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!.BSTRA.-Q 

User traffic characteristics for the DDX packet 
switched network are as follow. 

i) Most communications are made between Host 
terminals in a few large cities and END terminals 
in small cities distributed throughout Japan. 
H) Average HOST to END message length is 1.1 
Koctets. 
iii) 90% of packets are generated by packet mode 
terminals. 
iv) 80% of MPT send RR frame and RR packets imme
diately after receiving I frames or DT packets. 

These characteristics have tendencies to reduce 
DDX packet switched network cost-performance, 
under the current network status. Ways to improve 
the network cost-performance are to develop; 

i) PSs that have varying capacity and cost ac
cording to the traffic demands. 
ii) "Long packet" 
iii) Low cost level 2 LSI processors. 

1. Introduction 

1.1 Current DDX Packet Switched Network status 

DDX Packet Switched Network began commercial ser
vice in 7 cities in 1980 with one switching node 
(PS) and 19 packet multiplexers(PMX). PMX provides 
the PAD (Packet Assemble and Disassemble) function 
for non-packet mode terminals, and concentrates 
and deconcentrates packet streams. As of March 
1982, the network accommodates about 800 data ter
minals and provides commercial service at 30 cities 
with 4 PSs, 79 PMXs and one gateway for international 
connections. Figure 1 shows the current configura
tion of the DDX packet switched network. NTT will 
install more PSs and PMXs to extend commercial 
service into 600 cities by 1987. 

1.2 Necessity for user traffic characteristics 
measurement and investigation 

User traffic characteristics measurment and in
vestigation are indispensable for efficient packet 
traffic handling at PSs and PMXs and for economical 
installation of network equipment. A user traffic 
characteristics survay will be used for; 

i) Developing new PSs and PMXs that are desigend 
to reduce total network cost. 
H) Examining the necessary amount of equipment 
required for expected demand volume. (Note that 
the equipment capacity varies according to the 

user traffic characteristics.) 
iii) Planning economical expansion of the 
network. 

2. Measurment and investigation overviews 

Traffic characteristics have been measured in 
the DDX commercial network from the start of the 
service in 1980. Measured data were analysed in 
1981, and are summarized in this paper. An 
investigation was made on 8 large scale user 
communication systems which have been accommodated 
or will be accommodated in the near future, and 31 
different kind of terminals, which are designed to 
have a DTE/DCE interface for the DDX packet 
switched network. 

Data terminals, that are accommodated by the DDX 
packet switched network, are classified into the 
following 4 categories. 

i) "Asynchronous teJ;lllinals" 
Non-packet mode terminals, which use asynchro

nous subscriber lines. 
ii) "HDLC terminals" 

Non-packet mode terminals using synchronous 
subscriber lines. They have HDLC-ARM interface 
for data transfer, and HDLC based protocols for 
call set up and clearing. 
Hi) "MPTs" (Medium speed packet mode terminals) 

T okyo Switch ing 
Office 

L:) : PMX (Packet Multiplexer) 
* For simplicity, 13 PMXs are illustrated 

~: PS (Packet Switching Node) 

~: Gateway for international connections 

Fig.l Current DDX P.S.N. configuration 
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Packet mode terminalsO) using 2.4 to 9.6 
Kbit/sec synchronous subscriber lines. 
iv) "HPTs" (High speed packet mode terminals) 

Packet mode terminals using 48 Kbit/ sec syn-
chronous subscriber lines. 

There are notable differences in data terminal 
behaviors between HPT and MPT, which will be touch
ed on this paper. So, packet mode terminals are 
classified into the above two categories in this 
paper. 

Figure 2 shows the relations between the data 
terminals and the network configurations. User 
traffic characteristics, shown in the tables in 
the following sections, are weighted by the expect
ed traffic volume for user systems and expected 
share of the data terminals. User system behav
ior and data terminal behavior are described in 
Sections 3 and 4. 

3. User system behavior 

3.1 Traffic stream 

An investigation has been carried out on user 
systems which are accommodated to or intend to use 
the DDX packet switched network. This investigation 
implies that most of the packets which will be 
carried in the near future are generated by "large 
scale user systems" that have the following charac
teristics. 

i) The systems are constructed by a few HOST ter
minals and many END terminals. 
ii) Communications are made between HOST termi
nals and END terminals. 
iii) HOST terminals are located in the area of 
large cities (Tokyo, Osaka) in Japan. 
iv) END terminals are distributed throughout the 
entire country. 

