
(19) United States 
US 2002O114286A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0114286 A1 
Iwamura et al. (43) Pub. Date: Aug. 22, 2002 

(54) NETWORK CONSTRUCTION METHOD AND (30) Foreign Application Priority Data 
COMMUNICATION SYSTEM FOR 
COMMUNICATING BETWEEN DIFFERENT Sep. 12, 1997 (JP)............................................. 9-24.8713 
GROUPS VIA REPRESENTATIVE DEVICE Sep. 12, 1997 (JP)............................................. 9-249097 
OF EACH GROUP Sep. 17, 1997 (JP)............................................. 9-2521.57 

Sep. 18, 1997 (JP)............................................. 9-253868 
(76) Inventors: Kazuaki Iwamura, Kobe-shi (JP); 

Takeo Horiguchi, Ibaraki-shi (JP); Publication Classification 
Shogo Yamaguchi, Kobe-shi (JP); 
Takuya Kawamura, Ashiya-shi (JP); (51) Int. C.7 - - - - - - - - - - - - - - - - - - - - - - - - - - - HO4L 12/26; GO1R 31/08 

Shinzo Matsubara, Ashiya-shi (JP); (52) U.S. Cl. ..................... 370/252; 370/400; 370/395.53 
Fumihiko Ikegami, Kobe-shi (JP) 

(57) ABSTRACT 
Correspondence Address: 
OBLON SPIVAK MCCLELLAND MAIER & A communication network construction method comprises 
NEUSTADT PC the Steps of grouping the communication devices belonging 
FOURTH FLOOR to a communication network into one or a plurality of 
1755JEFFERSON DAVIS HIGHWAY communication groups. In a Selection Step, one or a plurality 
ARLINGTON, VA 2.2202 (US) of representative devices are Selected in each communica 

9 tion group formed in the grouping Step. In a communication 
(21) Appl. No.: 10/117,084 Step, each communication device communicates directly 

with the communication devices belonging to the same 
(22) Filed: Apr. 8, 2002 group, and communicates with the communication devices 

belonging to a different group by first transmitting data to the 
Related U.S. Application Data representative device of the same communication group and 

then causing the representative device to transfer a part or 
(62) Division of application No. 09/152,058, filed on Sep. the whole of the data to the representative device of the 

11, 1998, now Pat. No. 6,396,814. 

as - rs ra 
w 

different communication group. 

a 

A6OMMUNICATION \ 
A GROUP B v. 

ACOMMUNICATION\, 
GROUP C v. 

  



Patent Application Publication Aug. 22, 2002. Sheet 1 of 43 US 2002/0114286 A1 

  



Patent Application Publication Aug. 22, 2002. Sheet 2 of 43 US 2002/0114286 A1 

SELECT 
REPRESENTAT VEN-1001 
DEVICE 

F. G. 3B COMMUNICATION -- 002 

  





Patent Application Publication Aug. 22, 2002 Sheet 4 of 43 US 2002/0114286 A1 

r re - 
e e - 

w 

F \ 
G Y 

Y 
N 

H \ 
N 

I 

J L M N 

F.G. 6 

OTHER DEVICES 
FIRST DEVICE -- 

REQUEST MESSAGE 910 

RESPONSE MESSAGE 911 

ACKNOWLEDGE 
MESSAGE 912 

F. G. 7 (PRIOR ART) 

  



US 2002/0114286 A1 

Z || || 

N0 1 10ES 

| | | 

Patent Application Publication Aug. 22, 2002 Sheet 5 of 43 

  

  

  
  

  

  

  

      

        

    

  

  

  



Patent Application Publication Aug. 22, 2002 Sheet 6 of 43 US 2002/0114286 A1 

SOURCE TERMINAL DESTINATION gy:ABLE 
D TERMINAL ID NFORMATION 

F. G. 9 

START 
RECEIVE PACKET 

EXTRACT SOURCE 
TERMINAL ID 

UPDATE COMMUNICABLE 
TERMINAL INFORMATION 
STORAGE 

ACQUIRE NEW TERMINAL 
D FROM COMMUNICATION 

A2 ENVIRONMENT INFORMATION 
STORAGE 

ACQUIRE COMMUNICABLE 
TERMINAL INFORMATION OF 
TERMINAL ID ACQUIRED 

GENERATE COMMUNICATION 
ENVIRONMENT INFORMATION 
PACKET 

TRANSMIT PACKET 

B5 

NEW TERMINAL 
D 2 

A3 

EXTRACT DESTINATION 
TERMINAL ID AND 
COMMUNICABLE TERMINAL 
NFORMATION 

A4 

UPDATE COMMUNICATION 
ENVIRONMENT INFORMATION 
STORAGE 

F. G. 10 

F.G. 11 

  

  

    

  

  

  

  

  

  

  

  

    

  

  



Patent Application Publication Aug. 22, 2002 Sheet 7 of 43 US 2002/0114286 A1 

GENERATE COMMUNICABLE 
TERMINAL INFORMATION 
PACKET 

C2 

  



Patent Application Publication Aug. 22, 2002 Sheet 8 of 43 

TERMINAL COMMUNICABLE 

F. G. 15 

TERMINAL COMMUNI CABLE 

A2 A1, A3, X 

A3 A1, A2, X 

F.G. 16 

TERMINAL UPDATE TIME D 

D TERMINAL UPDATE TIME 
X A1 ~ A3, B1-B3 15:18 

15:20 

15:22 

B1 B2, B3, X 15:15 

B2 B1, B3, X 15:20 

B3 B1, B2, X 15:23 

US 2002/0114286 A1 

  

    

    

  

  

  

  

    

  

  

  

    

  

  

  



/ | | 0 | - 

US 2002/0114286 A1 Patent Application Publication Aug. 22, 2002 Sheet 9 of 43 

  

  



Patent Application Publication Aug. 22, 2002. Sheet 10 of 43 US 2002/0114286 A1 

DESTINA DESTINA-99 MUNDESTINA-199MUN SOURCE ON N". CABF. ON 9AB TERMINALTERMINAL TERMINALEATERNALEAL D D NUMBER D 1 iON" | ID 2 TION 2 

F. G. 20 

see see. e. e. e. e. 
F. G. 21 

  

  





US 2002/0114286 A1 Patent Application Publication Aug. 22, 2002 Sheet 12 of 43 

XHOMIEN WOH-) 

  

  



Patent Application Publication Aug. 22, 2002 Sheet 13 of 43 US 2002/0114286 A1 

RECEIVE PACKET 

EXTRACT COMMUNICATION 
ENVIRONMENT INFORMATION 

SAME CONTENTS 
REGISTERED 2 

GENERATE COMMUNICATION 
ENVIRONMENT INFORMATION 
PACKET 

TRANSMIT PACKET 

F. G. 24 

FG. 26 B4 B4 NON 

FIG. 27 X B4 NON 

F. G. 28 

F. G. 29 

    

    

  



09 ' 0 | -! 

US 2002/0114286 A1 

N0| 10ES 0N I 11ES 0 || TWN | WHE|| TWOOT 

Patent Application Publication Aug. 22, 2002 Sheet 14 of 43 

  

  

  

  

  



Patent Application Publication Aug. 22, 2002. Sheet 15 of 43 US 2002/0114286 A1 

aes s 
Y x. 

ACOMMUNICATION 
A GROUP B v. 

- - - - 
Y s Y * 

Y 

ACOMMUNICATION\, 
ACOMMUNICATION \ GROUP C y 

GROUP A 

F. G. 32 

TERMINAL COMMUNICABLE UPDATE 
TERMINAL TIME 
A1, A3, A4 15:18 
A1, A2, A4 15:20 
A1, A2, A3 15:22 

  



Patent Application Publication Aug. 22, 2002 Sheet 16 of 43 US 2002/0114286 A1 

TERMINAL COMENSABLE UPDATE TIME 
A2 A1, A3, A4 15:18 

A3 A2, A3, A4 15:20 

A4 A1, A2, A3 15:22 

B B2, B3, B4 15:15 

B2 B1, B3, B4 15:20 

B3 B1, B2, B4 15:23 

B4 B1, B2, B3 15:25 

F. G. 35 

TERNAL COYNSABLE UPDATE TIME 
A2 A1, A3, A4 B11-B4 15:18 

A2, A3, A4 B1-B4 15:20 

A4 A1, A2, A3, B11-B4 15:22 

B1 A1 ~ A4, B2, B3, B4 15:15 

B2 A1 - A4, B1, B3, B4 15:20 

B3 A1 ~ A4, B1, B2, B4 15:23 

B4 A1 N A4, B1, B2, B3 15:25 

F. G. 36 

  



Patent Application Publication Aug. 22, 2002. Sheet 17 of 43 US 2002/0114286 A1 

COMMUN CATION 
PATH SELECT ON 
TRANSMISSION 
SECT ON 

COMMUNICATION 
PATH SELECT ON 
SECT ON USER 

INFORMATION 
PROCESS NG 
SECTION 

COMMUN CATION 
PATH SELECTION 
RECE WING 
SECTION 

F. G. 37 

20 COMMUNICATION PATH SELECTION 
are a- as a yo - a a rur- or TRANSMISSION SECTION 

22 21 

MODULATION 
TRANSMISSION 
SECT ON 

MODULATION 
TRANSMISSION 
SECTION 

USER 
NFORMATION 
PROCESSENG 
SECTION 

COMMUN CATION 
PATH JUDG NG 
SECTION 

MODULATION 
TRANSMISSION 
SECTION 

COMMUNI CATION 
PATH SELECTION 
SECTION 

  

    

  

  

      

    

  

  

    

    

  

    

  

  

  

    

  

  

  

  

  

  

    

  



Patent Application Publication Aug. 22, 2002 Sheet 18 of 43 US 2002/0114286 A1 

200OMMUNICATION PATH SELECTION 
TRANSMISSION SECTION 

SECTION 

COMMUNI CATION USER 
YESSon PATH JUDG ING NFORMATION 
SECTION SECTION PROCESSING 

SECTION 

MODULATION 
TRANSMISSION 
SECTION 

COMMUNI CATION 
PATH SELECTION 
SECTION 

COMMUNI CA 
TION PATH 

30COMMUNICATION PATH SELECTION SELECTION 
RECEIVING SECTION SECTION w 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

31 

RECEIVING DEMODU- 40 
FILTER LATION -4T 
SECTION LSECTION COMMUN CA 

TION PATH 
332 STORAGE 

DEMODU 
LATION 
SECTION 

NFORMATION 
SELECTION 
SECTION 

RECE WING 
FILTER 
SECTION 

INFORMATION 
PROCESSING 
SECTION RECEIVING DEMODU 

LATION 
SECTION 

  

  

    

  

  

  

    

    

  

    

    

  

  

    

  

  

    

    

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

    

  



Patent Application Publication Aug. 22, 2002. Sheet 19 of 43 US 2002/0114286 A1 

3O COMMUNI CAT ON PATH SELECT ON 
RECE WING SECTION sy. 

1 SELECTION 
- m -- - - - - - SECTION 

: 321 
| RECE WING DEMODU 

FILTER LATION 
: SECTION SECTION COMMUNI CA 

322 ISATH 
; RECEIVING DEMODU- NFORMATION 

FILTER LATON SELECTION 
SECTION SECTION SECTION 

USER 
: : 323 INFORMATION 

PROCESSING 
RECEIWNG DEMODU- SECTION 
F LTER A ON 
SECTION SECTION 

COMMUN CA 
T ON PATH 
SELECTION 
SECTION 

10 

30COMMUNICATION PATH SELECTION 
Y RECE WING SECTION - - - - - - - - - - - - - - - - - - - - - - - - - - 

DEMODU 
LATON 
SECT ON COMMUN CA 

TION PATH 
STORAGE 

DEMODU 
LATON 
SECTION 

RECEIVING 
FILTER 
SECTION 

NFORMATION 
SELECT ON 
SECTION 

USER 
NFORMATION 
PROCESSING 
SECTION DEMODU 

LATION 
SECTION 

RECEIWNG 
FILTER 
SECTION 

  

    

  

  

  

    

  

  

      

    

  

  

    

  

  

  

    

    

  

  

  

  
    

  

  



Patent Application Publication Aug. 22, 2002. Sheet 20 of 43 US 2002/0114286 A1 

COMMUNICATION 
PATH SELECTION 
TRANSMSSION 
SECTION 

FRST 
COMMUN CATION 
PATH SELECTION 
SECTION 

SECOND 
COMMUN CATON 
PATH SELECT ON 
SECTION 

USER 
NFORMATION 
PROCESS ING 
SECTION 

KTH 
COMMUNI CATION 
PATH SELECTION 
SECTION 

COMMUNICATION 
PATH STORAGE 

COMMUN CATON 
PATH SELECTION 
RECE WING 
SECTION 

OMMUN CA- COMPAR SECTION (SNYSAS 
SELECTION SECTION 
SECTION 

T ON PATH 
SELECT ON 
SECTION 

SON 
SECTION USER 

NFORMATON 
PROCESS ING 
SECTION 

    

    

  

  

  

  

  

  

  

  

  

    

  

  

  

  

  

  

    

      

  

  

  

  

  

    

    

    

  



Patent Application Publication Aug. 22, 2002 Sheet 21 of 43 

COMMUNI CATION 
PATH SELECT ON 

SECT ON 
TRANSMISSION 

FIRST 
COMMUNI CATION 
PATH SELECT ON 
SECTION 

SECOND 
COMMUNI CATION 
PATH SELECT ON 
SECTION 

KTH 
COMMUNI CATON 
PATH SELECT ON 
SECTION 

COMMUN CA ON 
PATH STORAGE 

40 

COMMUNICATION 
PATH SELECTION 
RECEWING 
SECTION 

RELAY 
SECTION 

USER 
NFORMATION 
PROCESS NG 
SECTION 

US 2002/0114286 A1 

  

  

  





US 2002/0114286 A1 

8 

Patent Application Publication Aug. 22, 2002. Sheet 23 of 43 



US 2002/0114286 A1 Patent Application Publication Aug. 22, 2002. Sheet 24 of 43 



Patent Application Publication Aug. 22, 2002 Sheet 25 of 43 US 2002/0114286 A1 

STEP10 

SELECT ONE USABLE 
COMMUNICATION PATH 

STEP113 

SELECT ONE USABLE 
COMMUNICATION PATH 
OTHER THAN SELECTED 
NOW BY LOCAL DEVICE 

STEP111 
OTHER 

COMMUNICATION 
DEVICE SELECTING SAME 

COMMUNI CATION 
PATH AS LOCAL 

DEVICE 2 

YES 
STEP103 

TRANSMIT INFORMATION 
USING SELECTED 
COMMUNI CATON PATH 

INFORMATION 
RECEIVED FROM OTHER 

COMMUNICATION 
DEVICE 2 

STEP112 YES 
END 

STORE INFORMATION ON 
COMMUNICATION PATH 
SELECTED BY OTHER 
COMMUNICATION DEVICE 

STEP104 

F.G. 53 

    

    

    

  

  

  

  

  

    

    

        

  

  

  

  

    

    

  

    

    

    

  



Patent Application Publication Aug. 22, 2002 Sheet 26 of 43 

STEP124 

SELECT ONE USABLE 
STEP101 COMMUNICATION PATH 

WITH N OR LESS 
COMMUNI CATION DEVICES SELECT ONE USABLE N OPERATION OTHER 

COMMUNICATION PATH THAN NOW SELECTED BY 
LOCAL DEVICE 

STEP121 
STEP102 

COUNT NUMBER OF 
YES COMMUNICATION DEVICES 

USING EACH 
COMMUNICATION PATH 

NO 

STEP103 
STEP122 

NUMBER 
OF COMMUNICATON 

DEVICES SELECTING SAME 
COMMUNICATION PATH 
AS LOCAL DEVICE IS 
BETWEEN 1 AND N 

INCLUSIVE 

INFORMATION 
RECEIVED FROM OTHER 

COMMUNICATION 
DEVICE 2 

NO 

YES 

STORE INFORMATION ON 
COMMUNI CATION PATH 
SELECTED BY OTHER 
COMMUNICATION DEVICE TRANSMT INFORMATION 

USING SELECTED 
COMMUNICATON PATH 

STEP104 
STEP123 

F.G. 54 

US 2002/0114286 A1 

  

  

  

  

  

  

    

  

  

  

  

    

      

    

  

    

    

  

  



Patent Application Publication Aug. 22, 2002 Sheet 27 of 43 

STEP201 

SELECT TWO OR MORE USABLE 
COMMUNI CATION PATHS 

STEP202 

STORE D CORRESPONDING 
TO SELECTED 
COMMUNI CAT ON PATH 

STEP203 
YES END INDICATED 2 

STEP204 N O 

RECEIVE DATA FROM OTHER 
COMMUNI CATION DEVICES 

STEP205 

ADD COMMUNICATION PATH 
ID TO RECEIVED DATA 

STEP206 

REMOVE COMMUNICATION PATH 
D FROM DATA AND ADD 
-----r A AA. DFFEREN COMMUNICATION 

PATH ID STORES 
STEP2O7 

TRANSMIT DATA FROM 
COMMUNI CATION PATH 
CORRESPONDING TO 
COMMUNI CATION ID ADDED 
TO DATA 

F.G. 55 

US 2002/0114286 A1 

END 

  

    

  



US 2002/0114286 A1 

E0 | ABC] 

N0 1 10ES 
0N || 11BS d[1089 

Patent Application Publication Aug. 22, 2002 Sheet 28 of 43 

| | 0|| 

  

  

  

  

    

  

    

  





N0 | 103S 

N0 | 10ETES HIWd 8 |Nouvoimae 
H 

US 2002/0114286 A1 

N0 1 10BS 

N0 1 10BS 

N0 | 10ETES HLWd 

0N || 11BS d[1089N0 | 10BTES HI Wd 

| |Mollyon) 

Patent Application Publication Aug. 22, 2002. Sheet 30 of 43 

  

  

    

    

      

  

  

  

  

  

  

  

  

  



Patent Application Publication Aug. 22, 2002 Sheet 31 of 43 US 2002/0114286 A1 

DATA TRANSFER MANAGEM 
CONTROL SECTION M ISEENT 

ACKNOWLEDGERETRANSMISSION TREE 
DEL VERY REQUEST STRUCTURE 
CONTROL CONTROL CONTROL 
SECTION SECTION SECTION 

NETWORK iNTERFACE SECTION 

F. G. 59 

F.G. 61 

  

  



US 2002/0114286 A1 

O 
CO 

cd 
LL 

8 XHOMH EIN 

|---------------- – – – – – – – – – – – – – – – – – – – – – – – – – –J 

Patent Application Publication Aug. 22, 2002. Sheet 32 of 43 

  

  

      

    

  

  

  

  

  

    
  
  

  







Patent Application Publication Aug. 22, 2002. Sheet 35 of 43 US 2002/0114286 A1 

SHAPE DATA FROM 
HGH-ORDER LAYER INTO 
PACKET S300 

ADD SEQUENCE NO. S301 

NOT MORE 
THAN TRANSMISSIBLE 

SEQUENE NO. 

TRANSMIT DATA PACKET 

STORE DATA PACKET IN 
TRANSMISSION BUFFER 

F.G. 64 

S320 
ANY DATA 

CORRESPONDING TO 
RECEWING 
BUFFER 2 

YES S322 

TRANSMT DATA PACKET ISSNASPASKET 

F.G. 66 

    

  

  

  

  

  

  

    

  

    

  

  

  

  

      

  

  



1 Patent Application Publication Aug. 22, 2002 Sheet 36 of 43 US 2002/0114286 A 

THIS DATA 
PACKET RECEIVED FOR 

THE FIRST 
TIME 2 

STORED IN RECEWING 
BUFFER 

S312 

S310 

NO END 

RECEIVED NO 
DATA HAS DROPOUTS, 

ERROR 2 s34 
ANY DEVICE YES S313 MANAGED BY LOCAL NO 
DEVICE 2 

TRANSMT NAK PACKET 

SMALLER 
THAN TRANSMISSIBLE 
SEQUENCE NO. 2 

YES s316 
TRANSMT DATA PACKET TO 
THE DEVICES 

S317 

UPDATE RECEWING SEQUENCE 
NO OF MANAGEMENT TABLE 

S318 

SET ACK PACKET 
TRANSMISSION TIMER 

END 
F.G. 65 

    

    

  

  

      

  

  

    

  

  

  

      

  



Patent Application Publication Aug. 22, 2002 Sheet 37 of 43 US 2002/0114286 A1 

START 
S330 

SEARCH MANAGEMENT TABLE FOR 
ACKNOWLEDGE RECEIV NG 
DELIVERY NO. OF SOURCE DEVCE 

S331 
TABLE 

ACKNOWLEDGE 
DEL VERY NO. K 

PACKET KypWLEDGE 

YES S332 

UPDATE TABLE ACKNOWLEDGE NO. 

S333 

NO 
END 

ACKNOWLEDGE 
RECEWING-DELIVERY 
NOS OF ALL MANAGED 
DEVICESUPDATED 

NO 
END 

TRANSMIT ACK PACKET 
TO PARENT DEVICE 

S335 

TRANSMIT TRANSMISSIBLE 
DATA PACKET 

F.G. 67 

    

  

    

  

    

  

    

  

  



Patent Application Publication Aug. 22, 2002. Sheet 38 of 43 US 2002/0114286 A1 

START 

S340 
ANY 

DEVICE MANAGED 
BY LOCAL 
DEVICE 2 S342 

RECEWN 
SEQUENCE NO. OF 

ANY DEVICE IN GROUP 
UPDATED 2 

ACKNOWLEDGE 
RECEIVING-DEL VERY NO. 

