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1.

T h e  A R P A  computer network (~ ef. 15) has been operational for oversix years. During this time , there have been extensive
measurements on the performance of the communications subm etwork,
particularly by the Network Measurement Centre at the University
of :alifornia (UCLA , e.g. Refs. 8 and 10) and Eolt , Beranek ani
Newma n (BBN ; e.g. ef. 2). There have been extensive
measu remen t s  of usage of s p e c i f i c  hosts , tot  e x a m p l e  by t h e
N a t i o n a l  B u r e a u  of S t a n d a r d s  (NES; Bet.26) There have also been
certain measurements ot the network usage made for certain large
applications to justify the cost of running the network. There
have not, h owever , been any consistent measurements ot network
usage via one site. There are several reasons for this omission.
Pirtly it is due to ther e bein g no m e c h a n i s m  by which US users ct
ARPAN ET could be torced to keep statistics of their usage , ani
partly it is due to there being no automatic accounting system
for the use of the network.

A n  a t t empt  w a s  m a d e  in l a te  1974 by P B N  to i nt r c d u c e  an a u t o m a t i c
accounting system into the sutnetwork. The mechanism was that
°ach communication computer would connect to a specific Access
Control Host tetore it permi tted a ccnnecticn to be opened to any
othe r Host. Further connections were permitted only if the
correct user/password combinaticn was given; after each session
over a virtual circuit , the accounting Host was informed of the
lengt h of the ccnnecticn and the number of packets transferred
(unless th~ Access Control comput er was not available , in which
case the statistics wore stored for later transmission) . This
m e c h a n i s m  was ab an d o n e d  a f t e r  a few weeks fcr several reascn~~;amongs t  these  w e r e  t h e  d i f f i c u l t y  cf m a i n t a i n i n g  ttte passwor~f i l e  on the Access Control Host and the sluggishness ci
response of the access ccntrcl mech ani sm .

At about the same time we , at the University College Lonicu (9CI)
ncde of &RPA NF T , became intereste-i in providing access contr~ l
and accounting. There veto two reasons for this. Many bod ir~swished to analyze the extent and v~~luo of usage Ct t h e  A~~P A N F T
link via t h e ‘JC L ncde; they a]sc wished to be able tc control thc
access - p a r t i c u l a r l y  v i a  th e  P u b l i c  S w i t c h e d  T e l e p h c n e  n o t w c r k
(PSTN) . l3ecaus€ we were a node like any other , i t  was  n o t
possible to put any special code into the Hcneyvell 116 I€L~~1UaiInterface lessage Processcr (TTP, Ref. 13) which acts as thc
co•munication prccessor to the DCL site. Instead , an y  suc~t cole
h a i  to  be provided outside the subnetvork, However , since all
t h e  use of t h e  DCL ncde is purely experime ntal , we were entitled
to enforce any extra login procedures we wished ontc cur users.
In addition to prcvidinq such access ccntr ol mechanisms, we also

INDRA TR—30 Tne IN DRA Netwc rk Measurement Prolect



provided a num bc r cf measuremen t facilities and it is w i th bo th
the access control and me asurem ents with which thi s report is
ccncerned ; we alsc describe the network access function we have
provided . ~ecause  the same system provides both measurement and
access control, it is the use beinq made ot the ~CL node cf
APP A~4ET over switched telephone lines or thrcugh one ot the two
PcP—gs described in the next paragraph.

Two PDP—~ and one PDP-11/35 computers are connected to a TIP
sited at U C L .  O n e  ( P D P — 9 A )  ac t s  as a gateway between various
ccmpu ter aetworks , in par ticular , b e t w e e n  ARPANE T and the
Rutherford Labcratory (RL) star network based on an IBM 36C/1g5
(Ref . 16) . On this, we are able to •onitor access to these
machines . The scccnd (PDP-912 ) is used both as a developa’~ntmachine and fo r  m c n i t c r i n g  and access contrcl of the dial-up
lines of the Lcndon-T IP . It also provides a simple torn of
access to the National Library of Medicine (NLM ) Meiline system.
The PDP-11 is used as a gateway to a broadcast satellite netwcrk .
Jur curren t contig u raticn is shcwn in Fig. 1.

Thi s  report is intended to be a detinit iv e quide tc a m aj o r  p a r t
of the measurement and access control project at DCL (see Sec.
2). Part II desc r ibes the .ethcds used in detail and presents
sample results and examples of the data. Part III is a
comprehensive summary of the results which have so t~ r been
obtained (over a period cf about a year) and Part IV is a US°t ’ 3
guide to the va~ icus programs developed tor the project.

INDRA ~~-10 The IN DRA Network ~e~ surement Project
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2. _~~~_~~g~~ç~

Many resea rc h group s in the TIK access various Hosts of AL~PA N ETthrough the Lcndcn -TIP for a variety of purposes. The aim of
this project is to measur e that usage. This m easure m ent is
carried out at a number of levels , from the user level down to
the line level. In man y cases, the usrr level measur~ aent
ccnsists solely Cf measu ring the time connected tc a particular
Host , but in the case of access to one machine , the National
Library of M edicin€ (NLN) IBM 370/158 , much more detailed
measurement is performed. At the line level , other measurements
are mad e which ar~ de scribed in anctbe r rep crt (Ref. 26)

In addition to measuremen t, the system provides an ~ x trenely
powerful method ot access control (Ret. 18) with no changes in
the TIP software. Further mo re , part of the system acts as a
N e t w o r k  Access M a c h i n e  ( N A N )  p r o v i d i n g  a c o n v e n i e n t  n e t h c d  cf
access ing  N L N .

T h u s  the  a i m s  of t h e  p ro jec t  a r e  f o u r - f o l d :

Ci )  To i n v e s ti q a t e  o v e r he a d s  in A R P A N E T

(ii) To measure usage of the network

(iii) To provide access ccntrcl me chanisms

( i v )  To provide a N e t w o r k  Access  M a c h i n ~
O n l y  t he  las t  t h r ~~€ ar ~ des c r i L E d  in  t h i s  r e p o r t .  C u r r e n t  T~CL
ucrk is concerned also with measu rements cn other ccm cuter
networks , includinq t h e  UK E x p e r i m e n t a l  Packe t  S w i t c h e d  S e r vi c e
(EPSS) and the AR PA sponsored SA T N E T  Packet Satellite Network
( R e f .  10) . Yet  c t h e r  m e a s u r e m e n t s  a re  c o n c e r n e d  w i t h  t h e
response of the IJCL Gateways unil€ r variou s ccnditions. Most of
this report treats only measurements to determine the l e v e l s  cf
usaqe by various qrcups cf rescurces cn ARP ANE T . There are more
~e ta i l e 4  m e a s u r e m e n t s  on th~ c har a c t e r i s t i cs  of v a r i o u ~dialogues . Here only the method and some sample results are
g i v e n w i t h  d e t a il e d  resul t s  f o l l o w i n q  in a l a t e r  r ep o r t  ( R e f .
3).

I N D R A  T R — 3 O  The  I N D R A  Networ k Mea surement Frolect



3. ~~~~~~~~~~~~~~~~~~~~~~~

F Medsurement has been carried out at other ARPANET sites and i t
was not the purpcse of this pro ject to duplicate such work tut
rather to complement it. Two sites deeply ccncern€d with
monitoring are the Naticnal Bureau ct Standards (NBS) and the
University of California at Los Angeles (UCLA) Netwcrk
Neasurement Center (NNC) . In t h i s  sec t ion , we mention the work
which ha s been carried out at those sites, to point cut the
differences from cur apprcach.

1.1 National. Bureau of Standards

There are t wo projects at NBS which are relevant to our wcr~~.The first is that cn the Network Measurement System , the seconi
on the Network Access Machine (NAN) . The Network Measurement-
System consists Cf two parts . The titst is the Network
Measuremen t Machine (NPIM) which is (Ref. 27) “a device used to
a c q u i r e  da t a  f o r  t h e  p e r t o r m a n c e  m e a s u r e m e n t  of c o m p u t e r  n e t w o r k
systems and services ”. It consists of a DEC PDP-11/20 with some
special purposa nardware and sottvare. This machine pertorms the
actual data capture and stores the data on magnetic tape for
later processing by the Data Analysis Programs (flAP).