HPT 

MPT 

HDLC 
terminal 

Asynchronous 
terminals 

PS : Packet Switching Node 
PMX: Packet Multiplexer 

to other PS 

HPT: High Speed Packet Mode Terminal 
MPT: Medium Speed Packet Mode Terminal 

Fig.2 Network configuration and terminal categories 
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Most packets are carried bet~een large cities and 
small cities distributed in Japan. This estimated 
traffic stream is verified by the measured data 
shown in Table 1. 

This traffic stream indicates that development 
of a packet switching system is needed, whose size 
and throughput can vary according to traffic demand. 
The reason is as follows. Consider a network imple
mentation under the assumption that there is only 
one large city, for simplicity. If "z" packet/sec 
are carried by the network, then the volume of 
packets carried by all PSs in a large city is Z 
packets/ sec and the volume of packets carried by 
the PSs in all small cities is Z packets/sec. Fig
ure 3 illustrates the above concept. Thus, it is 
economical to set a large PS in an area of a large 
city, which has more capacity than that of PSs in 
small cities. It is more economical to introduce 
PSs having varying capacities and cost, according 
to the various and growing traffic demand for each 
area. 

3.2 Message length 

Table 2 shows message length for large scale 
user systems. This shows traffic volume imbalance 
for complementary channels between HOST and END 
terminals, that is 

END to HOST traffic volume 1 
HOST to END traffic volume - 8.4 

Table Observed traffic matrix 

Large cities 
Small cities 

Tokyo Osaka 

Small cities 25% 10% 10% 

Large Osaka 30% 10% --------cities 

------- --------Tokyo 15% 

"2" packets/sec ,,' - - .... " 
I \ 

I \ 
I \ 

HOSTL:] ~~--~~_ • • • 

"z" 
packets 

/sec 

I" '\ 

.............. \ _, ......... ~ND 

s~a[l city 

large city 

'k' 
Fig.3 Simplified traffic stream illustration 

Table 2 Length of inve~tigated message (octet) 

System name A B C D E F Weighted average 

END to HOST 100 (90%) unknown 140 (80%) 70 300 80 130 10 (10%) 50 (20%) 

HOST to END 380 (90%) 8K - 16k 400 (80%) 
450 2.7K 300 2k (10%) 6.4k(20%) 1.1K 
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On the other hand, observed traffic volume imbal
ance, shown in Table 3, implies that the traffic 
volume imbalance is less than that in Table 2. The 
reason for this difference is that: 

i) Data in Table 2 were calculated from the main 
message streams for these systems, but data in 
Table 3 also contains operational jobs, which 
send short messages to ask and answer questions 
about the system status and so on. 

Under the traffic stream described in the previous 
section, this traffic volume imbalance reduces 
network cost-performance, for low utilization of 
full duplex transmission lines, in the small to 
large cities direction. 

Another notable point is that the average HOST 
to END message length is 1.1 Koctet and the maxmum 
length is 6.4 Koctet. Maximum user data field length 
for data packet is 256 octets in the current DDX 
packet switched network, which it is too short for 
HOST to END messages. A "Long Packet" is now being 
developed, whose length of user data part is 4096 
octets. Merits of the "Long Packet" are to: 

i) Reduce PS switching cost per message. (It is 
able to reduce price per message) 
ii) Reduce data terminal processing cost per 
message. 

Addition of 4096 octets into recommendation X.25 
is agreed upon as one of the standard maximum user 
data field lengths, at working party VII/2 meeting 
of CCITT (Geneva, May 1982). 