OF ALL MANAGED 
DEVICES 
UPDATED 

SELECT ONE OTHER DEVICE 
B AVNSSAME Of fif VVY VVV A 
DEVICE 

HAVING SAME ANCE FROM ROO 
AS LOCAL 
DEVICE 2 

S 

NUMBER OF 
DEVICES MANAGED BY 
DEVICE B SMALLER 

THAN LOCAL 
DEVICE 2 

TRANSMT TO DEVCE B 
MANAGEMENT INFORMATION 
OF DEVICE A 

S354 

F.G. 69 

    

    

    

  

    

    

    

  

  

    

  

  

  

  

  

    

    

    

  



Patent Application Publication Aug. 22, 2002 Sheet 39 of 43 

S360 
NUMBER OF 

ENTRIES REGISTERED 
N MANAGEMENT TABLE LESS 

THAN UPPER 
Li MIT 2 

YES S361 
PRODUCE AND REGISTER IN 
MANAGEMENT TABLE ENTRIES OF 
DEVICE SENT IN MANAGEMENT 
NFORMATION PACKET 

S362 

TRANSMIT ACCEPTED PACKET TO 
MANAGEMENT INFORMATION 
PACKET SOURCE 

S363 
DATA PACKET 

NEXT TO ACKNOWLEDGE 
DEL VERY NO OF 

DEVICE A 2 

YES S364 

NO 

US 2002/0114286 A1 

S365 

TRANSMIT REJECT PACKET TO 
SOURCE OF MANAGEMENT 
INFORMATION PACKET 

END 

S366 

TRANSMIT RETRANSMISSION 
-REQUEST DATA PACKET TO 
PARENT DEVICE 

END 

F. G. 70 

      

  

  

  



Patent Application Publication Aug. 22, 2002 Sheet 40 of 43 US 2002/0114286 A1 

DESTNATION ADDRESS SOURCE ADDRESS 

PACKET TYPE NOT USED 

DEVICE MIN MUM ACKNOWLEDGE DEL VERY NO. 
RECEIVED FROM MANAGED DEVICE 

DEVICE 2 MIN MUM ACKNOWLEDGE DEL VERY NO. 
RECEIVED FROM MANAGED DEVICE 

DEVICE 12 MINIMUM ACKNOWLEDGE DEL VERY NO. 
RECEIVED FROM MANAGED DEVICE 

F. G. 71 

DATA 

601 602 

DATA TRANSFER MANAGEMENT 
CONTROL SECTION NSFN 

604 

ACKNOWLEDGERETRANSMISSION TREE 
AT? DEL VERY REQUEST VUV UV 

CONTROL CONTROL 60Rfic 
SECTION SECTION SECTION 

NETWORK iNTERFACE SECTION 

F. G. 72 

    

    

    

  

    

    

  

  

  

  



Patent Application Publication Aug. 22, 2002. Sheet 41 of 43 US 2002/0114286 A1 

S370 S378 

NO THIS DATA 
PACKET RECEIVED FOR 

FIRST TIME 2 
FROMDEVICEMANAGEDNNO 

BY LOCAL 
DEVICE 2 

YES S371 

STORED IN RECEIVING TRANSMT ACK PACKET 
BUFFER TO PARENT DEVICE 

S372 
RECEIVED 

DATA HAVE DROPOUT, 
ERROR 2 

NO END 

S374 
ANY 

YES DEYE ANAGED 
S373 DEVICE 2 

TRANSM NAK PACKET 

TRANSMIT DATA PACKET 
TO THE DEVICES 

C END ) 
UPDATE RECEWING 
SEQUENCE NO. OF S376 
MANAGEMENT TABLE 

SET ACK PACKET 
RANSMSSONTIMER h-S377 

F. G. 73 

  

    

    

    

      

    

    

    

  
  

    

  



Patent Application Publication Aug. 22, 2002. Sheet 42 of 43 US 2002/0114286 A1 

DATA TRANSFER AGEMENT 
CONTROL SECTION MANS: 

ACKNOWLEDGERETRANSMSS ON TREE COMMUN 
DEL VERY REQUEST STRUCTURE CABILITY 
CONTROL CONTROL CONTROL DETERMINATION 
SECTION SECTION SECTION SECTION 

NETWORK iNTERFACE SECTION 

START 

SERCH MANAGEMENT TABLE 
FOR ENTRY OF DEVICE THAT 
CANNOT BE COMMUNICATED 
ANY MORE 

S390 

DELETE ENTRY O 
DEW CE FROM MA 
TABLE 

A M E 

ACKNOWLEDGE 
RECE WING-DEL VERY 
NO OF REMANING 
DEVICES ALREADY 

UPDATE 2 

TRANSMT ACK PACKET TO 
PARENT DEVICE 

F. G. 75 

  

  

    

    

  

  

  

  



wrear-a-a-a-a-a-ana-ma-a-a- VVVVVVVVVVVVVVVVVVY T 

(AAAAAAAAAAAAAAAAAA KAAAAAAAAAAAAAAAA ----------------- (AAAAAAAAAAAAAAAAA 6AAAAAAAAAAAAAAAAA 
    

  

    

  

  

  



US 2002/011.4286 A1 

NETWORK CONSTRUCTION METHOD AND 
COMMUNICATION SYSTEM FOR 

COMMUNICATING BETWEEN DIFFERENT 
GROUPS VIA REPRESENTATIVE DEVICE OF 

EACH GROUP 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a method of con 
Structing a communication network and a communication 
System constructed by Such a method. 
0002 First, a first conventional method art will be 
described. A technique for constructing a network ad hoc 
using a plurality of devices is disclosed in Jpn. Pat. Appln. 
No. 07-87937. In the network constructed based on Jpn. Pat. 
Applin. No. 07-87937, each device broadcasts a device 
message and eXchanges the device message with each other. 
The device message contains the information on the device 
that has transmitted the message and the information on the 
devices recognizing that the communication is possible. By 
eXchanging the device messages, therefore, the information 
can be collected on the Status of the communication link 
between the Surrounding devices. Thus a network can be 
constructed without a special Setting. For actual data 
eXchange and communication, a group is configured of a 
plurality of communicating devices, to which data are mul 
ticast to carry out efficient data transmission between a 
plurality of devices. 
0003. With the increase in the number of surrounding 
devices, however, an increased data amount is required for 
the device message exchanged through the network, thereby 
posing the problem of imposing a heavier burden on the 
band of the network. 

0004. Also, for a group to be formed as required for data 
eXchange, a procedure is necessary to assure that the Status 
of the devices constituting each group is coincident with 
each other and that required parameterS Such as a multicast 
address is Set. 

0005 FIG. 7 shows an example of the procedure. First, 
a device attempting to form a group transmits a message 910 
requesting other devices to form a group. The devices that 
have received the request message 910 Send back a response 
message 911 to the first device. The first device, upon receipt 
of the response message 911 from all the other devices, 
transmits again an acknowledge message 912 to all the other 
devices. The procedure shown in FIG. 7 is for forming a 
new group. A message is also exchanged in Similar fashion 
between a requesting device and the other devices when a 
device joins a group or a group is disbanded. 
0006. In the example shown in FIG. 7, the device that has 
transmitted the requesting message 910 is required to pro 
ceSS the response message 911 transmitted thereto from all 
the other devices. This poses the problem that a Single device 
assumes a heavy load. This imbalance increases with the 
number of devices constituting a group. 
0007 Also, in many computer systems, when a network 
interface card receives a message from a network, an inter 
rupt signal is generated to a CPU. In the CPU, upon 
detection of the interrupt Signal, the operating System 
executes a dispatch routine for the interrupt, and reads a 
message from the network interface card to execute the 
required proceSS. Generally, the network interface card or 
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the operating System has a buffer for holding data before the 
message is read out and processed. A Succession of messages 
which may arrive at the buffer of insufficient capacity may 
overflow and may be disposed of. 
0008 Especially with the increase in the transmission 
Speed of the network, more and more messages come to be 
disposed of. Consider the procedure shown in FIG. 7. The 
response messages 911 returned to the first device arrive in 
a great number in a short time. With the increase in the 
number of devices, therefore, the increased number of 
messages are disposed of. In the case where the first device 
is unable to receive all the response messages 911 within a 
predetermined time T from the transmission of the request 
ing message 910, the first device retransmits the requesting 
message 910. By repeating the retransmission of the request 
ing message 910, Substantially all the response messages 
911 can be received. 

0009 If the predetermined time T is set excessively short, 
the requesting message 910 is undesirably retransmitted 
before it becomes necessary, resulting in a wasteful use of 
the band. The time required before completion of the pro 
cedure includes the retransmission intervals and the number 
of times the message is retransmitted. An increased number 
of response messages 911 that are disposed of and hence an 
increased number of retransmissions, therefore, leads to the 
problem of a lengthened time required for the procedure. 
Even in the case where the time before completion of the 
procedure is not a problem, the increased number of retrans 
missions increases the amount of information required to be 
transmitted for the procedure, thereby posing the problem of 
wasting the band of the network. 
0010. As described above, in the case where an ad hoc 
network is constructed based on Jpn. Pat. Applin. No. 
07-87937 according to the prior art first above mentioned, 
the problem is that with the increase in the number of the 
devices constituting the network or the devices making up 
each group in the network, the number of the messages 
required for managing the device configuration or executing 
the procedure increases. At the same time, the band available 
for use by applications decreases or the time required before 
completion of the procedure lengthens beyond the practical 
application. 

0011. The second conventional approach will be 
described. In the case of communication between terminals 
using the conventional network including the rapidly-ex 
tending internet, it is necessary to determine an identifier 
Such as an address in advance for Specifying the destination 
device with which to communicate. An IP address and a host 
name for the internet are examples. In other words, com 
munication has So far been impossible for the user without 
determining the IP address or the host name of the destina 
tion device. 

0012. On the other hand, the reference function of the 
Microsoft network proposed by Windows95 of Microsoft, 
U.S.A., for example, makes it possible for the user to 
determine the terminal connected with the Microsoft net 
work Simply by clicking an icon without any preparation, 
and thus to start the communication with the remote device 
Simply by Selecting the desired party. In the reference 
function of the MicroSoft network, one processor included in 
the network acts as a reference Server, and the terminals 
connected to the network notify the reference server of the 
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presence thereof at the time of Starting, while the presence 
of the other terminals can be determined by making inquiry 
of the server. 

0013 The reference function of the Microsoft network 
assumes that a terminal capable of communicating with a 
reference Server can directly communicate with other ter 
minals. Nevertheless, in the case where a network is con 
Structed using a radio LAN, for example, the communica 
bility with the reference Server does not necessarily mean 
the communicability between terminals. What is called a 
hidden terminal may exist. In Such a case, the reference 
function of the Microsoft network incapable of determining 
a hidden terminal poses the problem that the communica 
tion, though Started without the knowledge of a hidden 
terminal, is impossible with it. 
0.014. Also, a portable terminal having a radio commu 
nication function may be moved without shutting down the 
operating System (OS). In Such a case, the MicroSoft net 
work may take as long as Several tens of minutes for 
detecting the impossibility of communication due to the 
movement. Thus the reference function of the Microsoft 
network cannot meet the ever-changing network environ 
ment with rapidity. 
0015. On the other hand, Jpn. Pat. Applin. No. 7-232459 
discloses a method by which each terminal can determine 
whether or not communication is possible between termi 
nals. According to this method, the identifiers of the termi 
nals with which a local terminal can communicate are 
transmitted by each local terminal together with the identi 
fier of the local terminal. As a result, each local terminal is 
in a position to determine whether the other terminals are 
communicable or not as well as the local terminal. In this 
method, however, all the terminals exchange information on 
communicable terminals. With the increase in the number of 
terminals included in a network, therefore, the increased 
traffic of the network is the problem. Another problem is that 
only the information on communicability between a local 
terminal and a terminal one hop away (the remote device 
with no other terminals in-between) can be received but no 
information on communicability with a terminal Several 
hopS away can be acquired. 

0016. As described above, the second conventional 
approach Such as the reference function of the MicroSoft 
network poses the problem that the presence of a hidden 
terminal cannot be determined and the communication is 
Started without a knowledge of the presence of the hidden 
terminal and that the change in the network environment 
cannot be followed with rapidity. Also, the method disclosed 
in Jpn. Pat. Applin. No. 7-232459 by which each terminal can 
determine whether or not terminals can communicate with 
each other encounters the problem that an increased number 
of terminals in the network increases the traffic for notifying 
the communicability information between terminals or the 
information on the communicability with a terminal Several 
hopS away cannot be acquired. 

0.017. A third conventional approach will be described. A 
network Such as a local network is rapidly extending. For the 
devices constituting a network to recognize each other, it is 
usually necessary for each device to transmit a signal with 
ID information added thereto for identifying a local terminal 
or to receive a signal with ID information transmitted from 
other devices. Consider a communication device capable of 
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transmission and receiving of information using a single 
communication path, for example. Each device transmits ID 
information whenever possible without collision by use of 
an access scheme such as CSMA/CD (Carrier Sense Mul 
tiple Access with Collision Detection). Also, in the case of 
a local area network using radio called a radio LAN, an 
access scheme such as CSMA/CA (Carrier Sense Multiple 
Access with Collision Avoidance), ID information is trans 
mitted whenever possible without collision. 
0018. In a communication system capable of using a 
plurality of communication paths, on the other hand, one of 
them is Set beforehand as a common control communication 
path through which a Signal with ID information can be 
transmitted and received by all the devices in the System and 
through which each device transmits and receives a signal 
with ID information added thereto whenever possible using 
Such an access Scheme as CSMA/CD. 

0019 AS compared with a device group having a single 
communication path by which information can be transmit 
ted and received, a device group in which one of a plurality 
of communication paths available is set as a common control 
communication path can transmit data more efficiently since 
the ID information and other data can be transmitted and 
received using different communication paths. 
0020. With the device group capable of transmitting and 
receiving information through a single communication path, 
the necessity of transmission of all the data including the ID 
information using a single communication path increases the 
traffic volume with the increase in the number of devices. 

0021. The problem of the device group capable of using 
a plurality of communication paths, in contrast, that though 
the control communication path for transmitting ID infor 
mation can be separated from the data communication path 
for transmitting other data, the traffic volume of ID infor 
mation increases along the control communication path and 
the traffic volume of other data than ID information for the 
data communication path. 
0022. In either case, an excessive number of devices 
using the communication path increases the traffic Volume 
thereof. 

0023. Also, consider a communication system in which 
all the devices exchange ID information with each other in 
constructing a network. For N devices to recognize the 
presence thereof with each other, Single-path transmission of 
a signal is necessary which contains N pieces of ID infor 
mation for a communication System which transmits ID 
information by broadcasting, and N(N-1) pieces of ID 
information for a communication System which transmits ID 
information by unicasting. In the case where an acknowl 
edge (ACK) signal is returned upon receipt of ID informa 
tion, a correspondingly increasing number of transmission 
Signals is required for exchanging ID information. 
0024. As described above, in a communication system in 
which ID information is exchanged, receipt and manage 
ment of ID information from other devices is possible if the 
number of devices constructing a network is as few as 
several to several and tens. With the increase in the number 
of devices constituting the network to Several tens, Several 
hundreds or several thousands, however, it becomes difficult 
for each device to receive and manage the ID information 
and the system is liable to break down. 
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0.025 According to the third conventional approach, the 
excessively increased number of devices using a communi 
cation path for exchanging ID information among all the 
devices deteriorates the data transmission efficiency due to 
the resulting increase in traffic Volume while at the same 
time often breaking down the System constructing the net 
work. 

0.026 Now, a fourth conventional approach will be 
explained. 

0.027 Data and information exchanged between commu 
nication devices, unlike the aural or visual information Sent 
in real time, are required to be transmitted correctly without 
Such errors as dropouts or the reversed order. The data herein 
is defined as information a collection of which constitutes an 
operation or a meaning Such as an electronic file (text file, 
voice file, image file, program, etc.) of the computer. 
0028. A device that has received data transmits an 
acknowledge delivery packet (hereinafter referred to as “the 
ACK packet”) in order to notify the source device of the 
correct arrival of the data. The Source device thus can know 
that the transmitted data has been delivered correctly upon 
receipt of the ACK packet from the receiving device. In the 
case where the ACK fails to arrive at the Source device 
within a predetermined time, the Source device judges that 
the data has not been delivered correctly and retransmits the 
data and waits for an ACK packet. 
0029. In another method, the receiving device noticing an 
error or a dropout of the received data transmits a retrans 
mission request packet (hereinafter referred to as “the NAK 
packet”) to the source device in order to be notified that the 
data has arrived erroneously. The Source device that has 
received the NAK packet retransmits the data. 
0.030. In the case where data are broadcast among a 
plurality of devices, the data reliability is Secured basically 
by the method described above. 
0031. With the increase in the number of devices, how 
ever, the ACK packets and NAK packets are concentrated on 
the data transmitting device, on which a heavier load is 
imposed. 

0032. In view of this, a conventional approach is avail 
able in which a logical tree is constructed with a data 
transmitting device as a root among the devices belonging to 
the same broadcasting group (multicasting group). In Such a 
System, the ACK packet or the NAK packet is transmitted 
toward a node (device) located nearer to the root of the tree, 
and the node that has received the ACK packet or the NAK 
packet from the node located on a branch thereof retransmits 
the data. 

0033. This conventional logical tree structure is so static 
that nodes located as leaves of the tree may be added or 
removed but nodes constituting the trunk thereof are never 
changed once the tree is constructed. 
0034. As a result, no means has thus far been available to 
restructure a tree, if imbalanced. Under the circumstances, 
the number of devices located nearer to the branch of a given 
device and the number of devices located nearer to the 
branch of another device are liable to be considerably 
different. The load unequally imposed on a given device 
cannot be redistributed to other devices thereby reducing the 
throughput of the System as a whole. 
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0035. As described above, the fourth conventional 
approach has the problem that when the devices managed by 
a present unit exceeds a certain number or otherwise the 
balance of the tree is destroyed, the balance of the tree 
cannot be restored. 

BRIEF SUMMARY OF THE INVENTION 

0036) A first object of the present invention is to provide 
a method of constructing a communication network and a 
communication System constructed by the method, in which 
the number of messages or the time required for executing 
a procedure is not increased with the increase in the number 
of component devices. 
0037. A second object of the invention is to provide a at 
least a communication device group in which each of a 
multiplicity of devices included in a network can acquire the 
communicability information of other devices without 
increasing the traffic volume and also can acquire the 
communicability information of a device a plurality of hops 
away. 

0038 A third object of the invention is to provide at least 
a communication device group in which the device Selects 
one of a plurality of communication paths available for 
communication and cannot directly communicate with a 
device which has Selected a different communication path, 
thereby reducing the number of the devices communicating 
using a single communication path at the same time. 
0039. A fourth object of the invention is to provide a 
communication device group in which even when the 
devices managed by a present unit exceed a predetermined 
number or otherwise the condition is met to destroy the tree 
balance, the tree balance can be restored. 

0040. In order to achieve the first object described above, 
according to this invention, there is provided a method of 
constructing a communication network, comprising the 
Steps of 
0041 grouping communication devices belonging to a 
communication network into one or more communication 
groups, 

0042 selecting one or a plurality of representative 
devices from each communication group thus 
grouped; and 

0043 after Selecting step, causing each communi 
cation device to communicate directly with the com 
munication devices belonging to the same group and 
to communicate with a communication device 
belonging to a different communication group by 
first transmitting data to the representative device of 
the same communication group which in turn trans 
fers a part or the whole of the data to the represen 
tative device of the different communication group. 

0044) In order to achieve the second object described 
above, according to this invention, there is provided a 
method of constructing a communication network, in which 
the terminal Selected as a representative device executes the 
Steps of 

0045 receiving the terminal ID information trans 
mitted by a different terminal transmitting the par 
ticular ID information; 
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0046 receiving the communicable terminal infor 
mation transmitted by a different terminal indicating 
a terminal communicable with the different terminal; 

0047 relating the terminal ID information and the 
communicable terminal information received from 
the same terminal to each other and Storing them as 
communication environment information; and 

0048 transmitting the stored communication envi 
ronment information to the different terminal. 

0049. In order to achieve the third object described 
above, according to this invention, there is provided a 
method of constructing a communication network, in which 
the communication device executes the Steps of: 

0050 selecting one of a plurality of communication 
paths, 

0051 transmitting the information of the communi 
cation path Selected by the communication device; 

0052 receiving the information on the communica 
tion path Selected by a different communication 
device; 

0053 storing the information on the communication 
path assigned by a different communication device; 
and 

0054 comparing the information on the stored com 
munication path Selected by the different communi 
cation device with the information on the commu 
nication path selected by the present unit, and in the 
case where there exists no communication device 
that has selected the Same communication path as the 
present unit, reselecting a communication path other 
than the communication path Selected by the present 
unit from among a plurality of the communication 
paths. 

0055. In order to achieve the fourth object of the inven 
tion described above, there is provided a method of con 
Structing a communication network, in which the commu 
nication device executes the Steps of 

0056 storing at least the management information 
including an identifier (ID) of a child device man 
aged by a present unit and the acknowledge delivery 
information received from the child device; 

0057 storing the ID of a parent device which man 
ages the present unit, 

0058 transmitting and receiving information 
between all the child devices stored in the step of 
Storing the management information or with the 
parent device Stored in the Step of Storing the parent 
device ID; 

0059) comparing the acknowledge delivery (ACK) 
information indicating the receipt of the information 
and the management information from the child 
device transmitting the information in the Step of 
transmission/receiving and acknowledging delivery 
the transmitted information; and 

0060 transmitting the ACK information to the par 
ent device in the case where the transmitted infor 
mation can be acknowledged in the Step of acknowl 
edgment. 
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0061. In order to achieve the first object described above, 
according to the invention, there is provided a communica 
tion System comprising: 

0062) a grouping processing Section for grouping 
communication devices belonging to a communica 
tion network into one or a plurality of communica 
tion groups, 

0063 a selection processing Section for Selecting 
one or a plurality of representative devices in each 
communication group formed in the grouping pro 
cessing Section; 

0064 a communication processing Section, after 
Selecting the representative device in the Selection 
processing Section, causing each communication 
device to communicate directly with the communi 
cation devices belonging to the same group and 
causing each communication device to communicate 
with the communication devices belonging to a 
different group by first transmitting data to the rep 
resentative device of the same group and then caus 
ing the representative device to transfer a part or the 
whole of the data to the representative device of the 
different group. 

0065. In order to achieve the second object, according to 
this invention, there is provided the above-mentioned com 
munication System wherein the terminal Selected as a rep 
resentative device includes: 

0066 a terminal ID information receiving section 
for receiving the terminal ID information from a 
different terminal for identifying the different termi 
nal; 

0067 a communicable terminal information receiv 
ing Section for receiving the communicable terminal 
information from a different terminal indicating the 
communicability of the different terminal; 

0068 a communication environment information 
Storage Section for relating the terminal ID informa 
tion and the communicable terminal information 
received from the same terminal to each other and 
Storing the information as communication environ 
ment information; and 

0069 a communication environment information 
transmission Section for transmitting the Stored com 
munication environment information to the different 
terminal. 

0070. In order to achieve the third object described 
above, according to this invention, there is provided the 
above-mentioned communication System, wherein the com 
munication device includes: 

0071 communication path selection means for 
Selecting a communication path used for communi 
cation from among a plurality of communication 
paths, 

0072 communication path selection transmission 
means for transmitting information to the commu 
nication path Selected by the communication path 
Selection means, 



US 2002/011.4286 A1 

0073 communication path selection receiving 
means for receiving the information from the com 
munication path Selected by the communication path 
Selection means and detecting the occupancy rate of 
other communication paths than the Selected com 
munication path; and 

0074 communication path storage means for storing 
the information on the occupancy rate of the com 
munication path detected by the communication path 
Selection receiving means. 

