita hai cong cua cung mdt module két hop). Piéu nay cé nghia la
NED khéng cho phép mot két ndi da cap (két ndi giita hai module xa nhau trong ciu
trac phan cép). Han ché nay lam ting tinh ddc 1ap va kha nang dl‘mg lai ciia mdi
module. Ngoai ra, huéng cua module ciing rat trong quan trong khi tao két nbi. Khong
thé tao mot két ndi giira hai cong ra hodc giira hai cong vao voi nhau.

NED chi hd tro kiéu két ndi mot-mot do dé6 mot cong riéng biét duge sir dung chi xudt
hién mot lan trong mot két ndi. Kiéu két ndi mot-nhidu va nhiéu-mot cling c6 thé
dugc tao ra bang cach sir dung cac module don gian trong d6 cac ludng message dugc
nhan do6i hodc dugc ghép thém (duplicate message or merge message flows).

Céac két ndi duogc liét ké sau tir khoa connections va duoc phan tach voi nhau bz"mg dau
cham phay.

Vi du:
module CompoundModule
parameters: //...

gates: //...
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submodules: //...

connections:

nodel.output --> node2.input;
nodel.input <-- node2.output;
/...

endmodule

Cong nguon co thé 1a cong ra cia cac module con hodc la cong vao cua module két
hop va cong dich c6 thé 1a cong vao cua module con hay cong ra ciia module két hop.
Miii tén co thé chi theo chi€u tir trai qua phai hodc theo chiéu nguoc lai.

Chu thich gate++ cho phép ngudi st dung c6 thé mot vector cong voi mot cong méi,
ma khong can phai khai bao trong gatesizes.

Vi du:
simple Node
gates:

in: in[];

out: out[];

endsimple

module SmallNet

submodules:

node: Node[6];

connections:

node[0].out++ --> node[1].in++;
node[0].in++ <-- node[1].out++;
node[1].out++ --> node[2].in++;
node[1].int+ <-- node[2].out++;
node[1].out++ --> node[4].in++;
node[1].int+ <-- node[4].out++;
node[3].out++ --> node[4].in++;
node[3].int+ <-- node[4].out++;
node[4].out++ --> node[5].in++;
node[4].in++ <-- node[5].out++;
endmodule

Mot két néi:

e (o6 thé ¢6 cac thudc tinh (do tré, ti sb bit 161, tbc do truyén dit liéu) hoac st
dung mot kénh truyén da duoc dit tén.
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e (C06 thé xuat hién trong mot vong lap (dé tao ra nhiéu két ndi).
o (o thé la diéu kién.
Két ndi don va kénh truyén

Néu ban khong xac dinh mot kénh truyén, thi két néi s& khong c6 tré va khong c6 bit
101 khi truyén. Ban c¢6 thé xac dinh mot kénh truyén thong qua tén.

Vi du:
nodel.outGate --> Fiber --> node2.inGate;

Trong trudng hop nay file NED da phai co khai bao loai kénh truyén trén. Hodc nguoi
st dung ciing c6 thé xac dinh truc tiép mdt kénh truyén qua cac tham so dac trung.

Vi du:

nodel.outGate --> error le-9 delay 0.001 --> node2.inGate;

Khoéng nhét dinh phai khai bao diy du cac tham sé va cac tham s6 co thé duoc khai
bao theo bat ky tha ty nao.

Két ndi vong Lip

Néu module con hodc céc vector céng duoc st dung, NED cho phép nguoi st dung
c6 thé tao ra nhi€u hon mot két n6i voi mdt khai bao. P6 duogc goi 1a mot da két noi
hay mot két noi vong lap.

for i=0..4 do
nodel.outGate[i] --> node2[i].inGate
endfor;

Mot da két ndi thuc chét 1a mot tap hop cac két ndi don dugc khai bio gon hon nhd
cau lénh vong lap for...do...endfor.

Sender
1 1 1 1 1
5 b b b
Rec[0] Rec[1] Rec[2] Rec[3] Rec[4]

Hinh I-3.1 - Pa két néi
Cac két ndi c6 diéu kién
Nguoi st dung c6 thé sir dung tir khoa if dé rang budc diéu kién khi tao cac két ndi.
Vi du:
for 1=0..n do
nodel.outGate[i] --> node2[i].inGate if 1%2==0;

endfor;

Nocheck
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Mac dinh, NED quy dinh tat ca cac cong déu phai duoc két n01 do vy trong nhiéu
truong hop viéc kiém tra nay c6 thé gay nhiéu phién phirc. Dé tit bo chic ning nay
ban c6 thé sir dung tir khoa nocheck.

3.6. Khai bao mang

Dé thyc sy tao mot mo hinh mé phong chay duge thi nguoi sir dung phai khai béao
mang. Viéc khai bao mang s tao ra mdt mé hinh mé phong nhu 1a mot dbi tuong cu
thé ctia mot kiéu module di dinh nghia trudc d6. Kiéu module ¢ day thuong 1a mot
module két hop, tuy nhién cling c6 thé tao ra mot mang chi 1a mot module don gian
doc lap.

C6 thé khai bao nhiéu mang trong mét hodc nhiéu file NED. Chwong trinh mé phong
st dung cac file NED d6 s€ c6 thé chay bat cir mot mang nao. Néu ban mudn cu thé
mot mang nao d6 duogc thuc hién ban c6 thé chi rd trong file cau hinh (omnetpp.ini).

Cu phap khai bao mang cling tuong tu nhu khai bdo cac module con:
network wirelessLAN: WirelessLAN

parameters:

numUsers=10,

httpTraffic=true,

ftpTraffic=true,

distanceFromHub=truncnormal(100,60);

endnetwork

O day WirelessLAN 1a tén ciia mot kiéu module két hop da dinh nghia tir trudc, trong
d6 c6 thé chira cac kiéu module két hop khac nhu WirelessHost, WirelessHub... Mot
cach tu nhién, chi cac kiéu module khong c6 cong méi co thé duoc dung trong céc
khai bao mang.

3.7. Cac biéu thirc

Céc biéu thie duoc st dung trong NED duogc viét theo ¢l phap cua C++. Cac biéu
thirc dung cac toan t&r cua C++, co thé st dung cac tham sb theo ca hai hinh thuc
truyén theo tham tri hodc tham bién, c6 thé goi cac ham cta C++, nhan cac gia tri
ngau nhién hodc yéu cdu nhép tir ngudi sir dung...

Khi mét tham s duoc gan tri bé'lng mdt biéu thire thi gia tri biéu thttc d6 chi duoc tinh
mdi 1an tham sb dugc goi téi (tru khi tham s6 duoc khai bao const). biéu nay co
nghia 13 mot module don gian st dung mot tham sd khong dugc khai bao const s&
nhan duoc cac gia tri khac nhau mdi 1an goi tham sé trong qua trinh mé phong. Cac
biéu thirc khac (chtra cac tham s duoc khai bao const) s€ chi dugc tinh mét lan. Céc
tham sb c6 kiéu XML c6 thé duogc dung dé truy nhap vao cac file XML hay mot phan
nao dé6 cua cac file ndy. Tham sé kiéu XML co thé dugc gan gia tri bang toan tur
xmldoc().
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3.7.1. Hing s6

Hing s6 hoc

Hing s hoc thuong 13 cac sé dang thap phan hodc cac s thap phan véi du phay
dong.

Hing chudi ky tu

Hang chudi ky tu duoc khai bao gitta cap dau ngoic kép.

Hing thoi gian

Pé sir dung hing thoi gian ban phai st dung thém cac tir khoa chi don vi thoi gian.

Vi du:

parameters:

propagationDelay = 560ms, // 0.560 giay
connectionTimeout = 6m 30s 500ms, // 390.5 giay
recoverylntvl = 0.5h; // 30 phit

Céc don vi thoi gian co thé duoc su dung:

Pon vi Y nghia

ns nano giay
us micro giay
ms mili gidy
] giay
m phut (60 giay)
h gi6 (3600 giay)
d ngay (86400 gidy)

3.7.2. Tham chiéu

Céc biéu thirc c6 thé sir dung cac tham sé cia module két hop truc tiép chira né va cua
cac module don gian da dugc khai bao trudc do trong file NED.

Cu phéap: submod.param hodc submod[index].param.
C6 hai tir khoa c6 thé duoc sir dung véi tén cua tham sb: ancestor va ref.

ancestor c¢6 nghia 12 néu mot module két hop khong chira mot tham sb nao, thi tham
s0 d6 s€ dugc tim kiém trong cac module cap cao hon trong cau tric phan cap.
ancestor khong dugc khuyén khich st dung boi vi nd6 xam pham tdi khai niém dong
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g6i thong tin (encapsulation) va co thé chi dugc kiém tra trong thoi gian chay. N6 chi
nén dugc st dung trong mot s it nhitng trudng hop thyc sy can thiét.

ref 14y gia tri ctia tham s6 bang phwong phap tham chiéu, c¢6 nghia 1a viéc thay doi gia
tri cia tham s trong thoi gian chay s& gdy anh hudng t6i tit ca cic module tham
chiéu toi tham sb nay. Ciing gidng nhu ancestor, ref nén dugc sir dung han ché. Mot
truong hop co the str dung ref 1a khi phai diéu chinh mé hinh trong thoi gian chay dé
tim diéu kién t6i wu. Nguoi sir dung co6 thé khai bao mot tham s6 ¢ mirc cao nhat cua
mo hinh va dit cac module khac tham chiéu téi tham sb nay. Khi ban thay d6i tham
s6 nay trong thoi gian chay, né s& anh hudng téi toan bd mé hinh. Trong mot sb
truong hop khac, cac tham s6 duge tham chiéu c6 thé duogc dung nhu cac bién trang
thai d6i véi cac module bén canh.

3.7.3. Cac toan tir
Cac toan tir dugce hd tro trong NED ciing twong tu nhu cac toan tir trong C/C++, tuy
nhién cling c6 mdt s6 khac biét:

Déu ~ dugc dung cho phép tinh luy thira (khong phai 1a phép XOR céc bit nhu trong
O).

Déu # duoc st dung cho phép toan logic XOR (tuong tw nhu ddu !=) va ## dugc ding
cho phép toan bit XOR.

Thir ty wu tién ctia cac phép toan bit (&, |, #) 1a cao nhit so véi cac toan tir quan hé
khac.

Tat ca cac bién trong NED déu c6 kiéu doubles. Ddi vai cac toan tir bit, kiéu doubles
duogc chuyén thanh kiéu unsigned long bang ham chuyén doéi c6 san cua C/C++ (type
cast), sau khi phép toan dugc thuc hién két qua s€ dugc chuyén doi lai thanh kiéu
doubles. Tuong tu doi voi cac toan tir logic &&, || va ##, cac toan hang s€ duoc
chuyén sang ki€u bool (type cast) va sau d6 két qua s€ lai dugce do6i vé kiéu doubles.
Doi véi phép chia lay phan du (%), toan hang s€ dugc chuyén sang ki¢u long.

Danh sach cac toan tir va tha tu uu tién:

Toan tu Y nghia

S~ dau 4m, phu dinh, 14y phan bu cua bit

A phép toan luy thura

*1,% phép nhén, chia, chia 1dy phan du
+, - phép cong, trir

<<, >> phép dich bit

&, |, # phép toan bit and, or, xor

== so sanh bang

1= so sanh khac
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> >= so sanh 16n hon, 16n hon hoac béng
<, <= so sanh nhé hon, nhé hon hoac bé’lng
&&, ||, ## toan tir logic and, or, xor

?: toan tu “inline if”

3.7.4. Toan tir sizeof() va index

Toan tu sizeof() tra vé kich thudc cua mot vector cong. Toan tr index tra v€ chi so
ctia module con hién thoi trong mét vector module.

Vi du dudi day mod td mot router voi mdt s6 cong va mdt don vi routing (gia st cac
vector cong in[] va out[] c6 cung kich thudc).

module Router

gates:

in: in[];

out: out[];

submodules:

port: PPPInterface[sizeof(in)]; // one PPP for each input
// gate

parameters: interfaceld = 1+index; // 1,2,3...

routing: RoutingUnit;

gatesizes:

in[sizeof(in)]; // one gate pair for each port

out[sizeof(in)];

connections:

for i = 0..sizeof(in)-1 do

in[i] --> port[i].in;

out[i] <-- port[i].out;

port[i].out --> routing.in[i];

port[i].in <-- routing.out[i];

endfor;

endmodule

3.7.5. Toan tir xmldoc()

Toan tir xmldoc() c6 thé duoc ding dé gan gié tri cho cac tham s6 kiéu XML, nghia la
c6 thé dung toan tir nay dé tro vao cac file XML hay cac element cy thé trong file
XML. Cé thé sir dung toan tir xmldoc() theo hai cach:
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xmldoc() nhén vao tén file.
Vi du: xmlparam = xmldoc(“someconfig.xml”);

xmldoc() nhan vao tén file cong thém XPath, biéu thuc chi ra mot element cu thé
duoc chon trong file XML.
Vi dy: xmlparam = xmldoc("someconfig.xml", "/config/profile[@id="2"]");

3.7.6. XML va XPath

Tham s XPath cua toan tor xmldoc() chi ra mot element cu thé trong file XML, diéu
nay cho phép d& dang ndi nhiéu file ciu hinh dang XML nhé thanh mét file 16n hon.
Néu biéu thirc XPath phu hop v6i nhiu element trong file thi element dau tién (thi tu
duyét theo chiéu sau) s€ dugc chon.