3.3 Distribution of data terminals among terminal 
classes. 

Table 4 shows the distribution of data terminals 
among terminal classes expected at the beginning 
of the DDX packet switched network development, 
and the distribution measured in 1981. Measured 
data are almost the same as the results of analyzing 
large scale user systems. 90% of terminal ports 
for the first version PMX have been settled for 
asynchronous subscriber lines. 10% can be used for 

Table 3 Observed message length 

System name A Others 

End to Host 1/2.8 * 1/2.5 
Host to End 

Table 4 Distribution of data terminals among 
terminal classes 

Expected Measured 
in 1976 * in 1981 

HPT and MPT 1% 75% 
Syn ** 

HDLC terminal 9% 20% 

Asyn *** 90% 5% 

* Beginning of DDX development 
** Synchronous terminal *** Asynchronous terminal 
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either asynchronous or synchronous lines. The dif
ference between the expected distribution and the 
actual distrihution make it necessary to redesign 
the P~~. The second version PMX can have all ports 
as synchronous ports. 

3.4 Sending and receiving rate for data packets 
on the subscriber lines. 

The investigation has clarified that subscriber 
line utilization rate varies according to the sub
scriber line speed. Figure 4 express approximat
ed utilization rate in terms of subscriber line 
speed. 

Table 5 shows sending and rece1v1ng rates for 
data packets in terms of subscriber line speeds, 
which a re ca lcula ted from the funct ion shown in 
Figure 4 and the observed average length of data 
packets (1500 bits including headers, and corre
sponding control packets and control frames). This 
implies that low speed subscriber lines are not 
utilized as high speed subscriber lines. Therefore, 
it can be concluded that the PHXs have improved 
DDX packet switched network cost-performance, by 
concentrating low speed subscriber lines. 

Inter-network connection with the telephone net
work and the DDX packet switched network also im
proves cost-performance when using telephone lines 
as access lines to the DDX packet switched network. 

3.5 Data packet volume distribution among ter
minal classes 

Table 6 shows the data packet volume distribution 
among terminal classes, which is ca lculated from 
the distribution of the number of data terminals 
among terminal classes measured in 1981 (Table 4) 
and the distribution of data packet volume among 
terminal classes (Table 5). Throughput values for 
PS and PMX vary according to the data packet volume 
distribution among terminal classes, because the 
number of dynamic program steps of packets process-

Utilization rate 

0.3 

0.2 

0.1 
Subscriber 

O~--r-<r-------,.-~~--~--.. ------~.line speed 
200300 1.2K 2.4K 4.8K 9.6K 48K (bit/sec) 

Fig.4 Subscriber lines utilization rate 

Table 5 Sending and receiving rate for data packet 

Subscriber 
200 1 300 1. 2k 2. 4k I4.8k I9.6k 48k line speed * I I . ' 

I 

j ! 
Sending and I ! i 
receiving 001

1 

.02 \ 
018 1 

047
1 

1. 2 ! 2.7 i 18 
rate ** I i 

* bit/sec ** data packet/sec 
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ing vary according to the sending and receiving 
terminal classes. 

This implies that most data packets are sent 
and/or received by packet mode terminals and HDLC 
terminals. Then, characteristics were investigated 
for 31 types of packet mode terminals and HDLC ter
minals designed to adapt the DDX packet switched 
network DTE/DCE interface, as described in the 
next section. 

4. Data terminal behavior 

4.1 Behavior on level 2 of X.25 

The investigation has made clarified that only 
RR and I frames are sent in busy-hour, if the net
work and data terminals are not in illegal condi
tions. Data terminal behaviors concerning RR and I 
frames are described below. 

4.1.1 Sending RR frames conditions 

The investigation classified data terminals into 
the following 3 categories, considering conditions 
to send RR frames. 

i) "Timing out" 
The data terminals send RR frames when the tim

ings set at receiving I frames run out. (These 
timings are cleared, when data terminals send I 
frames. ) 
ii) "Immediate response" 

The data terminals send RR frames immediately 
after receiving I frames (If there are I frames 
waiting for sending in the termina~, RR frames 
are not generated.) 
iii) "Timing out" or "Receiving the n-th I frame" 

The data terminals send RR frames either when 
the timings set at receiving I frames run out, 
or when the terminals receive the n-th I frame 
without sending acknowledgements. 

Table 7 shows the terminal distributions among the 
above 3 categories. There are many variations in 
the timing value and the number "n". Average 
values, which are weighted by expected shares of 
terminal, are as follow. 