0075). In order to achieve the fourth object described 
above, according to this invention, there is provided the 
above-mentioned communication System, wherein the com 
munication device comprises: 

0076 a management information storage function 
for Storing management information including at 
least an identifier (ID) of at least a child device 
managed by the present communication device and 
the acknowledge delivery information received from 
the child device; 

0077 an ID storage function for storing the ID of a 
parent device managing the present communication 
device; 

0078 an information communication section for 
transmitting and receiving information to and from 
Selected one of all the child devices with the IDs 
thereof Stored by the management information Stor 
age function and the parent device with the ID 
thereof stored by the ID storage function; 

0079 an acknowledge delivery section for compar 
ing the acknowledge delivery information indicating 
the receipt of information from a child device trans 
mitting the information by the information commu 
nication Section with the management information 
and acknowledging the transmitted information; and 

0080 an acknowledge delivery information trans 
mission Section for transmitting the acknowledge 
delivery information to the parent device when the 
acknowledge delivery Section acknowledges the 
transmitted information. 

0081. In order to achieve the first object described above, 
according to this invention, there is provided a recording 
medium for Storing a program executed in constructing a 
communication network, the program being executed for 
performing the Steps of: 

0082 grouping communication devices belonging 
to a communication network into one or a plurality 
of communication groups; 

0083) selecting one or a plurality of representative 
devices in each communication group thus grouped; 
and 

0084 after the selection step, causing each commu 
nication device to communicate directly with the 
communication devices belonging to the same group 
and causing each communication device to commu 
nicate with a communication device belonging to a 
different group by first transmitting data to the rep 
resentative device of the same group and then caus 
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ing the representative device to transfer a part or the 
whole of the data to the representative device of the 
different group. 

0085. In order to achieve the second object described 
above, according to this invention, there is provided the 
above-mentioned recording medium, wherein the commu 
nication device executes the Steps of 

0086 receiving the terminal ID information trans 
mitted from a different terminal for identifying the 
different terminal; 

0087 receiving the communicable terminal infor 
mation transmitted from a different terminal indicat 
ing that the particular different terminal is commu 
nicable; 

0088 relating the terminal ID information and the 
communicable terminal information received from 
the same terminal to each other and Storing the 
relation; and 

0089 causing the computer to operate for transmit 
ting the Stored communication environment infor 
mation to the different terminal. 

0090. In order to achieve the third object described 
above, according to this invention, there is provided the 
above-mentioned recording medium, wherein the commu 
nication device executes the Steps of 

0.091 selecting one communication path from 
among a plurality of communication paths, 

0092 transmitting the information of the communi 
cation path Selected by the communication device; 

0093 receiving the information of the communica 
tion path Selected by a different communication 
device; 

Storing the information of the communication 0094) storing the inf t fth t 
path assigned by the different communication 
device; and 

0095 comparing the information of the communi 
cation path Selected by the different communication 
device Stored in the communication path Storage Step 
with the information of the communication path 
Selected by the present communication device, and 
upon judgment of the absence of a different com 
munication device that has Selected the same com 
munication path as the present communication 
device, reselecting a communication path other than 
the communication path Selected by the present 
communication device from among a plurality of the 
communication paths. 

0096. In order to achieve the fourth object described 
above, according to this invention, there is provided the 
above-mentioned recording medium, wherein the commu 
nication device executes the Steps of 

0097 storing the management information includ 
ing at least an identifier (ID) of at least a child device 
managed by the present communication device and 
the acknowledge delivery information received from 
the child device; 
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0.098 storing the ID of a parent device managing the 9. p ging 
present communication device; 

0099 transmitting and receiving information to and 
from selected one of all the child devices stored in 
the management information Storage Step or the 
patent device Stored in the parent device ID Storage 
Step, 

0100 comparing the management information with 
the acknowledge delivery information indicating the 
receipt of information from the child device that has 
transmitted the information in the transmission/re 
ceiving Step; and 

0101 transmitting the acknowledge delivery infor 
mation to the parent device when the information 
transmitted is acknowledged in the acknowledge 
Step. 

0102) Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0.103 The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
presently preferred embodiments of the invention, and 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, Serve to explain the principles of the invention. 
0104 FIG. 1 is a diagram for explaining the basic 
concept of the present invention and showing an arrange 
ment of devices with a graph segmented with N=6, 
0105 FIG. 2 is a graph plotted assuming that an edge 
exists between devices constituting nodes directly commu 
nicable with each other; 

0106 FIG. 3A is a diagram showing the flow of a 
message when a device A forms a group with devices B, C, 
L, O, P, S, T, U, V; 

0107 FIG. 3B is a diagram briefly showing a method of 
constructing a communication network according to an 
embodiment; 

0108 FIG. 4 is a diagram including a graph produced 
with an edge displayed between communicable devices and 
showing the maximum number of devices of the group to 
which each device broadcasts according to a Second embodi 
ment of the invention; 

0109 FIG. 5 is a diagram showing an example of form 
ing a group including not more than five devices to which 
the device D belongs in FIG. 4; 
0110 FIG. 6 is a diagram showing an arrangement of 
devices according to a third embodiment of the invention; 
0111 FIG. 7 is a diagram showing the procedure for 
producing a group required for exchanging data; 
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0112 FIG. 8 is a diagram showing a configuration of a 
communication control unit according to a fourth embodi 
ment of the invention; 

0113 FIG. 9 is a diagram showing a format of a com 
municable terminal information packet according to the 
fourth embodiment; 

0114 FIG. 10 is a flowchart showing the process for 
receiving a packet of the communicable terminal informa 
tion and the communication environment information trans 
mitted by a different terminal according to the fourth 
embodiment; 

0115 FIG. 11 is a flowchart showing the process for 
activation started by a timer (1) according to the fourth 
embodiment; 

0116 FIG. 12 is a flowchart showing the process for 
activation started by a timer (2) according to the fourth 
embodiment; 

0117 FIG. 13 is a diagram showing an example configu 
ration of a network according to the fourth embodiment; 
0118 FIG. 14 is a diagram showing a specific example of 
a communicable terminal information packet according to 
the fourth embodiment; 

0119 FIG. 15 is a diagram showing a specific example of 
the communication environment information Stored in a 
terminal X according to the fourth embodiment; 
0120 FIG. 16 is a diagram showing a specific example 
of the communication environment information Stored in a 
terminal A1 according to the fourth embodiment; 
0121 FIG. 17 is a diagram showing a configuration of 
the communication control unit according to a fifth embodi 
ment of the invention; 

0.122 FIG. 18 is a diagram showing an example con 
figuration of the network according to the fifth embodiment; 
0123 FIG. 19 is a diagram showing an example con 
figuration of the network after Status change according to the 
fifth embodiment; 

0.124 FIG. 20 is a diagram showing a format of the 
communicable terminal information packet of a communi 
cation control unit according to a sixth embodiment of the 
invention; 

0.125 FIG. 21 is a diagram showing a specific example 
of the communicable terminal information packet according 
to the sixth embodiment; 

0.126 FIG. 22 is a diagram showing a configuration of 
the communication control unit according to a Seventh 
embodiment of the invention; 

0127 FIG. 23 is a diagram showing a configuration of 
the communication control unit according to an eighth 
embodiment of the invention; 

0128 FIG. 24 is a flowchart showing the process for 
receiving a packet of the communicable terminal informa 
tion and the communication environment information trans 
mitted by a different terminal according to the eighth 
embodiment; 
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0129 FIG. 25 is a diagram showing an example con 
figuration of the network according to the eighth embodi 
ment, 

0130 FIG. 26 is a diagram showing a specific example 
of the communicable terminal information packet broadcast 
immediately after the activation of the terminal B4 accord 
ing to the eighth embodiment; 
0131 FIG. 27 is a diagram showing a specific example 
of the communicable terminal information packet for the 
terminal B4 broadcast upon receipt of the communicable 
terminal information of FIG. 26 by the terminal X according 
to the eighth embodiment; 
0132 FIG. 28 is a diagram showing a specific example 
of the communicable terminal information packet transmit 
ted after receipt of the packet of the communicable terminal 
information of X, B1 to B3 by the terminal B4 according to 
the eighth embodiment; 
0.133 FIG. 29 is a diagram showing a specific example 
of the communicable terminal information packet for the 
terminal B4 broadcast upon receipt of the communicable 
terminal information of FIG.28 by the terminal X according 
to the eighth embodiment; 
0134 FIG. 30 is a diagram showing a configuration of 
the communication control unit according to a ninth embodi 
ment of the invention; 
0135 FIG. 31 is a diagram showing an example con 
figuration of the network according to the ninth embodi 
ment, 

0.136 FIG. 32 is a diagram showing a specific example 
of a communicable terminal information packet transmitted 
to the communication group A regularly by the terminal A1 
according to the ninth embodiment; 
0.137 FIG. 33 is a diagram showing a specific example 
of the communication environment information Stored in the 
terminal A1 according to the ninth embodiment; 
0138 FIG. 34 is a diagram showing a specific example 
of the communication environment information transmitted 
and received between representative terminals according to 
the ninth embodiment; 
0139 FIG. 35 is a diagram showing a specific example 
of the communication environment information Stored in the 
terminal A1 after receiving the communication environment 
packet of FIG. 34 according to the ninth embodiment; 
0140 FIG. 36 is a diagram showing a specific example 
of the communication environment information Stored in the 
terminal A1 after transmitting and receiving Sufficient com 
munication environment information according to the ninth 
embodiment; 
0141 FIG. 37 is a diagram showing a configuration of a 
communication device according to a tenth embodiment of 
the invention; 

0142 FIG. 38 is a diagram showing an example con 
figuration of a communication path Selection transmission 
Section of a communication device and an example of the 
control relation between a communication path Selection 
Section and a communication path Selection transmission 
Section according to the tenth embodiment of the invention; 
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0.143 FIG. 39 is a diagram showing an example con 
figuration of a communication path Selection transmission 
Section of a communication device and another example of 
the control relation between a communication path Selection 
Section and a communication path Selection transmission 
Section according to the tenth embodiment of the invention; 
014.4 FIG. 40 is a diagram showing an example con 
figuration of a communication path Selection receiving Sec 
tion of a communication device and an example of the 
control relation between a communication path Selection 
Section and a communication path Selection receiving Sec 
tion according to the tenth embodiment of the invention; 
014.5 FIG. 41 is a diagram showing an example con 
figuration of a communication path Selection receiving Sec 
tion of a communication device and another example of the 
control relation between a communication path Selection 
Section and a communication path Selection receiving Sec 
tion according to the tenth embodiment of the invention; 
0146 FIG. 42 is a diagram showing an example con 
figuration of a communication path Selection receiving Sec 
tion of a communication device and another example of the 
control relation between a communication path Selection 
Section and a communication path Selection receiving Sec 
tion according to the tenth embodiment of the invention; 
0147 FIG. 43 is a diagram showing a configuration of a 
communication device according to an 11th embodiment of 
the invention; 
0.148 FIG. 44 is a diagram showing a configuration of a 
communication device according to a 12th embodiment of 
the invention; 
014.9 FIG. 45 is a diagram showing a general configu 
ration of a communication device according to a 14th 
embodiment of the invention; 
0150 FIG. 46 is a diagram showing a specific configu 
ration of a communication device according to a 14th 
embodiment of the invention; 
0151 FIG. 47 is a diagram showing an example com 
munication mode of a communication device according to 
the tenth embodiment of the invention; 
0152 FIG. 48 is a diagram showing an example com 
munication mode of a communication device according to 
the 11th embodiment of the invention; 
0153 FIG. 49 is a diagram showing an example com 
munication mode of a communication device according to 
the 12th embodiment of the invention; 
0154 FIG. 50 is a diagram showing another example 
communication mode of a communication device according 
to the 13th embodiment of the invention; 
O155 FIG. 51 is a diagram showing an example com 
munication mode of a communication device according to a 
16th embodiment of the invention; 
0156 FIG. 52 is a diagram showing another example 
communication mode of a communication device according 
to the 16th embodiment of the invention; 
O157 FIG. 53 is a flowchart showing an example pro 
cedure for a communication reselection method according to 
the 13th embodiment of the invention; 
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0158 FIG. 54 is a flowchart showing another example 
procedure for a communication reselection method accord 
ing to the 13th embodiment of the invention; 
0159 FIG.55 is a flowchart showing the operation of a 
relay section used in the 15th embodiment of the invention; 
0160 FIG. 56 is a diagram showing an example con 
figuration of the communication device according to a 17th 
embodiment of the invention; 
0.161 FIG. 57 is a diagram showing another example 
configuration of the communication device according to the 
17th embodiment of the invention; 
0162 FIG. 58 is a diagram showing still another example 
configuration of the communication device according to the 
17th embodiment of the invention; 
0163 FIG. 59 is a diagram showing an example con 
figuration of a broadcasting communication control unit 
according to an 18th embodiment of the invention; 
0164 FIG. 60 is a diagram showing an example whole 
configuration of a communication System using a broadcast 
ing communication control unit according to the 18th 
embodiment of the invention; 
0.165 FIG. 61 is a diagram showing an example of a 
logical tree Structure in the case where the broadcasting 
communication control unit according to the 18th embodi 
ment constitutes a broadcasting group; 
0166 FIG. 62 is a diagram showing an example of a 
management table 2 shown in FIG. 59; 
0167 FIG. 63 is a diagram showing an example of a 
management table 2 shown in FIG. 59; 
0168 FIG. 64 is a flowchart showing the operation for 
receiving a data transmission request from a high-order 
layer; 

0169 FIG. 65 is a flowchart showing the operation for 
receiving a data packet, 
0170 FIG. 66 is a flowchart showing the operation for 
receiving a NAK packet; 
0171 FIG. 67 is a flowchart showing the operation for 
receiving an ACK packet; 
0172 FIG. 68 is a flowchart showing the operation at the 
time when an ACK packet transmission timer times out; 
0173 FIG. 69 is a flowchart showing the operation in the 
case where the difference between the number of devices 
managed by a present unit and the number of devices 
managed by a device having the same logical distance from 
the route as the present unit in a tree Structure exceeds a 
predetermined number; 
0174 FIG. 70 is a flowchart showing the operation for 
receiving a management information packet; 
0175 FIG. 71 is a diagram showing a format of the ACK 
packet; 

0176 FIG. 72 is a diagram showing an example con 
figuration of a broadcasting communication control unit 
according to a 19th embodiment of the invention; 
0177 FIG. 73 is a flowchart showing the operation for 
receiving a data packet according to the 19th embodiment; 
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0.178 FIG. 74 is a diagram showing an example con 
figuration of a broadcasting communication control unit 
according to a 20th embodiment of the invention; 
0179 FIG. 75 is a flowchart showing the operation when 
judging that the communication with a device managed by 
the present unit is impossible; and 
0180 FIG. 76 is a perspective view of a portable infor 
mation communication device. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0181 Embodiments of the invention will be explained in 
detail below with reference to the accompanying drawings. 
0182 First Embodiment 
0183 Reference is made to a first embodiment of the 
invention. In the first embodiment, the devices are assumed 
to have a radio LAN interface. The radio LAN interface is, 
for example, the one specified under IEEE 802.11. 
0.184 FIG. 2 is a graph produced assuming that an edge 
exists between directly communicable devices constituting 
nodes. In FIG. 2, characters A to V designate devices. The 
device A, for example, can communicate with the Six 
devices C, D, E, B, F, H. This graph is considered to 
represent the Status of the network at a given time point. The 
operation will be explained below with reference to this 
graph presentation. Another form of expression equivalent 
to this graph can of course be used with equal effect. 
0185. First, in order to produce the graph of FIG. 2, each 
device broadcasts a device message. The device message 
includes the information on the device broadcasting it and 
the information on the communicable devices determined 
taking the device messages from other devices into consid 
eration. Each device judges whether it can or cannot com 
municate with other devices by receiving a device message 
from them. Further, the information on the communicable 
devices thus identified is broadcast with a device message, 
upon receipt of which each device can collect the data 
required for constructing the graph of FIG. 2. 

0186. Upon successful collection of the data required for 
constructing the graph, each device Segments the graph 
according to a predetermined Standard. According to this 
embodiment, the graph is So Segmented that the number of 
the devices belonging to each of the Segmented groups is 
Substantially equal to a predetermined number N. By Setting 
the value N in accordance with the processing capacity of 
the device, the number of messages that the devices are 
required to receive can be reduced with minimum increase 
of the overhead. 

0187 Further, a group is set in such a manner that the 
devices belonging to the Same group constitute a complete 
partial graph. If a complete graph cannot be formed with N 
devices including a given device, a group is formed by a 
mass of the devices capable of producing a complete graph. 
0188 FIG. 1 shows an example of graph segmentation 
for N=6. In FIG. 1, however, the devices which are com 
municable in FIG. 2 and have come to belong to a different 
group are connected by dotted line. Specifically, in FIG. 1, 
the four devices A, B, C, E, the six devices D, L., M, N, O, 
P, the six devices F, G, H, I, J, K and the six devices S, R, 
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Q, U, V, Teach constitute a group, respectively. The. devices 
asSociated with the same group can communicate directly 
with each other. In this case, only 22 devices are provided in 
all and therefore one group contains four devices. 
0189 Then, one device is selected as a representative 
device in each group. In FIG. 1, a link between the 
representative devices is also plotted. The devices E, G, M, 
R are representative devices. A broadcast address is deter 
mined for each group, and the devices in each group 
communicate with each other using the broadcast address 
thus determined. In addition to the broadcast address used 
for communication between the devices in the same group, 
a broadcast address is Set for communication between rep 
resentative devices. 

0190. Upon complete grouping and selection of the rep 
resentative devices, each device transmits a device message 
to the other devices in the same group. Each representative 
device transmits a device message to the other representative 
devices as well as to the devices of the same group. The 
device message transmitted from a representative device to 
other representative devices however is the information 
Solely on the representative devices. Similarly, the device 
message eXchanged in each group is the one relating to the 
devices belonging to the particular group. 

0191) However, upon detection of a change in the same 
group or Such an event that a given device belonging to the 
Same group becomes incommunicable, for example, the 
representative device also transmits this information to other 
representative devices. In this way, the communication 
mode between representative devices and the communica 
tion mode within each group are Separately managed. AS far 
as a representative device is communicable, the information 
on the devices belonging to the same group as the particular 
representative device is always transmitted, thereby making 
it possible to reduce the number of device messages to be 
handled. 

0.192 The representative devices not only reduce the 
device messages providing the configuration management 
information but also, in the handshake between the devices 
of different groups, have the function to consolidate the 
response messages and to prevent the increase in the number 
of messages that a device is required to receive at a time. AS 
an example, explanation will be made about the case in 
which the device A forms a group with the devices B, C, L, 
O, P, S, T, U, V. 

0193 FIG. 3A is a diagram showing a flow of messages 
in this case. First, the device A transmits a request message 
to other devices using a broadcast address of the group. The 
devices B, C, upon receipt of the request message, returns a 
response message to the device A. The device E representing 
the group to which the device Abelongs to, upon receipt of 
a request message from the device A, transmits and Stores a 
request message to the devices M, R representing the group 
of other devices using the broadcast address determined 
between representative devices. At the same time, the device 
E Stores the same request. 
0194 The representative devices M, R that have received 
the request message from the device E broadcast using the 
broadcast addresses for the respective groups. In this way, 
the request message can be delivered to all the devices after 
all. Further, the devices that have received the request 
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message return a response message to the device A along the 
reverse route of transmission of the received message. 
Specifically, the device O Sends a response message to the 
representative device M. The representative device M con 
Solidates the contents of the response message received from 
the device O and the response messages Sent from the 
devices L., P and producing a single message, Sends it to the 
representative device E. 

0.195 The representative device E further consolidates 
the response message from the representative device M and 
the contents of the response messages from the representa 
tive device R which consolidates the contents of the 
response messages from the devices S, T, U, V, and transmits 
the resulting message to the device A. The device A, upon 
receipt of the response message from the representative 
device E and the response messages from the devices B, C, 
judges that the response messages are received from all the 
devices. Although the device A forms a group with nine 
devices, it receives only three messages. The processing 
load of the device A, therefore, is not extremely increased as 
compared with the load of other devices. As a result, the 
Situation is avoided in which data are repeatedly retransmit 
ted and an impractically long time is consumed before 
response messages are completely received from all the 
devices. 

0.196 FIG. 3B is a schematic diagram briefly showing a 
method of constructing a communication network according 
to this embodiment. First, a grouping step 1000 groups the 
communication devices belonging to a communication net 
work into one or a plurality of communication groups. Then, 
a representative device selection step 1001 selects one or a 
plurality of representative devices in each communication 
group formed as above. After that, in a communication Step 
1002, each communication device establishes direct com 
munication with other communication devices in the same 
group. In the case of communicating with a communication 
device of a different group, the first Step is to transmit data 
to the representative device of the Same group, which 
representative device transferS a part or the whole of the data 
to the representative device of the different group. 

0197). In the manner described above, a message is trans 
ferred through representative devices, and each representa 
tive device consolidates the response messages from each 
device of the same group and returns them as a Single 
message. The number of messages that each device is 
required to receive can thus be reduced, with the result that 
the number of packets disposed of without being appropri 
ately processed is reduced, thereby leading to a rapid 
progreSS of the procedure. The procedure for forming a 
group according to this embodiment was described. In 
Similar fashion, the Same effect is Secured by exchanging a 
message through representative devices also for other pro 
cedures or when transmitting other data. 
0198 In the case of the foregoing configuration, it may 
happen for Some reason or other that a message fails to be 
processed normally. In Such a case, the message loSS can be 
met by retransmitting the message from the device which 
has transmitted the request message. In the case where a 
representative device judges that a message is not received 
from a device from which the same is to be received, i.e. a 
device belonging to the same group, however, the represen 
tative device retransmits the request message. Thus, a more 
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efficient and rapid processing of the procedure is made 
possible. In the process, it is necessary for the representative 
device to Set a proper time-out value along the route. In the 
case where the same time-out value is Set for the devices on 
a route, for example, a plurality of devices may have 
developed a time-out on the route for the same message, thus 
generating an unnecessary message. The chance of the same 
retransmission message being generated in a plurality of 
devices is reduced, however, by employing an approach in 
which the time-out value of a device nearer to the requesting 
device is set larger than the timeout value of a downstream 
device by about a time length allowing the downstream 
device to time out, retransmit a message and receive a 
response to the message. By doing So, a message is retrans 
mitted only to the minimum required number of devices 
thereby minimizing the increase in the traffic volume of the 
network while at the same time improving the response 
characteristic. 