The data collecticn is performed in such a way as to copy the
dat i with no interference (e . g .  a “T-connection ”). The data is
recorded on m agnetic tape with each character being tim estamped;
in addition , the source of the character is recorded. Since
t hese data are recorded in time crder , the many conversations
bein g monitored by the NMM are multiplexed together and hence th~pre-processinq consists of a r o u t i n e  (RAW) which performs
n ecessary deaultiplexinq . The resultant ccnv€rsations are t h e n
(if occurring in full—duplex mode) transformed to the equival ent
half-duplex conversation. Non -printin g characters are
transform ed into a printa b le tori (e.g. carriage return js
nr~ nted a.; <CR>) . The r e s u l t a n t  f i l e s  a rc  t h e n  a n a l y z e d  in
detail qivinq histcqraa s , frequency dis cibut ions etc. In
pa r t i c u l a r , the OMNI TAB package (Ret. ‘4) is used to perform m any
statistica l functions.

Besides  the o b v i o u s  r e l e v a n c e  of the N M M  to the work at DCL ( n d ,
a s w i l l  be s h o w n  b e l o w , t h e  s i m i l a r i t y  cf t e c h n i q u e ) ,  t h e  w o r k  is
of in te re :~t s i n c e  o n e of the systems measured by the NMM is the
MEC L INE system at t 4 L N .

INDR A TR—3 ) The INDBA Network Measurement Project
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3 .2  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Perhaps one of the ircst imp crt ant functions performe d on the
AR PA~1ET is that of the Network Measurement Centre. This has
perform ed measur emerts on the A RPA sub—network since its
inception. These measurements are specitically at th~ s u b -
network level and therefore not directly related tc the results
presented in t h i s  R e p o r t , a l t h o u g h  t h e y  a r e  of r e l e v a n c e  to t h e
sub— n e twork  m e a s u r e m e n t s  of T r e a dw e l l  (Ref . 26) .

In addi tion to p er form ing simple measurements , the NM C also h a s
facili ties for performing specific experiments (in conjuncticn
with the Netwcrk Ccnt rol Center) and these are carried out at
frequent intervals. The results of such e x p e r i m e n t s  e nab l e
incipient faults tc be detected , allow evalua tion of the various
low-level protoccls , give breakdowns of network traffic in terms
of the various overheads etc.

An example of the results obtained is given in Ref. 12.

Lt4 DRA TR-30 The IN DRA Net w crk Me asurement Prolect
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1.

1.1 QUES Access Ccnt rcl

T h a  p r o g r a m  which performs the actual monitoring and access
ccntro]. is called cUES. This is one segment of a network system
w h i c ”t runs on PDP-~ R. When the system is initialized and has
established communi cation with the TIP, QIJ~ S Sets up a controlconn ~~c t ion t o  a specific pcrt on the T I P ; via tnis connection ,
Q U E S  att~ apts to connect to other TIP ports (which are specified
by entries in a disk file which ma y easily be modifie d ) . E a c h
port may be in cne of t h r e e  s t a t e s .  The first is W ILD , in wnich
case ther~ is no user ccnnected ; in this state , QUFS may (and
indeed 4o~s) wake the connection. When a user dials in , this
ccnnection is broken and , on noting this , CU E S  r e m a k e s  i t  an d
interrogates the user by asking for surname , TIP password and
number of required Hcst (a typical scenario is shown in Fig. 2).
To save time , a user may give all three replies in response to
the first question.

If the replies are satisfactory, ~TJES then breaks the connection
and waits 20 seccnds befcre att emp ting to rem ake it. If the
replies are unsa tistactory, the user is allowed a second att empt
t hen , if still incorrect , he is disconnected. It would have ~ en
possible  f o r  us t c  h a v e  b e t t e r  access c o nt r o l  by w a k i n . ~ t h e
connection for the user. This ucu lci require , however, a
consideri bly heavier cpu load and to reduce this , we only make
the connection in the specific case tha t we wish to reccrd the
whole dialogue fcr subsequent analysis (as we dc in the case of
IEDLINE; see below).

If the user qive s correct answers and succeeds in connecting to
the Host within the requisite time , QIJE S enters its third phasc
in which it atte mp ts (at cne seccnd intervals) to reconnect to
t h e  po r t .

W h e n  t h e  use r c lc s€ s  l~is ccn~ e c t i cn  to the  r e m o t e  Host , ~ U i~S is
once more a b l e  tc  c c n ne c t  tc h i m  and  r e qu e s t s  t h e  n u m L ~-~r of t h e
next Host require d (name and password are nct requested again).
This procedure is then repeated ccntinuously.

T N D R A  T R — 3 0  Th e  I N C R A  N e t w o r k  M e a s u r e m e n t  P r o l ec t
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LONr ON— TIP PONITCRIN r, SERVICE.

SURNAME )stckcs
TIP PASSW CRC )xxx
P A S S W O R D  U N K N O W N  - REENT ER >ucl
HOSI Nt J”BE~ >42
OK —

Close I * message f r o m  th~ T I P

~L 42 * user lcqs in to host

* close connection to host

Open * me ssaqe  f r c m  T I P
NEXT hOST N UMEER CR RING CPF NOW >

Figure 2: A Typical CUES Scenario

All the data supplied by the user ar~ prin ted by c~’~ ontc a
paper tape (thus cbviating problems such is closing files after a
sys t~~m c rash) ; si~~i l a r ly ,  when the user disccnn ects troa his
H cst , h i s  c o n n e c t  t i m e  is recorded on t h e  t d p € .

to the unlikely event that the system does crash , it is
convenient to kocu the timQ , aol this may prove d it tic ul t at
night when there is l i t t l e  a c t i v i t y .  For t h i s  r e d sor ~, ~~T )~~~~

~rints a message tc indicate that i t  is s t i l l  r u n n i n g  e v e r y  h a l f -
h c u r .

A s ample  of t h e  cu t p u t  t r c m  t h e  p r o g r a m  is s h o w n  in  A~~p e n d i x  1.

1.2  M E D L I N !  Ac cess

The only e xception to the above procedure is i n  t h e  sp e c i a l  c a s e
w h e re t h e  Hos t  t~’e user wishes to access is the National Lib rar y
of Me4icin~ (NLM ) . The British Library, as part of its Shc rt
Term Experiment al Information Network Prcject (Ref. 

~~
) has  i

number of centres w h i c h  access t h e  M E D L I N E  s y s t e m  on t h e  t~L~ l E N
370/1SR. This machine is not. connected to A R PA N~~r as a
conve n t i o n a l  Hos t , b u t  r a t h e r  s i m u l a t e s  t i v e  i n t e ra c t i v e
t e r m i n a l s  on t h e  N a t i o n a l  B u r e a u  of S t a n dar t h :  ( N B S )  T I P .

I N D R A  T9 30 The I N D R A  N e t w o r k  M e a s u r e me n t  P r oj e c t
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Since  th i s  w a k e s  the  process of c o n n e c t i o n  e x t r e m e l y  i n c o n v e n i e n t
a n d  also p r o v i d e s  l i t t l e  s t a t u s  i n t o r m a t i c n , we h a v e  written a
p r o g r a m  w h i c h  a l sc  r u n s  u n d e r  ou r  n e t w c r k  s o t tw ar e  on t h e  £CP- ’)
and which automates t he  connection procedure. It a user
specifies that he wishes to access the MEDL INE system (by g i v i n g
the NBS—TIp number or MFDLTNE when asked f o r  Hcst n u m b e r ) , he is
automatically rcuted to this program. The data path for this
mode of access is s h c w n  in F i g .  3.

The  prog ra m a t t e m p t s  to m a k e  a connec t ion  to each of the  N L M
ports in turn; t he re are t w o  port s  (134 , 136) at 10 characters a
second and t h r e e  (140 , 142 a n d  144 ) a t  30 cps .  If t h e  user
specifies that he has a fast terminal , the scan starts at port
134.  l tn a t t e m p t  is m a d e  to  c o n n e c t  tc each p o r t .  T h i s  a t t e m p t
may be successful , in which case the user is connec ted tc the
por t ;  it  may  be u n s u c c es s f u l , i n w h i c h  case t h e  n e x t  po r t  is
tri ed; or it m ay be partially successful. For examp le, t h e
connection to NLM may be opened but the messages from NLM may not
be those expected (if, say, a user had disconnected in the m id dl e
of a search) and the program attempts to correct this state , t h e n
connect  t h e  u s e r .