Timing value: O.5sec (HPT), 2sec (MPT) 
Number "n" : 2 

85% of MPTs and 99% of HDLC terminals send RR 
frames by "Immediate response". The reasons for 
this characteristic are assumed to be that, 

i) "Immediate response" makes data terminal pro
grams simple. 

Before the examination, it was assumed that data 
terminals would send the acknowledgment by piggy
back using the I frame, instead of sending RR frames. 

This characteristic yields influences on the net-
work performance. They are; 

i) The practical througthput, that is measured 
by the number of transferred DT packets per sec
ond, will be reduced by increased number of RR 
frames per I frame, because PS and PHX must proc
ess ext ra RR frames. 
ii) On the other hand, quick return of acknowl
edgements on RR frames mean quick release of 
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buffers in the network. This leads to higher 
throughput of PSs and PHXs under a fixed amount 
of buffers, or less buffer implementat ion in PSs 
and PHXs under a fixed throughput. 

4.1.2 Conditions for setting P bit on I frame 

The investigation classified data terminals into 
the following 3 categories, considering conditions 
to set P (poll) bits on I frames. 

i) "Always set" 
Data terminals always set P bits on I frames, 

without waiting for a response frame, whose F 
(final) bit is set. 
ii) "Outstanding number limit" 

Data terminals set P bit on the 7-th I frame, 
receiving no acknowledgement for the last 6 frames. 
iii) "Not set" 

Data terminals never set P bit on the I frame, 
if DTE/DCE interfaces are not in illegal states. 

Table 8 shows terminal distribution among the 3 

categories. 60% of MPT and HDLe terminals have 
"Always set" condit ion. The reasons for this char
acteristic are assumed being; 

i) Necessary amount of buffers in terminals are 
reduced by setting the P bit on every I frame, 
because the network will return acknowledgements 
quickly after receiving P bit set to 1. 
ii) "Always set" makes data terminal programs 

Table 6 Data packet volume distribution 
among terminal classes 

Terminal types HPT MPT HDLC* Asyn** 

Distribution of 40% 48% 
data packet 10% 2% 
volume *** 88% 

* HDLC terminal ** Asynchronous terminal 
*** Sum of sending and receiving data packet volume 

Table 7 Sending RR frames conditions 

Condi- Timing out Immediate * 
tions response 

HPT 30% 20% 50% 

MPT 15% 85% 0% 

HDLC* 0% 99% 1% 

* "Timing out" or "Receiving n-th I frame" 
** HDLC terminal 

Table 8 Conditions for setting P bit on I frame 

Conditions Always set Outstanding Not set 
number limit 

HPT 0% 50% 50% 

MPT & 60% 10% 30% 
HDLe * 

* HDLC terminal 
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simple. 

Before the investigation, it was assumed that there 
were fewer terminals always setting P bit. This 
observed characteristic reduces PS and PMX capacity 
to less than expected, because these equipment 
must send quick responses on every reception of I 
frames. Most MPT and HDLC terminals reduce the 
network capacity and raise the cost per uata packet, 
by "Immediate response" and "Always set P bit". 

4.1.3 Impact on development 

Introduction of level 2 processors into PSs and 
PMXs for each subscriber line is required to pre
vent capacity reduction, so that; 

i) Terminal behaviors on level 2 will not affect 
the cost per data packet. 
ii) Cost-performance will be improved by using 
low cost level 2 processors. 

NTT is now developing the level 2 processors imple
mented on LS1. The processor cost will be remark
ably reduced, when they are produced in large quan
tities. 

4.2 Terminal behavior on level 3 of X.25 

PS and PNX capacities vary accoruing to the num
ber of packets distribution among the packet cate
gories. This dis ribut ion will be provided from the 
other characteristics, which are clarified by the 
terminal investigation. These characteristics are 
described in the following sections (4.2.1 to 4.2.4). 
The comparision between this distribution and the 
observed distribution are described in Section 
4.2.5. 

4.2.1 VC channels to PVC channels ratio 

The DDX packet switched network has implemented 
the VC (Virtual Call) service and the PVC (Perma
nent Virtual Circuit) service, which are recommend
ed as essential services in X.25. 