0199 Also, after a response message is returned, the 
efficiency can be further improved by Storing the response 
message received by the representative device before an 
appropriate time point. The appropriate time point is the one 
before which a different type of message, if Scheduled to 
arrive following the preceding message, is received, or the 
time point by which a retransmitted message is considered 
to fail to arrive. In this way, the relaying of the unnecessary 
retransmitted message is eliminated and an efficient protocol 
execution is made possible. 

0200. The explanation was made about this embodiment 
referring to the case in which devices are divided into two 
classes including representative devices and other devices. It 
is also possible, however, that the representative devices are 
configured hierarchically So that the network is classified 
into more hierarchical levels. Also, although this embodi 
ment refers to the case in which communication is con 
ducted between devices of the same group by Setting a 
broadcast address for each group, Various other communi 
cation forms can be available for each group. ASSume that a 
plurality of communication channels using different fre 
quencies can be used as a network interface card, for 
example. One communication channel can be assigned to 
each group, thereby further reducing the effect of the mes 
Sages transmitted by devices of different groups. 
0201 It should be noted that the present embodiment is 
independent of the algorithm for grouping, and can be used 
in combination with other arbitrary grouping algorithms. 

0202) Second Embodiment 
0203) A second embodiment of the invention will be 
explained below. According to the Second embodiment of 
the invention, the maximum number of devices constituting 
a group providing an upper limit of the number of devices 
capable of belonging to the Same group is broadcast together 
with a device message. 
0204 FIG. 4 is a diagram including a graph produced by 
displaying edges between communicable devices as in the 
first embodiment, together with the maximum number of 
devices of a group to which each device broadcasts. For 
example, the maximum number of devices of a group to 
which the device D broadcasts is 5. In this embodiment, the 
devices are divided into groups in Such a manner as to meet 
the maximum number of devices of a group. 
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0205 Specifically, in FIG. 4, the number of devices of a 
group to which the device D belongs is Set to not more than 
5. An actual example of grouping is shown in FIG. 5. FIG. 
5 also shows a representative device as in the first embodi 
ment. As compared with FIG. 1, the group to which the 
device D belongs is modified in accordance with the limi 
tation of the maximum number of devices of a group to 
which the device D belongs. The operation after complete 
grouping and complete Selection of representative devices is 
similar to that of the first embodiment. 

0206. In the configuration according to this embodiment, 
each device determines the maximum number of devices of 
a group in accordance with the processing capacity thereof 
or the like, So that the maximum number of devices of a 
group to which a particular device belongs is not more than 
the maximum number of devices of a group, thus making it 
possible to limit the number of messages required to be 
processed at a time. As a result, even in the case where 
devices of different processing capacities coexist, a group 
can be formed in accordance with the processing capacity, 
thereby making it possible to optimize the general efficiency 
of the whole system. 

0207. Third Embodiment 
0208. Now, a third embodiment of the invention will be 
explained. FIG. 6 is a diagram showing an arrangement of 
devices according to the third embodiment of the invention. 
As shown in FIG. 6, the five devices A, B, C, D, E, the five 
devices F, G, H, I, J and the four devices K, L, M, N are 
connected by a wired LAN. Further, the three devices A, F, 
K have an interface for a radio LAN in addition to a wired 
LAN interface, and are communicable with each other. 

0209. In FIG. 6, the connection by the wired LAN is 
indicated by solid line, and the connection by the radio LAN 
by dotted line. According to this embodiment, the grouping 
operation and the determination of representative devices in 
each group are conducted in accordance with a physical 
network configuration. Specifically, devices connected to 
the same wired LAN constitute a group, and the devices A, 
F, Kact as representative devices of the respective groups. 
The procedure for Setting a group or exchange of device 
information is followed the same way as in the first embodi 
ment. In this embodiment, however, the communication 
means of each group are separated in the form of wired LAN 
and radio LAN. Therefore, the intragroup communication 
can be accomplished Simply by broadcasting. 

0210 Also, in view of the fact that it is not necessary to 
Set a group, the initial message eXchange between all the 
devices is not necessary. Even in Such a case, however, a 
message is exchanged with other groups through a repre 
Sentative device which consolidates the required messages 
or retransmits a message. In this way, the inconvenience can 
be obviated which otherwise occur as in the case where a 
great amount of messages beyond the processing capacity 
are received. 

0211 The third embodiment explained above refers to the 
case in which both the wired LAN and the radio LAN are 
used. In spite of this, the only requirement is to assure the 
Separation between the intragroup communication and the 
communication between representative devices. An infrared 
ray or other various means can be used as a communication 
medium for this purpose. 
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0212. According to the first to third embodiments 
described above, assume that a multiplicity of devices make 
up a network ad hoc and that the devices belonging to the 
network form groups for communication. In Such a case, 
management information is exchanged efficiently, and the 
number of messages that each device is required to receive 
at a time is reduced. Thus, the communication can be 
conducted efficiently. 
0213 Fourth Embodiment 
0214) Now, a fourth embodiment of the invention will be 
explained. 
0215 FIG. 8 is a diagram showing a configuration of a 
communication control unit according to the fourth embodi 
ment. 

0216 A receiving section 101 is connected to a network 
and receives a packet addressed to the local terminal from a 
different terminal. Among the received packets, those relat 
ing to the information of the terminal ID indicating the 
presence of a terminal, the information on the communi 
cable terminal indicating the communicability of a terminal 
and the communication environment information constitut 
ing the communicable terminal information of the different 
terminal are Sent to a communication environment informa 
tion processing Section 102. 
0217. The communication environment information pro 
cessing section 102 includes a terminal ID information 
processing Section 111 and a communicable terminal infor 
mation processing Section 112. The terminal ID information 
processing section 111 extracts the terminal ID from the 
packet delivered thereto from the receiving section 101. The 
communicable terminal information processing Section 112 
extracts the communicable terminal information relating to 
a terminal having a terminal ID extracted by the terminal ID 
information processing Section 111. The extracted terminal 
ID and the communicable terminal information are notified 
to a communication environment information Storage Sec 
tion 103. Also, the source terminal ID included in the packet 
is transmitted to the communicable terminal Storage Section 
106 as an ID of the communicable terminal. 

0218. The communication environment storage section 
103 relates the terminal ID notified from the communication 
environment information processing Section 102 and the 
communicable terminal information of the particular termi 
nal to each other and Stores them. 

0219. A timer (1) 104 sends a signal regularly to a 
communication environment information acquisition Sec 
tion 105. 

0220. The communication environment information 
acquisition Section 105, upon receipt of a signal from the 
timer (1) 104, acquires the terminal ID of each terminal 
Stored in the communication environment information Stor 
age Section 103 and the communicable terminal information 
related thereto, generates a packet carrying the information 
thus acquired and Sends it to a transmission Section 110 with 
the designation of an address. The address can be most 
simply determined by broadcasting but the method of deter 
mining an address not is limited to Such an approach. 
0221) The communicable terminal storage section 106 
stores the terminal ID of the communicable terminal notified 
from the communication environment information proceSS 
ing section 102. 
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0222. The local terminal ID setting section 107 deter 
mines and stores the ID of the local terminal. The method of 
determining the ID of the local terminal is not specifically 
limited but Such an ID can also be designated by the user. 
0223) The timer (2) 108 sends a signal regularly to the 
communicable terminal information acquisition section 109. 
The communicable terminal information acquisition Section 
109, upon receipt of a signal from the timer (2) 108, acquires 
the communicable terminal information Stored in the com 
municable terminal information Storage Section 106, gener 
ates a packet carrying the acquired information and sends it 
to the transmission Section 110 designating an address. The 
address can be determined simply by broadcasting but can 
also be determined by another method. 
0224. The transmission section 110 sends out to the 
network the packet arriving from the communication envi 
ronment information acquisition Section 105 or the commu 
nicable terminal information acquisition section 109 with a 
designated terminal address added thereto. 
0225. A packet format for transmitting and receiving the 
communicable terminal information and the communication 
environment information is shown in FIG. 9. The Source 
terminal ID is the one indicating the terminal transmitting 
the packet, and the destination terminal ID is the one of the 
terminal carrying the communicable terminal information. 
The communicable. terminal information is a ID list of 
communicable terminals having a destination terminal ID. 
0226 FIG. 10 is a flowchart showing the process for 
receiving the packet of the communicable terminal infor 
mation and the communication environment information 
transmitted by a different terminal. 
0227. Upon receipt of the packet (step A1), the first step 
is to extract the ID of the source terminal (step A2). The 
terminal ID thus extracted is registered in the communicable 
terminal storage section 106 (step A3). Then, the ID of the 
terminal constituting the communicable terminal informa 
tion and the communicable terminal information of the 
particular terminal are extracted (step A4) and registered in 
the communication environment information Storage Section 
103 (step A5). 
0228 FIG. 11 is a flowchart showing the process for 
activation with the timer (1) 104. 
0229. Upon activation with the timer (1) 104, the first 
Step is to acquire the communication environment informa 
tion from the communication environment information Stor 
age section 103 (step B1). Then, the communication envi 
ronment information packet is produced for each terminal 
from the information thus acquired (steps B2 to B3), and 
transmitted to the network (step B4). 
0230 FIG. 12 is a flowchart showing the process con 
ducted upon activation by the timer (2) 108. 
0231. Upon activation by the timer (2) 18, first, the 
communicable terminal is acquired from the communicable 
terminal storage section 106 (step C1). From the information 
thus acquired, the communicable terminal information 
packet is generated (Step C2) and transmitted to the network 
(step C3). 
0232 The contents of the specific operation of a com 
munication control unit according to the fourth embodiment 
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will be described with reference to a specific example 
configuration of the network. A specific network configura 
tion example is shown in FIG. 13. In FIG. 13, characters X, 
A1 to A3, B1 to B3 designate terminals used for the 
communication control unit according to the fourth embodi 
ment. ASSume that except for the terminal X, the timer (1) 
104 is not set and therefore the communication environment 
information is not transmitted. The timer can be set or reset 
as designated by the user. The Solid line between terminals 
in FIG. 13 indicates that direct communication is possible. 
Specifically, the four devices X, A1, A2, A3 are communi 
cable with each other. Although the four devices X, B1, B2, 
B3 are communicable with each other, on the other hand, the 
devices A1 and B1 are not directly communicable with each 
other. 

0233. Each terminal broadcasts the local terminal ID 
information and the communicable terminal information. 
There is no communicable terminal recognized at the initial 
activation time, but by receiving the packet of the commu 
nicable terminal information from other terminals, a com 
municable terminal comes to be recognized. By receiving 
the packets from A2, A3, X, for example, the device A1 
recognizes that communication is possible with the devices 
A2, A3, X. A Specific example of the communicable terminal 
information packet Sent by A1 after this recognition is 
shown in FIG. 14. 

0234. The device X receives a packet similar to the one 
shown in FIG. 14 from A2, A3, B1, B2, B3 as well as from 
A1. The information thus received is stored in the commu 
nication environment information storage section 103 of X. 
A Specific example of the Storage information of X is shown 
in FIG. 15. 

0235. Due to the function of the communication envi 
ronment information acquisition section 105, the device X 
generates and transmits the communication environment 
information for each terminal Stored regularly as shown in 
FIG. 15 according to the packet format of FIG. 9. This 
transmission may be broadcasting. As an alternative, only 
the information on the terminals B1 to B3 are transmitted to 
the terminals A1 to A3, and only the information on the 
terminals A1 to A3 are transmitted to the terminals B1 to B3. 
In this way, the amount of communication can be reduced. 
The terminals A1, A2, A3, B1, B2, B3, by receiving the 
communication environment information Sent from X, are 
informed of the directly communicable terminals. The ter 
minal A1, for example, upon receipt of the information on 
B2 from X, is informed that a terminal B2 is present, the 
terminals B1, B3 are directly communicable but the termi 
nals A1, A2, A3 are not. A Specific example of the contents 
Stored in the communication environment information Stor 
age section 103 of A1 is shown in FIG. 16. 
0236 Fifth Embodiment 
0237 Now, a fifth embodiment of the invention will be 
explained. 
0238 FIG. 17 is a diagram showing a configuration of a 
communication control unit according to the fifth embodi 
ment of the invention. 

0239). The difference between the communication control 
unit according to the fifth embodiment and the communi 
cation control unit according to the fourth embodiment 
described above lies in that a communication environment 
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information transmission judging Section 113 is newly 
added. The explanation that follows will be made mainly 
about the communication environment information trans 
mission judging Section 113. 
0240 The communication environment information pro 
cessing Section 102, in addition to the processing described 
in the fourth embodiment, compares the Source terminal ID 
in the packet with the destination terminal ID in the packet. 
In the case where the two are different from each other, the 
information is known to be the communicable terminal 
information, i.e. the communication environment informa 
tion on the terminal different from the packet transmission 
terminal. In Such a case, the fact is notified to the commu 
nication environment information transmission judging Sec 
tion 113. 

0241 The communication environment information 
transmission judging Section 113 judges whether or not the 
communication environment information is transmitted, and 
in the case where it is transmitted, sets the timer (1) 104. The 
judgment as to whether or not the communication environ 
ment information is to be sent or not can follow the method 
described below, for example. Waiting for some time after 
activating the terminal, it is ascertained whether there is any 
other terminal transmitting the communication environment 
information. In the case where there is any terminal trans 
mitting the communication environment information, a noti 
fication should be received from the communication envi 
ronment information processing Section 102. Upon receipt 
of such notification, the timer (1) 104 is not set. In the case 
where the notification is not received within a predetermined 
time, in contrast, the timer (1) 104 is set to transmit the 
communication environment information. 

0242. The contents of specific operation of the commu 
nication control unit according to the fifth embodiment will 
be explained with reference to a specific configuration 
example of the network. FIG. 18 shows an example of a 
specific configuration of the network. In FIG. 18, characters 
X, Y, A1 to A3, B1 to B3 designate terminals used with the 
communication control unit according to the fifth embodi 
ment. For other than the terminals X, Y, however, the timer 
(1) 104 is not set and therefore the communication environ 
ment information is not sent. Also, the Solid line between the 
terminals in FIG. 18 shows that the devices connected 
thereby are directly communicable with each other. Specifi 
cally, the five devices X, Y, A1 to A3 can communicate with 
each other, and the five devices X, Y, B1 to B3 can 
communicate with each other but the devices A1 and B1 
cannot directly communicate with each other. 
0243 First, assume that X and Y are not activated but A1, 
A2, A3, B1, B2, B3 are activated. After activation of X, the 
packets continue to be received for Some time. In the 
process, the packets having the communicable terminal 
information in which the Source terminal ID and the desti 
nation terminal ID are coincident with each other are 
received from A1, A2, A3, B1, B2, B3, but not the commu 
nication environment information having the Source termi 
nal ID and the destination terminal information not coinci 
dent with each other. In other words, the terminals 
transmitting the communication environment information 
can be judged to be absent, and X begins to Send the 
communication environment information by itself. 
0244. Now, assume that Y has been activated. Y contin 
ues to receive the packets for Some time after activation. At 
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the same time, Since the packets are received from X in 
which the Source terminal ID and the destination terminal ID 
are different, the communication environment information is 
not transmitted by Y. For this reason, the wastefulness of the 
Same communication environment information being trans 
mitted by a plurality of terminals is eliminated. 
0245 Also, as shown in FIG. 19, for example, assume 
that X and B1 cease to be directly communicable with each 
other. Then, Y can recognize from the communicable ter 
minal information from X or B1 that the link between X and 
B1 has broken off. In Such a case, Y can start to transmit to 
B1 the communication environment information on A1 to 
A3. 

0246 A method of judging by the communication envi 
ronment information transmission judging Section 113 con 
Sists, other than the above-described method, in making 
inquiry of the user at the time of activation of a terminal 
whether or not the-communication environment information 
is to be transmitted or not or in determining the transmission 
or no transmission as a default value which is modifiable by 
the user at any time. 
0247 Sixth Embodiment 
0248. Now, a sixth embodiment of the invention will be 
explained. The difference between the communication con 
trol unit according to the Sixth embodiment and the com 
munication control unit according to the fourth embodiment 
described above resides in that the communication environ 
ment information acquisition section 105 shown in FIG. 8 
generates a packet including a collection the communication 
environment information for a plurality of terminals. The 
packet format used for this purpose is shown in FIG. 20. As 
shown in FIG. 20, the format has a field indicating the 
number of destination terminals carrying the communicable 
terminal information and as many destination terminal IDS 
and as many communicable terminal information in the 
number corresponding to the fields. 
0249. The communication environment information pro 
cessing Section 102 of the terminal that has received a 
packet, after extracting the number of the destination termi 
nal IDS, extracts as many pairs of the destination terminal ID 
and the communicable terminal information, which are 
processed the same way as in the fourth embodiment. 
0250 FIG. 21 shows the contents of a specific packet 
used by X to transmit to A1 to A3 the communication 
environment information for B1 to B3 with the network 
configuration of FIG. 13 with reference to which the fourth 
embodiment was explained. It is seen that the amount of 
processing for transmission and receiving of packets and the 
traffic volume for transmission to the network can be 
reduced as compared with the case in which the terminals A1 
to A3 receive the information on the terminals B1 to B3 in 
Separate packets. 

0251) Seventh Embodiment 
0252) Now, a seventh embodiment of the invention will 
be explained. 
0253 FIG. 22 is a diagram showing a configuration of a 
communication control unit according to the Seventh 
embodiment of the invention. 

0254 The difference between the communication control 
unit according to the Seventh embodiment and the commu 
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nication control unit according to the fourth embodiment 
described above lies in that the timer (1) 104 is eliminated 
and a communication environment information transmission 
requesting Section 114 and a communication environment 
information transmission request receiving Section 115 are 
newly added. The description that follows will be made 
mainly about the last-mentioned two Sections. 
0255 The communication environment information 
transmission requesting Section 114 generates a packet for 
requesting the transmission of the communication environ 
ment information from other terminals. The packet thus 
generated carries information on a Specific terminal for 
which the communication environment information is 
desired. The timing of generating a packet can be deter 
mined by and the information to be carried on the packet can 
be acquired from the user, for example. The packet thus 
generated is Sent as designated by the user, or otherwise, 
broadcast to the transmission section 110. 

0256 The receiving section 101, in addition to the pro 
cessing in the fourth embodiment, receives the transmission 
requesting packet for the communication environment infor 
mation from the network, and upon receipt thereof, notifies 
the fact to the communication environment information 
transmission request receiving Section 115. 
0257 The communication environment information 
transmission request receiving Section 115 extracts the con 
tents of the transmission request of the communication 
environment information from the communication environ 
ment information packet received from the receiving Section 
101. The contents of the transmission request are either a 
Specific terminal associated with the communication envi 
ronment information to be transmitted, whether the commu 
nication environment information to be sent is limited to a 
Specific terminal, or whether the communication environ 
ment information for all the terminals are to be sent. The 
contents thus extracted and the information on the terminals 
requesting the transmission are Sent to the communication 
environment information acquisition section 105. 
0258. The communication environment information 
acquisition Section 105, upon receipt of the notification of 
the transmission request for the communication environ 
ment together with the contents of the transmission request 
and the requesting terminal from the communication envi 
ronment information transmission request receiving Section. 
115, acquires the communicable terminal information for the 
required terminals from the communication environment 
information Storage Section 103 in accordance with the 
contents of the transmission request, and generates a packet 
carrying the communication environment information. 
Then, the transmission section 110 is instructed to transmit 
the packet to the terminal requesting the transmission. 
0259 A specific operation of the communication control 
unit according to the Seventh embodiment will be explained 
with reference to the example configuration of the network 
shown in FIG. 13 used for explanation of the fourth embodi 
ment. In FIG. 13, X, A1 to A3, B1 to B3 designate terminals 
used for the communication control unit according to the 
Seventh embodiment. ASSume that the terminal A1 requests 
from X, in response to a request from the user, the commu 
nication environment information on all the terminals reg 
istered in X. Upon receipt of the communication environ 
ment information transmission request from A1, X generates 
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and Sends to A1 the communication environment informa 
tion for A2, A3, B1 to B3. As a result, the transmission of the 
communication environment information is made possible 
as required. 
0260 Eighth Embodiment 
0261 Now, an eighth embodiment of the invention will 
be explained. 
0262 FIG. 23 is a diagram showing a configuration of a 
communication control unit according to the eighth embodi 
ment of the invention. 

0263. The difference between the communication control 
unit according to the eighth embodiment and the commu 
nication control unit according to the fourth embodiment 
resides in the fact that the timer (1) 104 is eliminated and the 
flow of control information from the communication envi 
ronment information processing Section 102 to the commu 
nication environment information acquisition Section 105 is 
added. The description below will be made mainly about the 
difference. 

0264. First, the communication environment information 
processing Section 102 extracts a terminal ID and the 
communicable terminal information for the terminal having 
the terminal ID from the packet received from the receiving 
Section 101, and checks to see whether or not the same 
contents as the extracted contents are already registered in 
the communication environment information Storage Sec 
tion. In the case where they are already registered, the packet 
is discarded. In the case where the contents are not yet 
registered, in contrast, they are newly registered. In the case 
where the terminal ID is registered but the communicable 
terminal information is different between the contents 
extracted from the packet and the contents of the commu 
nication environment information Storage Section, then the 
contents of the communication environment information 
Storage Section 103 are updated. The new registration or 
updating, if made, is notified to the communication envi 
ronment information acquisition section 105. 
0265. The communication environment information 
acquisition Section 105, upon receipt of the notification of 
the new registration or update in the communication envi 
ronment information Storage Section 103 or updating from 
the communication environment information processing 
Section 102, generates a packet carrying the communication 
environment information for the particular terminal and 
sends it to the transmission section 110. 

0266 FIG. 24 is a flowchart showing the process for 
receiving the packet of the communicable terminal infor 
mation and the communication environment information 
transmitted from other terminals. 

0267. Upon receipt of the packet (step D1), a terminal ID 
and the communication environment terminal information 
for the terminal having the terminal ID are extracted (Step 
D2). The next step (step D3) checks whether the same 
contents as extracted are registered in the communication 
environment information Storage Section 103 having regis 
tered therein the contents of the communication environ 
ment information So far received. 