O nce the  message

PLEAS !  E N T !R  T J S E R I D

is received , th e user is asked  f o r  h i s  N L M  I D .  T h i s  is u s u a l l y
one in the range NLLC2 to NLLO6 a n d  t h e  user  does no t  c a r e  w h i c h
is used. In  t n i s  case , he ~yp€s  a c a r r i a g e  l e t u r n  and  t h ~p r o g r a m  chooses one w h i c h  i t  b e l i ev e s  j c  n c t  in  use.  It  it is
( s ign i f ied by  t h e  a p p r o p r i a t e  message f r c m  N L M ) ,  t h e  p r o g r a m
notes this (tor subsequent users) and chooses another until t~~~~~
user is connected. The program then prints a message to the us~~i n d i c a t i n g  t h e  p c r t  a n d  u s e r i d  ( i n  case t h e  system crashes and
t h e  us~ r h a s  t c  r e c o n n 2 c t  m a n u a l l y ) . F r o m  t h i s  s ta g e  on , t h e
pro g ram m a i n t a i n s  a v i r t u a l l y  t r a n s p a r e n t  c o n n e c t i o n  tc N I M ; s cme
!~LN sys tem me s s age s  a r e  m o d i f i e d  f o r  k - r e v i t y  and C O f l V E O 1~~f l C C
( e .g .  ~h e F R O G :  p r o m p t  is r e m o v e d  e n t i r e l y )  . In additicn , the
p r o g r a m  i s  ab l€ tc m cnito r the entire conversation if required
(see the n e x t  S e c t i o n ) .

I ~ t h .~ UCL p r o g r a m  is ‘in- i t l e  t o  m a k e  t h e  c o n n e c t i o n  ( Cr  i~ ~u~~~r ~;t it e s  t h a t  h e  dcc~s oc t  w i s h  to  use t h e  ~ r c qr a .~ b y
-~p e c i f y in g  t h e  H o s t  as N L M )  , ~UFS allows the use r  t w c  m i n u t e s
rath’r thin tL c standa rd twenty seccnds to make the Connection
since the proc’~iure is considerably more coiplicated ~n this
c ~se.
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1 . 3  tIE t H E  Me a su r e •~ n t

The p rogr am described in  t h e  p r e v i o u s  section has  an op t i c n  w h i c h
‘~n ab les  i t  to m o n i t c r  a l l  i n t e r a ct i o n s .  Th e  U E P  of the  U C L  node
i s recognised as p u r e l y  e x p e r i me n t a l .  A l l  u se r s  of t h e  UCI .. T I P
v i a  the  sw i t c h e d  t c l ep h c n e  n e t w c r k  h a v e  to  a i r e e  t t h e
conditions of suc h usage; these conditions includ€ that their
int eractions may be reccrded and anal yzed. To is restriction do€s
no t apply to usage of the 9CL node from the US; in any case , such
d a t a  ca nno t  be c a p t u r e d  by the tJC L measurement s y s t em , e x cep t  to
t h e  e x t e n t  de sc r ibed  in Section 2. The monitoring consists cf
copying all toe inp ut and output to or trom s-he us.~r and NLPI ,
toges-her with the output to the system console and log, cntc an
industry com pati b le 9 track , 800 bpi ma qaetic tape (or,
optirmally, onto the PDP—9 disk - t h is  o p t i o n  is c o n v en i e n t  t c r
test  r u n s ) .  F.ach record is d a t e s t a m p e d  (to the nearest t e n t h  of
a s~cond) and has t h e  channel  d ’s i q n a t i o n , ~c-~~th e r w i t a  t h e
direction of the data , added. Thus a sample record mi ght be:

(33 P~AY 76 09 ~2 10.1 K< TER M INAL (FAST CE~ SLCW)>

i n  w h i c h , at t h e  s p e c i f i e d  da te  a n d  t i .c , t h ~ m essage  “ T E i 1 M I N A L
(PAST OR S L O W )  > “  w as sent to c h a n n e l  K ( w h i c h  h a p p e n s  to be a
user  on T I P  po r t  7()). The system console and the system lo’i a re
repres-~nt e l by  t h~ c h a r a c t e r s  * a n d  * respectively. A samp le of
th .~ lata recorded on tape is shown in A ppen d ix I.

rwo other items are ncticeable in this data. The first is th at
~he data from all the channels is multiplexed together and hence
mus t be •lemulti plexed before it can be analyzed (see Sec. 3)
Se c o n d ly ,  some messages ate Sent with ne terminatin g c a r r iig ~-
r e t u r n / l i n e  fee d and hence these characters a r c  a p p e n d e d  t c  e i ch
such  line , t o g e t h e r  w i t h  a spec ia l  c h a r a c t e r  ($)  to d en c t ~ tha s -
t h i s  ha s been d c n e .

The data is recorded cn the tape with cne fil~ corresp onding tc
o ne session ( w h e r e  a s e s s ion  is t e r m i n a t e d  e i t h e r :  by  t h e  cp ~~r i t C r
01 oy i ~;ystem crash). The tape is then sent  to t h e  RI. 36O/1~~
for analysis as described in Sec. 3.
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2. I~~~!_ ~Q~1J.Q?i~c
The previous secticn has  described the use made ct PDP- ’~~. This
section describes measurements recorded on PDP—9A. This machine
is at t ac h e d  as a loca l  ‘ost to t h e  TIP  and  ac t s  as a g a t e w a y
be tween ARPANE T and various other computers. In particular , at
the presen t time , it is connected to the RL 360,195 (which is the
cen tral node of a stat netwcrk , the eth er ncdes being , in t h e
m a i n , GF .C 2050 c o m p u t e r s  s i m u l a t i n g  1P M 1130s)  and t h e  Ro y a l
Signals and Rada r Esta~ lishaent (RSRE) GEC L~080. P r e v i o u s l y ,  i t
was connec ted to the Cambrid ge Computer Aided Cesiqn Centre
(CADC) Atlas computer.

The FL 360/195 is cne of the largest ccmput ers on ARPAN E T and
h~~nce it.s use from the netuc rk is cf considerable interest. This
use has been res tricted to specific collaboration between
research groups in tbe flS and RI , together with local use by UCI
5taff who access the 3~ 0 through the TIP. There has been a sm all
amount of other usage. Thus the usage is, in a sense , the
inverse to that measured by QUES described above , although usaqc
dir e ctly corr e spcnd jnq to QUES is provi de-i by FL users accessing
ARPAN E T through Ue PDP-9. The RSRE 4080 is used by research
groups in the US accessing the CORAL compiler , m a i n l y  f c r
evaluation pur p cs es .

rbe data recorded by PDP— 9A is also on a paper tape for the
• reasons outlined in the previous section. This tape is a direct

t r a n s c r i p t  of t h e  sys te.  log and  t ecords  such  i n f o r m a t i o n  as t h e
remo te computers (and , of cou r se , the I tIP) b e i n g  u p  or d c w n , t h e
u~ e by various pe cple (the Hcst trcm which access was ma de , t h e
identifier use l and the initials of the person) and , si rtce t h s ~
data are tiaestamped (only tc the nearest minute) , tz-~cconnec ted to the varicus ma chines. In addition , any batch jo~ .
(inc l udin g those arising from file transters) are also recorded.
Sample data are sbcwn in A p p endix 1.
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3. ~~~~~~~~~~~~~~R Q G R A M S

The analysis pro grams fcr the user level analyses on the F L
360/195 are combined into cne module called XFSTATS. All the
progra.s are written in Babbage (RetS. 15 and 25) and make heavy
use of its system library (Ref. 19)

The module consists ct a central driver routine , together with a
number of independent seg.ents wich perform various analysis
functions. The largest one , QUES , analyzes the data produced by
the P[)P-~7 QUES program and produces various matrices , histograms
etc.

3.1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
XFSTATS takes three inputs. The first is the tables; these
specify the fault captions , the allowed control cards , the legal
TIP passwords, the nares cf the computers/ne tworks connected to
PDP— ~ A and the list of 360 IDs used by separate projects. The
second is the data; this is effectively a ccncatenation cf all
possi ble inputs. The last is the control file; this consists of
a sequence of lines , each specifying an option. The order of
these lines is not significant since they are not inter pr et in
order of reading but rather the entite tile is read by a parsing
program (Ref. 19) which constructs an appropr iate data structure
which is handed tc XESTATS. An examp le of a control file is:

QUES
FF CM 1/6/75
10 1 J u l y  75
CCNNECT TIMFS
HISTOG RAM OF PORT USAGE
TIMES C? MCNITCR ING
END

It can be seen that a very flexible input forma t is alicwed .
Fach command may be abbreviated to four characters if requ ired .