C phap cuia biéu thirc:

Biéu thirc chtra duong dan trong d6 cac thanh phan dugc phan tach bang ddu *“/” hoic

‘G//”‘

Céc thanh phan ctia dudng dan c6 thé 1a tén thé (tag name) cta cac element, ddu “*”,
“” hoac “..”. Tén thé cua cac element va dau “*” ¢6 thé c6 thém biéu thirc mod ta
thudc tinh ctia element theo dang “[vi tri]” hodc “[@thudc tinh="gia tri’]”. Vi tri cla
cac element trong file XML dugc tinh bat dau tur 0.

Déu “/” ¢6 nghia 1a xét cac element con; dau “//” s& xét dén cac element & bat ky cap

nao nam dudi element hién thoi.

Dau “.”, “.” va “*” lan luot dai dién cho element hién thoi, element cha va mot
element voi tén bat ky.
Vi du:

/foo — element gbc (root element) c6 tén 1a <foo>

/foo/bar — element con <bar> dau tién cua element gbc <foo>

//bar — element <bar> dau tién ¢ bat ky cip nao (duyét theo chiéu sau)
/*/bar — element con <bar> dau tién ciia element gdc co tén bat ky
/*/*/bar — element con <bar> dau tién dudi hai cip cua element gdc
/*/foo[0] — element con <foo> dau tién cua element gdc

/*/foo[1] — element con <foo> thir hai ctia element gbc

/*/foo[@color="green’] — element con <foo> dau ti€n c6 thude tinh “color” cé gia tri
bang “green”

//bar[1] — mot element <bar> ¢ vi tri bit ky nhung phai 1a element <bar> thir hai

//*¥[@color="yellow’] — bt ky element nao & bat ky vi tri ndo c6 thudc tinh "color" ¢
gia tri bang "yellow"

//*¥[@color="yellow’]/foo/bar — element con <bar> dau tién cia element con <foo>
dau tién ciia mot element c6 thude tinh “color” bang “yellow” & vi tri bat ky.

3.7.7. Him

Trong NED, ban c6 thé st dung cac ham toan hoc sau:
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R4t nhiéu ham co trong thu vién toan cua C (math.h) nhu exp(), log(), sin(), cos(),
floor(), ceil()...

Céc ham tao gia tri ngau nhién: uniform, exponential, normal...

3.7.8. Gia tri ngiu nhién

Cac tham sb trir khi dugc khai bao 1a const, néu khong gia tri ctia cac tham s thudng
la cac gia tri ngau nhién. Cac gia tri nay 1a khac nhau moi lan tham so6 dugc goi dén.
Cac gia tri ngau nhién dugc sinh ra nho bd tao so ngau nhién (Random Number
Generator - RNG) cua OMNeT++.

Ham Mo ta

Luat phéan phdi lién tuc

uniform(a, b, rng=0) luat phan phdi déu trong khoang [a, b)

exponential(mean, rng=0) luat phan phdi theo ludt s mil v6i gié tri trung binh
mean

normal(mean, stddev, rng=0) luat phan phéi binh thuong véi gia tri trung binh

mean va do Iéch chuan stddev

truncnormal(mean, stddev, luat phan phdi binh thuong loai bo cic sé khong
rng=0) am

gamma_d(alpha, beta, rng=0) luat phan phdi gamma véi alpha > 0 va beta > 0

beta(alphal, alpha2, rng=0) luat phan phdi beta vé6i alphal>0 va alpha2>0

erlang_k(k, mean, rng=0) luat phan phéi Erlang v6i k>0 pha va gia tri trung
binh mean

chi_square(k, rng=0) luat phan phdi chi_square voi k>0 d6 ty do

student t(i, rng=0) luat phan phdi student t v6i i>0 d6 tu do

cauchy(a, b, rng=0) luat phan phdi Cauchy véi cac tham sd a, b trong
b>0

triang(a, b, ¢, rng=0) luat phan phdi tam gidc voi cac tham s a<=b<=c,
al=c

lognormal(m, s, rng=0) luat phan phdi lognormal véi gia tri trung binh m

va dd sai khacs >0

weibull(a, b, rng=0) luat phan phdi Weibull véi cac tham s6 a>0, b>0

pareto_shifted(a, b, ¢, rng=0) luat phan phdi Pareto tong quat véi cac tham sb a,
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b va @d dich c.

Luat phan phdi rdi rac

intuniform(a, b, rng=0) luat phan phdi déu véi cac sb nguyén nam trong
khoang a..b

bernoulli(p, rng=0) két qua cia phép thtr Bernoulli voi xac suit p,

0<=p<=1 (bang 1 voi xac suit p va bang 0 voi xac
suat (1-p))

binomial(n, p, rng=0) luat phan phdi binomial v&i tham sé n>=0 va
O<=p<=1

geometric(p, rng=0) luat phan phdi geometric v6i tham s 0<=p<=1

negbinomial(n, p, rng=0) luat phan phdi binomial véi tham sb n>0 va
O<=p<=1

poisson(lambda, rng=0) luat phan phdi Poisson v&i tham s lambda

3.7.9. Khai bao mgt ham méi

Céc ham do nguoi dung dinh nghia duoc 1ap trinh dudi dang cac ham trong C++. Cac
ham nay co thé c6 tir 0 dén 5 tham sd, tuy nhién ca tham sé va két qua tra vé déu phai
c¢6 kiéu double. Cac ham nay phai dugc dang ky trong mdt trong cac file caa C++ voi
macro Define Function().

Vi du (chu ¥ doan code dudi ddy phai nim trong mot file C++ xac dinh):
#include <omnetpp.h>

double average(double a, double b)

{

return (a+b)/2;

H

Define Function(average, 2);

S6 2 chi ra rang ham average nhan hai tham s6. Sau khi dang ky, ham average c6 thé
duoc st dung trong cac file NED.

module Compound
parameter: a,b;

submodules:

proc: Processor

parameters: av = average(a,b);
endmodule

Néu ham nhén vao tham sb ¢6 kiéu int, long hodc mot sb kiéu khac khong phai la kiéu
double thi ban phai tao ham chuyén doi. Trong truong hop nay ban phai dang ky ham
chuyén do6i voi macro Define Function2() dé cho phép mdt ham c6 thé dugc dang ky
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mot tén khac véi tén ma ham dugc goi khi st dung. Trong truong hop ham khong tra
ve kiéu double ban ciing c6 thé lam tuong ty.

#include <omnetpp.h>

long factorial(int k)

{

}

static double wrap_factorial(double k)

{

return factorial((int)k);

}

Define Function2(factorial, wrap_factorial, 1);
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4. GIO1 THIEU GNED

4.1. Giao dién

7 GHED - ntitled - Mok

DcF|e B D] 35w o] K [E x| 0S| =
B =] redis Unitied || Biatuce | PED e
Madule |-
ﬂ
o i |
|/ Madui] i
| Aeady

Giao dién cia GNED hd tro hai ché do:
e Ddhoa (Graphics): 1a giao dién mac dinh.

e M3 ngudn (NED Source): cho phép ngudi st dung c6 thé sira lai md ngudn
mot cach truc ti€p.

Hai kiéu giao dién nay c6 thanh Command Bar 13 khac nhau. Déi véi ché d6 dd hoa,
thanh Command Bar c6 dang:

D@ 5 €3 & [E x| =i

E New NED file: tao mét file NED méi. GNED cho phép tao nhiéu file NED cung
mot luc.

I Open NED file: mo mot file NED.

E Save Document: Ghi file NED hién thoi.
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EF B
5 Add new component to current NED file: mot danh sach tha xuoéng (dropdown
list) cho phép nguoi st dung mot trong 5 thanh phan c6 thé thém vao file NED:
Import, Channel, Simple Module, Compound Module va Network.

| € Back to previous view: quay lai ché d6 giao dién trudc trong History.
ﬂ Forward to next view: chuyén t&i ché d6 giao dién tiép theo trong History.

W Select, move or resize items button: khi nut nay duoc kich hoat, né cho phép
nguoi st dung co thé chon, di chuyén va thay doi kich thudc cac doi tugng trong ché
d6 dd hoa.

g Draw submodules and connection tool: Cong cu tao cac module con va cac két
ndi. Kich chudt va kéo ré dé tao cac module con. Kich chudt bén trong mgt module
con kéo ré sang module khac dé tao két ndi mot chiéu gitra hai module. DPé tao mot két
ndi hai chiéu ta thuc hién viéc tao két ndi mot chiéu hai 1an theo chiéu nguogc nhau.

@ Appearance of selected items: Chuc ning hoat dong khi mot (va chi mot) déi
tuong dugc chon. N6 s€ lam xuét hién cac trinh don nhu Submodule Appearance,
Module Appearance hay Connection Appearance. Céc trinh don nglt canh nay cho
phép ban mo ta chi tiét cho ddi tuong dugc chon.

Properties of selected items: thudc tinh cta ddi twgng dugc chon.
%Snap to grid on/off switch: bat/tit ché do bat dinh vao ludi diém.

Fit compound module to area content: 4n nat nay s& 1am cho bién cua module
chtra duwgc mo rdng ra chira tron ven bién cua tat ca cac module con.
Trong ché dd NED Source, thanh Command Bar c¢6 dang:

D || B € 8@~ Qo 3]

Bén nat dau cé chirc ning trong tu nhu trong ché dé Graphic.
I? Back to previous module: kich hoat module da chon trudc do.
ﬂ Forward to next module: kich hoat module tiép theo.
M Cut: di chuyén vao clipboard.
Bz
Copy: sao chép vao clipboard.
E Paste: “dan” tur clipboard.
Undo: huy bé thao tac vira thyc hién.
Redo: 1ap lai thao tac vira huy bé.

ﬂ Find Text: tim kiém trong van ban. Chirc ning nay s& lam xuat hién hop thoai:
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Find string:

[ regular expression
[T case sensitive

[ whale wards only

[ szearch backwards

k. | Cancel |

Hop thoai cho phép tim kiém véi cac chiic nang (bd loc): regular expression, case
sensitive...

Phan bén trai cta giao dién 1a Tree View. Tree View cho phép quan sat tit ca cac file
va cac module dang dugc mé.

File Edit View Draw Options Help
D& R E €D 8 8
ﬁrapl*icslNEDmca

X | e

nedfile Untitled LI
module Module
module Modulel

E| nedfile Untitled

R

% Properties...
Ql‘JEﬁ on canvas
Show NED code...

Drop an instance onto the canvas

Maove up
Maove down

Delete

1

Hai muc “nedfile Untitled” dugc ddnh ddu mau do dé nhic nh¢ 1a hai file nay chua
Save.

Néu ban kich phai chudt vao mdt myuc nao d6 trong Tree View, mot trinh don ngit
canh s€ hién ra. Trinh don nay chira cac thao tac co ban ma ban c6 thé thao tac voi doi
tuong tuong Uing.

Khi ban méi sit dung GNED, s€ thuong cé mot clra s6 nho hién 1én mdi 1an ban thuc
hién mot thao tac. Ctra s nay giai thich cho ban cach thuc hoat dong cia mot s6 chire
ning phirc tap trong giao dién cuia GNED. Ban c6 tit chirc ning nay bang cach danh
dau vao hop chon phia dudi cta cira s6. Pay 1a mot chirc nang rat hitu ich vi vay khi
ban da tét chuc nang nay di, mudn n6 xuit hién tro lai ban phai xoa file .gnedrc.
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4.2. Mét s thao tac co’ ban

Tao mot module con trong module két hop

=

# GNED - untitled - Module
File Edit Wiew Draw Options Help

D3| || EE| € 2|%®
B [2] nediile Unitled J Graphics | MED source

[Be] rmodule Module

EA N )

b B Qe |

todule

Kich thudc cia module két hop s€ tu dong di€u chinh cho phu hgp véi module con
duoc tao ra. Nhu da néi ¢ trén n€u ban la mdt nguoi sit dung mai, sé c6 mot cira s6
huéng dan nho xuat hién:

kodule

The compound module's area [that iz, the background rectangle) is
now always: autc-adiusting to the bounding box of the subrmodules
wou're drawing in it. To turn off this behawior, drag the ight or bottorn
edge of the background rectangle to the desired size. There iz a
toolbar buttan far tuming it on again.