0268. In the case where the contents are already so 
registered (YES in step D3), the packet is discarded thereby 
to end the process. In the case where the terminal ID is not 
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yet registered (NO in Step D3), in contrast, the contents are 
newly registered in the communication environment infor 
mation storage section 103 (step D4). In the case where the 
communicable terminal information is different between the 
contents extracted from the packet and the contents of the 
communication environment information Storage Section 
103 in spite of the fact that the terminal ID is in registration 
(NO in step D3), the contents of the communication envi 
ronment information Storage Section 103 are updated (Step 
D4). For new registration or updating, a packet carrying the 
communication environment information for the registered 
or updated terminal is generated (Step D5) and transmitted to 
the network (step D6). 
0269 Specific contents of the operation of the commu 
nication control unit according to the eighth embodiment 
will be described with reference to a specific example of 
network configuration. Consider the case in which the 
network configuration is Such that the new terminal B4 is 
activated newly as shown in FIG. 25 from the state of FIG. 
13 used for explaining the fourth embodiment. In FIG. 25, 
characters A1 to A3, B1 to B4 designate communication 
control units having the configuration of FIG. 8 according 
to the fourth embodiment and it is assumed that the timer (1) 
104 is not set and therefore the communication environment 
information is not transmitted. On the other hand, X is 
assumed to be a communication control unit having the 
configuration shown in FIG. 23. 
0270. The device B4 broadcasts the communicable ter 
minal information while in the State not communicable 
immediately after the activation thereof. The packet in that 
situation is shown in FIG. 26. 

0271 The device X receives this packet, checks the 
communication environment information Storage Section 
103, and determines that there is no registration for B4. Thus 
the communication environment information for B4 are 
broadcast or transmitted only to A1 to A3. The packet for 
this purpose is shown in FIG. 27. As a result, A1 to A3 can 
know the presence of the terminal B4 and the fact that B4 is 
not a communicable terminal. After that, B4 receives the 
packet of the communicable terminal information of X, B1 
to B3, so that X, B1 to B3 are registered as the terminals 
communicable with B4. The communicable terminal infor 
mation transmitted by B4 is as shown in FIG. 28.X receives 
the packet shown in FIG. 28, and checks the communication 
environment information Storage Section 103. Although 
there is a registration for B4, it is seen that the communi 
cable terminal information for B4 is different. Thus the 
communication environment information for B4 is broad 
cast or transmitted only to A1 to A3. The packet in this 
situation is shown in FIG. 29. As a result, the terminals A1 
to A3 can know that the terminal B4 can communicate with 
X, B1 to B3. 

0272 Ninth Embodiment 
0273. Now, a ninth embodiment of the invention will be 
explained. 
0274 FIG. 30 is a diagram showing a configuration of a 
communication control unit according to the ninth embodi 
ment of the invention. 

0275 A communication group setting section 116 is a 
component for Segmenting and managing a plurality of 
terminals into a plurality of logical groups. In each commu 
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nication group, one terminal acts as a representative terminal 
of the group. The terminals can be grouped by a method in 
which the user inputs a group ID to each terminal expressly 
and the terminals having the Same group ID are determined 
as the members of the same communication group. The 
invention, however, is not limited to this Segmentation 
method. Also, the representative terminal of each commu 
nication group can be specified by the user, though not 
limited to Such a method. At the time of grouping the 
terminals, only the terminals associated with the same 
communication group are assigned a communication path 
dedicated to the member terminals for transmission and 
receiving the Signal. This can be realized by assigning 
different multicast addresses to different communication 
groups. Also, a communication path is assigned permitting 
representative terminals to communicate with each other. 
After the terminals are Segmented into groups, the terminals 
in the same group communicate directly with each other 
using the assigned dedicated communication path, while the 
communication with the terminals of other groups is con 
ducted through the respective representative terminals of the 
groups. In the case where a local terminal is a representative 
terminal of a communication group, a timer (1) 104 is set for 
transmitting the communication environment information to 
the terminals within the same communication group and the 
representative terminals of other communication groups. 

0276 The receiving section 101 is connected with the 
network and makes up a part for receiving the packets 
addressed to the local terminal from other terminals. The 
terminal ID information indicating the presence of a termi 
nal, the communicable terminal information indicating a 
communicable terminal and the communication environ 
ment information providing the communicable terminal 
information of other terminals contained in the received 
packets are Sent to the communication environment infor 
mation processing Section 102. In the case of a representa 
tive terminal of a communication group, on the other hand, 
the packets addressed to the terminals associated with a 
communication group other than the same communication 
group and the packets addressed to the terminals in the same 
communication group from the representative terminal of 
other communication groups are Sent to the packet transfer 
Section 117. 

0277. The communication environment information pro 
cessing section 102 includes a terminal ID information 
processing Section 111 and a communicable terminal infor 
mation processing Section 112. The terminal ID information 
processing Section 111 extracts the terminal ID from the 
packet received from the receiving section 101. The com 
municable terminal information processing Section 112 
extracts the communicable terminal information and the like 
for the terminals having the terminal ID extracted by the 
terminal ID information processing section 111. The termi 
nal ID and the communicable terminal information thus 
extracted are notified to the communication environment 
information storage section 103. Also, the terminal ID of the 
Source contained in the packet is notified to the communi 
cable terminal Storage Section 106 as an ID of a communi 
cable terminal. 

0278. The communication environment information stor 
age section 103 relates the terminal ID and the communi 
cable terminal information of the particular terminal notified 
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from the communication environment information proceSS 
ing Section 102 to each other and Stores them in Such a 
relation. 

0279 The timer (1) 104, once set from the communica 
tion group Setting Section 116, Sends a Signal regularly to the 
communication environment information acquisition Sec 
tion 105. 

0280 The communication environment information 
acquisition Section 105, upon receipt of a signal from the 
timer (1) 104, acquires the terminal ID of each terminal and 
the related communicable terminal information Stored in the 
communication environment information Storage Section 
103 and the communicable terminal information of the local 
terminal Stored in the communicable terminal information 
Storage Section 106. A packet carrying the information thus 
acquired is generated, and the transmission Section 110 is 
instructed to Send the packet to the terminals in the same 
communication group to which the local terminal belongs 
and the representative terminals of other communication 
groupS. 

0281. The communicable terminal information storage 
Section 106 stores the ID of a communicable terminal 
notified thereto from the communication environment infor 
mation processing Section 102. 
0282. The local terminal ID setting section 107 deter 
mines and stores the ID of the local terminal. 

0283) The timer (2) 108 sends a signal regularly to the 
communicable terminal information acquisition section 109. 
The communicable terminal information Storage Section 
109, upon receipt of a signal from the timer (2) 108, acquires 
the communicable terminal information Stored in the com 
municable terminal information Storage Section 106, gener 
ates a packet carrying the information thus acquired, and 
instructs the transmission section 110 to send it to the 
terminals in the Same communication group as the local 
terminal. 

0284. A packet transfer section 117 instructs the trans 
mission section 110 to send the packet received from the 
receiving Section 101 and addressed to a terminal of a 
different communication group to the representative termi 
nal of the particular different communication group. Also, 
the transmission Section 110 is instructed to Send the packet 
received from the receiving section 101 and addressed to a 
terminal in the Same communication group from other 
communication groups to the particular terminal of the local 
grOup. 

0285) The transmission section 110 sends the packet 
arriving from the communication environment information 
acquisition section 105, the communicable terminal infor 
mation acquisition Section 109 or the packet transfer Section 
117 out to the network to reach a designated destination 
terminal. 

0286 Specific contents of the operation of the commu 
nication control unit according to the ninth embodiment will 
be described with reference to a configuration example of 
the network shown in FIG. 31. In this case, assume that 
there are three communication groups including a commu 
nication group A to which the terminals A1 to A4 belong, a 
group B to which the terminals B1 to B4 belong, and a group 
C to which the terminals of C1 to C4 belong. The terminals 
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in the same communication group are assumed to be able to 
communicate directly with each other. The representative 
terminals of the communication groups are A1, B1 and C1, 
respectively, which are directly communicable with each 
other. The terminal A2, for example, communicates with B2 
through A1 and B1. 
0287 First, in the communication group A, each terminal 
Sends the communicable terminal information of the local 
terminal to other terminals of the communication group A. 
The terminal A1, for example, fails to recognize the com 
municable terminal immediately after activation and trans 
mits the communicable terminal information without any 
description of a communicable terminal. After that, when A1 
receives the communicable terminal information from A2, 
A3, A4, the terminals A2, A3, A4 are Stored in the commu 
nicable terminal storage section 106. After that, A1 sends 
regularly the communicable terminal information as shown 
in FIG. 32 to the communication group A. Other terminals 
also recognize communicable terminals similarly and trans 
mits the communicable terminal information regularly to the 
communication group A. The contents of the communica 
tion environment information storage section 103 for A1 
after exchanging the communicable terminal information a 
Sufficient number of times within the communication group 
A are shown in FIG. 33. 

0288 The terminal A1 transmits the communication 
environment information in the communication group A 
regularly to the representative terminals B1 and C1. Con 
versely, it receives the communication environment infor 
mation in the communication groups B and C from B1 and 
C1. The communication environment information from B1 
is shown in FIG. 34. A1 receives and processes the infor 
mation, So that the contents of the communication environ 
ment information Storage Section 103 become as shown in 
FIG. 35. Also, the contents of the communicable terminal 
storage section 106 constitute A2 to A4, B1 to B4. The 
eXchange of the communication environment information 
between representative terminals, as shown in FIG. 34, is 
Such that the communication environment information for a 
plurality of terminals are transmitted in one packet or, in the 
case where the regularly-transmitted communication envi 
ronment information remains unchanged from the preceding 
information, only the information indicating no change is 
transmitted. In this way, the traffic volume on the network is 
reduced. 

0289. The communication environment information for 
the terminals in the communication group B is also trans 
mitted by A1 to A2 to A4. The communicable terminal 
information of B1 to B4, therefore, are also registered in the 
communication environment information Storage Section 
103 of A2 to A4. In this case, too, like the exchange of the 
communication environment information between represen 
tative terminals, the communication environment informa 
tion for a plurality of terminals are transmitted collectively 
in one packet, or in the case where the regularly-transmitted 
information remains unchanged from the preceding one, 
only the information indicating no change is transmitted. 
Then, the traffic Volume is reduced on the network. Also, as 
in A1, the destination terminal IDs B1 to B4 in the packet are 
added in A2 to A4 as communicable terminal information. 
Consequently, the communicable terminal information 
transmitted by A1 to A4 subsequently includes B1 to B4. 
Conversely, the communicable terminal information trans 
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mitted by B1 to B4 include A1 to A4. As a result, after 
transmission and receipt of Sufficient communication envi 
ronment information, A1 to A4 and B1 to B4 come to 
recognize that they are mutually communicable. The con 
tents of the communication environment information Stor 
age section 103 of A1 thus become as shown in FIG. 36. 
0290 Also, the terminals belonging to the communica 
tion group C are also registered similarly in the communi 
cation environment information Storage Section 103, and 
finally, all the terminals A1 to A4, B1 to B4, C1 to C4 come 
to recognize that they are mutually communicable. 

0291. The transmission and receipt of the communication 
environment information are Segmented among communi 
cation groups in this way and the communication environ 
ment information in a communication group are collectively 
transmitted. Thus, the traffic volume on the network is 
reduced as compared with the case in which the information 
is not segmented into communication groups but the com 
munication environment information are transmitted or 
received equally by all the terminals to and from each other. 
0292 Even in the case where a representative terminal of 
a communication group is changed, the Same procedure as 
described above is followed on the network including a new 
representative terminal. 

0293. The technique described with reference to the 
foregoing embodiments, as a program executable by the 
computer, is applicable not only to various devices in a form 
written in the magnetic disk, the optical disk, the Semicon 
ductor memory or the like Storage medium, but also to 
various devices by transmission through a communication 
medium. The computer realizing this System reads the 
program recorded in the recording medium, and the opera 
tion is controlled by this program thereby to execute the 
above-mentioned process. 
0294. According to the above-mentioned fourth to ninth 
embodiments, even in the case where the number of termi 
nals is increased in a network, each terminal can acquire the 
communicable terminal information of other terminals while 
keeping the traffic volume low. Also, any change in the 
communicable terminal information can be transmitted to 
each terminal with rapidity. 
0295) Tenth Embodiment 
0296 Now, a tenth embodiment of the invention will be 
explained. 

0297 According to the tenth embodiment, one commu 
nication path is Selected for communication, and the broad 
casting is made possible between devices that have Selected 
the same communication path. A basic configuration of the 
communication device 100 according to this aspect of the 
invention will be explained with reference to an example. 
0298 The basic configuration of the communication 
device 100 is shown in FIG. 37. The communication device 
100 includes a user information processing section 50, a 
communication path Selection Section 10, a communication 
path Selection transmission Section 20, a communication 
path Selection receiving Section 30 and a communication 
path Storage Section 40. 

0299 The user information processing section 50 is a part 
for executing what is called an application. The communi 



US 2002/011.4286 A1 

cation path Selection Section 10 Selects one communication 
path from among a plurality of communication paths 
through which it can communicate. The Selected communi 
cation path is notified to the communication path Selection 
transmission Section 20 and the communication path Selec 
tion receiving Section 30. In this way, the transmission and 
receiving of the information using the Selected communica 
tion path is made possible. A plurality of communication 
paths as defined herein are those capable of exchanging data 
without interfering with each other and include a commu 
nication channel capable of multiplex transmission Such as 
a radio communication channel capable of transmission by 
frequency division multiplexing or time division multiplex 
ing. Also, a radio communication channel can be used which 
can be separated by filtering by referring to the address of 
the destination device or the Source device added to the 
frame header at the time of using a Single carrier frequency. 
Further, a wired communication channel can be used, which 
is capable of data eXchange and multiplex transmission 
without mutual interference. Also, a plurality of communi 
cation paths are not necessarily configured exclusively of 
radio or wired channels but communication channels of both 
radio and wired channels can be used by the communication 
devices 100. Some of a plurality of communication paths 
can be radio communication channels and the remainder can 
be wired communication channels. 

0300. The communication path selection transmission 
Section 20 transmits the transmission data input from the 
user information processing Section 50 using the communi 
cation channel Selected by the communication path Selection 
Section 10. The communication path Selection receiving 
Section 30 delivers the data received using the communica 
tion channel Selected by the communication path Selection 
section 10 to the user information processing section 50. 
Also, the communication path Selection receiving Section 
30, if there are any data received from other communication 
paths than the communication path Selected by the commu 
nication path Selection Section 10, Stores them in the com 
munication path Storage Section 40 as information relating to 
the occupancy rate of other communication channels. 

0301) With reference to FIG. 47, the communication 
modes of a plurality of the communication devices 100 
(1001 to 1008) will be explained. 
0302 As a first example, consider the case in which all 
the communication devices have a plurality of communica 
tion channels with Separable frequencies. 

0303 Assume that all the communication devices have 
the ability to transmit and receive data through the fre 
quency-separable communication channels Cha, Chb, Tc, 
Chd. The communication path selection section 10 of each 
communication device Selects one communication channel 
at random or as designated in advance. As a result, data 
transmission and receiving becomes possible for each com 
munication device using the communication channel 
Selected by the communication path Selection Section 10. 
Assume that the devices 1001, 1002, 1003 have selected 
Cha, the devices 1004, 1005 have selected Chb, the devices 
1006, 1007 have selected Chc, and the device 1008 has 
Selected Chd. 1001 can transmit and receive data to and from 
only the devices 1002 and 1003 which have selected Cha. As 
a result, although direct transmission and receiving of data 
with all the communication devices is impossible, an effi 
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cient data transmission and receiving becomes possible 
between communication devices which have Selected the 
Same communication channel of the same frequency band, 
as compared with the data transmission and receiving to and 
from all the communication devices using a single commu 
nication channel. 

0304. In the case of the first example, each communica 
tion device can be controlled not to receive the data of the 
communication channels other than Selected by itself using 
a frequency filter. Without using the filter, however, the data 
received from other than the Selected communication chan 
nel are not delivered to the user information processing 
Section 50 but used as a material for recognizing the fact that 
communication devices conducting the communication 
using other communication channels are present in the 
Surrounding. In this way, the information about the Sur 
rounding Status can be Stored in the communication path 
Storage Section 40. 
0305 As a second example, explanation will be made 
about the case in which although the same carrier frequency 
is used for all the communication devices, the communica 
tion channels thereof can be separated from each other using 
a multicast address added to the frame. 

0306 Assume that all the communication devices can 
communicate using the communication channels identified 
and separated by the multicast addresses MCa, MCb, MCc, 
MCd. The communication path selection section 10 of each 
communication device Selects a multicast address at random 
or as predetermined. In the case where a given multicast 
address is Selected in a communication device, the commu 
nication path Selection transmission Section 20 transmits the 
Selected multicast address added to the address of the header 
of the frame containing the information from the user 
information processing Section 50 transmitted by the trans 
mission Section 20. The communication path Selection 
receiving section 30 refers to the multicast address in the 
address field added to the header of the received frame. In 
the case where the multicast address not the one Selected by 
itself, the information contained in the received frame is not 
delivered to the user information processing section 50. 
Assume that the communication devices 1001, 1002, 1003 
have selected MCa, the devices 1004, 1005 have selected 
MCb, the devices 1006, 1007 have selected MCc and only 
the device 1008 has selected MCd. The device 1001 can 
transmit and receive data to and from only the devices 1002 
and 1003 which have selected MCa. As a consequence, 
although direct data transmission and receiving to and from 
all the communication devices is impossible, an efficient 
data transmission and receiving becomes possible between 
the communication devices which have Selected the same 
multicast address as compared with the case in which data 
are transmitted and received to and from all the communi 
cation devices by broadcasting. 
0307 In the case of the second example, assume that a 
frame not having the Selected multicast address is received. 
The information on this fact is Stored in the communication 
path Storage Section 40. In this way, the presence of com 
munication devices communicating using other multicast 
addresses can be recognized. 

0308 AS described above, the communication device 100 
Selects one internal communication path and controls the 
transmission and receiving of data using the Selected com 
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munication path. In this way, although there is at least one 
of a plurality of devices with which direct communication is 
impossible, unlike in the case where all the devices com 
municate through the same communication path, an efficient 
communication can be conducted with the devices that have 
Selected the Same communication path. Also, it is possible to 
recognize the presence of a communication device that has 
Selected other than the communication path Selected by 
itself. Thus, by Storing and holding the information on the 
use of the communication paths other than Selected, a signal 
can be sent to other communication paths by using the Stored 
information as required. 
0309 Example Configuration of Communication Path 
Selection Transmission Section 
0310 Now, an example configuration of the communi 
cation path Selection transmission path 20 will be explained 
which makes possible data transmission only to the com 
munication path Selected by the communication path Selec 
tion section 10. 

0311 FIG. 38 shows a first example configuration of the 
communication path Selection transmission Section 20. In 
the first configuration example, the case is assumed in which 
the notification on the communication path Selected by the 
communication path Selection Section 10 is Sent to the 
communication path determination means 21. 
0312. In FIG. 38, modulation transmission sections 221, 
222, 223 are for transmitting an input Signal to the commu 
nication path using carrier frequencies f1, f2, f3, respec 
tively. The Signal transmitted by each modulation transmis 
Sion Section is assumed not to develop crosstalks by 
Superposed spectra. ASSume that the communication path 
Selection Section 10 has selected a communication channel 
corresponding to the carrier frequency f1. The communica 
tion path selection section 10 notifies the fact to the com 
munication path determination Section 21. The communica 
tion path determination Section 21, after converting the data 
input from the user information processing Section 50, 
applies the Signal only to the modulation transmission 
Section 221 which transmits the input signal to the commu 
nication path using the carrier frequency f1. 
0313 FIG. 39 shows a second example configuration of 
the communication path Selection transmission Section 20. 
The Second example configuration assumes the case in 
which the notification on the communication path Selected 
by the communication path Selection Section 10 is Sent to the 
modulation transmission Section group 22. 

0314. In FIG. 39, the modulation transmission section 
group 22 includes modulation transmission Sections 221, 
222, 223. These modulation transmission sections 221, 222, 
223 transmit the input Signal to the communication path 
using the carrier frequencies f1, f2, f3, respectively. The 
Signals transmitted by the modulation transmission Sections 
221, 222, 223 are assumed to develop no crosstalks which 
otherwise might occur due to the Superposed Spectra. The 
communication path determination Section 21, after convert 
ing the data input thereto from the user information pro 
cessing Section 50, applies the Signal to the modulation 
transmission Section group 22. ASSume that the communi 
cation path Selection Section 10 has selected a communica 
tion channel corresponding to the carrier frequency f1. The 
communication path Selection Section 10 notifies the modu 
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lation transmission Section group 22. In this way, only the 
modulation transmission Section 211 of the modulation 
transmission Section group 22 can modulate the input Signal 
and transmit it to the communication path, while the other 
modulation transmission Sections can be totally prevented 
from processing the input signal. 
0315 Example Configuration of Communication Path 
Selection Receiving Section 
0316 Now, explanation will be made about an example 
configuration of the communication path Selection receiving 
section 30 which permits data to be received only from a 
communication path Selected by the communication path 
Selection section 10. 

0317 FIGS. 40, 41 and 42 show example configurations 
of the communication path Selection receiving Section 30. 
0318 Receiving filtersections 321 to 323 receive a signal 
from the communication path and have the function of 
removing noises in the unrequired band. Demodulation 
sections 331 to 333 demodulate the filtered received signal 
and apply it to an information Selection Section 31. The 
information Selection Section 31 recognizes the input Signal 
as a frame, and after converting it into data, applies it to the 
user information processing Section 50. 
0319 FIG. 40 shows a first example configuration of the 
communication path Selection receiving Section 30. The first 
example configuration assumes the case in which the noti 
fication on the communication path Selected by the commu 
nication path selection section 10 is sent to the receiving 
filter Section group 32. 
0320 In FIG. 40, the receiving filter section group 32 
includes receiving filter sections 321, 322, 323. The receiv 
ing filter sections 321,322,323 have the function of passing 
only the Signal of the carrier frequencies f1, f2, f3, respec 
tively, modulated and transmitted by a remote device. 
ASSume that the communication path Selection Section 10 
has Selected a communication channel corresponding to the 
carrier frequency f1. The communication path Selection 
Section 10 notifies the receiving filter Section group 32. 
Then, in the receiving filter Section group 32, only the 
receiving filter Section 321 is permitted to pass the received 
Signal while the other receiving filter Sections block the 
Signal. The Signal passed through the receiving filter Section 
321 is demodulated by the demodulation section 331 and 
applied to the information selection section 31. The infor 
mation Selection Section 31 recognizes the appliedSignal as 
a frame and after converting it into data, delivers it to the 
user information processing Section 50. 
0321 FIG. 41 shows a second configuration example of 
the communication path Selection receiving Section 30. In 
the Second configuration example, the notification on the 
communication path Selected by the communication path 
Selection section 10 is assumed to be sent to the demodul 
lation Section group 33. 
0322 The receiving filter sections 321,322,323 have the 
frequency-filtering function of passing only the carrier fre 
quency Signals of f1, f2 or f3, respectively, modulated and 
transmitted by the remote device. ASSume that the commu 
nication path Selection Section 10 has selected a communi 
cation channel corresponding to the carrier frequency f1. 
The communication path selection section 10 notifies the 
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demodulation Section group 33, So that only the Signal that 
has passed through the receiving filter Section 321 among 
those signals passed through the receiving filter Sections 
321, 322, 323 is demodulated by the demodulation section 
331 and input to the information selection section 31. The 
information Selection Section 31 recognizes the input signal 
as a frame, and after converting it into data, delivers it to the 
user information processing Section. Further, the demodu 
lation sections 331, 332, 333 output the occupancy rate of 
each communication channel to the information Selection 
Section 31 based on the Signal input from the receiving filter 
Section. In the case of the Second configuration example, the 
Signal of other communication paths passes the receiving 
filter section but is not demodulated by the demodulation 
Section, and therefore cannot be recognized as a frame. The 
information Selection Section 31, however, detects the Signal 
input from other demodulation Sections than the demodula 
tion Section 331. In this way, it is possible to recognize 
whether other communication devices use a communication 
channel corresponding to the carrier frequency f2 or f3. The 
occupancy rate of the communication channel correspond 
ing to the carrier frequency f2 or f3 is Stored in the 
communication path Storage Section 40. 
0323 FIG. 42 shows a third configuration example of the 
communication path Selection receiving Section 30. In the 
third configuration example, the notification on the commu 
nication path Selected by the communication path Selection 
Section 10 is assumed to be sent to the information selection 
Section 31. 