X F S T~ T~; determin es th e type of analys is to he perfor me d trorn the
ccn trol cards and , where relevant , limits such as start and en~
dates (w hich default to 1 July 75 anI 1 July 7~ r e s p e c t i v e l y ) .
It then reads the data file , iqnoring any ddtd not within th e
specified limits and perfcrms the appropriat e azialy3es.
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3 .2 ~~~~~~~~~~~~~~
The XFSTATS proqrau ailcus many analysis tunctions to be
p e r f o r m e d . In t h i s  sec t ion , we de s c r ib e  t h e  t a c il i t ie~
av ailable. A similar descriptico , bu t written from the point of
v i e w  of t h e  use r , is given in Ret. 20.

(a) Q~ ES

This is the ma jor PDP-~~ analysis program . It produces
measurement data tcr the output frcm QUES. It operates by
building a data sttucture in core for the compressed data (see
below) and then , depending on the control cards , prints certain
data. Th~ functicns ava ilabl e are :

rimes m cnitored
Surnames used fo each ident
Number of icqins , connect time and number of hosts used

for each ident
Number of icqins , connect time and number of users

for each host
Matrix of connect times fcr hcst nuwber /ident pairs

Where appropriate , the dai- x may be requested in qraph i~ ii torm.
Examples of the output are given in Ap pen d ix 1.

(b) ~OGB

This program checks the input (the PDP-~ paper tape lc1) tc r
errors, removes superfluous line s (e.g. “QTJES CK”) , remove: - ~~~~r

where the user ha~ given an incorrect password or host (these a r ~
printed out fcr inspection , but not passed onto the analysis
programs) and compresses the data. In particular , the Connect
tim e is appended to the message generated when the u s er  logs in.
T w o  problems arise. The first is tnat monitor ing :iay be
termi nated while a user is still lcqqed in; in thi:~ c~ se, the
OUES pr ogram prints cut the ccnnect time up to the termi n ati on
and so the time recorded is an u n d e r e s t ir a t e .  T h i s  of co-u se
pre~~ nts no problems to 1.0GB, since there is no iiffe f~~nce
between such a message an-i a genuine log o u t .  The second c~~se ,
when the system crashes while users are logged in , does pres- nt a
problem; in such a case, LOGB detects this by the cccurrence cf a
“MONITORING STA RTED” message nct preceded by a “MCN ITCR INc
T!RMINATgD” message. It generates the latter and the asscci at€d
logout messages at the last time fcr whi ch it had a valid message
(hence the reason tot the production of the “QtJ!S CK ” nessa~jes).
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The program alsc produces messages indicatinq the number at port s
in use. Due to a temp orary restriction on the number of channels
available in the ~rP-~ , QUES only monitors six ports at present.
it is a simple ~att sr for LOOB to record the number of ports in
use except for one case, when QUES starts monitoring. In this
case, ports may already be in use; the versicn of QUFS to which
we are referring did not attempt to distinguish whether the port
was in use by a genuine user or not (e.g. scmecne havin~ diall ed
the TIP number by mistake). This distinction can be deduced by
QUES with a reasonable degree of certainty by knowing the TIP
timeout period . ~owever , the timeout period is not guaranteed tc
remain constant and the method is not completely reliable. In
the data we present here , this was not dcne and LCGB had to
deduce the number of ports in use. Due to the mode cf oper aticn
of the telephone system , a user is allocated to the lowest
n u m b e re d free port on diallinq up. At present , ~e m o n i t o r  p o r t s
70 to 75 (octal). If the first p ort to be used after ~ UE i w a s
initialized was 71 , 10GB would assume that port 70 was in use at
that tiu~ . 1.0GB takes steps to en~ ute that such an error is not
propagated if the Fo rt i d E  n o t  i n  g e n u i n e  u s e .

Thus LOGE produces an output file , an example of which is qiven
in A ppendix 1.2 (the output is that produced wit h the data in
App endix 1.1 as input) . This file is in a standard format and
m a y  be assumed to be error free and it may be analyzed by QUE~~.

(C) tDEN and HOSI

These two program s perform very similar tunctions and si xp ly edit
the data , only printin g interactions which dpp ertain eith er to a
specific ident (TIP passwcrd) or hcst number. Strictly, they
should not be included in this document since they perform no
analysis functi ons , but it is often convenient to examine the
data visually and these programs facilitate this. In ad ditic n ,
t hey print appro p riat e histograms it required ; in the case of
IDENT , the histcqrams are those of time and users , in the case of
HOST, only the for.cr.

(d) ~~~~~~~~~~~~~~~~~~~~
This proqram operates on the compres sed data from either PCP-9 .
F t  prod uces statistics on port usage, in t ab u lar form and
4raphicdlly. The statistics prcduced are the time m onitored , th e
numl er of loqins , the aicunt of time used and , trom these , t h e
averaqe time per login and the percentage T I P  port uti liza tic ri .
“he statist ics m a y be ~rcduced over any specified dates and they
ate broken down by hour of day or weekend. In addition , a table
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is produc ?l indicati n g fh~ numbe t of ports in us€ whenever there
is a new login. It used cn the PDP— 9A loq, the program only
?xamines the port utiliz ition for one computer (PDP-9A , RL 360 Ct

RSR~ u080) and the required one must be specifie d as an
ad (lition3l parameter.

(e) ~E~ L~ I
Although the ma jor NE DLINE meas urement is trom the output on
magnetic tape , some data is produced on the PDP-9B log and it is
this which is analyzed by MEDPR INT. Fcr each interacticn , t h e
program calculates the time per line from NLM and the user , t he
average number of characters pet line each way and t h ~~ ratio of
number of lines from NLM to number of lines from the user. At
the end , a summary cf the results , including the mean and
standard deviation of each value is printed.

(f) ~~

As described in sec. 1.3, the varicus interactions monitored by
9~ DLtNE are multiplexed together onto magnetic tape . Ft is Phe
purpose of DEMUX tc dem ultip lex them intc the separate
ccnversations. The output is then identica l to t h a t  ~rinted at
the user ’s terminal with the additicn of a datestasi~ to each
ccmpiete Line (N.E. i f  the user rep lied to a question on the sam°
line as the qu€stic n , his reply is nct datestamped). In
adlition , varicu s data about the interaction which are extracted
f r o m  the log stream (such as the user ’s name and password and th e
n umber of lines and characters to and from tho ter~r i. :dl •n:
added.

DEMI;X may be used to analyze entire files (where a til e , in
gen eral, cortospcnds to one measur ement. sessicn) or to €xtra ct
- pecific interactions from the file. This latter t a ci l it y is of
considerable use since MFDLINE monitors ALL interactions as:
lata on the ch-inn els connected tc NLM ar~ very s im i l d r (aitnough
nct identical - see Sec. 1.3) to those to the u~ er.

(q) 
~~~~~~~~~

This is the pro gram which performs the actual analysis ot the
user conversations with NLM . Once again , ma ny options irc
~vailable and the user of the analysis package may ch~;ose wh ich
-ire required.

The program takes an individual interac’~~on ar . d  ~‘-~t form vi r io u c
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analyse s on it. ‘the availa ble dat- a are as fcllows :

Number of characters to and from U LP
Number of characters tc and from the user
Occurrence of NL M system keywords

~u.ber of searches in the session
Number ot ter.s pe r search

~umber of sub-terms per search statement

( h )  ~QGA

The output from the PDP-9A is a direct transcript o . the console
lo g and , as such , contains messages from varicu s places such as
the supervisor , as well as the measuremen t messages in which we
are interested. In addition , the date and/or time are suppressed
in some cases (cnly if they are identica l tc the last date or
tile printed). Since the format is no t  t h a t e x p e c ted by XP ST AT S,
hi~; is c l e a n ed  up  by  a stan d-alcne prcqram called TIDY A . Ihis

r~~m ’v~~; all blank lines and lines consistin g solely of a system
prompt character P). It then removes all l i n e s  w h i c h  do nc t
co n f o r m  to the expected fcrm at and prints them out cn a loq
stream for inspection. The remainder then have the date arid/cr
‘ime adlel wh ere required. ‘the cutput from this is similar to
‘hat prod uced by ~DP—9~ and is processed by a proq ram cailed
1. C GA.

This operates in a very similar manner to t n a t  of L C G B  lesc rited
in (a) above and generates an output of a similar , compresse d ,
formi t (see App. 1.8) . Hcwevet , it i5 c o n s id e r a b ly  m ore  com p l e x
due to the larger number of ditterent types of int€r a ct i cn
pos~ ible (e.g. terminal access tc 36~ , terminal access from 16C ,
file transfers etc.) and the number of connected comput ers. T h e
techniques used tc perform the ccmpr ession are descri bed in
i et a i l in Ref. 2. This cut~ ut is assumed to be error free and
may be analyzed by the proqram PDP9A described in the next
section.

(i) 
~~~~~~~~

T h i s is the major analysis p rc r lrd m for the r rp— ’s A .  It act~ i n
v er y  s imi .  l a r  w a y  to t h a t  f o r  k D P - 9 B  (çU ~ :; , see ( a )  ab o v e )  . That
is, it reals the compressed data t i l e , gene r a t e s  a d a t a  s t r u c t u r e
then , depending on the analyses requested , pri nts out suitab le
~aL1es and grap hs .