The investigation clarified that data treminals 
can be classified into the following 4 categories, 
according to whether implementing VC or PVC services; 

i) "VC only" 
Data terminals which implement VC functions, 

but do not implement PVC functions. 
ii) "PVC only" 

Data terminals which implement PVC functions 
but, do not implement VC functions. 
iii) "Either for each terminal" 

Data terminals which implement VC or PVC func
tions. Users can choose one of these (VC and 
PVC) functions at the installation time. 
iv) "Either for each channel" 
Data terminals which implement VC and PVC func

tions simultaneously. Users are able to assign 
VC or PVC function to each logical channel group. 

Table 9 shows the dist ribution for the above 4 
categories. 90% of HPTs are "Any for each terminal". 
However, it is remarkable that 10% of HPTs are 
"PVC only". On the contrary, none of them are "VC 
only". This implies that there are many users who 
want to use PVC service rather than VC service. 
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This tendency is obvious from the :t-lPTs distribution. 
10% of MPTs are "VC only", and 50% of MPTs are 
"PVC only". The reasons for this are assumed as 
being that; 

i) More MPTs will be manufactured than HPTs, and 
there is less merit to adapt for various communi
cation categoriesother than HPT. 
ii) MPT programs will be simplified by choose
ing one of these functions. 

It is natural to assume that "VC only" and "PVC 
only" ratio is reflected by user's requirement. 
Then, it can be concluded that the VC to PVC ratio 
is 1:5. 

4.2.2 Conditions for sending CR packets and CQ 
packets 

The investigation classified data terminals into 
the following 4 categories, considering conditions 
for sending CR (Call Request) packets; 

i) "Service start in the morning" 
Data terminals send CR packets at the terminal 

service start (initialize the terminal status 
and go into ready state for communication) every 
morning. 
ii) "Operator command" 
Data terminals send CR packets by operator com

mands. It is assumed that operators do not input 
commands frequently. 
iii) "Operator command" or "Communication job 
start" 

Data terminals send CR packets by operator com
mands, or at the start of a communication job, 
which usually contains a few messages. 
iv) "AP command" 
Data terminals send CR packets by commands from 

APs (Application Programs). This means that condi-

tions for sending CR packets will be decided by 
terminal users that implement APs. 

Table 10 shows terminal distribution among the 
above 4 categories. 

Conditions for sending CQ packets were investi-

Table 9 Categories for implementing VC and PVC 
functions 

Condi- VC only PVC only Either Either 
tions for each for each 

terminal channel 

HPT 0% 10% 0% 90% 

HPT 10% 50% 10% 30% 

Table 10 Conditions for sending CR packets 

Cndi- * Operator ** AP command 
tions command 

HPT 50% 0% 10% 40% 

MPT 50% 2% 3% 45% 

* Service start in the morning 
*"Operator command" or "Service start in the morning" 
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gated in data terminals that send CR packets at 
"Service start in the morning". These terminals 
send CQ packets at the "Service end in the evening". 

507. of HPT and MPT send CR packet at the "Service 
start in the morning", and send CQ packet at the 
"Service end in the evening". In this usage, VC 
channels are used as PVC channels. With VC and PVC 
channels ratio (Section 4.2.1), it can be concluded 
that the ratio for pure VC channels and, PVC and 
PVC like VC channels, is 1: 11. It is natural that 
most channels choose PVC or PVC like VC channels, 
because END terminals only communicate with a HOST 
in its system. (See section 3.1) 

4.2.3 Conditions for sending RQ packets 

The investigation clarified that all terminals 
send RQ (Reset Request) packets, 

i) By commands from AP or 
ii) When a fault happenes. 

Commands that send RQ packets are generated at the 
start and end of the terminal service. PT starts 
its data services in the morning, and terminates 
them in the evening. NPT starts and terminates its 
operation at the start and the end of the communi
cation job, respectively. 