0324. The receiving filter sections 321,322,333 have the 
frequency-filtering function of passing only the Signal of fl, 
f2, f3, respectively, in carrier frequency among the Signals of 
the carrier frequencies f1, f2, f3 modulated and transmitted 
by another device. ASSume that the communication path 
Selection Section 10 has selected a communication channel 
corresponding to the carrier frequency f1. The fact is notified 
by the communication selection section 10 to the informa 
tion Selection Section 33. Thus, among the Signals passed 
through the receiving filter sections 321,322,323, demodu 
lated by the demodulation sections 331, 332, 333 and input 
to the information Selection Section 33, only the Signal input 
from the demodulation Section 331 providing a communi 
cation channel corresponding to the carrier frequency f1 is 
converted into data and then delivered to the user informa 
tion processing Section. In the case of this third configuration 
example, the Signals of all the other communication paths 
can also be received and recognized as a frame. Therefore, 
the occupancy rate by other communication devices of the 
communication channels other than Selected by the commu 
nication path Selection Section 10 can be Stored in the 
communication path Storage Section 40. 
0325 This embodiment includes a transmission-receiv 
ing unit capable of transmitting and receiving information 
independently for each Selectable communication path. 
Therefore, the information from other than the selected 
communication path can also be received at the same time. 
In a device having a single transmission-receiving unit 
capable of transmitting and receiving the information to and 
from a Selected communication path exclusively by input 
ting parameters or the like for the particular communication 
path, however, the data cannot be received from other than 
the Selected communication path. In Such a case, in order to 
recognize the operating condition of other communication 
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paths, the parameters or the like of other communication 
paths are input before the information is transmitted from 
the Selected communication path. In this way, the transmis 
Sion-receiving unit can be controlled in Such a manner that 
the information can be received from other than the selected 
communication path. 

0326 11th Embodiment 
0327 Now, a configuration of a communication device 
200 according to an 11th embodiment will be explained with 
reference to FIGS. 43 and 48. 

0328. According to this embodiment, reference is made 
to a configuration in which a plurality of communication 
paths are Selected and the broadcasting communication is 
possible between the devices that have Selected the same 
communication path. 
0329 FIG. 43 shows a basic configuration of the com 
munication device 200. 

0330. The communication device 200 includes a user 
information processing Section 50, a communication path 
Selection Section 10, a communication path Selection trans 
mission Section 20, a communication path Selection receiv 
ing Section 30 and a communication path Storage Section 40. 

0331. The communication path selection section 10 
includes a first communication path Selection Section 11 for 
Selecting the first communication path, a Second communi 
cation path Selection Section 12 for Selecting the Second 
communication path, . . . , a k-th communication path 
Selection Section 13 for Selecting the k-th communication 
path, from among a plurality of communication paths avail 
able for Selection by the communication path Selection 
Section 10. The first communication path Selection Section 
11, the Second communication path Selection Section 12, .. 
., the k-th communication path Selection Section 13 notify 
the Selected communication path to the communication path 
Selection transmission Section 20 and the communication 
path Selection receiving Section 30. In this way, the trans 
mission and receiving of information is made possible using 
a Selected communication path. The communication path 
has the same meaning as that described with reference to the 
tenth embodiment. Also, the first communication path Selec 
tion Sections 11 to 13 are each assumed to Select a commu 
nication path not Selected by other communication path 
Selection Sections, and therefore it is assumed that the same 
communication path is not Selected at the same time by a 
plurality of communication path Selection Sections. 

0332 The communication path selection transmission 
Section 20 transmits the transmission data input from the 
user information processing Section 50 using the communi 
cation path Selected by the communication path Selection 
Section 10. In the case where the notification is received 
from the first communication path Selection Section 11 that 
the communication path a is Selected or from the Second 
communication path Selection Section 12 that the commu 
nication path b is Selected, then the data to be transmitted are 
transmitted to both the communication path a and the 
communication path b. At the same time, if a plurality of 
Selected communication paths can be multiplexed, the Signal 
can be transmitted in multiplex form. Also, if there is any 
transmission data input from the user information processing 
section 50 which is designated for transmission only through 
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the communication patha, Such data can be transmitted only 
through the communication patha. This is also the case with 
the communication path b. 
0333. The communication path selection receiving sec 
tion 30 outputs the data received using the communication 
path Selected by the communication path Selection Section 
10 to the user information processing section 50 as a 
received data. Upon receipt of a notification from the 
communication path Selection Section 11 that the commu 
nication path a has been Selected or a notification from the 
Second communication path Selection Section 12 that the 
communication path b has been Selected, for example, the 
communication path Selection receiving Section 30 delivers 
the data received from both the communication path a and 
the communication path b to the user information processing 
Section 50. In the process, a multiplexed signal, if received, 
is demultiplexed and the Signal only on the Selected com 
munication path is delivered as a data to the user information 
processing Section 50. 
0334 Also, the communication path selection receiving 
section 30, if there is any data received from other than the 
communication path Selected by the communication path 
Selection Section 10, outputs the information on the occu 
pancy rate of other communication paths to and is Stored in 
the communication path Storage Section 40. 
0335 Now, the communication mode of a plurality of 
communication devices 200 (2001 to 2008) will be 
explained with reference to FIG. 48. 
0336 The communication path selection section 10 of 
each communication device Selects one communication 
channel at random or as predetermined. As a result, it 
becomes possible for each communication device to trans 
mit and receive data using the communication path Selected 
by the communication path selection section 10. FIG. 48 
shows the state in which 2001, 2002 have selected only the 
communication path Cha, 2003 the three communication 
paths Cha, Chb, Chic, 2004 only the communication path 
Chb, 2005 the two communication paths Chc, Chd, 2006 the 
two communication paths Chc, Che, 2007 only the commu 
nication path Chd, and 2008 the two communication paths 
Chc, Chd. In this case, the device 2003 is capable of the 
broadcast communication with the devices 2001, 2002 that 
have selected Cha, the communication with the device 2004 
that has selected Chib and the broadcast communication with 
the devices 2005, 2006 that have selected Chc. 

0337 Each communication path in the above-mentioned 
example can be considered the one capable of frequency 
Separation. Although data cannot be transmitted or received 
to and from all the communication devices directly, an 
efficient data transmission and receiving becomes possible 
between the communication devices that have Selected the 
Same communication path as compared with the case where 
data are transmitted or received using a Single communica 
tion path for all the devices. With the communication device 
200 according to this invention, selection of a plurality of 
communication paths can increase the number of commu 
nicable devices and the devices capable of efficient data 
transmission and receiving at the Same time. Also, by Storing 
and holding the information on the occupancy rate of the 
communication paths other than Selected, it is possible to 
recognize the presence of communication devices that have 
Selected other than the communication path Selected by the 
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present unit. Also, the Stored information can be used to Send 
a signal to other communication paths as required. 

0338 12th Embodiment 
0339. A communication device 201 according to the 12th 
embodiment of the invention will be explained with refer 
ence to FIGS. 44, 49, 50. 
0340. In this embodiment, explanation will be made 
about a configuration which makes possible reselection of a 
communication path in the case where there is no commu 
nicable device on a Selected communication path. 
0341 Abasic configuration of the communication device 
201 is shown in FIG. 44. 

0342. The communication device 201 includes a user 
information processing Section 50, a communication path 
Selection Section 10, a communication path Selection trans 
mission Section 20, a communication path Selection receiv 
ing Section 30 and a communication path Storage. Section 40. 
0343. The communication path selection section 10 
includes a first communication path Selection Section 11 for 
Selecting the first communication path from a plurality of 
communication paths on which the present unit is capable of 
communication, a Second communication path Selection 
Section 12 for Selecting the Second communication path,..., 
the kth communication Selection Section 13 for Selecting the 
kth communication path, and comparator Sections 14, 
15, . . . , 16. The comparator sections 14, 15, . . . , 16 refer 
to the information Stored in the communication path Storage 
Section 40 and determines whether there exist an appropriate 
number of devices communicable through the communica 
tion path Selected by the present unit, and if necessary to 
change, request the first communication path Selection Sec 
tion 11, or the like performs Such a function to reselect the 
communication path. 
0344) The function of the other parts of the configuration 
of the device 201 is the same as explained with reference to 
the tenth and 11th embodiments. Also, unlike in the 12th 
embodiment in which the basic configuration is that of the 
11th embodiment capable of Selecting a plurality of com 
munication paths at the same time, the configuration 
described with reference to the tenth embodiment capable of 
Selecting only a single communication path at a time can be 
employed as a basic configuration, as Specifically described 
below. 

0345 As a first example, refer to the case in which the 
configuration FIG. 41 described above is employed as the 
communication path Selection receiving Section 30. 

0346). An information selection section 31 is capable of 
recognizing as a frame the Signal received from a demodu 
lation Section for demodulating the Signal received from the 
communication path Selected by the communication path 
Selection section 10. In the case where a device ID Such as 
a Source address is attached to the frame header, the device 
ID is Stored in the communication path Storage Section 40 
together with the communication path ID as a device 
capable of communication through the Selected communi 
cation path. 

0347 The signal received from other than the communi 
cation path Selected by the communication path Selection 
section 10, on the other hand, is not demodulated by the 
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demodulation Section. Therefore, the information Selection 
Section 31 cannot receive a signal recognizable as a frame 
from Such a demodulation Section. By detecting the power 
change of the demodulation Section or in response to the 
control Signal from the demodulation Section, however, a 
present unit can recognize whether or not any devices are 
present which transmit a signal using a communication path 
not Selected by the present unit. Thus, the binary information 
on the presence or absence of Such a device is Stored in the 
communication path Storage Section 40 together with the 
communication path ID. 

0348 The first communication path selection section 11, 
upon Selection of a communication path, notifies the ID of 
the Selected communication path to a comparator Section 14. 
The comparator Section 14 acquires from the communica 
tion path Storage Section 40 the information on the occu 
pancy rate of the communication path Selected by the first 
communication path Selection Section 11. In the case where 
a communication path ID in combination with the occu 
pancy rate or a communication path ID in combination with 
a device ID is Stored in the communication path Storage 
Section 40, for example, only the information having the 
Same communication path ID as notified from the first 
communication path Selection Section 11 is acquired. 

0349 Assume that the comparator section 11 has 
acquired the information on the occupancy rate of the 
communication path from the communication path Storage 
Section 40, and the judgment is that there are no Surrounding 
devices which are communicating using the communication 
path Selected by the first communication path Selection 
Section 11. The first communication path Selection Section 11 
is instructed to reselect a communication path. In the case 
where the information having the same communication path 
ID as notified from the first communication path selection 
Section 11 is not Stored in the communication path Storage 
section 30 or the communication path ID is stored but the 
information as to the absence of a device is added, then the 
first communication path Selection Section 11 is instructed to 
reselect a communication path. 

0350 Also, in the case where the comparator section 11 
has acquired the information on the occupancy rate of the 
communication path from the communication path Storage 
Section 40, and a plurality of devices are present commu 
nicating on the communication path Selected by the first 
communication path Selection Section 11, and the judgment 
is that a different communication path with a Smaller traffic 
volume can be more efficiently selected, then the first 
communication path Selection Section 11 is instructed to 
reselect a communication path. By acquiring the information 
having the same communication path ID as notified from the 
first communication path Selection Section 11, for example, 
the number of devices communicating on the communica 
tion path can be recognized from the device ID. In the case 
where the number of the devices exceeds a predetermined 
threshold value, the first communication path Selection 
Section 11 is instructed to reselect a communication path. 

0351. The second communication selection section 12 in 
combination with the comparator section 15 and the kth 
communication path Selection Section 13 in combination 
with the comparator Section 16 also have a similar function. 
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0352. Now, as a second example, explanation will be 
made about the case in which the communication path 
Selection receiving Section 30 is configured as shown in 
FIG. 42. 

0353. The information selection section 31 can recognize 
as a frame the Signals received from all the demodulation 
Sections. In the case where the device ID Such as the Source 
address is attached to the header of the frame, the particular 
device ID is Stored in the communication path Storage 
section 40 together with the communication path ID as a 
device capable of communication through the Selected com 
munication path. 

0354) The first communication path selection section 11, 
upon Selection of a communication path, notifies the ID of 
the Selected communication path to the comparator Section 
14. The comparator Section 14 acquires the information on 
the occupancy rate of the communication path Selected by 
the first communication path Selection Section 11 from the 
communication path Storage Section 40. In the case where a 
combination of the communication path ID and the device 
ID or a combination of the communication path ID and the 
number of devices using the communication path are Stored 
in appropriate order, for example, only the information 
having the same communication path ID as notified from the 
first communication path Selection Section 11 is acquired. 

0355 Assume that the comparator section 11 judges that 
as a result of acquiring the information on the occupancy 
rate of the communication paths from the communication 
path Storage Section 40, there exists no device communicat 
ing on the communication path Selected by the first com 
munication path Selection Section 11. The first communica 
tion path Selection Section 11 is instructed to reselect a 
communication path. In the case where the information 
having the same communication path ID as notified from the 
first communication path Selection Section 11 is not stored in 
the communication path Storage Section 40 or the informa 
tion is attached to the effect that the number of devices is 
Zero though a communication path ID is Stored, then the first 
communication path Selection Section 11 is instructed to 
reselect a communication path. 

0356. Also, in the case where, as a result of acquiring the 
information on the occupancy rate of the communication 
path from the communication path Storage Section 40, the 
comparator Section 11 judges that there are a plurality of 
devices communicating using the communication path 
Selected by the first communication path Selection Section 11 
and therefore the Selection of a different communication 
path smaller in traffic volume is more efficient, then, the first 
communication path Selection Section 11 is instructed to 
reselect a communication path. ASSume, for example, that 
the information is acquired having the same communication 
path ID as notified from the first communication path 
Selection Section 11 or the number of the devices commu 
nicating through the communication path is recognized from 
the device IDs to determine the number of the devices using 
a given communication path. In the case where the number 
of devices exceeds a predetermined threshold, then, the first 
communication path Selection Section 11 is instructed to 
reselect a communication path. 

0357 The second communication path selection section 
12 in combination with the comparator section 15 and the 
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kth communication path Selection Section 13 in combination 
with the comparator Section 16, are also assumed to have a 
Similar function. 

0358 Now, the operation for reelecting a communication 
path will be described with reference to FIGS. 49 and 50. 
0359. As shown in FIG. 49, assume that a plurality of 
communication devices 201 (2011 to 2018) have selected 
communication paths, respectively, with the result that 
devices 2011, 2012, 2013, 2014, 2015 have selected a 
communication patha, the devices 2016, 2017 have selected 
a communication path c, and a device 2018 has selected a 
communication path d. It is also assumed that the threshold 
level of the number of devices communicable on the same 
communication path is 3, i.e. that not more than three 
devices cannot use the same communication path at the 
same time. Then, when the devices 2014, 2015 decide to use 
the communication path a later than the devices 2011, 2012, 
2013 do, the devices 2014, 2015 reselect a communication 
path. In the case where the device 2018, upon recognition 
that there is no other device having Selected the same 
communication path d, reselects a communication path. 
0360 FIG. 50 shows an example of the devices 2014, 
2015 reselecting the communication path b and the device 
2018 reselecting the communication path c. 

0361. As described above, in the case where the commu 
nication device 201 according to this invention judges after 
Selecting a communication path for efficient communication, 
that there is no communicable communication device or 
there are So many devices using the particular communica 
tion path that efficient communication is impossible, then the 
communication device 201 Selects a new communication 
path to assure an always efficient communication. 

0362) 13th Embodiment 
0363 Now, as a 13th embodiment of the invention, 
explanation will be made about a method of reselecting a 
communication path in the case where there is no device 
capable of communication through a Selected communica 
tion path. 

0364. A first example operation of communication path 
reselection will be described with reference to the diagram 
of FIG. 44 showing a configuration of a communication 
device and the flowchart of FIG. 53. 

0365. The first communication path selection section 11 
Selects a communicable communication path (step 101), for 
example. In the process, the comparator Section 14 can be 
notified of the ID information of the selected communication 
path. Also, the Selected communication path is Stored to 
avoid Simultaneous Selection by the Second communication 
path Selection Section 12 or the like. A timer Set to appro 
priate time is started. If the information is received by the 
communication path Selection receiving Section from other 
devices before the timer times out (step 103), the fact that the 
communication path that has received the information is 
used by other device is recognized, and the information on 
the communication path occupied is Stored in the commu 
nication path storage section 40 (step 104). This procedure 
is repeated until the timer times out. At the time point when 
the timer times out, the comparator Section 14 determines 
whether there is any device communicating on the commu 
nication path Selected by the first communication path 
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Selection Section 11 by comparing with the information on 
the occupied communication paths stored in the communi 
cation path Storage Section 40 (step 111). In the case where 
the same ID as that of the communication path Selected by 
the first communication path Selection Section 11 is Stored in 
the communication path Storage Section 40 or otherwise 
there exists a device using the same communication path, the 
information starts to be transmitted using the Selected com 
munication path (Step 112). If the judgment is that there is 
no device using the same communication path as Selected by 
the first communication path Selection Section 11, on the 
other hand, then a communication path is reselected one of 
which is Selected by neither the first communication path 
Selection Section 11, or the Second communication path 
Selection Section 12 or the kth communication path Selection 
section 13 (step 113). 
0366 Now, a second example operation of communica 
tion path reselection will be explained with reference to the 
diagram of FIG. 44 showing a configuration of a commu 
nication device and the flowchart of FIG. 54. 

0367 Assume, for example, that the first communication 
path Selection Section 11 Selects a usable communicable path 
(step 101). In the process, the comparator Section 14 may be 
notified of the ID information of the selected communication 
path. Also, the Selected communication path is Stored not to 
be selected by the Second communication path Selection 
Section 12 or the like at the same time. A timer Set to a 
predetermined time is started. If the information is received 
by the communication path Selection receiving Section from 
other devices before time-out (step 103), the use by other 
devices of the communication path of which the information 
has been received is recognized, and the information on the 
occupied communication path is Stored in the communica 
tion path storage section 40 (step 104). This process is 
repeated until the timer times out. At the time point of 
time-out, the comparator Section 14 or the communication 
path Storage Section 40 counts the number of the devices 
using each communication path based on the communica 
tion path occupancy information Stored in the communica 
tion path storage section 40 (step 121). The comparator 14 
counts the number of devices using each communication 
path by itself or acquires from the communication path 
Storage Section 40 the number of devices using each com 
munication path Stored therein. In this way, the number of 
devices communicating through the communication path 
Selected by the first communication path Selection Section 11 
is determined, thereby judging whether the number of other 
communication devices using the communication path 
Selected by the first communication path Selection Section 11 
is between 1 and N inclusive (step 122). In the case where 
the number of the devices using the communication path 
Selected by the first communication path Selection Section 11 
is between one and N inclusive, the information starts being 
transmitted using the Selected communication path (Step 
123). In the case where there is no device or not less than N 
devices using the same communication path as Selected by 
the first communication path Selection Section 11, then a 
communication path is reselected one of which is not 
Selected by the first communication path Selection Section 11 
and which has not been Selected by the Second communi 
cation path Selection Section 12, the kth communication path 
Selection section 13 or the like where the number of devices 
using the communication path is not more than N (step 124). 
The limit N of the number of devices is predetermined, and 
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the number of the devices using a given communication path 
is limited in order to prevent the deterioration of the trans 
mission efficiency with the increase in the number of 
devices. 

0368 According to this method, the communication 
device described with reference to the 12th embodiment, 
which has Selected a communication path but judges that 
there is no device communicable using the Selected com 
munication path, can reselect the same communication path 
as Selected by a different communication device and thereby 
can find a communicable communication device. 

0369 14th Embodiment 
0370. A communication device 202 according to the 14th 
embodiment of the invention will be explained below with 
reference to FIGS. 45 and 46. 

0371) The embodiment will be described with reference 
to a configuration in which the data received from a Selected 
communication path can be transmitted to another Selected 
communication path. 
0372 Abasic configuration of the communication device 
202 is shown in FIG. 45. 

0373 The communication device 202 includes a user 
information processing Section 50, a communication path 
Selection Section 10, a communication path Selection trans 
mission Section 20, a communication path Selection receiv 
ing Section 30, a communication path Storage Section 40 and 
a relay section 60. 
0374. In the case where the communication path selection 
Section 10 Selects a plurality of communication paths, the 
relay section 60 performs such a function that the data 
received from a given communication path and input from 
the communication path Selection receiving Section 30 is 
input to the communication path Selection transmission 
Section 20 for transmission to another Selected transmission 
path. Also, according to the present embodiment, the trans 
mission data input from the user information processing 
Section 50 is output to the communication path Selection 
transmission Section 20, and the receiving data input from 
the communication path Selection receiving Section 30 is 
output to the user information processing Section 50. 
0375. The functions of the remaining components in the 
configuration of the communication device 202 are similar 
to those of the corresponding parts described in the 12th 
embodiment. 