The analyses available are as follows :
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Tim es monitored
U p  time of the connected computers
Number of A R PA Prctccol errors by Hcst
Number and distribut ion of tile transfers
Initials used for each ident
Number of loqins and connect time tcr each ident
Number of icqims and ccnnect ti le from each host
jatrix of connect times tor each host nuater/ident pair

If r~ quired , the various idents may be qrcuped together by
project and the same data produced. In addition , the data may be
prod uced either fcr A BPANET users accessing the RL 360 cr 36C
users accessing AR PANET . In all cases, h istograms m a y  t~requested where appropriate.
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4. 
~~~~~?!~~~_L?~~~~LI~~

4.1 Q~~~_~~~~~~~~ jg

In a project such as this where a large am cunt of siqnificant
data is collected , it is not easy to give selected results.
Kowever , this has been done and the results are presented in Part
III. This section is intended merely to show the type of output
which the analysis rcutines are able to produce and to give
examples of other infcr.aticn which may be deduced.

In all these sample results, the month cf July 1975 is chosen.
In the full results presented later , the year July 75 to June 76
is used . Before July 1q75, althcuqh TIP password checking was
performed , illegal access was not prohibited. Thus the validity
of any results tetcre this date is questionable.

A single month provides a reasonable volume of data covering
various times of day. July 1975 was chosen specifically since it
was the month in which we did acst monitoring; PDP-~ fl is also
used for system development and monitoring is only pertortmed when
it is not used for that purpose . Thus the amount of monitoring
varies considerably from week to week and much of the monitoring
is at night and w e e ke n d s  with tew users; at such times , the rain
value of the system is for controlling improper access. In the
mont h concerned , wc .cnitored the TIP for 525 hours (7O~) b roken
down in the following way:

0000-0 800  0800- 1300 1300—1800 18 0 0 — 2 4 0 0  weekends

Total (mins) 912C 5571 1713 4426 10674

!lins/ ciay (av) 397 242 74 1~~2 1334

% of time 82.7 30.7 24.8 53.5 92.7
monitor ed

The three aspects wit h which we will ccncern ourselves are :

(i) The global picture; overall usage and general
statistics

(ii) The pattern of usage by one specific user

(iii) The pattern of usage ct cne specific host
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On the globa l pictu re , we monitored the T I P  tor 31 ,504 m inut es
(70%) in the m cnth. ‘the total time users were conn€cted tc
various Hosts was 10,761 user minutes , giving a usage of the six
ports monitored of 5.71 ‘iowever , much of the time monito red was
at weekends and night and the breakdcwn of this figure over the
t ime periods used above is:

0 0 0 0 — 0 8 0 0  0 800-1300  13 0 0— 1 80 0  18 0 0 — 2 4 0 0  weekends

Time*ports 94 8039 1443 462 723

S ports used 0.2 24.1 14.0 1.7 1.1

Logins 2 435 62 42

(where the percentage referred to is the percentage pcrt
utilization) . The high figure in the 0800-1300 time is due to
the non-availability of man y US hosts to us in their prime shift
(1300 onwa rds, U~ time) . This restriction applies to the twC
Hosts that were us€d ‘ost heavily, NLM an:i the Inform ation
Sciences Institute (ISI) PDP-10X. A general mat rix is produced
of the usage at each Hcst by each user group. The complete
matrix in our case woul d be quite unreadabl e . A parti al matrix
is show n in Appendix 1.5. The twc wcst heavily used I4osP s  d u r i n g
this period were Hcst 147 (71%) and ISI (13~ ). The Le scn that
the forme r was used so heavily was that it had been unavailable
for most of June; in a d d i t i o n , the general univers ity usage was
lcw in July because of the onset of holidays.

The patter n of usage cverall is much as expected and -is shcwn in
Fig. 4. In this , attempts tc connect to a Host w h i ~’h :~~~:

a vailable are excluded (QUES recor~1s this as a connect t~~.. 
-

zero; there were 115 such occurrences in July ) . The S~ Cc~U .
histoqram shows the zero to ten minutes segment on a larger
scale; the zero tc thirt y seconds time period contains many uscrs
who , although ccnn€ct ccl tc the Hcst , were unable to Io.j-in eith er
due to the Host refusing to allow the log-in or relectirg it du c
t.c illegal account paramete rs.

It is of considerable interest to determine the number of
connections made and ports occupied and these are test ncrma~ ize1
with respect to th~ average numb e r of r~orts in use . Typical
results of the pccts in use over particular periods are sh - ,wn in
Pig. 5. We also have histogram infcraation on the nu ab~.~r of
ports in use it any one time. This information can he used tc
(luide the TIP cwner on the numb er of dial—u p ports h ’ shou’d
provile.

The second aspect which we wish to examin e is tne patt~ rn cf one
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specitic user (Peter Kirstein) . His usage this mont h was
confined ~xc lu siv€1 y to one Host , ISI , and there were three types
ot usage;  these are clearly reflected in the connect times (Fig.
6). The first is usaqe such as reading ma il or sending messages.
T h is takes a relativel y short time , of the order of ten minutes.
rhe second usage is editing documents and this gives rise tc
ccnnect times of the crder of half an hour. The third usage is
en tering documents and , to a greater extent , teleconferencing
where connect times are of the order of hours. This pattern ,
whic h shows up clearly in the histogram of Fig. 6 where there
were only nineteen logins , is even clearer over lcnger periods.

The last usage we consider is that of a specific Host. As we
mentione d above , a number of centres in 8ritain access the
~FDLINE system cn the NLM IBM 370/158 to per±orm bibliographic
searches. In addition to the QUP. S monitor ing, we are able tc
monitor other details since each line from the user and trocn h I M
passes through the PDP—9. In particular , we monitor the numb er
of characters and lines each way. We also record the nu.ber of
sea rches carried out , but this depends on the user specityinq
this number accurately to NLM ; also , the actual numbe r is, to  a
certiin extent , sublective. Theretore , we dc nct make
significant use cf tnis informat icn.

In the month we are considering, we recorded 1448 logins to ‘ ‘ M ,
givin g a total connect time of 7385 minutes . Eliminating t ioSe
logins where MECLINE was not available (shown by a very short
connect time - of the order of a few minut es - and the user
specifyini that no searches were done and giving no “PRINT”
co.aands) , or where we did not generate full statistics , we had
~7 logins.

A i t n o u g h  the number of observations is reasonably high , the
variation in the parameters was surprising. The greatest
consistency was in the tire spent logged in , an average of just
under 33 m inutes with a rms deviation of 11~ of this value. Two
parameters which aiqht have been expectel to be fairl y
consistent , the average number of characters per line to and trc~N L M  each s~ssicn , showed wide variation s over the recorded
sessions. The averages were 16.64 and 1 4 . 6 5  respectiv .-ly with
rm s deviations of 31% and 49% of those figures. Simila rly hi gh
leviition s were shown in the ratio of the lines from NLM to lines
f rom the  user  ( 5 2 % ) ,  t h e  t i m e  p~~r l ine  f r o m  N I P  ( 4 6 % )  a n I  t h e

ime per l i ne  f r o m  the  user ( 5 8% ) . These r e s u l t s  are  t a b u l a t e d
in Fig. 7.

I N D R A  T9-~~0 Tne I N D R A  Network t1~- asureme nt Project
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Total Average RPS 1Devia’~ion

Time logged in 171 349 1970 217

Characters from NIP 551 925 6344 5319

Lines from NLM ~2 569 374 2 84

Characters frcm user 1C5 979 1218 2O~ R

Lines from user 8 554 98 171

Average time p’~r line from NIP - 5.7 2.6

Time per line from user — 4 2  24

Characters per line from N L M  - 17 5

Characters per line t r c m  user — 14 7

Lines from NIP/Lines frca user — 8 4

Figure 7: Characteristics cf NIP Usage (times in minutes)

4 . 2 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

As in the previous section , we present results here tc ill u~ tri’-
the type of data analysis possible and this may best be ~iori e w~
a relatively short period , namely a month. The month cf February
1976 was chosen since this is the first month for which we have
full monitorin -j since the change of output fcrm at to the PDP— 9
log (the proqr ams currently accept the new fcrmat alone , althoug h
they will be changed to allow the previous tcrmat; the ch~ nge cf
format wa. simp ly tc reduce the am ount of data punched while
retaining all the infcrmaticn)

The ?Dp_q was up for over 93~ of the available time. It was
take n down correctly 6 time s and crashed (or was taken down
incorrectly) 53 times , giving a me an t i m e  b~ tweer~ failure or over
12 hours. T h -~ IMP (as usual) was exceptionally reliable , Cont act-
being lost a total of 15 times in the onth , giving a PTH~ of
nearly 140 hcurs . The RL and RSRE machines were noticeably less
reliable.

INDRA TR-30 The IN CRA N e tw or k Measurement Prclcct
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The average PDP-9 port usage (3.33%) is quite low , but there were
a total of 2267 lcgins in the ~onth . However , only on one
occasion were all five ports in use (for a tctal of two minutes)
There is no record of the numb er of tines a user was re jected ,
but obviously it cannct be icre than the abcve tigore and hence
it is safe to say that this did not happen in the month.

Tt~e average usage ot the three 360 ports (1.11%) was relatively
l o w , h u t  since usage is heavily ccncentrated in peak hours , this
fiqu r~ does not give a true indication of the usage. Perhaps a
better ind icatjcn is the fact that a user was rejected trom using