4.2.4 Conditions for sending RR packets 

The investigation classified data terminals into 
the following 4 categories, considering conditions 
for sending RR (Receive Ready) packets. 

i) "Timing out" 
Data terminals send RR packets when the timings 

set at receiving DT (Data) packets run out. (These 
timings are cleared, when data terminals send DT 
packets. ) 
ii) "Timing out" or "The remaining window is n" 

Data termina Is send RR packets either when the 
timing set at receiving DT packets run out, or 
when the rest of receiving window of DT packets 
in DTE reached a specific number "n". 
iii) "The remaining window is n" or "Receiving 
OT packet of which M bit is zero" 

"M bit is zero" sometimes means the end of a 
message. 
iv) "Immediate response" 

Terminals send an RR packet immediately after 
receiving DT packets. (If there is a DT packet 
waiting for sending in the terminal, the RR packet 
is not generated.) 

Table 11 shows the terminal distribution among 
the above 4 categories. There are many variations 
in timing values and the remaining window "n". 
Average values, which are weighted by expected 
shares, are as follow. 

Timing value: 1.5sec(HPT), 2sec(MPT) 
Number "n" (remaining window) : 2 

Average window sizes, which are weighted by expect
ed shares of terminals, are as follow. 

HPT window size : 7 
HPT window size : 4 

80% of MPT send RR packets by "Immediate response". 
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The reasons for this tendency are assumed to be 
that; 

i) "Immediate response" makes data terminal pro
grams simple. 
H) Packet buffers in terminals, which send DT 
packets, will be quickly released by "Immediate 
response". (RR packets are used as an end to end 
confirmation in the DDX packet switched network) 

4.2.5 Number of packets distribution 

Number of packets distribution among packet types 
in a busy-hour will be obtained by the following 3 
steps. 

(1) Distribution of data packet volume exchanged 
among terminal classes. 

The dist ribut ion for data packet volume 
exchanged among terminal classes is calculated 
from the distribution of data packet volume among 
te~linal classes, with the following assumptions. 

i) All traffic is generated by HOST-END communi
cations. Non-packet mode terminals cannot be 
HOST terminals. MPT cannot be HOST terminals, 
when HPTs are END terminals. 

ii) Number of END to HOST DT packets .1-
Number of HOST to END DT packets 2 

Hi) Distribution for the number of data packets 
from HPT to 1-1PTs, HDLC terminals and asynchronous 
terminals are equal to the distribution of data 
packet volume among terminal categories (MPT, 
HDLC terminal and asynchronous terminal). 

Table 12 shows the distribution for data packet 
volume exchanged among terminal classes. 

(2) DT packets and RR packets ratio 

OT packets and RR packets ratio is provided by 
"Distribution of data packet volumes" and "Con
ditions of sending RR packets", and is 

number of DT packets 6 
number of RR packets = 7; 

(3) Distribution of number of packets among packet 
types 

Distribution of number of packets among packet 
types are obtained from the OT packets and RR packets 
rat io and the following conditions. 

i) Ratio of pure VC logical channels, and PVC 
and PVC like logicAl channels is 1: 11. (See Sec
tion 4.2.2) 

Table 11 Conditions for sending RR packets 

Condi- Timing * ** 
Immediate out 

tions response 

HPT 10% 55% 15% 20% 

MPT 1% 9% 10% 80% 

* "Timing out" or "The remalnlng window is n" 
** "The remaining window is n" or "Receiving DT 

of which the M bit is 0" 
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ii) One communication job is constructed by 6 DT 
packets. (This is the average value for the inves
tigated data) 
iii) In PVC channels of non-packet mode terminals, 
terminals send RQ packets for each communication 
job. (See Section 4.2.3) 
iv) In pure VC channels, data terminals send CR 
and CQ packets for each communication job. (This 
assumption yields more CR and CQ packets than 
the conditions described in Section 4.2.2) 

Then, 

"DT:RR:CR:CC:CQ:CF:RQ:RF=60:40:1:1:1:1:1:1" 

This distribution is about the same as the obser
ved disrtibution. 

4.2.6 Influence on network performance 

Table 13 compares the above distribution and the 
distribution that had been expected at the begin
ning of the development. 