0376 The general operation of the relay function of the 
relay section 60 will be explained with reference to FIG. 45. 
0377. In the communication selection section 10, Suppose 
that the first communication path Selection Section 11, the 
Second communication path Selection Section 12 and the kth 
communication path Selection Section 13 have Selected the 
communication path a, the communication path b and the 
communication path c, respectively. The communication 
path selection section 10 notifies the relay section 60 of the 
three communication paths thus Selected. 
0378. The relay section 60, upon receipt of the data from 
the communication path a by way of the communication 
path Selection receiving Section 30, transferS the received 
data to the communication path Selection transmission Sec 
tion 20 for transfer to the communication paths b, c. In 
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Similar fashion, the data received from the communication 
pathbby way of the communication path Selection receiving 
Section 30 is transferred to the communication path Selection 
transmission Section 20 for transfer to the communication 
paths a, c. So are the data from the communication path c 
transferred to the communication path Selection transmis 
Sion Section 20 for transfer to the communication paths a, b. 
0379 Even the communication devices which failed in an 
attempt to Select a communication path for efficient com 
munication and between which direct communication is 
impossible can communicate, though indirectly, due to the 
presence of a device having the relay function as described 
above. 

0380. An application to PHS will be described as an 
effect of the invention. The radio transmission/receiving 
function of PHS can use four communication channels (Ch1, 
Ch2, Ch3, Ch4) time-divided by TDMA/TDD (time division 
multiple access/time division duplex). In the conventional 
PHS, however, only two communication devices can con 
duct one-to-one communication through a communication 
channel. In other words, only two devices can use a com 
munication channel at a time. In an application of the present 
invention to the devices A, B, C, D having the PHS radio 
transmission/receiving function, on the other hand, each 
device attempts to Select one of the communication channels 
Ch1 to Cha at random. It is thus possible that A and B 
automatically select Ch1, and C and D Ch2, for example. 
Further, B and C separately select Ch3 as a relay commu 
nication channel. In this way, the four communication 
devices A, B, C, D can exchange data, though indirectly. 

0381. As another effect of the invention, an application to 
a radio LAN transmission/receiving System will be 
explained. In Some of the existing radio LAN transmission/ 
receiving Systems, the user Sets and registers a parameter in 
advance So that, due to the filtering function of the radio 
LAN transmission/receiving System, a plurality of indepen 
dent communication channels can be used as viewed from 
the user in Spite of the fact only one frequency band is used. 
In Such a case, each communication device Sets an address 
appropriately, and thus can prevent the System breakdown 
which otherwise might be caused by an excessively 
increased number of devices using a single communication 
channel. The parameter for discriminating the communica 
tion channel usable by a present unit, however, must be Set 
and registered by the user. When this invention is applied to 
the devices having Such a radio LAN transmission/receiving 
System, on the other hand, each device attempts to Select a 
parameter at random for determining the communication 
channel to be used. As a result, the number of devices using 
each communication channel is automatically limited to an 
appropriate number. Also, it is possible for devices using 
different communication channels to exchange data, though 
indirectly, by Selecting a parameter for determining a new 
relay communication channel in at least one-to-one relation. 
0382 Now, a detailed configuration example of the com 
munication device 202 according to this embodiment con 
stituting a communication device 203 will be explained. 
0383 FIG. 46 is a diagram showing a configuration of 
the communication device 203. 

0384. A communication path determining section 21 of a 
communication path Selection transmission Section 20 
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includes a communication path ID analysis Section 212 and 
a distribution Section 214. An information Selection Section 
31 of a communication path Selection receiving Section 30 
includes a communication path ID adder 311 and a Selection 
Section 313. 

0385) A relay section 60 includes a communication path 
ID adder 611, a communication path ID analysis section 612 
and a transfer information Storage Section 615. 

0386 The communication path selection section 10, upon 
Selection of a communication path, delivers the ID of the 
Selected communication path to the communication path ID 
adder 611 of the relay section 60. The communication path 
ID adder 611 stores the communication path ID input 
thereto. 

0387. The data received by the communication path 
Selection receiving Section 30 is Subjected to the judgment as 
to whether it is received from the communication path 
Selected by the communication path Selection Section 10 
through the selection section 313, after which it is input to 
the communication path ID adder 311. The communication 
path ID adder 311, when supplied with the data received 
from the selected communication path, adds the ID of the 
communication path and applies it to the communication 
path ID analysis section 612 of the relay section 60. 

0388. The communication path ID analysis section 612, 
upon application of data thereto, outputs it to the user 
information processing Section 50. Before the data is applied 
to the user information processing Section 50, the commu 
nication path ID added by the communication path ID adder 
311, if not required, is removed. 

0389. The communication path ID analysis section 612, 
on the other hand, outputs the data input thereto to the 
communication path ID adder 611. In the process, the data 
delivered from the communication ID analysis section 612 
to the communication path ID adder 611 may temporarily be 
stored in the transfer information storage section 615. 
0390 The communication path ID adder 611 can identify 
the communication path through which data has been 
received, from the communication path ID added to the data 
acquired from the communication path ID analysis Section 
612 or the data acquired from the transfer information 
storage section 615. 

0391 The communication path ID adder 611, in order to 
transfer the data to another Selected communication path, 
removes the communication ID attached thereto. Then, an 
ID of another Selected communication path than the com 
munication path through which data has been received is 
added by being selected from the IDs of the selected 
communication paths notified from the communication path 
Selection Section 10, and input to the communication path ID 
analysis Section 212 of the communication path Selection 
transmission Section 20. In the case where a plurality of 
communication path IDS exist to be added to the data 
transferred, a plurality of copies of the data may be added to 
different communication path IDs respectively or other 
Synthesized communication path IDS indicating a plurality 
of communication path IDS may be added. In the case where 
a Synthesized communication path ID is added by the 
communication path ID adder 611, however, an arrangement 
is required for permitting the communication path ID analy 
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sis Section 212 of the communication path Selection trans 
mission Section 20 to recognize the Synthesized communi 
cation path ID. 
0392 The communication path ID analysis section 212 of 
the communication path Selection transmission Section 20 
analyzes the communication path ID indicating the desired 
communication path added to the data input by the commu 
nication path ID adder 611 of the relay section 60. The data 
for which the transmission path is recognized by the com 
munication path ID analysis Section 212 is input to the 
distribution Section 214 and further to an appropriate modu 
lation transmission Section. 

0393. The data input to the communication path ID adder 
611 of the relay section 60 from the user information 
processing Section 50, on the other hand, has added thereto 
the ID of the selected communication path notified from the 
communication path Selection Section 10 and input to the 
communication path ID analysis Section 212 of the commu 
nication path Selection transmission Section 20. In the case 
where there are a plurality of communication IDS added to 
the transferred data, they can be unified into a Single ID. 
0394. In the case where the data delivered from the 
communication path ID analysis Section 612 to the commu 
nication path ID adder 611 is stored in the transfer infor 
mation Storage Section 615, the data individually received 
may be unified or otherwise processed appropriately in order 
to efficiently transfer them. 

0395. The user information processing section 50 
receives the data together with the communication path ID 
from the communication path ID analysis section 612 of the 
relay Section 60, and thus can recognize the communication 
path through which the data has arrived. Also, assume that 
a control Signal designating a communication path for 
transmission is input when delivering the data to the com 
munication path ID adder 611 of the relay section 60. Thus 
the communication path ID adder 611 can operate to add a 
designated communication path ID in Such a manner that the 
communication path Selection transmission Section 20 can 
transmit the data only from the communication path thus 
designated. 

0396 Also, the user information processing section 50 
can be Supplied with a control Signal instructing the com 
munication path ID adder 611 of the relay section 60 to 
transfer the data received from the communication path a 
only to the communication path b, the data received from the 
communication path b to the communication paths a and c 
and the data received from the communication path c not to 
other communication paths. 

0397) The relay section 60 can be realized as a functional 
Section of the user information processing Section 50. 

0398) 15th Embodiment 
0399. Now, explanation will be made about a method of 
information transfer in which the data received from a given 
Selected communication path is transmitted to another 
Selected transmission path. 
0400. An example operation of information transfer will 
be explained with reference to the diagram of FIG. 46 
showing a configuration of the communication device and 
the flowchart of FIG. 55. 
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04.01 For example, the communication selection section 
10 is assumed to have a first communication path Selection 
Section 11 to a kth communication path Selection Section 13. 
In a communication device capable of Selecting k different 
communication paths, Suppose that the first communication 
path Selection Section 11 Selects the communication path a 
and the Second communication path Selection Section 12 
Selects the communication path b (step 201). It is assumed 
that the communication path a and the communication path 
bare different from each other. The first communication path 
selection section 11 notifies the information (ID) for iden 
tifying the Selected communication path a, and the Second 
communication path Selection Section 12 notifies the ID of 
the Selected communication path b, to the communication 
path ID adder 611 of the relay 60 whereby they are stored 
(step 202). While waiting for receiving the information 
transmitted by other devices in the absence of the instruction 
to end the operation for information transfer (step 203), upon 
receipt of the information at the communication path Selec 
tion receiving section 30 (step 204), the communication path 
ID adder 311 adds the ID of the communication path through 
which the data is received (step 205) to the data received, 
and delivers it to the communication path ID analysis 
section 612 of the relay section 60. The communication path 
ID analysis section 612 delivers the data with the commu 
nication path ID added thereto to the communication path ID 
adder 611 of the relay section 60. In the process, the data 
may be delivered after being temporarily Stored in the 
transfer information Storage Section 615. Also, the transfer 
information storage section 615 can process the data in such 
a manner that a plurality of data to which the same com 
munication path ID is attached can be unified and a com 
munication path ID is added to it. The communication path 
ID adder 611 of the relay section 60, upon receipt of the data 
with the communication path ID added thereto, checks the 
added communication path ID and removes it. After that, an 
ID different from the one thus far added is added from 
among the Stored communication path IDS Selected by the 
communication path Selection Section 10, and the data is 
delivered to the communication path ID analysis Section 212 
of the communication path Selection transmission Section 20 
(step 206). The communication path ID analysis section 212 
of the communication path Selection transmission Section 20 
checks the communication path ID added to the data 
received, and performs the processing to transmit the data 
from a particular communication path (step 207). This 
information transfer procedure is repeated until the end is 
designated (step 203). 

0402. In the case where the communication path selection 
Section 10 has Selected three or more communication paths, 
the communication path ID adder 611 checks and removes 
the communication path ID added to the data received from 
the communication path ID analysis Section 612, and can 
add a plurality of other communication path IDS in Store or 
produce a plurality of copies of the data to which different 
communication path IDS can be added, respectively. Further, 
another Synthesized communication path ID indicating a 
plurality of communication path IDs may be added. In the 
case where the communication path ID adder 611 adds a 
Synthesized communication path ID, however, it is neces 
Sary that the communication path ID analysis Section 212 of 
the communication path Selection transmission Section 20 
can also recognize the Synthesized communication path ID. 
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0403. According to the method described with reference 
to this embodiment, the communication devices that have 
Selected communication paths (the communication devices 
according to the 14th embodiment) communicable with the 
device group 1 and the device group 2, respectively, between 
which direct communication thus far has been impossible 
for different communication paths Selected, transfer the data 
received from the device group 1 to the device group 2 or 
Vice versa. Therefore, the device group 1 and the device 
group 2 can communicate indirectly with each other. 

0404 16th Embodiment 
04.05 Now, an explanation will be given of the commu 
nication mode according to the 16th embodiment of the 
invention, in which the communication device 100 
explained in the tenth embodiment coexists with the com 
munication device 202 having the relay Section described in 
the 14th embodiment. 

0406 FIGS. 51 and 52 show an example of communi 
cation mode in which the communication device 100 and the 
communication device 202 coexist with each other. 

0407 FIGS. 51 and 52 show the state in which the 
communication devices 1001, 1003, 1007, 1008 capable of 
Selecting only one communication path for Simultaneous 
communication coexist with the communication devices 
2022, 2024, 2025, 2026 capable of selecting a plurality of 
communication paths for Simultaneous communication. 
0408. In FIG. 51, assume that the communication 
devices 1001, 2022, 1003, 2024 have selected the commu 
nication path a, and that the communication devices 2025, 
2026, 1007, 1008 have selected the communication path c. 
Since devices with different communication paths Selected 
cannot communicate directly with each other, the devices 
1001 and 1008 cannot communicate. ASSume that the 
devices 2024 and 2025 select the second communication 
path b. The device 2024 operates in such a manner that the 
data are exchanged between the communication path a and 
the communication path b, and the device 2025 operates so 
that the data are exchanged between the communication path 
c and the communication path b. Thus the device that has 
Selected the communication path a and the device that has 
Selected the communication path c can communicate indi 
rectly with each other. 

04.09. In FIG. 52, the mere fact that the communication 
devices 1001, 2022, 2024 select the communication path a, 
the communication device 1003 selects the communication 
path b and the communication devices 2025, 2026, 1007, 
1008 select the communication path c cannot permit devices 
having Selected different communication paths to commu 
nicate directly with each other. Thus the device 1001 cannot 
communicate with the device 1008, and the device 1003 that 
is the only device that has selected the communication path 
b cannot communicate with any other devices. Further, the 
devices 2024 and 2025 select the second communication 
path b, and the device 2024 exchange data between the 
communication paths a and b, while the device 2025 works 
to exchange data between the communication paths c and b. 
Thus, the device that has Selected the communication path a 
and the device that has Selected the communication path c 
can communicate indirectly with each other. AS to the device 
1003, on the other hand, not only direct communication is 
possible with the devices 2024 and 2025 that have selected 
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the communication path b but also indirect communication 
is possible with the devices that have selected the commu 
nication path a or b. 
0410. According to this embodiment, a communication 
system is illustrated in which the communication device 100 
explained in the tenth embodiment coexists with the com 
munication device 202 having the relay Section explained in 
the 14th embodiment and in which the communication 
device 100 has selected the same communication path as the 
communication device 202. Further, a communication 
device can coexist which has no function of communication 
path Selection and can transmit or receive data only through 
a single communication path. In Such a case, however, the 
communication device 202 is required to Select a commu 
nication path which is the Sole path in which a communi 
cation device having no function of communication path 
Selection can transmit or receive data. 

0411) 17th Embodiment 
0412 Now, a 17th embodiment of the invention will be 
explained with reference to FIGS. 56 to 58. 
0413. In the case where communication devices 301,302, 
303 coexist, assume that each device Selects a communica 
tion path and data can be transferred between a plurality of 
communication paths Selected by the communication device 
303 so that data transfer is possible between all the devices. 
In this case, according to the embodiment, one or more 
communication communicable devices are grouped, and in 
order to multicast data efficiently to the devices belonging to 
the group, a new dedicated communication path can be 
assigned to the group. 
0414 FIG. 56 shows a basic configuration of the com 
munication device 301, FIG. 57 a basic configuration of the 
communication device 302, and FIG. 58 a basic configu 
ration of the communication device 303. 

0415) The communication devices 301, 302, 303 each 
include a communication device ID information generating 
Section 71, a communicable device identification Section 72, 
a communicable device Storage Section 73 and a group 
Setting Section 74 as component elements. The remaining 
component elements are similar to corresponding compo 
nent elements of the communication device 100, 200 or 202 
shown in the tenth to 16th embodiments. 

0416 Now, explanation will be given of the functions of 
the communication device ID information generating Sec 
tion 71, the communicable device identification section 72, 
the communicable device Storage Section 73 and the group 
Setting Section 74. Function of Recognizing Communicable 
Device 
0417. The communication device ID information gener 
ating Section 71 generates the ID information for identifying 
a present unit and outputs it to the communication path 
Selection transmission Section 20 in order to regularly com 
municate with other communication devices using a com 
munication path already Selected. Also, the ID information 
thus generated is also notified to the communicable device 
identification section 72. 

0418. The information received by the communication 
path selection receiving section 30 which is transmitted by 
other communication devices is input to the communicable 
device identification section 72, with the result that it is 
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recognized as the ID information transmitted by other com 
munication devices and the communication devices that 
have acquired the ID information are Stored in the commu 
nicable device Storage Section 73 as communicable devices. 

0419. The communicable devices stored in the commu 
nicable device Storage Section 73 are output to the user 
information processing Section 50. 

0420. The above-mentioned function enables the com 
munication devices 301, 302, 303 to recognize the devices 
with which the present unit can communicate. Group Set 
ting Function for Communicable Devices 

0421 (Group Setting Request Transmission Function) 

0422. Upon application of an instruction from the user 
information processing Section 50 to the group Setting 
Section 74 to Set one or more communicable devices as a 
group, the group Setting Section 74 notifies the communi 
cation path Selection Section 10 to Select a new communi 
cation path capable of communication only between the 
devices belonging to the same group. 

0423. The communication path selection section 10, upon 
receipt of notification from the group Setting Section 74 to 
Select a new dedicated communication path capable of 
communication only between the devices belonging to the 
group, permits the communication device 301, for example, 
to Select a communication path not occupied by other 
devices and thus changes the Selected original communica 
tion path. For the communication devices 302, 303 which 
can Select a plurality of communication paths, a new com 
munication path can be additionally Selected without chang 
ing the currently-Selected communication path. Upon Selec 
tion of a dedicated communication path for the group, the 
communication path Selection transmission Section 20 and 
the communication path Selection receiving Section 30 are 
notified to permit transmission and receiving of data using 
the particular communication path. At the Same time, the 
group setting section 74 is notified of the ID information of 
the new Selected communication path and, when a commu 
nication path is reselected, of the ID information of the 
originally Selected communication path. 

0424 The group setting section 74, upon receipt of the ID 
information of the communication path Selected for group 
communication, Stores it in relation to the information of the 
devices belonging to the group designated by the user 
information processing Section 50. At the same time, a group 
Setting request Signal containing the information on the 
devices belonging to the group and the communication path 
for the group is input to the communication path Selection 
transmission Section 20 in order to transmit it to the com 
munication path newly Selected by the communication path 
Selection Section 10 for the group communication. Also, the 
user information processing section 50 is notified of the ID 
information of the communication path Selected for group 
communication. 

0425. In the user information processing section 50, the 
ID information of the communication path selected for 
group communication is added to the data transmitted for 
group communication, So that the data are transmitted from 
the exclusive communication path of the communication 
path Selection transmission Section 20. 
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0426 (Group Setting Request Receiving Function) 
0427. The group setting request signal received by the 
communication path Selection receiving Section 30 from a 
communication path not Selected by the present unit is input 
to the communicable device identification Section 72. AS a 
result, the group Setting Signal is recognized as the one 
transmitted from other communication devices, and in the 
case where the group Setting Signal contains the ID infor 
mation of the present unit, the information on the Set group 
is output to the group Setting Section 74. 
0428 The group setting section 74, upon receipt of the 
group Setting information from the communicable device 
identification Section 72, Stores the devices belonging to the 
group and the information on the communication path for 
the group, and notifies the communication path Selection 
Section 10 to Select a communication path designated for 
communication of the particular group. 
0429 The group setting section 74, upon receipt from the 
communication path selection section 10 of the ID informa 
tion of the newly selected communication path and the ID 
information of the originally Selected communication path 
for communication path reselection, the information on the 
devices belonging to the group and the communication path 
for the group is notified to the user information processing 
Section 50. 

0430 (Group Setting Response Transmission Function) 
0431. The group setting section 74, upon receipt of a 
notification of the approval for group Setting from the user 
information processing Section 50, inputs a response Signal 
indicating the completion of group Setting to the communi 
cation path Selection transmission Section 20 in order in 
order to Send it the communication paths newly Selected by 
the communication path Selection Section 10 for group 
communication. 

0432. After that, the ID information of the communica 
tion path Selected for group communication is added by the 
user information processing Section 50 to the data transmit 
ted for group communication. Thus the Signal is processed 
in Such a manner that the communication path Selection 
transmission Section 20 transmits it from an exclusive com 
munication path. 
0433. The group setting section 74, on the other hand, 
upon receipt of a negative notification for group Setting, 
inputs a response signal indicating the rejection of group 
Setting to the communication path Selection transmission 
Section 20 in order to transmit it to the communication path 
newly Selected by the communication path Selection Section 
10 for group communication. Also, the Stored information 
on the devices belonging to the group and the communica 
tion path for group communication are deleted, and the 
communication path Selection Section 10 is notified to Select 
the originally Selected communication path. 
0434 (Group Setting Response Receiving Function) 
0435 The group setting response signal received by the 
communication path Selection receiving Section 30 from a 
communication path Selected by a present unit is input to the 
communicable device identification Section 72. As a result, 
the Signal is recognized as the group Setting response signal 
transmitted by other communication devices and input to the 
group Setting Section 74. 
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0436 Assume that the group setting section 74 fails to 
receive a group Setting response Signal for approving the 
group Setting from any devices belonging to the group to 
which a group Setting request Signal is issued or receives a 
group Setting response Signal rejecting the group Setting 
from all the devices, then the user information processing 
Section 50 is notified that the group Setting is rejected. At the 
Same time, the Stored information on the devices belonging 
to the group and the communication path for the group are 
deleted and the communication path Selection Section 10 is 
notified to Select the originally Selected communication 
path. 
0437 (Specific Examples) 
0438 ASSume, for example, that communication devices 
3001 to 3009 are existent and represent any one of the 
devices 301,302,303. In the case where the device 3001 sets 
the devices 3002 and 3003 as a group and G1 as a commu 
nication path for the group communication. A group Setting 
request signal to the effect that the devices 3001,3002,3003 
belong to one group and the communication path assigned to 
this group is G1 is transmitted from the communication path 
Selection transmission Section 20 to the communication path 
G1. 

0439 Upon receipt of the group Setting request signal to 
the effect that the devices 3001, 3002, 3003 belong to a 
Single group and that the communication path for group 
communication is G1, the user information processing Sec 
tion of the device 3002 recognizes that the communication 
path for group communication is G1 from the request that 
has come from the device 3001 for setting a group of the 
present unit and the device 3003. When the user information 
processing Section of the device 3002 approves the group 
Setting request, the group Setting response signal is trans 
mitted from the communication path Selection transmission 
section 20 to the communication path G1. 
0440 AS described above, the group setting is performed 
by each device. After that, the communication between the 
devices belonging to a group can be conducted using a 
communication path newly Selected for group communica 
tion, and therefore an efficient intragroup communication 
becomes possible free of interference from the devices not 
belonging to the particular group. 