[ donaot shaw thizs hint again
(]

Nhén OK, twong tu ban tao thém mot vai module nhu trong hinh vé:
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{f GNED - untitled - Module

File Edit Wiew Draw Options  Help

0| (e 8 €| &% |~ [k B Dle] |
IJ:'I-nedfiIeLIntiHed || Braphics| MED source

=

module Module

B submods
i@ submod; M odule
i submodl: Module
i@ submodz Module

2™

todule

sybmod zubrnod]

Tiép theo ta st dung cong cu | & dé chon mot trong cac module con vira dugc tao ra.
Bién cia module duoc chon chuyén thanh mau do.

An nat :g, ban s& thiy trinh don ngit canh Submodule Appearance:

' Submodule Appearance : E| E|

Choose between icon and colored rectangle:

" lcon

Selected icon: | ﬂ

Colarize icor: |

Colorization [#]: | default ﬂ

{* Rectangle

Line thicknesz: | default ﬂ
Fill Calor: |

Outline color; |

0k Cancel

Trinh don niy cho phép nguoi sir dung co thé thay doi hinh dang ctia module con
tuong ung. Kich chon chuc nang Icon dé chon mét Icon bi€u dien cho module qua
trinh duyét do hoa.
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f lcon selection

Categony: | j

Sizer | rarmal -

lcon selected: bz

[
@
1re
&
B

app ball bluebox bioxl
71
O @ = k¢
L+l
bow2 bow3 browser bweomp bwigen

]
£
[
8

Brzink, bwmconn card] card? cloud
M e & 28
cogwheel cogwheel2 camp compe comp_a
D = = @ @
delay dialphone drivel drive? earthl

¢ B

4 F &

of]

ak. | Cancel |

Ban c6 thé s dung nhiing Icon cé sdn cia OMNeT++ hodc c6 thé thém céac Icon caa
riéng minh bang cach copy cac file bitmap vao thu muc bitmap cia OMNeT-++.

Chon Icon “ball” véi kich thudc trung binh (“normal”). Ta ciing c6 thé thay d6i mau
sac cho cac Icon.

¢ |can
Selected icon: | ball j
Colorize icor: |

Chuyén Icon “ball” tir mau xam sang mau xanh: kich vao hinh chit nhat bén canh 6
Colorize icon, mét bang chon mau s€ hién ra
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Hue: I'IEEI Hed:I'IEEI
Sat: El Greer: |160
Diefine Custam Colars »> ColodSolid |, .. I‘I 51 Blue: I‘I G0

] Cancel Add to Custom Colors
| | |

Sau khi chon méau xanh, bay gi¢ ban c6 thé xem lai hinh dang ciia module con ma ban
vira mo&i thay d6i so voi hinh chit nhat ctia cac module cil.

submﬂd - -

zubmod] submodz

b odule

Chuyén sang ché d nhin NED Source

Graphice MED saurcel

Ban c6 thé thay ma ngudn cua md hinh ma ban vira tao:

Graphice MED SDurDEl

module Hodule
submodules:
submod: Module;
display: "p=83,1083;i=ball,H0888FF";
submodi: Hodule;
display: "p=288,103;b=92,72";
submod? : Hodule;
display: "p=328,184;b=88,77";

endmodul e
[

Chu ¥ 1a d6i v6i module con thir nhat nhiing thay ddi vé mat hinh thire cia né dugc
dién ta trong chudi “i=ball, #0080ff’. Bing cach sir dung cac chirc ning copy, paste ta
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c6 thé thay ddi hinh thirc cho cac module con con lai ma khong can phai mo trinh don
Submodule Appearance cho tiing module tuong Gng.

Graphicz MED zource

module Module
cubmodules:

submod: Module;
display: “p=83,183;i=-ball ,#B088FF";

submod1: Module;
display: “p=288,183;b=92,72;i=ball,#A8886FF";

submod?: Module;
display: “p=328,104;b=88,77;i=ball ,HAB80BFF";

endmodule

Dé sinh dong hon, ta thay ddi tham sb mau sic cho céac module con lai, “submod1”
thanh “#ff80ff” va “submod2” thanh “#ff8000”. K&t qua dugc thé hién ¢ hinh dudi:

bl odule

zubmod zubmod subrnod2

Nhu vay trong GNED, hai ché d¢ giao dién c6 anh huéng qua lai 1an nhau. Nhiing
thay doi trong ché d¢ nay ciling anh hudéng dén ché do con lai.

Bay gid ching ta s& sir dung cac module nay dé thir nghiém chirc ning cta b tao sb
ngau nhién (Random Number Generator - RNG). Trudc tién, kich phai chudt vao ting
rnodule va chon chirc ning Rename dé doi té€n cho cac module theo thu ty lan lugt la

LR INY3

“rng”, “checker” va “counter”.

99 ¢C

“rng” s& sinh ra cac s roi chuyén qua cho ¢ checker checker” s& tinh lai trén mdi s
va chi chuyen cho “counter” cac sb chén, cac sb 1¢ s& bi bo di. “counter” s& ghi lai sd
luong s6 chan ma nhan dugc trong ting phat, va sé nay s& dugc truyén di cho cac
thanh phan bén ngoai khi c6 yéu cau.

Ta str dung cong cu J dé tao két noi theo mo hinh moé ta & trén. “rng” phai noi voi
“checker” va “checker” noi véi “counter”.
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bl odule

-
. ’. k.

g checker counter

“counter” con ¢6 nhiém vu nhan va giri message voi cac thanh phan bén ngoai, do d6
ta phai tao thém cac két ndi can thiét. Bé két ndi mot module voi bén ngoai, kéo ré
chudt tir tim module téi bién ctia ving mau xam. Dé két ndi nay 1a hai chiéu, ta tién
hanh tao két ndi theo chiéu ngugc lai tir bién vao tim ciia module.

ki odule

o @ —0—

g checker counter

Bay gio ta ddi tén cho module két hop thanh “rnd_eval” bang cach kich phai chudt
vao dong chit “Module” nam & gbc trén trdi cuia vung mau xam, chon chirc nang
Rename trong trinh don nglt canh tuwong tng.

Save file voi tén “Random_ Number Evaluator.ned”, ching ta da c6 mét file NED
hoan chinh.

4.3. Lam viéc vé&i nhiéu file NED - Cac chirc niang chinh stra
nang cao

Nhan nat E dé tao mot tai litu NED méi. Tao mdt module con méi co tén la
“conductor”.
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f GMED - untitled - Madule
Fie Edt Vesw DCraw Opticrs Hel

Dok || B¢ |0 5| ] || [ B | 0= [ =
B [=] nedfls Random_Humber Evehistor ped || Braphics [ HED ouice
B[] ks Madds =T =2

B [&] nediis Unfiled

Sau do6 kéo ré module “rnd_eval” cua file ta vira tao ¢ trén vao module “Module” cua
file méi ba lan.

b odule

conductor

rhd_eval ind_ewvall ind_evalz

Cac module “rnd eval” sé& lan luot dwgc dat tén la “rnd_eval”, “rnd evall”,
“rnd_eval2”. Sau d6 ta tao két ndi hai chiéu giita module “conductor” vdi cac module
“rnd_eval” vira thém vao. Module “conductor” s& thinh thoang yéu cau cac sb lidu cua
cac module “rnd_eval” va cac module nay s€ giri message tra 1o1.
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odule

bar

rhd_eval mnd_evall rhd_ewal?

Quan sat trén Tree View, ta s€ théy cac két ndi vira duge tu dong tao ra

Iﬂ—]— nedfile R andorn_Murmber_E valuator.ned
= [@8] module ihd_eval
B submods
— &g g Module
— @ checker: Module
— i@ counter: Module
B connz
— & conn rmg.out -r checkerin
— &g conn checker. out - counter.in
— B conn counter.out --x iR
— g conn out --> counter.in
- |Z] nedfile CONDUCTOR. ned

= [@8] module Module

B submods

— g conductor: Module
— g rd_eval: md_eval
— i@ rnd_evall: md_eval
— i@ rnd_evals: ind_eval
B connz
— @ conn conductor.out > id_eval.in
— g conn conductor.out - mid_evall.in
— & conn conductorout - md_evalZ.in
— g conn md_eval2 out - conductor.in
— g conn md_ewvall.out > conductor.in
— g conn md_eval.out > conductor.in

Va file NED ciing ¢ nhiing thay d6i twong tng
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[module HModule
submodules :
conductor: Hodule;

connections:
conductor .out —->
conductor.out ——>
conductor.out —->
rnd_evalZ.out —->
rnd_evall.out —->

endmodule

display: “p=184,96;b=1608,96";
rnd_ewval: rnd_eval;
display: "p=188,285;b=48,28";
rnd_evali: vnd_ewal;
display: “p=189,288;b=48,28";
rnd_eval?: rnd_eval;
display: “p=285,287;b=48,28";

rnd_eval.in;

rnd_evald.in;
rnd_eval2.in;
conductor.in;
conductor.in;

rnd_eval .out --> conductor.in;

Save file méi nay véi tén “conductor.ned”.

bé thir nghiém cua chung ta thuc sy hoat dong, ching ta can phai khai bdo “Rnd”,
“Checker”, “Counter” nhu cac module don gian.

Budc dau tién, ching ta tao 3 module don gian. An nut ﬂ, hodc st dung trinh don
nglt canh trén Tree View dé thém vao mot module don gidn. Cira s6 Module
Properties xuat hién, chon tab Reneral va gd vao 6 Name tén cua module “Rnd”.

' Module Pro perties

Mame: |F|n|:|

Doc. comments: |

End-line comments:

EBX

] 4

Cancel

Chon tab Parameters dé dinh nghia cac tham sb (cac tham sb nay co thé s& duogc cac
RNG str dung), bang cach nay ban c6 the cau hinh lai sau nay.
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/ Module Properties

B=1[ES

General Tp ] Gates ]
Farameters:
M ame Type End-ine comment | Doc. comment
RHD_Type zhring e.g LCG3Y .
(] Cancel

Chon tab Gates va khai bao mdt céng, qua do6 cac sb ng?au nhién sinh ra s€ duoc
truyén di. Ban c6 thé sir dung truong End-line comment dé vi€t chu thich cho chuc

nang cua cong.

Bay gio module Rnd da sin sang va ban c6 thé diéu khién hoat dong ctia module nay
thong qua cac file twong ung Rnd.cc va Rnd.h.

Tuong tu nhu trén, ta tiép tuc khai bao cac module don gian c6 kiéu “Checker” va

“Counter”.

Iﬂ—]— E nedfile B andon_Mumber_E valuator.ned

[B8] module md_ewval
] zimple Rnd
B params
g param BMD_Type
B gates
B gate md_out
=+ ; zimple Checker
B gates
i qate d_receiver
i gate even_sender
= E zimple Counter
B gates
B gate even_receiver
B gate quen_receiver
i gate statistics_out

Tiép theo ta thay dbi kiéu cua mdi module con bén trong module rnd_eval cho phu
hop vdi cac kieu module don gidn mdi ma ta vua tao ra. Kich chudt phai vao tén
module “rng”, chon “Properties...”, sau d6 chon trong Type ki€u Rnd.
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 Submodule Properties

] Parametets ] Gate zizes ]

M arne: |rng

Wector zize; |

* Type is fined:

Tupe: |Moduld o
" Type iz passed in |Counter

b odule
Parameter name:  |ind_eval

Checker

Py s |

Doz, comments:

End-line comments: |

Ok Cancel

Thay doi tuong ty ddi véi cac module con lai, sau do save file lai.

module rnd_eval
submodules:
rng: Rng; //
display: *'p=83,183;i=ball,HBBBOFF";
checker: Checker; 7/
display: "'p=184,183;i=ball, #Ffe80FF";
counter: Counter; 7/
display: "'p=384,184%;i=ball,#Ffe0eg";
connections:
rng-out --* checker.in;
checker.out --> counter.in;
counter.out --> in;
out —-* counter.in;
endmodule

LEINTY

Ban thiy rang cac module con “rng”, “checker” va “counter” di c6 cac kiéu module
tuong tmg. Ngoai ra, néu ban kich chudt phai vao simple Rnd va chon “Show NED
code...”, ban sé théiy nhiing khai bao ban thuc hién trong ctra s6 Module Properties &
trén duge thé hién duédi dang ma:

i NED code -- simple Rng

sinple Eng |
parameters:
RHD Type : string; /fe.g. LCGEZ
gates:
mut: rnd_out; //This dis the gate, where the random numbers are passed along.
endsimple

=l
Cbse|

Quay lai véi fiel “Conductor.ned”, file nay st dung module “rnd_eval”, mdt module
két hop dugc dinh nghia trong file “Random Number Evaluator.ned”. Do d6 ban
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phai import file “Random Number Evaluator.ned” dé c6 thé st dung module
“rnd_eval”.