One notable point is that, the investigated per
centage of "Others" is 1/4 of the expected percent
age calculated under an assumption that all logi
cal channels are used as pure VC channels. This 
tendency improves the throughput (packet/sec) for 
PSs and PHXs, because DT and RR packets yield a 
lower processing load than "Others". Cost reduction 

Table 12 Distribution of data packet volume 
exchanged among terminal classes 

~ 
LPT PPT HDLC 

S ** HOST END HOST END HOST END 

H 
P 
T 

M 
p 

T 

H 
D 
L 
C 

A* 
s* 
y* 
n 

HOST - 2.3% - 36% - 7.5% 

END 1. 1% - 0 - 0 -

HOST - 0 - 15% - 5% 

END 18% - 7.5% - 0 -
HOST - 0 - 0 - 0 

END 4% - 2.3% - 0 -
HOST - 0 - 0 - 0 

END 1% - 1% - 0 -

* Terminal types rece1v1ng DT packets 
** Terminal types sending DT packets 
*** Asynchronous t e rminal 

Asyn *** 

HOST END 

- 1. 5% 

0 -

- 0.2 % 

0 -

- 0 

0 -

- 0 

0 -

Table 13 Distribution of a number of packets among 
packet types 

DT RR Others 

Investigated 
57% 38% 5% distribution 

Expected 
60% 20% 20% distribution 
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for DT and RR packets processing is required for 
improving network cost-performance. 

Another notable point is that, the investigated 
percentage of RR packets for all packets is double 
the expected distribution. Before the investigation, 
it was assumed that data terminals would send the 
acknowledgement by piggy-back using the DT packet, 
instead of sending RR packets, and/or would send 
RR packets rarely such as at the end of a message. 
However, the investigation clarified that most of 
data termina 1s send RR packets by "Irrunediate re
sponse". (See Sect ion 4.2.4) 

5. Conclusions 

User traffic characteristics for the DDX packet 
switched network are summarized as follows; 

i) Most communications are made between HOSTs in 
a few large cities and ENDs in small cities dis
tributed throughout Japan. 
ii) Average HOST to END message length is 1.1 
Koctets. 
iii) 90% of packets are generated by packet mode 
terminals. 
iv) 80% of MPT send RR frames and RR packets by 
"Irrunediate response". 

Under these characteristics, cost-performance for 
the DDX packet switched network is worse than cost
performance under characteristics expected in the 
beginning of the development. These characteristics 
indicate the ways improving cost-performance for 
the network. They are to develop: 

i) PSs that have varying 
according to the various 
demands for each area. 
ii) "Long packet" 

capacities 
and growing 

and cost 
traffic 

iii) Low cost level 2 LSI processors. 

Measurement and investigation on user traffic 
cha racterist ics will be cont inued. With increase 
in user systems, more precise characteristics will 
be obtained from measured and investigated data, 
and make it possible to improve a more economical 
packet switched network. 
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Q.l (F. Schreiber) 

·In your interesting paper you indicate that the maximum packet
length should be enlarged to about 4000 octets in order to 
comply with your measurement results. Could you indicate what 
types of different user classes were mixed in your measurement? · 

A.l (K.Kamimura & M. Nakamura) 

Thank you for your question. 

The investigation was made on .user ';co.mmunication ~ys.tems which 
have been accomodated or will be accornodated . in the near 
future. So there was no concern about user types (classes) 
to be investigated~ 

Analysing the questionnaire, we found that most systems are 
inquiry/answer type communication syste!!\s, that will be 
apparent from the table 2. 

In future networks, many variety of communications systems will 
be accomm~dated by the network, and .some different characteristics 
will appe~r •. 

Q.2 (Peter Pawlita) 

1. What is the reason for the enormous difference of the expected 
and counted portion of asynchronous terminals in Table 4? 

2~ Did you get any second moments of the message lengths (Table 2)? 

A.2 (K. Kamimura & M. Nakamura) 

Thank you for your question. 

1. In the beginning of the DDX development, we supposed that only 
HOST computers can be packet mode terminals and most of the 
remaining terminals are Asynchronous terminals. But, by recent 
progress of LSI technology, it becomes very easy to implement 
packet mode interface. Then most teminals in the current network 
are packet mode terminals. 

2 • Unfortunately, I don't know a second moment of the message 
length. If all packet mode terminals use more data indicator 
field in a pacJ:et header correctly, we can meas ure a mess age length 
and can get a second moment. But there is no restriction to 
use or not to use this field. So we addressed a questionnaire 
to users, and most users only answered the average message length. 
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