0441. According to the above-mentioned tenth to 17th 
embodiments, even in the case where a plurality of devices 
are existent, a network is constructed in Such a manner that 
each device is adapted to Select one communication path and 
is unable to communicate directly with the devices that have 
Selected different communication paths. In this way, the 
number of devices communicating using a communication 
path at the same time can be reduced. ASSume, for example, 
that N devices are existent and one communication path is 
Selected at random from k communication paths available 
for Selection by each device. The average number of devices 
using a communication path is N/k. AS compared with the 
case where one communication path is used by N devices, 
therefore, the probability of system breakdown can be 
maintained low with the increase in the number of devices. 
Also in comparison with the communication devices having 
no function of Selecting a communication path, the number 
of devices is reduced which communicate using one com 
munication path at a time, thereby improving the commu 
nication efficiency between the devices that have Selected 
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the same communication path. In addition, the use of a 
Storage device for Storing as to whether or not other com 
munication paths are occupied by other devices makes it 
possible to transmit a control Signal only to the communi 
cation paths used by other devices as the need arises to 
transmit it to the devices that have Selected other commu 
nication paths. Thus, the efficiency is improved as compared 
with the case where a control Signal is transmitted to all the 
communication paths. 
0442. Also, in view of the fact that a plurality of com 
munication paths are Selected by each device for construct 
ing a network, a greater number of devices can communicate 
directly than when only one communication path is Selected 
by a communication device. 
0443 Further, in the case where a communication path is 
Selected but the judgment is that there is no device capable 
of communication using the Selected communication path, a 
communication path is reselected for Selecting the same 
communication path as other devices, thereby making it 
possible to find a communicable device. 
0444) Furthermore, in the case where a device group 1 
and a device group 2 have Selected different communication 
paths and therefore unable to communicate directly with 
each other, for example, the data received from the device 
group 1 is transferred to the device group 2 and Vice versa, 
thereby making indirect communication possible between 
the device groups 1 and 2. 
0445. In addition, one or a plurality of communicable 
communication devices are grouped and a new dedicated 
communication path is assigned to the group. In this way, 
data can be multicast efficiently to the devices belonging to 
the particular group without interference from the devices 
not belonging to the group. 
0446 18th Embodiment 
0447 FIG. 59 shows an example configuration of a 
broadcast communication control unit according to an 18th 
embodiment of the invention. 

0448. In FIG. 59, the broadcast communication control 
unit according to this embodiment includes a data transfer 
control section 501, a delivery acknowledge control section 
504, a retransmission request control section 505, a tree 
structure control section 506, a network interface section 
503 and a management table 502. 
0449 The data transfer control section 501, upon receipt 
of data from the user or a high-level layer application, 
generates a data packet by adding a Sequence number and 
the like to the data, Stores the data packet in a transmission 
buffer and sends it to the network interface section 503. 
Upon receipt of a data packet from the network interface 
Section 503, on the other hand, the data transfer control 
Section 501 checks the Source address and the Sequence 
number, and by referring to the management table 502, 
Stores the packet in a receiving buffer as required. At the 
Same time, the packet is transferred to devices managed by 
the present unit or an instruction is issued to the delivery 
acknowledge control section 504 to transmit an ACK packet 
or to the retransmission request control section 505 to 
transmit a NAK packet. 
0450. The delivery acknowledge control section 504, 
upon receipt of an instruction from the data transfer control 
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section 501, refers to the management table 502 and checks 
to See how many data packets have been received by the 
present unit and transmits an ACK packet to a device (parent 
device) controlling the present unit. 
0451. The retransmission request control section 505, 
upon receipt of an instruction from the data transfer control 
Section 501, transmits a packet for requesting the retrans 
mission from the parent device. 
0452. The tree structure control section 506, in order to 
modify the tree structure in accordance with the number of 
devices under control or the condition of the communication 
path with the devices under control, transmits management 
information to other devices, or conversely, upon receipt of 
the management information, registers it in the management 
table 502. 

0453 The network interface section 503 transmits a 
packet to the network in response to a packet transmission 
request from the data transfer control section 501, the 
delivery acknowledge control section 504, the retransmis 
sion request control section 505 or the tree structure control 
section 506, or retrieves the required information from the 
packet received from the network and delivers it to the data 
transfer control section 501 or the delivery acknowledge 
control section 504. 

0454 FIG. 60 shows an example configuration of a 
communication System as a whole using the broadcast 
communication control unit according to this embodiment. 
0455. In FIG. 60, the network 1 is connected through a 
hub to broadcast communication control units 1 to 3 (518-1 
to 518-3) of wired type and also through a radio station to 
broadcast communication control units 4 to 6 (518-4 to 
518-6) of radio type. The network 1 is also connected to a 
network 2. A network 3 is configured of the broadcast 
communication control unit of radio type, and is connected 
to the network 2. A network 4 is configured of units of wired 
type and connected to the network 2. The networks are 
interconnected through routers. 
0456 FIG. 61 shows an example of logical tree structure 
for a broadcast group configured by the broadcast commu 
nication control units according to the present embodiment. 
0457. A unit 1 constituting the root of the tree manages 
units 2, 3,9. The units 2 manages units 10, 11, 12, the device 
3 manages units 4, 5, 6, and the units 9 manages units 7, 8. 
A unit which manages a present unit is called the parent unit, 
and a device which is managed by the present unit is called 
a child device. 

0458 For example, the patent unit of the unit 3 is the unit 
1, and the child units of the unit 3 are the units 4, 5, 6. The 
unit 1 is the root of the tree and therefore has no parent unit. 
0459. This tree is a logical one and is formed by nego 
tiation between the devices. It never represents a configu 
ration obtained by physical connection. Nevertheless, if 
devices connected physically to the same network are man 
aged as a unit, the communication efficiency is improved 
due to the fact that the multicast function of the network can 
be utilized. 

0460 The devices 4, 5, 6 managed by the device 3 are 
connected to the same network, for example. When ASSum 
ing that this network is a radio LAN compatible with 
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Ethernet, the device 3 transfers a packet to the devices 4, 5, 
6 using the multicast function of Ethernet. Thus the number 
of packets transmitted can be reduced as compared with a 
case where a packet is transferred independently to each 
device by unicasting. 
0461 FIG. 62 shows the management table 502 in FIG. 
59. The ID of the parent unit managing the present unit is 
stored in the parent unit ID field, the IDs of the devices 
belonging to the same broadcast group are Stored in the 
device ID field, the IDs of the devices managed by each 
device are stored in the child device ID field, and the 
continuous and maximum Sequence number of the data 
received from each device is Stored in the receiving 
sequence number field. FIG. 62 shows the management 
table 502 of the device 3 as an example. Other devices also 
have a similar table 502. 

0462. In the case where the present device manages other 
devices, the table 502 as shown in FIG. 63 is prepared in 
addition to that shown in FIG. 62. 

0463 FIG. 63 also shows a management table 503 
included in the device 3 for storing the delivery acknowl 
edge numbers received from the devices 4, 5, 6. 
0464) Now, explanation will be made about the relation 
ship among the Sequence number, the receiving Sequence 
number, the delivery acknowledge number and the receiv 
ing-delivery acknowledge number. 
0465. A plurality of data packets, to which the sequence 
numbers are added, are transmitted Sequentially to other 
devices. In this case, the Sequence numbers 1, 2, 3, 4. . . are 
attached in ascending order and added to a plurality of data 
packets for transmission. In the case where the device 6 in 
FIG. 61 transmits 300 data packets to the whole broadcast 
group, for example, the last Sequence number is 300. 
0466 In the device 4 that has received the 300 data 
packets, the maximum sequence number (=300) is the 
receiving sequence number (=300) described above. 
0467. The device 4 sends an ACK packet back to the 
device 3 constituting a parent device with the receiving 
Sequence number (=300) as a delivery acknowledge number 
(=300). 
0468. In the device 3, the delivery acknowledge number 
(300) sent back from the device 4 as an ACK packet is 
compared with the receiving-delivery acknowledge number 
in store in FIG. 63. If the receiving-delivery acknowledge 
number in store is smaller than 300, the ACK packet is 
transmitted to the device 1 constituting a parent device after 
Securing delivery acknowledgment from the devices 4, 5 
(except for the device 6 which is the Sender of a data packet) 
constituting child devices for which the receiving-delivery 
acknowledge number is updated to 300. 
0469 Operation. Upon Receipt of Data Transmission 
Request 
0470 FIG. 64 is a flowchart showing the operation 
performed when a data transmission request is received from 
a high-level layer, which flowchart includes steps S300 to 
S304. 

0471. In a case where the device 1 constituting the root of 
the tree attempts to Send a data packet in accordance with the 
request from a high-level layer, the first Step is to shape the 
received data into a packet. 
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0472. Specifically, data are segmented in accordance with 
the maximum length of the packet determined for the 
network used, and a header is added to each data thus 
Segmented thereby to constitute a packet. 

0473. Then, sequence numbers for identifying the pack 
ets uniquely are attached in ascending order and Stored in the 
sequence number field of the header. The device 1 transmits 
the packets to the devices 2, 3, 9, respectively. The device 1 
holds the data packet in the transmission buffer of the data 
transfer control section 501 until it receives the ACK packet 
from the devices 2, 3, 9. 

0474. In a case where a device other than the tree root 
attempts to Send a data packet in response to a request from 
a high-level layer, the data is shaped into a packet and the 
Sequence number is Stored, after which the packet is trans 
mitted to the device 1 constituting the root. The device 1 that 
has received the packet performs the same proceSS as 
described above. 

0475 Operation Performed Upon Receipt of Data 
Packet 
0476 Explanation will be made about the process per 
formed upon receipt of the data packet transmitted in the 
above-described manner. FIG. 65 is a flowchart showing the 
operation performed when the data packet is received, which 
flowchart includes steps S310 to S318. 

0477 The device that has received the data packet deter 
mines whether the received packet. is the first one or not. 

0478 If the packet is not the first one, the packet is either 
contained in the receiving buffer or delivered to a high-level 
layer. 

0479. If the packet is the first received one, the packet is 
Stored in the receiving buffer and checked for any data 
dropout or error. 

0480. If there is any dropout or error, a NAK packet is 
transmitted to the parent device for retransmission of data. 
The NAK packet has stored therein the sequence number(s) 
of the data requesting the retransmission. 

0481. In the absence of a dropout or error, the sequence 
number is determined to be a transmissible one, and the data 
packet is Sent to the devices managed by the present device. 
The management table 2 is Searched for a Source entry, and 
the receiving Sequence number thereof is updated. Then, the 
ACK packet transmission timer is Set. The ACK packet has 
Stored therein the continuous, maximum Sequence number 
of the arriving data packets as a delivery acknowledge 
number. 

0482) Operation Performed Upon Receipt of NAK 
Packet 
0483 FIG. 66 is a flowchart showing the operation 
performed when a NAK packet is received, which flowchart 
includes steps S320 to S322. 

0484. The device that has received the NAK packet 
checks whether the data packet of which retransmission is 
requested is Stored in the receiving buffer or not. If So Stored, 
the data packet is transmitted to the NAK Source device. 
Otherwise, the NAK packet is sent to the parent device 
requesting the retransmission of data. 
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0485 Operation Performed Upon Receipt of ACK 
Packet 
0486 The operation performed when an ACK packet is 
received is shown in FIG. 67. This flowchart includes steps 
S330 to S335. 

0487. The device that has received the ACK packet 
searches the management table 502 for the entry of a source 
device, and compares the receiving-delivery acknowledge 
number of the table 502 with the delivery acknowledge 
number of the ACK packet. If the delivery acknowledge 
number of the packet is Smaller than or equal to the 
receiving-delivery acknowledge number of the table 502, 
the process is terminated. Otherwise, the value on the 
management table 502 is updated. If the delivery acknowl 
edge numbers of all the devices under control are updated, 
the ACK packet Storing the Smallest one of the delivery 
acknowledge numbers is sent to the parent device. A data 
packet of the transmissible Sequence number or less, if any, 
is transmitted to the device managing it. 

0488 Operation Performed when ACK Packet Trans 
mission Packet Timer Times Out 
0489 FIG. 68 is a flowchart showing the operation 
performed when the ACK packet transmission timer times 
out, which flowchart includes steps S340 to S343. The 
proceSS performed when the ACK packet transmission timer 
times out is different depending on whether there exists a 
device managed by the present device or not. 

0490 First, explanation will be made about the process 
performed in the case where there exists a device managed 
by the present device. 

0491. The management table 502 has stored therein the 
receiving-delivery acknowledge number indicating the 
extent to which each device managed has received data and 
the device from which it has received such data (FIG. 62). 
In the case where the receiving-delivery acknowledge num 
ber indicating the extent to which data are received from a 
given device has been updated for all the devices, the ACK 
packet is Sent to the parent device. Otherwise, the process is 
terminated. 

0492. Now, explanation will be made about a case in 
which there is no device managed by the present device. 

0493 The management table 502 has stored therein the 
receiving Sequence numbers indicating the extent to which 
the data are received by the present device and the devices 
from which they are received (FIG. 62). If at least one 
receiving Sequence number has been updated, the ACK 
packet is Sent to the parent device. 

0494 Operation Performed when the Difference 
Between the Number of Devices Managed by Present 
Device and the Number of Devices Managed by Other 
Devices Exceeds a Predetermined Number 
0495 FIG. 69 is a flowchart showing the operation 
performed in the case where the difference between the 
number of devices managed by the present device and the 
number of the devices managed by a given device having the 
Same logical distance as the present device from the root 
exceeds a predetermined number in a tree Structure, which 
flowchart includes steps S350 to S354. 
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0496 A given device (assumed to be the device A) is 
Selected from the devices managed by the present device. 

0497. Then, among the devices having the same logical 
distance from the root as the present device, a device 
managing the devices Smaller in number than the devices 
managed by the present device is found out, and the man 
agement information of the device A is transmitted to the 
particular device. The contents of the management informa 
tion are a list of pairs of the device ID and the receiving the 
receiving-delivery acknowledge number as shown in FIG. 
63. 

0498 As described above, in the case where the number 
of the devices managed by the present device exceeds a 
tolerable range in comparison with the number of devices 
managed by other devices, the management of Some devices 
managed by the present device is left to other devices, 
thereby alleviating the load on the present device and 
reducing the chance of a bottleneck caused by the shortage 
of the processing capability. Apart from the comparison with 
the number of devices managed by the present device, the 
management of the devices managed by the present device 
can be transferred to other devices based on the upper limit 
determined of the processing capacity of the present device. 
0499 Operation Performed Upon Receipt of Manage 
ment Information Packet 
0500 FIG. 70 is a flowchart showing the operation 
performed when the management information packet is 
received, which flowchart includes steps S360 to S366. 
0501) The receipt of the management information packet 
is indicative of the fact that the management of a device is 
requested. The first Step, therefore, is to check the ability of 
managing a device, and the judgment is the lack of Such an 
ability, a rejection packet is transmitted to the Source of the 
management information packet thereby ending the process. 
In the case of affirmative judgment, on the other hand, an 
entry is prepared in the management table 502 based on the 
device information carried by the management information 
packet and the information is registered. The packet thus 
accepted is transmitted to the Source of the management 
information packet. The required data, if any, are Sent to the 
newly-added device. Otherwise, the NAK packet for the 
particular data is Sent to the parent device. 

0502 FIG. 71 shows a format of the ACK packet. 
0503) The ACK packet has, in addition the destination 
address and the Source address, the minimum value of the 
delivery acknowledge number, by device, received from the 
devices managed by the present device. 

0504) 19th Embodiment 
0505 FIG.72 shows a configuration example of a broad 
cast communication control unit according to a 19th 
embodiment of the invention. 

0506 The operation of each component part is substan 
tially similar to that of the 18th embodiment, except for the 
operation performed when the data packet is received. The 
reference numerals attached to the devices corresponding to 
those of the 18th embodiment are the 100-order version of 
the reference numerals attached to the devices of the 18th 
embodiment. 
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0507 FIG. 73 is a flowchart showing the operation 
performed when the data packet is received in the 19th 
embodiment, which flowchart includes steps S370 to S379. 
0508 The device that has received a data packet deter 
mines whether or not the received packet is the first one. 
0509. If the packet is not the first received packet, it is 
already entered in the receiving buffer or delivered to a 
high-level layer. The management table 502 is checked to 
See whether the delivery is acknowledged for the retrans 
mitted data packet by all the devices managed by the present 
device. If not, the ACK packet is transmitted to the parent 
device. 

0510. In the case where the packet is the first received 
one, on the other hand, the packet is Stored in the receiving 
buffer and checked for any data dropout or error. 
0511. In the presence of a dropout or error, a NAK packet 
is transmitted to the parent device for retransmission of the 
data. The NAK packet has stored therein the Sequence 
number of the data of which retransmission is requested. 
0512) If there is not any dropout or error, the sequence 
number is checked to make Sure that it is a transmissible one, 
and the data packet is transmitted to the devices managed by 
the present device. The management table 502 is searched 
for an entry of the Source and the receiving Sequence number 
thereof is updated. The ACK packet transmission timer is 
Set. The ACK packet has Stored therein a continuous, maxi 
mum Sequence number of the arriving data packets as a 
delivery acknowledgment number. 

0513 20th Embodiment 
0514 FIG. 74 shows a configuration example of a broad 
cast communication control unit according to a 20th 
embodiment of the invention. 

0515. The operation of each section is similar to the 
corresponding one in the 18th embodiment, except that a 
communicability determination section 707 is newly 
included for monitoring the State of the communication path 
between the devices managed and the present device. In the 
case where judgment is that a further continued communi 
cation is impossible, the particular device is removed from 
the tree Structure. The reference numerals of the devices 
corresponding to those in the 18th embodiment are the 
200-order version of the reference numerals of the devices 
included in the 18th embodiment. 

0516 Now, the operation will be explained in detail. 
0517. A communicability determination section 707 
monitors the State of the communication path between the 
present device and the devices managed thereby. In the case 
where the State of the communication path continues to be 
is bad for not less than a predetermined and a transmission 
error occurs at not less than a predetermined rate or the ACK 
packet fails to reach even after a predetermined number of 
repeated transmissions of the data packet, the communica 
bility determination section 707 determines that the com 
munication with the particular device has become impos 
sible. The fact is notified to the tree structure control unit 
706. The tree structure control unit 706, upon receipt of the 
notice that the communication with the device has become 
impossible, Separates the particular device from the tree 
Structure. At the same time, the ACK packet is transmitted 
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to the parent device if the receiving-delivery acknowledge 
number from all the remaining devices managed by the 
present device are updated at that time point. 
0518 FIG. 75 is a flowchart showing the operation 
performed when the communication with the devices man 
aged by the present device has become impossible, and the 
flowchart including steps S390 to S393. 
0519. The management table 502 is searched for an entry 
of the corresponding device, which entry is deleted. The 
receiving-delivery acknowledge numbers of the remaining 
devices are checked, and if the receiving-delivery acknowl 
edgment number for a given device is entirely updated, the 
ACK packet is transmitted to the parent device. In the 
above-mentioned 18th to 20th embodiments, a program used 
for executing the contents of the flowcharts is stored in a FD 
or a CD-ROM 812. The contents of storage are installed in 
a portable information communication device 810 having 
the functions of a personal computer as show in FIG. 76. In 
this way, the above-mentioned contents can be realized. 
0520. In a communication device according to the 18th 
embodiment, the information delivery acknowledgment can 
be assured based on the management information, and no 
error of the information including data occurs. Thus, the 
information can be accurately transmitted from the parent 
device to the child devices. 

0521. In the communication device according to the 19th 
embodiment described above, in the case where the infor 
mation delivery cannot be acknowledged based on the 
management information, the delivery is acknowledged 
after retransmitting the information. Therefore, the informa 
tion can be accurately transmitted from the parent device to 
the child device. 

0522. In the communication device according to the 20th 
embodiment, in order to avoid the situation in which the 
change in the number of devices of each group causes the 
unbalanced load between the devices So that a given device 
provides a bottleneck, the tree Structure can be modified 
flexibly and therefore the data transfer and delivery 
acknowledgment can be carried out efficiently. 
0523) Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the Specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the Spirit or Scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

1. A method of constructing a communication network, 
comprising the Steps of: 

grouping communication devices belonging to a commu 
nication network into one or a plurality of communi 
cation groups, 

Selecting at least one representative device in each com 
munication group formed in Said grouping Step; and 

after Said Selecting Step is effected, causing each commu 
nication device to communicate directly with each 
communication device belonging to a same communi 
cation group and to communicate with each commu 
nication device belonging to a different group by first 
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transmitting data to Said at least one representative 
device of the same communication group and then 
causing Said at least one representative device of Said 
Same communication group to transfer part or a whole 
of the data to the at least one representative device of 
Said different group. 

2. A method of constructing a communication network 
according to claim 1, wherein a communication channel 
through which the devices constituting each communication 
group communicate with each other is different for each 
communication group. 

3. A method of constructing a communication network 
according to claim 1, wherein in a case where a request 
message is transmitted to a communication device belonging 
to Said different group and a response message is received 
from Said communication device belonging to Said different 
group, Said at least one representative device of the same 
communication group transmits a single response message 
to a present communication device that has transmitted a 
request message based on the response message transmitted 
by Said communication device belonging to Said different 
communication group. 

4. A method of constructing a communication network 
according to claim 1, wherein each Said communication 
device transmits a device message containing information 
on the transmitting communication device and a communi 
cable communication device identified by the transmitting 
communication device, each Said communication device 
identifies a communicable communication device from a 
received device message, and each Said communication 
device performs said grouping Step and said Selecting Step 
using information on the received device message. 

5. A method of constructing a communication network 
according to claim 4, wherein Said grouping Step is per 
formed So that the number of devices belonging to each 
communication group is as near to a predetermined value as 
possible. 

6. A communication System comprising: 
a grouping processing Section for grouping communica 

tion devices belonging to a communication network 
into at least one communication group; and 
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a Selection processing Section for Selecting at least one 
representative device from each communication group 
grouped by Said grouping processing Section; 

wherein Said communication System executes the Steps of: 

after Selecting Said at least one representative device in 
Said Selection processing Section, causing each com 
munication device to communicate directly with the 
communication devices belonging to the same com 
munication group and to communicate with a com 
munication device belonging to a different commu 
nication group by first transmitting data to the at least 
one representative device of Said Same communica 
tion group and causing Said at least one representa 
tive device of Said Same group to transfer part or a 
whole of Said data to the at least one representative 
device of Said different communication group. 

7. A computer-readable recording medium for Storing a 
program executed for constructing a communication net 
work, Said program being used for executing the Steps of: 

grouping communication devices belonging to a commu 
nication network into at least one communication 
grOup, 

Selecting at least one representative device in each com 
munication group thus grouped; and 

after said Selection Step, causing each of the communi 
cation devices to communicate directly with the com 
munication devices belonging to a same group and to 
communicate with communication devices belonging 
to a different group by first transmitting data to the at 
least one representative device of Said Same group and 
then causing Said at least one representative device of 
Said Same group to transfer a part or a whole of the data 
to the at least one representative device of the different 
grOup. 