An nut ﬂ va chon muc Imports

f Im port Properties |Z| |E| E|

|mported files:
Mame [without .ned] | End-ine comment | Doc. comment |
Random_Mumber_Evaluz - |

GO tén “Random Number Evaluator” vao trudong Name (cht y khong g0 thém phan
moé rong .ned). Ngoai ra ban c6 thé thém vao cac 1i cha thich & hai cot tiép theo.

Save file conductor.ned.

Ban da hoan thanh mdt mo6 hinh mang don gian. bé chay dugc mo hinh nay, ban phai
trién khai cac module don gian trong C++ va xay dung cac file .exe.
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5. MODULE PON GIAN

5.1 Module don gian trong OMNeT++

Ta st dung C++ dé xady dung cac simple module dé thuc hién céac su kién, hay noi
khac di 1a thyc hién cac hoat dong (behaviour) cia md hinh.

Cic module do ngudi lap trinh xdy dung thuong 1a cac 16p ké thira tir 1op
cSimpleModule trong thu vién cia OMNeT++.

Mobi module thuong chira cac ham sau:
e void initialize()
e void handleMessage(cMessage *msg)
e void activity()
e void finish()

Ham khéi tao initialize()

Trong qua trinh khoi tao, OMNeT++ s€ xay dung mang: nod tao ra cac module don va
cac module két hgp (compound module). Sau d6 két ndi chung theo cac khai bao va
dinh nghia trong file NED.

Ham handleMessage() and activity()

Cac ham nay duoc goi khi trong qué trinh xur 1y su kién. Nhu vay hau hét hoat dong
cia hé théng dugc moé phong s& duoc lap trinh trong cac ham nay. Ham
handleMessage() s€ duoc nhan mé phong (simulation kernel) goi khi module nhan
duoc mot goi tin. Va thong thudng, ta chu yéu xay dung ham handleMessage() thay
vi ham activity().

Ham finish()

Ham finish() duoc goi khi qua trinh md phong két thuc thanh céng. Ngoai ra, mot
ung dung chi y€u cia ham nay con la thu thép cac thong ké vé qua trinh mo phong.

5.2 Cac sw kién trong OMNeT++

OMNeT++ st dung cac message dé biéu dién cac su kién. Mdi su kién dugc bicu dién
boi mot doi tugng cua lop cMessage hoac 16p con cua 16p nay.

5.3 M6 hinh hoa hoat déng truyén géi tin

Twong ty nhu da trinh bay trong phan 2.1.4, Mot két nbi co thé co ba tham sb dic
trung. Nhirng tham s6 nay rt thuan tién cho cac mo hinh mo phong mang thong tin
nhung khong hiru dung 1dm cho cac kiéu mé hinh khac. Ba tham s6 nay bao gom:

e Do tré duong truyén (propagation delay) tinh bang s - gidy.
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e Tisb 15i bit, dugc tinh bang sb 13i/bit.
e Tisd dit lidu, dugc tinh bang sb bit/s.

Céc tham sb nay 1a tuy chon. Gia tri ctia cac tham sb nay 1a khac nhau trén timg két
noi, phu thudc vao kiéu cua lién két (hay con goi 1a ki€u cuia kénh truyén - channel
type).

5.4 Khai bao kiéu module don gian

5.4.1 Tong quan
Mot module viét bang C++ bao gdm:

e Khai bao 16p module: 16p do nguoi 1dp trinh x8y dung 1a 16p con cua l6p
cSimpleModule.

e Ping ky kiéu cua module (module type registration): Define_Module() hoic
Define_Module_Like() macro.

e Trién khai cu thé 16p module.

Xét VD sau:

/I file: swp.cc

#include <omnetpp.h>

/I module class declaration:

class SlidingWindowProtocol : public cSimpleModule

{
Module_Class_Members(SlidingWindowProtocol,cSimpleModule,0)

virtual void handleMessage(cMessage *msg);

/I module type registration:

Define_Module( SlidingWindowProtocol );

/I implementation of the module class:

void SlidingWindowProtocol::handleMessage(cMessage *msg)

{

}
Module trén dugc khai bao trong file NED nhu sau:

/I file: swp.ned
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simple SlidingWindowProtocol
parameters:
windowSize: numeric const;
gates:
in: fromNetw, fromHigherLayer;
out: toNetw, toHigherLayer;

endsimple

5.4.2 Ping ky kiéu module

Trong VD trén chuira cau Iénh:
Define_Module(SlidingWindowProtocol);

Dong 1énh nay s& khién cho OMNeT++ biét rang ta ‘mu(*)n dung 16p
SlidingWindowProtocol dudi dang 1 module don. Pong thoi OMNeT++ framework sé&
tim file NED c¢6 cung tén chtra khai bao vé module nay

(simple SlidingWindowProtocol

endsimple)

dé xac dinh cac cong va cac tham s6 ma module nay can co.

5.5 Xay dwng ham cho Module

5.5.1 Ham handleMessage()

Ham handleMessage() duoc goi khi mdi message dén module. Khi ¢6 ham nay s& xir
1y goi tin va tra lai két qua ngay 1ap tac.

Chua y rang cac module ham handleMessage() KHONG dugc ty dong goi, ma phai
nhan dugc géi tin tir module khac. Mudn ta phai thém céc self-message tir ham khoi
tao initialize() thi ham handleMessage() s& bat ddu lam viéc ma khong can phai nhan
g0i tin tu module khac.

Pé sir dung ham handleMessage() trong mot module, ta phai xac dinh kich thudc cia
zero stack size cho module d6. Boi 1€ kich thudc cua zero stack s€ khien OMNeT++
biét ta muon sir dung ham handleMessage() hay activity().

Mot s6 ham thong dung ma ta c6 thé sir dung trong ham handleMessage():
e Cac ham send(): gui goi tin t6i cac module khac.

e Ham scheduleAt(): dé dinh ky mot sy kién (thuong la module ty giri goi tin
cho chinh nd)

e Ham cancelEvent(): hiy bo dinh ky mdt sy kién nhd ham scheduleAt()

Chu ¥ rang cac ham receive() va wait() khong dugc sir dung trong viéc xdy dung ham
handleMessage(), ma chi dung khi ta muon xay dung ham activity().

e VDI1:
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class FooProtocol : public cSimpleModule
{
protected:
/I state variables
...

virtual void processMsgFromHigherLayer(cMessage *packet);
virtual void processMsgFromLowerLayer(FooPacket *packet);

virtual void processTimer(cMessage *timer);

public:
Module_Class_Members(FooProtocol, cSimpleModule, 0);
virtual void initialize();
virtual void handleMessage(cMessage *msg);

>

...

void FooProtocol::handleMessage(cMessage *msQ)
{
if (msg->isSelfMessage())
processTimer(msg);

else if (msg->arrivedOn("fromNetw"))

processMsgFromLowerLayer(check _and_cast<FooPacket *>(msq));

else

processMsgFromHigherLayer(msg);

5.5.2 Ham activity()
Céc ham quan trong ma ta c6 thé goi trong ham nay bao gdm:
e receive()
o wait()
e send()
e scheduleAt()
e cancelEvent()

e end()
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5.5.3 Ham initialize() va finish()
Ham initialize(): khoi tao cac gié tri can thiét cho qua trinh mo6 phong

Ham finish(): ham nay dugc sir dung dé ghi lai cac thong sd trang thai can thiét khi
qué trinh md phong két thuc.

5.6 Gwri va nhan cac message

5.6.1 Giri cac message
Sau khi tao ra cac goi tin, ta c6 thé giri n6 thong qua mot cong vao/ra nhd ham send()
v6i cu phap nhu sau:

send(cMessage *msg, const char *gateName, int index=0);

send(cMessage *msg, int gateld);

send(cMessage *msg, cGate *gate);
Vi du:

send(msg, "outGate");

send(msg, "outGates", i); // send via outGatesi]
Doan ma sau sé& tao ra va giri cac géi tin sau mdi 5 gidy.

int outGateld = findGate("outGate");

while(true)

{

send(new cMessage("packet"), outGateld);
wait(5);
}

5.6.2 Broadcasts
Khi ta mubn ciing mot goi tin téi nhiéu nut dich déng thoi, thi dung phuong phap tao
ra nhiéu ban sao cua goi tin va gii chung di.
Vi du:
for (int i=0; i<n; i++)
{
cMessage *copy = (cMessage *) msg->dup();
send(copy, "out", i);

}

delete msg;
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5.6.3 Giri c6 dd tré (Delayed sending)

wait( someDelay );
send( msg, "outgate" );
C phap ciing twong tu nhu trén, chi thém tham sé thoi gian tré

sendDelayed(cMessage *msg, double delay, const char *gateName, int index);
sendDelayed(cMessage *msg, double delay, int gateld);

sendDelayed(cMessage *msg, double delay, cGate *gate);
Vi du:

sendDelayed(msg, 0.005, "outGate");

5.6.4 Giri truc tiép message
Str dung ham sendDirect() dé gui truc tiép goi tin tir module nay t6i module kia ma

khong cn quan tim dén théng qua cng nao.

sendDirect(cMessage *msg, double delay, cModule *mod, int gateld)

sendDirect(cMessage *msg, double delay, cModule *mod, const char *gateName,
int index=-1)

sendDirect(cMessage *msg, double delay, cGate *gate)
Vidu

cModule *destinationModule = parentModule()->submodule("node2");
double delay = truncnormal(0.005, 0.0001);

sendDirect(new cMessage("packet"), delay, destinationModule, "inputGate");

5.6.5 Gii dinh ky

scheduleAt(absoluteTime, msg);

scheduleAt(simtime()+delta, msg);

5.7 Truy nhap cac céng va két noi

5.7.1 Poi twong cong (gate object)

Module cong 1a mot dbi tuong cia 16p cGate. Ham gate() sé& tra vé 1 con tro toi dbi
tuong cGate. Va muon truy cdp vao tung thanh phan ctia cong doé, ta thyc hién chong
ham

cGate *outgate = gate("out");

cGate *outvecbgate = gate("outvec",5);
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Gate ID
Cac module céng duoc luu trit trong mot mang. Vi tri cua céng trong mang do 6i la
gate ID. Pé xac dinh gate ID, ta ding ham id() hodc ham findGate()
int id = outgate->id();
or:
int id1 = findGate("out");
int id2 = findGate("outvect",5);
Nho do, co thé giri va nhan goi tin thong qua tham s6 1a gate ID. Thong thuong thi
viéc su dung gate ID s€ nhanh hon la dung tén cong.
5.7.2 Céc tham sb két ndi
Cac thong sb thong sb co ban cua duong truyén: do tré, ti 1é bit 13i, tdc do truyén duoc

biéu dién thong qua dbi twong channel.

cChannel *chan = outgate->channel();

cBasicChannel *chan = check_and_cast<cBasicChannel *>(outgate->channel());
double d = chan->delay();
double e = chan->error();

double r = chan->datarate();

5.8 Tw dong tao module

Trong mdt s6 tinh hudng, ta can phal tu dong tao va hiy cac module. Chang han khi
md phong mét mang di dong, ta can tao mot module mai khi nguoi dung tién vao
vung két ndi va hiy module nay khi ngudi d6 ra khoi ving két nbi.

Qua trinh trén gém 5 budec:

1. Tim loai module.

2. Tao module

3. Thiét 1ap cac tham sd va kich thudc cong (néu can)

4. Goi ham xay dyng (build out) cac module con va hoan thanh module chinh.

5. Goi ham tao cac goi tin chu dong (activation message) cho mdi module don.
Vi du:

/I find factory object
cModuleType *moduleType = findModuleType("WirelessNode");

Il create (possibly compound) module and build its submodules (if any)
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cModule *module = moduleType->create("node", this);

module->buildInside();

/Il create activation message

module->scheduleStart( simTime() );
Hiy module
module->deleteModule();
Tao cac két ndi
srcGate->connectTo(destGate);
Tao 2 module va két ndi chiing véi nhau:

cModuleType *moduleType = findModuleType("TicToc");
cModule *a = modtype->createSchedulelnit("a",this);

cModule *b = modtype->createSchedulelnit("b",this);

a->gate("out")->connectTo(b->gate("in"));

b->gate("out")->connectTo(a->gate("in"));
Hiy két néi

srcGate->disconnect();
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6. MESSAGE

6.1. Message va Packet

6.1.1. Lop cMessage

cMessage 1a mot 16p trung tim cia OMNeT++. Ddi twgng cua 16p cMessage va cac
16p con ciia n6 ¢ thé md hinh hoa dugc rat nhiéu dbi twong nhu cic message, cac goi
tin (packet), frame, cell, bit, cac tin hiéu truyén trong mang, cac thuc thé truyén trong
mot hé thong...