t he 360 seven times in the whole acnth , while all three 360 ports
were occupied for a total of 50 minutes (on 25 separate
occasion’5) . Therefore , in the month , the 360 usage was
relatively lijht. The average time per login was just over 16
m inutes , although this varied considerably over the time of day;
with the fairly low numbe r of logins (452 in the month), little
significance can be attached to this result.

A total of 49 idents were used from 28 ditterent A RP A hosts ,
titho ugh the pr~~1oainant usage (61%) was, as expected , from t h e
London-TIP. It should be emphasised that the local usage i-~ ver yseriously under~ stiaated since the HASP system console is a
permanently connected device which dces not gc through the TIP
and the usage of this device (which is high ) is not reccr ’ed by
the logging program.

W~ are ab I-~ alsc to record the usage of ARPANE T from the 360 and ,
in the month in -l uestion , a total connect t i m e  of 834 m i n u t e s  w a s
r~ ror4ed (r :f .  14675 m inutes in the cther direction ). This usage
occurred from 16 different devices attached to the 160, some
directl.y attached , others via wcrkstations. The most heavily
used hosts were EBN and IS! (presumably for message trattic) and
Lawrence Berkeley Lakctatcries which have a joint high energy
phy s ics experiment with RI .

Thus, to briefly sum •arise the results , the machines were
available for a good proportion of the time , the usage of the
PC P-~ and RL ports was tai rly icu and the usaqe cf the 360 from
A RPANE 1 ’ was very much mor~. than the usage in the reverse
direction.

INDPA TR—3 O The 1N DRA Network Measurement Prc j~ ct 
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PART II!

R E S ~J L T S
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1. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1 .1 ~~~~2~~c!i~~
I n  this report , we will report on data obtained up to the end ct
J u n e  1Q76. For reasons exp lain ed befo~~ (i.e. no password
vali4ation~ , data before July 1975 cannot be considered valid.
Therefore , we have a year ’s statistics and it is results from
t hese  d a t a  which we present in this section. In brief , the
r e s u l t s  a re  t h o s e  s h c w n  above  i n  th e  s a m p l e  r e s u l t s , b u t  f o r  a
yea r instea d of a s i ng le  m c n t h .  In a d d i t i o n , of cou r se ,
v a r i a t i o n s  f r o m  m c n t b  tc  m o n t h  a r e  nc t ed .  T h e  da ta  we record  a re
.~s se n t i a L l y  t h e  t i m e  w c n i tor e d , t h e  hosts used by each g r o u p  a n d
the time connected tc each hcst. There are m any ways in which
such -~ata may be analyze d and , in this repcrt , we present thcse
results which we ccnsider cf most interest. The full results
(the actual 360 output) are given in Ref. 21. We break down the
results we give here into several distinct secticns.

1. 2

The monitorin g p erf orm ed varies significantly from day to day
-lependin g on thc load on the PDP—9 and , although the over-ill
monitorin g is of the order of 50%, much of this is at ni ght nd
hence of little interest since usage is extremely low. The
m o n i $ - o r i n q  r e q u i r e d  a d e d i c a t e d  P D P — 9  an -i i t  c o u l d  not  be sca r e d
for this purpcse during much of the workin g day. Pig. P shows
i- he amoun t of m cnit or in q perfor m ed by month and Pjg. Q is the
monitorin g ove r the period broken down by hour ot day (Cr
weekend) . Fig. 1C shcws the frequency Cf port usage ; it is a
histogram where the value measured is the numb er ot pcrts in use
each time there is a new login.

The amount of pc rt u s a g e, broken down by month , is shown in Fig.
11 . l1lthotiqh the figures appear very low , they are explained by
t h e  pr’~pon4erance cf m onitorin g during the night. This is shown
mcre rlearly in Fig . 12 which breaks dow n port usage by time Ct
-lay. Nevertheles s , th e max i m u m  ~crt usage , just before lunch
tim e , is only about 20%. Fig. 12 is mirrored closely by Fig. 13
which records the num rer of loqins per hour - again a very low
riq ure . In order to attempt to remov e the ccnsist€nt bias
introduc~d by m on itc rinq cniy in the morn ings and cff-peak
period , d full one week experiment was carried cu t - in m i d—
February 1~ 77. T)e r€sults Ct this one week have not yet ceen
ana ly z & ~d b u t  w i l l  be i n c l u d e d  i n  R et .  2 14.

The monitorin g p crto rred allows us tc give a~ accurate estimat e

IND~ A TR-3 () The INCR A Networ k ~easurement Prolect
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FIGURE 10: FREQUENCY ~~~ PORT USAGE
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FIGURE II: PORT USAGE By T~’ONTH
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FIGURE 14: USAGE OF ARPANET BY VARIOUS RESEARCH GRoups
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ot part usage; partly as ~ result ot these m~ as’irement s , we have
r ecently cancelled scme of t h - ~ d i a l - u p  l i n e s  “ c t h e  ton~l o n - T t F .
This move related partly, however , to a decision tc hav e a
substantial pro~ czticn Ct PSTh usage paSsing thcou ;h EPSS.

1 . -l ~~~~~~~~~~~~~~~~~
rhe data for usage , trck~ n down by host and user group is
available in the fcrm of the mat rix as shown in App. 1 .5. The
tull m atrix is far tcc large to Eeprcd uce (14~ x 53) and the data
m ay best be presented in the tori of a “pie chart”. the chart
fcr the various USer qrcuçs is given in Fig. 114. This shcws very
heavy usage by the ~r i tis h Li b r a r y  (~ EDLTNE and C*NCE~UI~ P
Projects), over 514~ cf total usage. There are two reascns tor
this; first , there was fairly heavy usage in the period because
there hai neen prob lem s before the period we are discussing and
this v’-~ry significantly increased usage over the summer when
activity from other grnuos wa~ very low; seccn-lly, QT)ES cnly
records usaqe via the PSTN which heavily biases the data since
consjp1era~)le usage is m a l e  of the network via directly connected
terminal ; or Leased U n .  Moreov er , for university usage , the
major usag~ is in the .%fternccns whereas nearly all ~ritishLibrary us-~ is cv cr the ~!3T N i n  t h 2  mornings.

This bias is also ap~ arent i n  Fig. 15 which reccrds the usage cf
various hosts and , since most qrcup s cnly access one or possibly
t w o  hosts, is very similar to Fig. 14. In fact , about half “he
groups used just cr~ h c s t ;  t h e  h i g h e s t  n u m b e r  of hosts  used i y
one group was fifteen , it must be emphasiscd that this is only
us a g e  via the PSIN; Iccal usage has a differ~ nt pattern (see Sec.
3)

1 .4  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

In  ~he above , w e  have nct liffe renti ated between various Hosts on
AR PAN ET m d , in tact , ‘lsa4e varies significantly from Host to
Host. Knowinq t~ e capabiliti e s of various ma chines , i t is
possible not cnly to correlate this pattern at usage with Hosts
out also, to a considerable extent , with function. To give an
‘~xample , we show , in Fig. 16, the histograms of usaqe tcr Hcsts
16 (the front end prccesscr for ILL IAC TV) , 147 (used for ?‘ECLINE
4~ cess) and ~6 (used mainly for messages). The histogram is
normaliz ed such tk’at tne areas under each histogr am are ~qual.

This clearly shows differ ent pa tterns of usage. 151 has a very
high (ove r 60%) usage of less than ten minut es with only a small
percentage over abcut 30 minut es , ml thouqh there is a ncti ccab le

INU FA TR— ~ O The IN CRA Network Mea surement Project
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FIGURE 15: USAGE OF VARIOUS ARPPJ~1E~ HOSTS
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us~ for arour~t twc hours at a time ; thi .~ seems  attri~ uta b l€ to
teleconferencing and ~os~ oa-l in~ editin 4 . the shcrter periods
ira , in ‘h~ m ain , iu~ to reaiing and sending sail, the variation s
r ctl- ~cting “ t’e nuibet of ~ess1qcs. Nt.N sncw~ a icuer pcrCenta~4~i n t~~p 0 t c  1~) minute period. However , even this is prota~ ly
artifici ally hi gh since , due to the methcd of connecticn of NLM
to A RPA NE r , it is possible to have an cp€n ccnnecti on tc the
appropriate NPS-TIP pcrt even thoug h NIM is unavailable. QUES
records tid s as a connection , even though it does nct appear so
tc the user aol hence a ccn~ iderable part of this 148% should be
disregarded . It is not possible to say tot certain how much
tails int~ this category since there is often a need to use N L M
for relat ively shcrt reriods , such as roading the system news.
if most of this usage is disregarded , the pattern of usage shows
a maxi m um aroun d the 15 m inute time which is the average time tcr
a ~~OL1NE search . ‘r~ e lcnjcr time s recorded refl?ct multiple
~earches being carried out in one session, as is aiparent trcm
the more detaile d data recorded by the MET )LINE program (see Sec .
2)

The usage of TLLIAC -IV (or , more specifically, the PDP-1O X frcnt-
eni processor fct ILLT~C) shows a sim ilar pattern to that lust
describel for NL M , except that the average time is ncw arcund ~O
m inute s and it is cbvicus that this is a reasonable pattern to
expect for “serious ” work as opposed to listing and sending
messages. The figures for ILLIAC IV should be treated with
caution si nce only eighteen loqins were recorded during ‘he year;
~.row liaison with the users , we have ascertained that this was
due to the fact that it was more often used at times w hi t  ~ QUES
~as not running.

Although the most common u rge machine cn the network is the PCF-
10 (or more specifically, the paged version , the P t P — 1 0 X ) ,  t h -?
usage of such mac hines by ~JK jrcups is higher than would b~expected. This ma y te explained simply by the fact that m cst
~flP-1 OX systems are cn the natwcrk for relatively general
purposes whereas many other machines (e.g. the A rqon ne 370/195)
are for specific purpcses and , in m any cases, dc not provi le
server facilities)

1 .S 
~~~~~~~~~~~~~~~~~~~~~~

