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Development of a System to Visualize Computer Network Behavior
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for Learning to Associate LAN Construction Skills with TCP /IP
Theory, Based on Virtual Environment Software

YUICHIRO TATEIWA,t TAKAMI YASUDA' and SHIGEKI Y OKOIt

Lectures for training network administrators are being given in many universities and many
vocational schools. It is important for beginners at network management to not only master
both LAN construction skills and TCP/IP theory, but also to comprehend the relationship
between them. Although current major teaching materials are excellent for mastering these
two fields, they are not appropriate for comprehending the relations between them. There-
fore, we have developed a system that can visualize the behavior of networks constructed by
learners on one PC freely and virtually, in order to associate their behaviors with TCP /IP
theory. Because one learner can learn with just one PC using virtual networks, learning
with this system places a lighter burden on learners than learning with an actual network.
We have implemented this system by applying the virtual environment software “User-mode
Linux.” The evaluation, based on results from 12 undergraduate and graduate university
students studying informatics, indicates that our system satisfactorily supports learning via

its functions. Some problems remained, however, with the user interfaces.

1. 0odoano

00000000 LANOOOOOoooooooo
gooobobooooooooooooooooooo
gooooooooooooooboocoooooon
000000000000000 LANODDOOOO
TCp/IPOOOU00OOOOOOOOOODOUOOO
00000000 LANOOOOO TCp/IPOODO
goooooooooooobooocoooooooo
goooboooooooobooooooobooooon

t0o0o0o0oooooboooooo
Graduate School of Information Science, Nagoya Uni-

versity

1684

goooboooooooooooooooooooo
oobooooooooboooooooboboooono
0000000000000 00O0D0OO0OOULAN
gooooboooooooooboooooobooboobooo
gooooobooooooooooboobooooooo
gooobooooooooobooboooooooooon
gdooobooooooooooooboooooooo
gooobooobooooobooooooooboooooo
O0000o0oU0ooooUoooooooTep/IPO0OO
gooboooooooooooooboooonooon
ooooboooooooobooooobooooooo
gol1oooooooobooooooooooooo
gooobooooooooboooboooooooooo



Vol. 48 No. 4

O0o0O0 TCp/IPOOO0OO0OOOOOOOOODO
goooboooooooooooobooooooo
gooobooooooooooobooooonoooo
goooboooooooooooooooooooon
oobooooboooooooooboooooo
goobooooooooobooooobOobooo
000000TCP/IPOODOOODOOOOOOOOO
goooboooooooooooooooooooon
0000Y0000000000000000000
gobooooboooobobooooooooooon
ooooooOlioopCcO0OOOOOOOOOO
goooboooooooooooooocoooooo
goooooooooobooooocoooooooo
goooboooooooooooboooooooon
gooooboooooobooooooooooooon
000000000 0000000000 User-mode
Linux?000 UMLOOOOOOOO0OO0O

2. 00000

gooooboboooooooooo3ooooon
ooTCcp/IPOO00DO0OOO0OOOOUOOOODO
O0000OLANDOOOOOOOODOOOOOOO
O0000000O0OLANOOOODODOOOOOO
goooooooooboooooo

gooooobooooooooooooooooo
goooobooooooooooooooooooo
goooopoooTcpOOoOOOoOoOoOoOOOOO
goooobooooooooooooooooooon
000000000000000000000%00
oooOoTCpO0OOOOOOOOOOOOOOOO
O000oo00ooo0oo TCpOOOUOOOOOO
000000000000000Y00000000
gooooboooooboooobooobooooono
goboooooboobooocooooooooooo
osI7000000000CCODOO0O0OOOODO
0000000000Y0000000000000
000o00oo0o0ooooooooo Tep/IPOOOO
gooobooooooooooboooooooooon
00000000000 000®000000000
ooTCcp/IPOO00DOOOO0OOOOUOOOODO
O0O0O0OLANDOOOOOOOOODOODOOOOOO
gooooooooo

oooooTcp/IPOO0000OOOOOOOOOO
ooboO0o0o0oooooOo0O0o0oooooOooooooonIp
gooobobooooooooooooboobooooooo
goooooooooooooooboobooooooo