Thudc tinh

Mot ddi tugng cua 16p cMessage c6 mot sb thudc tinh, mot s6 duoc sir dung béi phﬁn
nhan mo6 phong, mot so khac dugc cung cap cho nguoi 1ap trinh.

Tén - name: thudc tinh 1a mot chu01 (const char *) ma nguoi 14p trinh c6 thé
sir dung tuy y. Tén clia message xudt hién & rit nhidu noi trong Tkenv va nén
dugc chon c6 ¥ nghia. Thudc tinh nay ké thira tir 16p cObject.

Kiéu message - message kind: thudc tinh nay chua thong tin vé ki€u cua
message.

Do dai - length (dwgc tinh theo bit): duoc sir dung dé tinh d6 tr& khi message
duoc truyén thong qua mot két noi cé toc do truyen dir liéu dugce gan gia tri
xac dinh.

Co bit 18i - bit error flag: thudc tinh nay duoc thiét 1ap bang true bodi phan
nhan md phong v6i xdc suat bang 1-(1-ber)length khi message dugc gui thong
qua mot két noi co toc do truyén dir licu xac dinh (ber).

Quyén uu tién - priority: dugc sit dung béi phan nhan moé phong dé sip xép
cac message trong danh sach hang doi (message queue - FES) c6 cung thoi
gian tdi.

Méc thoi gian - time stamp: thude tinh nay cho phép nguol str dung danh dau

thoi gian vi du nhu danh dau thoi diém message dugc xép vao hang doi hodc
duoc gui lai.

Cac thudc tinh khac va cac thanh phan dir liéu giup cho ngudi 1ap trinh lam
viéc dé dang hon nhu: danh sach tham sd (parameter list), message dong goi
(encapsulated message), thong tin diéu khién (control info) va con tré ngit
canh (context pointer.

Mot s cac thude tinh chi doc (read-only attribute) luu gilr cac thong tin vé
vi¢c gui message, cac thong tin vé cac module, cong nguon va dich, thoi gian
giri va thoi gian toi clia cac message. Hau hét cac thudce tinh nay déu duoc sir
dung bdi phan nhan mo phong khi cic message nam trong FES, tuy nhién khi
cac module nhan dugc message, cac thong tin nay van con ton tai.

Cach sir dung
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Ham khoi tao ctia 10p cMessage c6 thé nhan mot vai dbi sb. Thong thuong, mot d6i
tuong cua 16p cMessage s& nhan vao hai d6i s6 1a tén (kiéu string) va kiéu message
(kiéu int):

cMessage *msg = new cMessage("MessageName", msgKind);

TAt ca cac ddi sd déu la tuy chon, do dé khai bao mot ddi tuong nhu sau ciling hop 1é
cMessage *msg = new cMessage();

hay

cMessage *msg = new cMessage("MessageName");

(1334

Khi khong c6 dbi sb, mic dinh ddi twong mdi tao ra c6 tén 1a “” va kiéu 1a 0. Ham tao
cia 16p cMessage co thé nhan vao nhiéu dbi s6 hon (length, priority, bit error flag),
tuy nhién dé dat gia tri cho cac thudc tinh ta ciing khong nhét thiét phai st dung ham
tao. Ta c6 thé sir dung ham set...() dé gan gia trj cho ting thudc tinh.

msg->setKind( kind );
msg->setLength( length );
msg->setPriority( priority );
msg->setBitError( err );
msg->setTimestamp();
msg->setTimestamp( simtime );
Ngoai ra ta c6 thé sir dung cac ham sau dé ldy gia tri ctia cac tham sb:
int k = msg->kind();

int p = msg->priority();

int 1 = msg->length();

bool b = msg->hasBitError();

simtime_t t = msg->timestamp();

Nhéan doi message

Ta c6 thé thyuc hién sao chép mot message bang cach:

cMessage *copy = (cMessage *) msg->dup();

hoac

cMessage *copy = new cMessage( *msg );

Céach nay co thé ap dung voi bt ky mot dbi twong nao trong OMNeT++. Message
mai dugce tao 1a mot ban copy chinh xac cia message cii, bao gdom ca cac tham so...

6.1.2. Self-Message

St dung self-message

Céac message thuong duoc sit dung dé mé ta cac sy kién xdy ra bén trong cua mot
module. Trong mdt so truong hop, message c6 thé coi nhu mot by dinh thoi dung dé
xac dinh thoi di€m dién ra mot sy kién nao d6. Nhitng message st dung trong nhiing
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truong hop nhu vy dugce goi 1a self-message. Tuy nhién self-message van 1a message
binh thuong, 1a mdt doi tuwong cua 16p cMessage hodc mot 16p con ké thura tir no.

Khi mot message duoc phan dén mot module bai phan nhan moé phong, ban c6 thé goi
ham isSelfMessage() dé kiém tra xem n6 c6 phai 1a mot self-message hay khong; noi
mot cach khac 1a dé kiém tra xem message nhan dugc cd phai la mét scheduled
message (cac message ding dé dinh thoi diém dién ra mot sy kién trong module) hay
1a cac message duoc gui boi mgt ham send...() nao d6. Ngoai ra nguoi sur dung co thé
st dung ham isScheduled() dé kiém tra, ham nay s& tra vé true néu message nhan
duoc la modt scheduled message (nhitng message dugc xac dinh béi ham
scheduleAt()). Mot scheduled message ciing ¢ thé bi huy bo boi ham cancelEvent().

bool isSelfMessage();
bool isScheduled();

Cac ham sau tra vé€ thoi gian tao, thi€t 1ap va thoi gian toi clia mot message. simtime_t
creationTime()

simtime_t sendingTime();

simtime _t arrivalTime();

Khi mét self-message dugc thié',t 1ap, thoi gian toi clia message s€ la thoi gian no s€
duogc chuyén téi module can thiét.

Con tré ngir cinh (Context Pointer)

Xét hai ham setContextPointer() va contextPointer():

Ham setContextPointer() nhdn mot con trd ngit canh (kiéu void) 1am ddi s dé thiét
lap ngit canh cho message.

Ham contextPointer() tra vé mot con tré ki€u void, chira ngt canh ciia message tuong
ung.

void *context =...;
msg->setContextPointer( context );
void *context2 = msg->contextPointer();

Nguoi lap trinh ¢ thé st dung con trd ngit canh cho nhiéu muyc dich va phan nhan mé
phong khéng can thiép dén con tré nay. Tuy nhién trén thuc té, con tro ngir canh
thuong duoc st dung khi mot module thiét 18p mot vai self-message (bo dinh thoi),
module s& can phai xac dinh duoc khi nao mot self-message quay lai module, hay noi
mdt cach khéac n6 can phai xac dinh dugc khi nao bd dinh thoi hoat dong va phai lam
gi sau do6. Khi d6 con tré ngit canh s€ dugc tao ra dé tré téi mot cau trac dit lidu cua
module, mang day du thong tin “ngir canh” vé su kién sip dién ra.

6.1.3. M0 hinh hoa géi tin

Cong nhin va thoi gian téi ciia mdt message
Céc ham chi ra vi tri nhén va gti cia mdt message:
int senderModuleld();

int senderGateld();
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int arrivalModuleld();

int arrivalGateld();

Hai ham dugc st dung dé két hop module id v6i gate id thanh mot con tré ddi tuong
cong (gate object pointer):

cGate *senderGate();

cGate *arrivalGate();

Céac ham dung dé klern tra xem message gui dén dugc nhan vao tir cong nao thong
qua id hodc tén + chi s6 ctia cong:

bool arrivedOn(int id);
bool arrivedOn(const char *gname, int gindex=0);

Cac ham tra lai thoi gian tao message, thoi gian gui lan cudi cung va thoi gian toi cia
message:

simtime t creationTime()
simtime t sendingTime();

simtime_t arrivalTime();

Théng tin diéu khién

Mot trong nhitng linh vuc tng dung chil yéu cia OMNeT++ 1a mang thong tin. Trong
linh vuc nay, cac 16p giao thirc thudng duoc trién khai nhu nhitng module 1am nhiém
trao d6i cac goi tin. Lop cMessage ciing cung cip mot 16p con cua nd dé khai bao cac
g0i tin.

Tuy nhién, viéc thong tin giira cac 16p giao thic can phai c6 nhiing thong tin phu
dugc gin kém cing véi goi tin. Ly vi duy, khi 16p TCP giri mot goi tin xudng 16p IP,
goi tin can phai c6 dia chi IP nhan va mot s6 tham sé khéac nira. Khi 16p IP chap nhan
gai tin tu 16p TCP (doc thong tin dia chi IP nhan trong phan header ciia goi tln) no sé
chuyén nguoc cic thong tin can thiét 1én cho 16p TCP, it nhat 1a dia chi IP ngudn gui
gai tin.

Cac thong tin thém vao dugc coi 1a cac ddi tuong thong tin diéu khién (control info
object) trong OMNeT++. Cac doi tuong thong tin diéu khién nay la doi tuong cia lop
con ké thtra tir 16p cPolymorphic (mot 16p khong c6 thanh phan dir liéu), va dugc gan
kém vao cac gobi tin. Cac ham c6 thé st dung cho muc dich nay:

void setControllnfo(cPolymorphic *controllnfo);

cPolymorphic *controllnfo();

cPolymorphic *removeControllnfo();

Xaéc dinh giao thire

Trong cac m6 hinh giao thirc cia OMNeT+, kiéu giao thirc thuong dugc dai dién boi
cdu tric cua cac goi tin s dung trong giao thirc va duoc thé hién nhu mot 16p
message. Vi du nhu 16p [Pv6Datagram tuong tng voi cac datagram cua IPv6, hay 16p
EthernetFrame twong tng voi cac frame cua Ethernet. Cac kiéu don vi dir liéu cua
giao thirc (PDU - Protocol Data Unit) thudong duoc thé hién nhu mét trudng trong 16p
message.

Trang 57



OMNet++

Trong C++, toan tir dynamic_cast c6 thé duoc st dung dé kiém tra xem mot ddi tuong
message c6 thugc mot ki€u giao thure xac dinh nao doé hay khong.

cMessage *msg = receive();
if (dynamic_cast<IPv6Datagram *>(msg) != NULL)

{
IPv6Datagram *datagram = (IPv6Datagram *)msg;

}

6.1.4. Dong goi (Encapsulation)

Dong goi goi tin

Thuc sy can thiét phai déng goi mot message khi ban tién hanh mo phong céac 16p
giao thirc ciia m§t mang may tinh. Cac t6t nhat dé dong goi mot ‘message la thém vao
message mot danh sach cac tham sd dic biét. OMNeT++ cung cip cho ngudi st dung

ham encapsulate() dé dong goi cic message. Kich thudc (chidu dai) ctia cac message
s€ tang 1én mot phan bang kich thudc cta phan thong tin thém vao.

cMessage *userdata = new cMessage("userdata");
userdata->setLength(8*2000);

cMessage *tcpseg = new cMessage("tcp");
tcpseg->setLength(8*24);
tcpseg->encapsulate(userdata);

ev << tecpseg->length() << endl; // --> 8*2024 = 16192

Mot message chi c6 thé mang mot phin thong tin thém. Diéu nay c6 nghia 13 néu ham
encapsulate() dugc goi lan thar hai, nd s€ sinh ra 16i. Ngoai ra 10i cling phat sinh néu
message dugc dong goi khong thugc mot module nao.

Ban c6 thé lay lai phan théng tin thém vao bang ham decapsulate()
cMessage *userdata = tcpseg->decapsulate();

Ham decapsualate() s& 1am chiéu dai cua message (trir truong hop phan thém vao c6
chi€u dai bang 0). Néu chi€u dai cua message sau khi thuyc hi€n 1&€nh tr¢ thanh s6 am,
s€ xuat hién 101.

Ham encapsulatedMsg() tra v& mot con tré tré ti message dugce dong goi, néu gia tri
tra vé bang NULL c6 nghia 1a khong c6 message nao dugc dong goi.

Dong goi nhiéu message

Lép cMessage khong truc tiép hd trg viéc thém nhiéu hon mot message vao mot d6i
tugng message (message object), nhung ban c6 thé tao mot 16p con cua 16p cMessage
va thém vao cac chirc ning can thiét.