In the main , res~ arcb groups (detined as the people shar inq a T I P
password) use cnly one host seriously; o”her hosts may be u~~ ifor short periols for specific purp cses suc h as sending ma i l
although thes.’ services are usually avai lab le or. th~ p ri m ary
host . Of ~ne 5~ qrou ps w~ mcnitcred using the London-TIP , 2C
used a single hcst; only 24 used more than thre- ~ hosts and ‘he

INDRA TP—V ) the TND RA Network Mea surem~ n” Fro lcct
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FIGURE 17: ARPANEI USAGE BY Th REE RESEARCH (
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high ’~st n’1mher of hosts used was 15. ~ven in this last case
(Thames ~‘olytecnnic), most (77~ ) tim ’~ was us~ 4 cn two hosts. It
rnust be omphasi zed that , at the [resent time , no checking is donf
that the user actually connects to t h e  speciti el host. A visual
check of the dtta indic ates that they ar~ accurate; any errors or
deliberate falsifications are unlikely to be significant.

Due to th~ m cre or less cne to c~ e relation ship betwe en hosts arl
user groups, any data on grcu~ usage should correlate well with
host usage. This is indee l so; however , for comparison , we show
in Fig. 17 usage by ~rotesscr P .T.Kirstein (ct. Fig. 6) whose
major usage is that of 151 (Host 86), Professor Hockney (Reading
riniversi ty), a caict user Cf ILLIAC -IV and BLL , a m ajo r user of
ktN . rhis matche s Fig . if surprisingly well.

Analysi s of TI i ’  usage by ‘i~ er group gives an ercellen’ check of
lata prov ided b~ uSers of the TIP (see, tor ex am ple, Ret. 6)
although 4ti~ to scie groups ’ usage b~ inq confined to times ~ hen
.UES is rarely run , the two methods should be seen as
co.ple.~ ntar y.

INDRA TR— 1 ) The INDIU~ ~~twcr ~ Mea surement Projcct
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‘.

2 . 1 j~troluct~ cn

“hose results may be brcke n down into two qrcups. The first are
the results from the paper tape log and ‘h€ second are those
recorded on the aaqnetic tape . ~e consider these separately.

2.2 Gloo~ 1 t a

These data are thcsc recorded on the paper tape log. Use Ct NIM
ma y be broken cwn into two distinct phases over the year. ‘the
first is use of Mfl~L1N~ alone and this experi m ent took place up
to the end of ~~~~ After that , new centres tcok part in an
c-~xperiment to eva l uate the CANCFR1 .IN~ database. Since there were
considerable prc tlems over the first few months cf 19Th, due both
to hard ware problem s with the terminals and sottware prob lems at
~LM , little acccEs was cbtained. Theretcrp , we con f i n e o u r
observations to the period July 1975 to December 1975 in this
section .

As with the data rcpcrte d i n  Part II tor July, there is
constierable variation in all parameters and this is clearly
. hcwn in Figs . 18 and 19 which show the usage in terms ot t~ ae
ccnnecte•i t’e NL M and the number of lines sent frcm NLM . As
:~tated above , due to the mcde at cperation of QU!S and the NBS—
~ L M in t~ rconnection , short ccnn~ ct times are recorded when , in
t act , no r~ al ccnn ecti ori was mad e . Hem ovin~ such data (and ,
also , unfortunat ely, scee data where i genuine tut brief
connection was a~aJ~ ) , an aver aqe time per sessicn of just under
2 3  rlinut-~s is fcur d , indicatin g that most users perform one
search per session , although , in one session , thirteen searches
w e r e  performed (in nearly twc hcurs), involving over twen ty
~hou sir .d characters cu tp ut from NLM .

2.~ ~~~~~~~~~~~~~~
In recon ’ month s, th e ~1fl)lINE p rcq ram nas be’~n m c l i f i e r l  so that ,
if reguir’~i , it i~ ib l o  t o  mon itor onto e~ tr.er drum or magne tic
tape . rhe data re ccr d e l is a tran scrir~ at the uscr ’~ccnver:;atjon w i t r .  NL~ with tnc addition of a tim estam ~~. This
lata is th.~n d emu lt iple x r ’ d and analyzed.

At th e ti~~’ of u r i t i r q  this r~~ ctt , cn ly ~-~ mpl e results were
avail abl e trom thi s m on itcr ry . rfowevet , we have recen~ 1y
obtained data tar an enti we€ k and the resi lt s from this