oooooooooobooooooooooobooOooooooDoobo 1685

00”000000000000000000000
0D000000000D0000000000000
00000000000 0000D00Y00000n
0000 LANDOOOOOOODOODOOOOO0ODn
000O0O00O0TCP/IPODOOOOOOOOOOOD
000000000000
00D000000D0000000 VMware 00O
00D0000000000000000000000
0D00000000000D00000000000
0000020VMware 1000000000000
000000000000 O0S0O0On PCOOD
00D0000000000000000000000
000000000000000000000000
0000000 D0O00D0O0O0DDO0Network Simulator
ns-219 0 OPNETY 0O0OO0O00O0O00D00O0O0
000000000000000000000000
000000000001 00 PCOODOODOOD
000D00000D000000D000000 20
0000000000000 0000000000
00000000D000000000D0000 LAN
000000000000 000D000000000
TCP/IPOOD0 LANODODOOODOOODOOOOOO
00o000O000Ooooon

3. DOoOooood

LANOOOOO TCp/IPOOO0DOOO0OODOOO
0000ooooo LANOOOOoOOooooooooo
oooooooooooooo rep/lpPOoOoO0OoOO
gobooodoooooooooooooooood
gobooooooooobocooboooooooboooo
000000000 LANOOOOOoooooooo
goboooooooOoooboOoOboOooOobooo
goboooooooooooocbooooooobooo
gobooooooooooooobooooboooooboo
oooooooooTep/IPOODOOOODODOOOO
goooooooooooooooboboDbDbboboooo
0000000000000 00 Apache0OO0OO
gobooooooooooooooooooboood
gooooboooooooboobooooooboooa
Telnet 000000000000 O0OCOODOOOOO
ooooooooooooooooooTep/IPOO
ooooooooooooooooooog TCep/1P
gobooooooooboooooooooooboooo
gbooooooooon

gooooooooobooboooooooooo
gooooooooobooboooooooobo 10000



1686 goooooooo

Apr. 2007

01 0o0ob0oooooOooobooOooooo

Table 1 Main specifications of virtual network machines.
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Fig.1 Important knowledge for network management and

visualize objects.
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Fig.2 System structure.
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Fig.3 Linking UML to GUI by a pseudo-terminal.
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: void Run (char **bootparam) {
openpty (&pfd, &cfd, NULL, NULL, NULL);
pid = fork();

1
2
3
4:
5: if (pid == 0){
6.
7
8

setsid();
ioctl (cfd, TIOCSCTTY, O0);
: close (pfd) ;

9: dup2 (cfd, 0) ;
10: dup2 (cfd, 1) ;
11: dup2 (cfd, 2) ;
12: close (cfd) ;
13:
14: execvp (bootparam[0],bootparam) ;
15: exit (1)
16: }
17: close(cfd);
18: }
19:
20: void Input (char *command) {
21: write (pfd, command, strlen(command)) ;
22: 1}
23:
24: void Output (char *result) {
25: char buf[MAX BUFF];
26: pollfd ufds[1l];
27:
28: ufds[0].fd = pfd;
29: ufds[0] .events = POLLIN;
30: ufds[0] .revents = 0;
31:
32: while (poll(ufds, 1, TIME OUT) > 0){
33: int len = read(pfd, buf, sizeof(buf));
34: if(len > 0)
35: strncat (result, buf, len);
36: }
37: }

04 0D0O0O0OOOO UMLOOOOOODOOOOODOO
Fig.4 An example of source code for operating UML by
using a pseudo terminal.
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Fig.5 Structure for obtaining data to visualize network
behavior from UML.
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: struct timeval tvp;

: do_gettimeofday (&tvp);

: printk (KERN_DEBUG “_VNK_%s%0101d%061d, $s¥n”,
VNK_DEV_QUEUE_XMIT,
tvp.tv_sec,
tvp.tv_usec,

skb->id) ;

06 UMLOOOOOOOOOOODOD
Fig.6 An example of source code added to UML.
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Fig.7 Constructing a virtual network.
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Table 2 Question items, average scores, and comments about improvement.
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