Ban ciing c6 thé dat nhiéu message trong mot mang c6 kich thudc ¢ dinh hodc mot
mang cap phat dong, hodc ban c6 thé sir dung mét sb 16p STL nhu std::vector hay
std::list. Tuy nhién c6 mot diém ma ban can luu ¥ khi st dung céc 16p nay dé 1a: 16p
message cua ban phai chiém quyén s& hitu cua cac message dugce thém vao, va phai
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gidi phong chung khi ching bi x6a khoi danh sach. Nhimg viéc ndy dugc thuc hién
qua hai ham take() va drop(). Vi du dé thém vao 16p mét std::list duwoc goi la
messages chira danh sach cac con tré message, ban nén thém doan ma sau:

void MessageBundleMessage::insertMessage(cMessage *msg)
{

take(msg); // take ownership

messages.push_back(msg); // store pointer

}

void MessageBundleMessage::removeMessage(cMessage *msg)
{

messages.remove(msg); // remove pointer

drop(msg); // release ownership

}

Ban ciing can phai thém vao mot ham operator=() dé dam bao cac ddi twong message
cua ban c6 thé duoc sao chép hodc nhan déi (day la nhitng di€u rat can thi€t trong qua
trinh m6 phong).

6.1.5. Thém dbi twong va tham sb

Thém dbi twong

Lép cMessage co dbi tuong cArray c6 thé chira cac ddi twong khac. Tuy nhién chi cac
d6i twong ké thira tir 16p cObject (hau hét cac 16p trong OMNeT++ déu ké thira tir 16p
nay) méi co thé dwgc thém vao cac message. Cac ham addObject(), hasObject(),
removeObject() nhan tén cua cac dbi twong nhu cac khoa dé truy nhap mang. Vi du:

cLongHistogram *pklenDistr = new cLongHistogram("pklenDistr");
msg->addObject( pklenDistr );

if (msg->hasObject("pklenDistr"))

{

cLongHistogram *pklenDistr =

(cLongHistogram *) msg->getObject("pklenDistr");

}

Ban phai cAn than khi thém mét ddi tuong vao message, tranh dé xéy ra tinh trang
xung dot gitia cac doi tugng bi trung tén. Neéu ban khdng gan kém mot do6i tugng nao
vao message anh khong goi ham parList(), d0i tugng cArray s€ khong dugc tao.

Ban ciing c6 thé thém vao message cac dbi twong khong ké thira tir cObject (non-
cObject object) bang cach st dung con trd cta 16p cPar. Vi du:

struct conn_t *conn = new conn_t; // conn_t is a C struct
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msg->addPar("conn") = (void *) conn;

msg->par("conn").configPointer(NULL,NULL,sizeof(struct conn_t));

Thém tham sb

Phuong phap t6t nhat @& mo rong cac message voi nhitng truong dit liéu méi 1a dinh
nghia cac message (xem phan 5.2).

Tuy nhién ta c6 thé st dung mot phuong phap khac (khong dwoc khuyén khich) dé
thém cac truong dir liéu méi cho message thong qua cac d6i tugng cPar. Nhuoc diém
cia phuong phap nay 1a ton bd nhd va thoi gian thuc hién cham. Cac d6i tuong cua
cPar thuong c6 kich thude 16n va kha phirc tap. Mt khac khi st dung cac ddi twong
cPar ciing rat dé& sinh ra 16i boi cac ddi twong nay phai dugc thém vao dong va doc 1ap
dbi v6i mdi d6i twong message.

Tuy nhién néu ban van can str dung cPar, nd s€ cung cap cho ban mét s6 ham co ban.
Ham addPar() dugc dung dé thém mdt tham s6 méi cho message. Ham hasPar() kiém
tra xem mdt message cO cac tham s6 hay khong. Cac tham so cia message co thé
duoc truy nhap thong qua ch1 s6 cua mang tharn s6. Ham ﬁndPar() tra vé& chi sé cua
mot tham s va tra vé -1 néu tham sé d6 khong ton tai. Cac tham sé ciing ¢6 thé dugc
truy nhap bang cach viét chong ham par(). Vi du:

msg->addPar("destAddr");
msg->par("destAddr") = 168;

long destAddr = msg->par("destAddr");

6.2. Pinh nghia message
6.2.1. Gidi thi¢u

Trong thyc té, ban s& phai thém rat nhidu truong vao 16p cMessage dé 1am cho n6 dé
dung hon. Ly vi dy, néu ban mé hinh hoa cac goi tin trong mot mang thong tin, ban
can c6 cach dé luu phan header cta giao thirc trong cac ddi tuong message. Mot cach
tu nhién, chung ta thdy rang thu vién mé phong cia OMNeT++ duge viét trén ngon
ngit C++, do d6 dé thém cac trudng méi vao 16p cMessage ta c6 thé tao cac 16p con
ké thira tir 16p cMessage va thém cac trudng vao nhu nhimng thanh phin riéng cua 16p
con. Tuy nhién, do mdi truong ma ban thém vao déu can it nhat 3 thanh phan (dit liéu
thanh phan riéng, ham set() dé thiét 1ap gia tri va ham get() dé tra vé gia tri) va 16p
moi can phai dugc tich hop voi nén ting mé phong nén viée sir dung C++ thyc sy 1a
mot cong viéc budn té va mat thoi gian.

OMNeT++ cung cip cho nguoi sir dung mot phuwong phap 1am viée hidu qua hon, d6
13 dinh nghia cac message. Nhitng dinh nghia nay st dung mot ct phap rat ngin gon
dé mé ta ndi dung cua cac message. Ma C++ s€ ty dong sinh ra dga vao nhiing dinh
nghia nay va ban hoan toan c6 kha ning sira lai nhitng doan code cho thich hop vé y
tudng cua ban.

Lép message dau tién
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Ta xét mot vi du don gian. Gia st rang ban can cac doi tugng message phai c6 thém
dia chi cua nguon, dich va bd dém budc truyen, ban co6 thé viet mot file mypacket.msg
nhu sau:

message MyPacket

{

fields:

int srcAddress;

int destAddress;

int hops = 32;

I8

Néu ban bién dich file mypacket.msg, trinh bién dich s& tu dong sinh ra hai file C++
tuong ung co6 tén la mypacket m.h va file mypacket m.cc. File mypacket m.h chtira
cac khai bao cua lop MyPacket (16p C++ tuong ung vdi dinh nghia message trong file

mypacket.msg) va ban c6 thé dit file nay vao trong ma C++ dé diéu khién hoat dong
cua doi tuong MyPacket.

File mypacket m.h s€ chtra cac khai bao 16p nhu sau:

class MyPacket : public cMessage
{

virtual int getSrcAddress() const;

virtual void setSrcAddress(int srcAddress);

¥
Do d6 trong file C++ ban c6 thé sir dung 16p MyPacket nhu sau:

#include "mypacket m.h"

MyPacket *pkt = new MyPacket("pkt");
pkt->setSrcAddress( localAddr );

File mypacket m.cc chtra cic trién khai ciia 16p MyPacket cho phép ban kiém tra
nhiing cau truc dir li€u trong giao dién cua Tkenv (Tkenv GUI). File mypacket_m.cc
nén dugc bién dich va thiét 1ap lién két véi mé hinh mé phong cua ban (néu ban sir
dung cong cu opp makemake dé tao cac makefiles, thi cac cong viéc lién quan dén
file .cc s€ ty dong dugc thyc hién).

Khai niém - dinh nghia message

C6 nhiéu ¥ kién khong rd rang vé muc dich ciing nhu khai niém vé dinh nghia
message. Tuy nhi€n chung ta phai x4ac dinh rd rang rang, dinh nghia message khong
phai la:
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... su ¢b ging mo phong cac chirc ning cua C++ nhung véi mot ca phap khac. Chi
don gian viéc dinh nghia message chi la xac dinh cac di liéu (hay xac dinh mét giao
tiep dé truy nhép t6i dit liéu) chir khong phai 1a bat ky mét ki€u thude tinh nao.

... mdt cong cy sinh ma. Piéu nay chi dung véi viéc dinh nghia ndi dung cua message
va céc clu trac dir liéu ma ban sir dung trong message. Viéc dinh nghia cic ham dé
kiém soat hoat dong cua message khong duogc hé trg. Hon nita ca viéc sir dung cu
phéap nay dé sinh ra cac 10p va cac cdu tric bén trong cia cac module don gian ciing
khong dugc khuyén khich.

6.2.2. Sir dung enum

enum {...} st dung trong khai dinh nghia message s& duoc chuyén thanh kiéu enum
thuc sy trong C++. Pay la mot doi tugng dung dé chira cac gia tri text dai dién cho
cac hang so. Viéc su dung enum cho phép hién thi tén dudi dang biéu tuong trong
Tkenv.

Vi du:

enum ProtocolTypes
{

IP=1;

TCP = 2;

¥

Céc gia tri trong enum phai 1a duy nht.
6.2.3. Khéi tao cho mgt message

Cach khéi tao co ban

Ban c6 thé m6 ta mot message theo ct phap sau:

message FooPacket

{

fields:

int sourceAddress;

int destAddress;

bool hasPayload;

|5

Trinh bién dich s& dich doan mé ta trén thanh mot file C++ v6i mot 16p ¢6 tén la
FooPacket. FooPacket nay sé 1a mot 16p con cua 16p cMessage. Poi vdi moi truong

trong doan khai béao trén, trong 16p C++ twong tng ciing s& c6 mot thanh phan di liéu
riéng, mot ham setter va mot ham getter. Do d6 FooPacket s€ ¢6 nhitng ham sau:

virtual int getSourceAddress() const;

virtual void setSourceAddress(int sourceAddress);
virtual int getDestAddress() const;

virtual void setDestAddress(int destAddress);
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virtual bool getHasPayload() const;
virtual void setHasPayload(bool hasPayload);

Chu ¥ 1a tit ca cac ham trén déu c6 kiéu 1a vitual, tac 1a ban c6 kha ning thuc hién
chong ham & cac 16p con.

Hai ham tao cling dugc sinh ra: mot dé nhap tén do6i tugng va ki€u message va mot la
ham tao sao chép (tao mot doi twong mai 1a ban sao cua doi tuong cii).

FooPacket(const char *name=NULL, int kind=0);
FooPacket(const FooPacket& other);

Ngoai ra trinh bién dich ciing ty ddng sinh ra trong 16p cac ham nhu operator=() va
dup() (cac ham dung dé sao chép va nhan ban doi tuong).

Ban c6 thé sir dung céac kiéu dit lidu dudi ddy dé khai béo cho cac trudng trong dinh
nghia message:

bool

char, unsigned char

short, unsigned short

int, unsigned int

long, unsigned long

double

Gia tri khoi tao cua cac truong mic dinh bang 0.

Gia trj khéi tao

Ban c6 thé khai tao gid tri cho cac trudng trong mot message theo cti phap sau:
message FooPacket

{

fields:

int sourceAddress = 0;

int destAddress = 0;

bool hasPayload = false;

33

Phan ma khoi tao trong doan khai bao trén s& dugc thay thé boi cac ham tao trong cac
16p C++.

Khai bio kiéu enum

Ban c6 thé khai bao cac trudng kiéu int (hay cac kiéu sé nguyén khac) nhan gia tri
trong mot enum. Trong truong hop st dung enum, trinh bién dich ¢6 thé sinh ma cho
phép Tkenv hién thi gia tri cua truong dudi dang cac bi€u tuong.

Vi du:
message FooPacket

{
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fields:

int payloadType enum(PayloadTypes);

I8

Kiéu enum phéi dugc khai bao riéng r€ trong file .msg.
Mang kich thuéc co dinh

C6 thé str dung cac mang c6 kich thudce ¢b dinh:
message FooPacket

{

fields:

long route[4];

I8

Trong truong hop nay cac ham getter va setter s& c6 thém mot tham sb phu 1a chi sb
clia mang.

virtual long getRoute(unsigned k) const;

virtual void setRoute(unsigned k, long route);

Mang dong

message FooPacket

{

fields:

long route[];

}s

Trong truong hop nay, 16p C++ dugce sinh ra s€ c6 thém hai ham, ngoai cac ham setter

va getter binh thudng. Mot ham dé dat kich thude cia mang va ham con lai tra vé kich
thudce hién tai cia mang.

virtual long getRoute(unsigned k) const;
virtual void setRoute(unsigned k, long route);
virtual unsigned getRouteArraySize() const;
virtual void setRouteArraySize(unsigned n);

Ham set...ArraySize() cip phat bd nhé cho mdt mang méi. Cac gia tri ton tai trong
mang s€¢ dugc duy tri (dugc sao chép sang mot mang maoi).

Kich thuéc mac dinh cua mang 1a 0. Diéu nay c6 nghia 14 ban cin phai goi ham
set...ArraySize() trude khi ban ¢6 thé bat dau nhdp cac phan tir cia mang.

Chubi

message FooPacket

{
fields:
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string hostName;

|5

Cac ham getter va setter s€ c6 dang nhu sau:
virtual const char *getHostName() const;

virtual void setHostName(const char *hostName);

Chti y: mot chudi khac véi mot mang ky tu. Mang ky tu duge coi nhur 1a mdt mang
thong thuong.

Vi du:

message FooPacket

{

fields:

char chars[10];

3

Cac ham getter va setter tuong rng s¢€ la:
virtual char getChars(unsigned k);

virtual void setChars(unsigned k, char a);

6.2.4. Quan hé ké thira va hop thanh

Nhiing phﬁn trén néi vé viéc thém cac truong dir li€u co ban (int, double, char, ...) vao
mot message. POi voi nhitng module don gian nhu vay la kha da tuy nhién doi voi
nhitng module phtrc tap, ban con can:

Thiét 14p ciu trac phan cap cho cac 16p message, nghia 1a cac 16p message khong chi
ke thira tir 16p cMessage ma con c6 the ké thura tir nhitng 16p do ban tao ra.

Céc trudng dit liéu trong message khong chi 1a nhitng kiéu dit liéu co ban ma nd con
c6 thé 1a cac cau truc (struct), cac 16p hoac cac kiéu dir liéu do nguoi dung ty dinh
nghia.

Quan hé ké thira giira cic 16p message

Mic dinh, cac 16p message déu 1a cac 16p con ké thira tir 16p cMessage, tuy nhién ban
co theé sur dung mot 16p co s khac thong qua tir khoa extends

message FooPacket extends FooBase

{
fields:

i3
Theo vi du nay, 16p C++ tuong ing s€ c6 dang nhu sau:

class FooPacket : public FooBase { ... };

Khai bao lop
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Cu phap khai bao mét 16p cling tuong ty nhu ¢t phap khai bao mgt message chi khac
nhau tur khoa, class thay cho message.

class MyClass extends cObject

{
fields:

}s

Chu y rang néu khai bao mot 16p ma khong c6 tir khoa extends thi 16p dugc tao ra sé
khong dugc ke thura tir 16p cObject. Do do6 trong 16p d6 s€ khong c6 mot s6 ham nhu
name(), nameClass(), ... P& tao mdt 16p c6 day du nhitng ham nay nhat thi€t ham phai
duoc khai bao extends cObject.

Khai bao ciu triic

Ban c6 thé tao cac ciu trac “kiéu C” dé sir dung nhu cac trudng dit liéu trong cac 16p
message. Cau truc “kieu C” c6 nghia la chi chira dir liéu va khong c6 ham (trong thuc
té thi cau tric trong C++ c6 thé chira cac ham).

Cu phéap khai bao struct:

struct MyStruct

{

fields:

char array[10];

short version;

¥

Cu phap khai bao nay ciing twong tu nhu cu phap khai bao message. Tuy nhién phz:in
ma C++ sinh ra lai khac nhau. Cac cau truc dugc ty dong sinh ra s€ khéng c6 cac ham
setter va getter, thay vao do cdc thanh phan dit li€u cua struct c6 ki€u truy xuat la
public (cac dit li€u thanh phan trong message c6 kic¢u truy xuat la private - khong cho

phép truy xuit tir bén ngoai). Pdi voi doan khai bio & trén, phan ma sinh ra s& co
dang nhu sau:

// generated C++
struct MyStruct
{

char array[10];
short version;

¥

Cac truong ciia mot struct co thé co kiéu dit liéu co ban hodc 13 mot struct khac nhung no
khong thé cé ki€u chuoi hodc chira mot 16p.

Quan hé¢ ké thura ciing duoc hd trg dbi véi cac struct:

struct Base
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33
struct MyStruct extends Base

{

¥

Boi vi mot cau trac khong chira cac ham thanh phan, do d6 n6 c6 mot sé gi6i han:
Khéng hd tro cac mang dong (khong thé khai bao cac ham cip phat bo nhé cho mang).
Cac truong triru tugng (“generation gap”) khong dugc st dung, bdi vi chung dugc
xay dung dua trén cac ham do. Khai niém truong triru tuong (abstract field) s€ duogc
mo ta ¢ phan sau.

Sir dung 16p va ciu tric trong message

Néu ban c6 mot cAu tric da khai bao c6 tén la IPAddress, ban c6 thé sir dung no trong
message nhu sau:

message FooPacket
{

fields:

IPAddress src;

33

Céu trac IPAddress phai duoc khai bao trude trong file .msg hodc né phai la mot kiéu
C++ (xem phan Announcing C++ types).

Cac ham getter va setter twong rng:
virtual const IPAddress& getSrc() const;

virtual void setSrc(const IPAddress& src);

6.2.5. Sir dung cac kiéu c6 sin ciia C++

Neéu ban muon st dung cac kiéu dir liéu ty minh dinh nghia trong cac message, ban
can phai thong bao ki€u dir liéu d6 voi trinh bién dich message.

Gia str ban ¢ khai bao mét cdu tric c6 tén IPAddress trong file ipaddress.h:
// ipaddress.h

struct IPAddress

{

int byte0, bytel, byte2, byte3;

¥

Dé co thé sir dung IPAddress trong message, file message (c6 tén 1a foopacket.msg)
nén chira doan ma sau:
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cplusplus

{{

#include "ipaddress.h"
38

struct IPAddress;

Tac dung cia ba dong dau tién chi don gian 1d sao chép cau lénh #include
“ipaddress.h” vao trong file foopacket m.h dé trinh bién dich biét vé& 16p IPAddress.
Trinh bién dich s& khong ¢ ging kiém tra ¥ nghia ciia cac doan text nam trong than
cua khai bao cplusplus{{ ... } }. Dong tiép theo s& chi rd cho trinh bién dich IPAddress
12 mot cAu trac. Nhirng thong tin nay s& anh huong dén phan ma dugc sinh ra.

Tuong tu nhu vy trong trudng hop ban mudn st dung mét 16p trong message, gia su
tén 16p 1a sSubQueue thi dong cudi cung trong doan khai bao ban doi lai la:

class cSubQueue;

Ch phéap trén dugc sir dung trong trudng hop cac 16p déu 1a 16p con truc tiép hoic
gian tiép cua 16p cObject. Néu mot 16p khong c6 quan hé thira ké voi 16p cObject thi
ban phai sir dung thém tir khod noncobject (néu khéng trinh bién dich message s&
nham va file dugc tao ra s& gay ra 18i khi bién dich bang trinh bién dich ctia C++):

class noncobject [PAddress;

6.2.6. Thay ddi cac file C++

Miu Generation Gap

Do6i khi ban can cac doan ma ty sinh ra c6 thé thue hién duge nhiéu hon hoic khac di
so v6i nhitng gi ma trinh bién dich tao thanh. Lay vi du, khi dit mot trudng s6 nguyén
c6 tén 1a payloadLength, co thé ban s& can chinh stra chiéu dai ciia géi tin. Tuy nhién
doan ma ty sinh chi chita ham setPayloadLength(), diéu nay khong thich hop dé dap
tmg yéu cau dit ra.

void FooPacket::setPayloadLength(int payloadLength)
{

this->payloadLength = payloadLength;

}

Dé thoa min yéu cAu, ham setPayloadLength() nén c6 dang nhu sau:
void FooPacket::setPayloadLength(int payloadLength)
{

int diff = payloadLength - this->payloadLength;
this->payloadLength = payloadLength;
setLength(length() + diff);

}

Binh thuong, nhuogc diém 16n nhit cia viée sinh mé ty dong 1a sy khé khan khi thoa
mi cac yéu cau cua ngudi sir dung. Viéc chinh sira bang tay lai céc file ty dong nay la
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v6 ich béi vi chiing s& dugc viét chong lai va nhiing thay d6i s& bién mat khi céc file
nay dugc ty dong tao lai.

Tuy nhién, viéc 1ap trinh huéng d6i tuong c6 thé giai quyét duge van dé nay. Mot 16p
duoc ty dong sinh ra c6 thé dé dang thay do6i thong qua cac 16p con clia né. Ta c6 thé
dinh nghia lai bat ky ham nao trong 16p con cho phu hop véi muc dich ctia minh.

Qua trinh nay duogc goi 1a thiét k& mau Generation Gap.

Cu phéap:

message FooPacket

{

properties:

customize = true;

fields:

int payloadLength;

¥

Thuoc tinh customize cho phép sir dung mau Generation Gap.

V6i doan khai bao trén, trinh bién dich message s& tao ra 16p FooPacket_Base chir
khong phai la 16p FooPacket nhu binh thuong. Khi d6 dé thay doi cac ham ban s€
phai tao mét 16p con tir l6p FooPacket Base, ta goi la 16p FooPacket.

class FooPacket Base : public cMessage

{ protecte

d: int src;

// make constructors protected to avoid instantiation
FooPacket Base(const char *name=NULL);
FooPacket Base(const FooPacket Base& other);

public:

virtual int getSrc() const;
virtual void setSrc(int src);
|5

Tuy véy ciing khong c6 nhiéu ham c6 thé duoc viét lai trong 16p FooPacket (c6 nhiéu
ham khong cho phép viét lai nhu cac ham khoi tao do tinh chat cia quan h¢ ké thira):

class FooPacket : public FooPacket Base

{

public:

FooPacket(const char *name=NULL): FooPacket Base(name){}
FooPacket(const FooPacket& other): FooPacket Base(other){}
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FooPacket& operator=(const FooPacket& other)
{ FooPacket Base::operator=(other)

; return *this;

h

virtual cObject *dup()

{

return new FooPacket(*this);

H

33

Register Class(FooPacket);

Quay tr& vé v6i vi du vé thay d6i chiéu dai géi tin, ta ¢ thé viét doan ma nhu sau:
class FooPacket : public FooPacket Base

{

// here come the mandatory methods: constructor,
/I copy contructor, operator=(), dup()

...

virtual void setPayloadLength(int newlength);

}
void FooPacket::setPayloadLength(int newlength)

{

// adjust message length
setLength(length()-getPayloadLength()+newlength);
// set the new length

FooPacket Base::setPayloadLength(newlength);

}

Trwong triru twong

Muc dich cua trudng triru tuong 1a cho phép ngudi st dung c6 thé viét chong lai cach
thure gia tri cua truong duoc luu trir bén trong 16p. Ban c6 thé khai bao bat ky trudong
nao la trudng triru tugng voi ¢t phap sau:

message FooPacket
{

properties:
customize = true;

fields:
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abstract bool urgentBit;
}s
Véi mot truong triru twong, trinh bién dich sé tao ra mot thude tinh cua 16p khong cod

dir 1iéu thanh phan va cac ham getter/setter s& trd thanh cic ham thuan 4o (cac ham
thuan 4o la cac ham khong c6 than ham):

virtual bool getUrgentBit() const = 0;
virtual void setUrgentBit(bool urgentBit) = 0;

6.2.7. Str dung STL trong cac 16p message

Viéc sir dung cic trudng triru tuong con cho phép ngudi sir dung co thé dung cac 16p
vector hodc stack trong 16p message.

Xét dinh nghia message duoi day:
struct Item

{ field

s: int

a;

double b;

}
message STLMessage

{

properties:

customize=true;

fields:

abstract Item foo[]; / will use vector<Item>
abstract Item bar[]; // will use stack<Item>

}

Néu ban bién dich doan khai béo trén, phz:in ma sinh ra s€ chi bao gém mot cap ham
tuong ung voi hai truong foo va bar, khong c6 thanh phan dir liéu va khong c6 ham
nao duge khai bao cu thé. Ban co thé thay ddi lai moi thir, c6 thé trién khai lai cac
thudc tinh foo va bar vai kiéu std::vector va std::stack:

#include <vector>
#include <stack>

#include "stlmessage m.h"

class STLMessage : public STLMessage Base
{
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protected:
std::vector<Item> foo;
std::stack<Item> bar;
public:

STLMessage(const char *name=NULL, int kind=0) : STLMessage Base(name,kind)
{}

STLMessage(const STLMessage& other) : STLMessage Base(other.name())
{operator=(other);}

STLMessage& operator=(const STLMessage& other) {

if (&other==this) return *this;

STLMessage Base::operator=(other);

foo = other.foo;

bar = other.bar;

return *this;

}

virtual cObject *dup() {return new STLMessage(*this);}

// foo methods

virtual void setFooArraySize(unsigned int size) {}

virtual unsigned int getFooArraySize() const {return foo.size();}
virtual Item& getFoo(unsigned int k) {return foo[k];}

virtual void setFoo(unsigned int k, const Item& afoo) {foo[k]=afoo;}
virtual void addToFoo(const Item& afoo) {foo.push_back(afoo);}
// bar methods

virtual void setBarArraySize(unsigned int size) {}

virtual unsigned int getBarArraySize() const {return bar.size();}
virtual Item& getBar(unsigned int k) {throw new cRuntimeException("sorry");}
virtual void setBar(unsigned int k, const Item& bar)

{throw new cRuntimeException("sorry");}

virtual void barPush(const Item& abar) {bar.push(abar);}

virtual void barPop() {bar.pop();}

virtual Itemé& barTop() {return bar.top();}

33

Register Class(STLMessage);

Mot s6 chu ¥:
Cac ham setFooArraySize(), setBarArraySize() 1a thtra.
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Ham getBar(int k) khong thé dugc trién khai vi kiéu stack khong cho phép truy nhap

cac phan ti theo chi so.

Ham setBar(int k, const Item&) ciing khong duogc trién khai cting véi Iy do nhur trén.
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7. CHAY CAC NG DUNG OMNeT++

Nhu dé trinh bay ¢ phin m¢ diu, mot hé thong mang mod phong trong OMNeT++
gom cac thanh phan sau:

e C(Cac file .ned mo ta topo mang.

e Cac file c6 phan mo rong .msg chira khai bao cac message

e Cic file C++ (c6 phan mé rong 1a .cc trong UNIX hodc .cpp trong Windows)
Qua trinh xay dyng mot chuong trinh moé phong:

e Daiu tién, dich cac file NED va cic file message thanh C++, st dung NED
compiler (nedc) va message compiler (opp _msgc).

e Qua trinh tiép theo gidng nhu bién dich ma ngudén C/C++:
0 Trong Linux: céc file .cc W file .o.
0 Trong Windows: cac file .cpp R file .obj.
0 Sau do, tit ca cac file trén s& duoc lién két (link) véi cac thu vién can
thiét dé tao thanh file .exe .
Cu thé, ta can phai lién két véi cac thu vién sau:
e Phin nhin md phong dugc goi 1a sim std (nhu cac file libsim std.a,
sim_std.lib, etc).
e Giao dién nguoi ding: cung cip thu vién mdi truong (file libenvir.a, etc) va
cac tién ich tkenv va cmdenv (libtkenv.a, libcmdenv.a, etc). Cac file .o
(hodc .obj) phai duoc lién két toi thu vién moi truong cung véi hodc tkenv
hoac cmdenv.
Hinh dudi day cho chung ta hinh anh qua trinh xt 1y khi mé hinh dugc xay dung va
hoat dong.
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Hinh I-7.1 - Qua trinh xay dung va thwe hién moé hinh

7.1 Str dung gcc

Tao Makefile:
Sau khi x4y dung xong céc file ngudn *.ned, *.msg, *.cc, *.h trong cling 1 thw muc
hay go

% opp_makemake

Lénh nay s€ tao ra file c¢o tén 1a Makefile. Sau d6 go tiép make dé tao file chay. Tén
cua file chay nay s€ trung voi tén thu muc chura cac file nguon.

7.2 Str dung Microsoft Visual C++

Tuong tw nhu trong UNIX. Néu g& opp_nmakemake trong thu muc chira céc file
nguon *.ned, *.msg, *.cpp, *.h thi s€ tao ra file Makefile.vc.

opp_nmakemake
Dé tao file chay, ta gb

nmake -f Makefile.vc
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8. MO HINH PON GIAN - TICTOC

Dé minh hoa cach mé phong mang bing OMNeT++, ta s& bt dau véi 1 mang rat don
gian, chi gom 2 nut trao do6i dir li¢u: 1 nut tao ra gbi tin va nat th 2 nhan va gui tra lai
g61 tin ndy. Chung ta goi 2 nlt nay la "tic" va "toc".

Céc bude dé xay dung Gmg dung trén:
1. Tao 1 thu muc tén Ia tictoc va cd t&i thu muc nay.

2. Tao file topo mang. dit tén la tictoc1.ned:

simple Txc1
gates:
in: in;
out: out;

endsimple

I
/Il Two instances (tic and toc) of Txc1 connected both ways.
/I Tic and toc will pass messages to one another.
1l
module Tictoc1
submodules:
tic: Txc1;
toc: Txc1;
connections:
tic.out --> delay 100ms --> toc.in;
tic.in <-- delay 100ms <-- toc.out;

endmodule

network tictoc1 : Tictoc1

endnetwork
Mo ta:

e Tada dinh nghia 1 mang goi la tictoclla mot ddi tugng cia module kiéu
Tictocl

(network

endnetwork).
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e Tictocl 1a 1 module téng hop, gdbm 2 submodules, tic va toc. 2 module thanh
phan nay déu 1a cac d01 twong cua module c6 kiéu Txcl. Sau do, ta két nbi
cong ra cia tic t6i cong vao cua toc va nguoc lai. Do tré khi truyén 1a 100ms.

e Txcl 12 1 module don (tirc 12 n6 c6 cap d6 thip nhat trong NED file va duoc
viet bang C++). Txel c6 1 cong vao tén l1a “in” va 1 cong ra dat tén 1a “out”

(simple

endsimple).
3. C++ file txcl.ce (UNIX) hoac txcl.cpp trong Windows

#include <string.h>

#include <omnetpp.h>

class Txc1 : public cSimpleModule

{
/I This is a macro; it expands to constructor definition.
Module_Class_Members(Txc1, cSimpleModule, 0);
/I The following redefined virtual function holds the algorithm.
virtual void initialize();

virtual void handleMessage(cMessage *msg);

/I The module class needs to be registered with OMNeT++
Define_Module(Txc1);

void Txc1::initialize()
{
/I Initialize is called at the beginning of the simulation.
/I To bootstrap the tic-toc-tic-toc process, one of the modules needs

/I to send the first message. Let this be “tic'.

/I Am | Tic or Toc?

if (stremp("tic", name()) == 0)

{
/I create and send first message on gate "out". "tictocMsg" is an
/I arbitrary string which will be the name of the message object.
cMessage *msg = new cMessage("tictocMsg");

send(msg, "out");
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void Txc1::handleMessage(cMessage *msg)

{

/I The handleMessage() method is called whenever a message arrives
/I at the module. Here, we just send it to the other module, through

/I gate “out'. Because both “tic' and “toc' does the same, the message
/I will bounce between the two.

send(msg, "out");

}

Lép Txel ké thira tir cSimpleModule va 2 phuong thic initialize(),
handleMessage(). C4c chi dan cu thé da dugc trinh bay & phan [5.5] va [5.6]

4. Tao Makefile:
- Trong UNIX:

$ opp_makemake

- Trong Windows (VC++)

ipeating Makefile.ve in D:rtictoc...
kefile.vc created.
Please type ‘nmake —f Makefile.vwc depend’ MOW to add dependencies?

2§\tictuc>upp_nmakemake
y!

5. Bién dich va lién két dé tao file chay
- UNIX

$ make
- Windows+MSVC:

>nmake —f Makefile.vc

D:stictoc*nmake —f Makefile.uc

Hicrosoft (R>» Program Maintenance Utility Ugrzion 6.AR.B168.8
Copyright <C> Microsoft Corp 1P88-1998. All rights reseruved.

C:s0MMeT ++~binsnedtool -2 _n.cpp tictocl.ned

cl.exe -c¢ #nologo ~GR ~GR ~FD #Zm288 ~HL 02 ~D "HDEBUG" =ICz 0HHeT ++~
include #Tp tictocl_m.cpp
tictocl_n.cpp

cl.exe —¢ snologo ~GX ~#GR ~FD ~Zm288 ~HL .02 ~D "HDEBUG" —IC: OMMeT++-i
nc:ll.ldlh/'l'p txcl . cpp
txcl.cpp

link.exe nologo “subsystem:console smachine:I386 Apdbtype:zept Aincrene
ntalzno tictocl_m.ohj txcl.ohj Slibhpath:Cz 0MNeT+++1ibh envir.lib tkenv.lih tc
184.1ib tkB4.1ib Alibpath:"C: 0HHeT ++-1ih" zim_std.1lib nedxml.lib libxml2.1ib ic
onv.lib wsockd2.lihb Joutitictoc.exe

Ta sé& thdy c6 thém cac file trong thu myc tictoc

Trang 78



OMNet++

' kickocl b bxcl.cpp
OMNeT++ NED File C"‘ C++ Source file
1KE *| e
Makefile, we b, tickocl _n.cpp
Wi File C'I' C++ Source File
4 KB *| e
wiohl,idb tickocl _n.obj
Intermediate File : Intermediate File
57 KE -1

kxcl.obj
[ kicko:o : Intermediate file
R S -2
Jstamp
TSTAMP File
1KE

6. Mudn chay duoc, ta con phai tao file omnetpp.ini dé bao cho trinh mé phong biét
ta muon chay mé phong do6i voi mang nao. Diéu nay cling c6 nghia nhi¢u mang c6 thé

chung 1 trinh m6 phong.
File omnetpp.ini trong vi du ndy ciing rat don gian
[General]

network = tictoc1

7. Sau d6, ta s& bat dau chay ung dung bang 1énh:
-UNIX

$ ./tictoc
- Windows

>tictoc

Distictoc»tictoc

OHHeT ++-0HNEST Discrete Fuent Simulation <C» 1992-20804 Andras Varga

See the licenze for distribution termsz and warranty disclaimer

Setting up Tkenv (Tk-based graphical user interfaced...

Loading hitmaps from .“hitmaps: *: @

Loading bitmaps from C:\0MMeT++ hitmaps: #: B ahstractrs=: 72 hlockrs*: 256
icesw: 156 krncg/": 28 oldrsw: 111 placersw: 56 status.sw: 17

Plugin path: _/plugins

Ta s& thay cira s0 mo6 phong hién ra

dev
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i DMNeT ++/Tkeny 10| =|
File Edit Simulate Trace Inspect Wiew Options Help
|-_J?I| @|ﬂ 515‘;‘ RI.IN. FAS?’ EH!R!.SS. unﬁ:' @ l&* a “,':" Q @ Q:B g
(o netark set up] | Exvent #0 || T=0.0000000 (0.00s) | Mext
Mzgs scheduled: 0 ||Msgs created: 0 Mags prezent; O
Ewisec nda "Simsecx’sec: hda |Ev.n"simsec:: néa
Q SR ;|
scheduled-events (o — ISR up network _ Inlil
Set up a network, using parameters described
in the [Eeneral] section of ormnetpp.ini.
Select network: Itictuc1 j
ok | Cancel |
hal [ -]
Click OK
8. Nhan nut Run bat dau qua trinh mé phong dé thay 2 nat mang trao do6i cac goi tin
cho nhau.
{ OMNeT ++/Tkenv - tickocl
File Edt Simulate Trace Inspect Miew Opbions: Help
Gl G| 2] on] w2000 e @ 22| 2] Q| |[EE ™
Run #[Run #% tictocd [ Exvent #14 [T= 15 (1.504 | Mest: tictoc toc [id=3]
qus Msgs scheduled: 1 "Msgs created: 1 | =gz prezent: 1
_|ol x| "Simsecfsec: nfa |Ew’simsec: n/a
* Ewent #0. T=0.1000000000 [100ms). Module #3 tictoc toc'
i |.’ﬁ 4 |»I|@| £ I * Evert #1, T=0.2000000000 [200ms). Madule #2 tictoe tic
—T : : * Ewent #2. T=0.3000000000 [300ms). Module #3 tictoc] toc!
_'J[TICtDC'I]“ClDC'I [id=1] [ptODCAZEFO] = Ewent #3. T=04000000000 (400ms). Module #2 tictoc! tic'
;I “ Event #4. T=0.5000000000 [500ms). Module #3 “tictoc toc
tickoo] * Ewent #5, T=0.6000000000 [E00ms). Module #2 tictoc] tic'
L * Event #6 T=0 7000000000 [700ms) Module #3 ticton toc!
= Event #7. T=0.8000000000 [800ms). Module #2 “tictoc] tic'
* Ewent #8. T=09000000000 [900ms). Module #3 ‘tictoc] toc'
w “Event#3. T= 1 [1.00:). Module #2 TictocT tic’
Ak v = Eyent #10. T= 1.1 [1.0%). Moduls #3 tictoc toc’
toc i = Eyent #11, T= 1.2 [1.205]. Moduls #2 tictoo? tic
*Ewent#12. T= 1.3 [1.20=). Module #3 tictoc].toc!
=Event #13. T= 1.4 [1.40s] Module #2 tictoc tic'

P

1|

Cira s6 chinh hién thi thoi gian mé phong. N6 hién thoi diém tng voi mdi lan truyén

tin.

9. Ta c6 thé hiéu chinh ché d6 chay: dirng - F8 (STOP button), chay tirng budc F4) ... Vi

du: Step mode

Trang 80
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* Ewvent #0. T=0.1000000000 [100msz). Module #3 TtictocT o'

_ioix
2|l @] = | T

J [TictocT ] tictac] [id=1] [ptrO0CA3430]

=

tictoc]

San

iaE tic

ki

=

= Event #0. T=0.1000000000 [100msz). Module #3 tictoc] toc!
= Ewent #1. T=0.2000000000 [200ms). Module #2 tictoc? tic'

=

i
2| == mm|@| 2| T
J [Tictocd] tictoc] [id=1] [ptrO0CA23430]
tictoc
tos Fic:

10. Mubn thoat chi can 4n Close hodc chon File|Exit.
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