ND~~A i’I~— V~ The INDhA Netwo~~’ Me asurement PLcject
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icnit3rin~ wil l , be pte~iente i in a seçirat.e report (~ ef. 24).
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1 . 
~~~~~~~~~~~~~~~~~~~~~~~

~.1 Intro hicticn

In all the results described up tc now , we have been considering
use of ~3 hosts via ARPANET. One of the largest computer s cri
A RPAN F.T is the RL ~6C/1~~5, accessed through PDP— 9A . In a similar
fash ion ~o t he  P D F - 9 ~~, we capture the logging data on paper tape ,
send it t D the RL machine and analyze it in a very similar way.
These da ta e n a b l e  us to analyze usage of one machine trcm various
sites (i.~~. the inverse cf QTJFS monitorinj) and also to examine
the pattern of such usage.

Tn ~dditjon , we mcn itcr similar usage to that of QUFS , but
inst ’~ad ot monitcri rg the TIP dial—up ports , we are mon itorin g
users on the 160 (Cr cne of its remote work stations) accessing
A PP A N PT.

We present data fcr the year 19Th. The actual analysis out p ut is
~ivailab l~ as Ref. 23. The data z~atheted since the end at 19Th
are bein g an al yz cd and the results will later.

1.2 Mo flitorin~~ P€t fcr rne c1 and Pc~ t Usa9e

In principle , PT~P-c A i~ availa b le 2~4 hour s a day and ill
ncn i~~orin i is pe rfcr m~ d . rn practice , this ti’e is rcduc~ by
some (up to 2 hcurs a l a y )  system developm ent . In additi on ,
t here hav e been cccasions when the punch h a .~ run cu4’ ct tape and
some dat -i have br~~ n lost: this rarely happ ens and , when it ie~ s,
it is usually on Sunda y evening durin g which tim e there i~ lLttl -~activity. Neverth eless , the tiqur .2s quoted are a sl~ qh t
undere stimate du~ tc this. The actual am cun t of m oni t or in~performed and fcr which data are available is shown in F i g s 2fl
and 21 , the torm cr t c inq broken down by month , the latter by hour
of day. It is cie ,jr trom the figure by month that’ little data
was availabl’~ for J in uary and not all for October. tn t - I ditic n ,
it shows tr .e e ff e ct of the ~ovc trca Gordo n S~guare to Gow € r
stre~ t in July and ‘hc tact tha t t h e  m achin e was switche d oft tcr
a ue~ k ov’~r t h’~ Chri st~ as period . ‘The gra p h b~ hour ef lay snr ~sa r’~m ark -ib le ccn sistency, indi cat ing merely that the ma caine w i~used for system d~ v e1 cpm ~ nt in the afterno on ~ind early evcninqs ,
thus reducin g its availabi l ity in those peri ods.

The frr3t fiqu r~ s w~ dc~ ctibe ‘ thcse of the cur utci up — ti r~~P~ P—~)A was a va i l a h i e  for nearly ~D% of thi’ t I a ~ ’ but ~~is ~i~ ur-
is prob ably a ccn~~ic1 er at1e un•i ’~r€.s tim ate as some dat a ~~~~ 

r~~ t
avdilanle. It wdr d elib ora t~~ly shut down 1’~ ’) tin es an~ cra she d

£M~ RA rp — li Tti r’ 1Nt~RA Networ~ Mea~,u n .r~i- Projc~ct



- 53 -

F I G U R E  20: PDP-9A M O N I T O R I N G  P E R F O R M E D  DY h O N T H

0~.4’

—

80

7 05

‘F
30

20

10

0 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV 
- 

DEC



— 514 —

FIGURE 21: FDP-9P~ MONITORING PERFORMS AS A FUNCTION OF Ti~ o~ DAY
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8147 times (alt~ ou cb i~ it is shut down inco rr ect lj , i t  may be
recorded as a crash) givin g an ~1PF ot over six hour s . Ucwevet ,
cn f i v e  occas i o ns , -ì se r i ou s  f a u l t  d e v e l o p e d  w h i c h  cau ~ €d t h e
system t crash repe atedly (since , on a sys tem crash , there is an
autorest irt mechanism) . These five occasions qave rise to a
tot u i of 107 crashes and hence a mor e realistic figure of the
numb er of crashes wcu )d be 5145 giving a true MTRF cf over ‘)

hours. lbvicu sly all the other tiqur~ s for up times must be
lover than that fcr the PD?-~ and the figure s we quote are
absolute with the relativ e fiqures in bracket s. The IMP was by
fir the most reliable with an up time of 55~ (95%) and only down
1 16 times. Pt wa~ available 4~~ (83%) and RSRE 7.3% (39%)

W~ also measure jcrt usage which was fairly neavy. It is nct
possible from t h e  statistics recorded to determine how man’i
itte~ pts to connect to the p~ p— q were rejected clue to all Fcrts
bein g in use. Hcw€vc r , in the time ccnsidered , all. ports were
occupied 155 times for a total ot 174 minutes.

In the case of the ~L 160, it is pcssible to determine the s~ m€
d a ta (1422 time s and 116~ m inut es) , as well as the num b er of times
(358) when a U5’31 had lcqqed into the FDP— ~ and was ~heu unable
to log into th e ~6C .iu’~ t ’c all the ports b e ing in use. This is
net a particul arly valuable d atum since a u s c t  may att emp t to lcq
in a number ot times in a briet tim e int~ rva l. Neverthi’less, it
is siquitic ant that sc many attempts were m ade and this s borne
out by co~nm ent .s from users as to their inability to .icc”ss RI at
various times et lay, particul arly in lat’~ aft ernoon Lonicn tim e .

rhis is shown clearly in F i g s .  22  an ) 23 , the tcrme r r~~lat inq to
t h e  PDP— 9, th~ latter tc ~L. 1h’~ n”n b~~r ci login s per hout
fellows a sim ilar pattern and is omi tt el ~rc~c th esi s qtaph ~ tc
clarity. I~ can be seen that the p crt usaq’~ of the two ma cn ir ,~is, as expected , virtually identic al. Th ~ peak per iod is aroun d
1500 to 1600 lcc!I l (~~S1 or GMT as applicable) wh en h’-~avy usage
frcm local users coincides with early m orn inq usage frcw the ~~~~~~~
Coast of the lisA and mid d ay u sa g e tram the East Coast.

1.1 c2~~c112!~_~~~~~~~
L) e r h ap s  t h e  m c st  ~iq n i f i c a n t  i t e m  in t h e s~ r e su l t s  is t h c  l — i r g c
num b er of 3~~() lOs  used (96 )  a n d  t h e  p a t t e r n  of u sa . j e w h i c h
d itfer-; notice i h i  y frcm that recorded by ~ t J~ S ~~scrj b ed •tiove.
In particul ar , tne avera)e times ar~ much higher (an over all
-i veraqe of 77 ~ni ne t e~ ). Or. ex ami n ing the ~t a~ i~~tir5 ~~oup .~d by
ident , j t  is ncticeabl t h a t . u s age by the tN~)FcA g rou p ua .  a
largei veraq’: ccnnect titr u than c t h ’- i  jrcu~~;. ~n these
;tattstics , w~ have ~~~~ ‘iiftc. rent iatol Letw ,~ ’n local use and

INDRA TR— 3’) Th ’~ I N O R A  ~.~~t~~ork M€asurem ~~nt Prcjcct
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FIGu~ :~~ ~ P-9A PORT USAGE BY TIME OF DAY
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FIGuRE 23: RL PORT USAGE BY TIME OF DAY
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remote use (which cculci be dcne by examining the TIP pcrt number)
but it is certain that the great aa~ ority of I N D R A  group usa e is
via hard—wired terminals and this may well intluenc e usage
habits.

As w o u l d  be e x p e c t e d , such usage  is t h e  h i g h e s t  m a d e  at  t h e  RI
~60 and this is shcwn diagrammatically in Fig. 2 4 .  As would be
expected , this usaqe is m irrcred by the pattern of hosts used to
access ~L with the preponderance of tim e used (nearly three-
quarters) being tram the Lcn -lon—IIP as shown in Fig . 25.

We ar~ also ab le tc € x am in e usage frcm terminals attach ed to the
RI 360 and these show a considerably different pattern tc those
-lust described. In the pericd ccncerned , users from twelve
term inals accossel A RPAN FT (cne of which was the ?DP-q system
console) but the averaqe ccnn~ct time was only fifteen mi nutes.
On exa m ining the figures more closely, it is clear tha t most cf
the usage was trivial but there was some serioum use wade of the
Lawrence !3erkeley Lab cratorie s which are involve d with RL on
colla boration in high energy physics. This accounted for nearly
~ 0% of the ti m c u~ €d in the year beinq considered , althou gh it
should be pointed cut ‘-hat the time used in this dire cticn (8611
user minut es) is very much smaller than the time use~l by A RPA
users accessing RL (1U 14 ,6c0 user minutes) an~) hence the ti~ ur€s
shoull be treated with som•.~ caution , although the pu tt er~ cf
serious work involvin g relatively lcnq terminal s~ ssions (an , at
course , the session would probably include usage of ~L systemseither h~ fore or after the interaction w ith the remot e host) with
a num ber of users at~~em pti nq to connect to ~ host tar ve r y shcrt
periods , presumably tc investigate th~ mode cf access.

3 . 14 2~ 2_i!~~~~~~

Although the only inf orma ticn ab cut the us°r available from the
P D P — 7 A  log  is his ident (and initi als whi ch are in no way
chec~ el) , this irfcr m ation is suffici ent to ~nable f l S  t .)
letor’nine oroup usage since each group u~-”s i specific .~-:t. cf
idents . In particula r , in t~ i~ section , we investigate usage of
the RL 36O/1~ 5 by ‘-hree groups . The first is the TN DPA qrcup at
IJ C L  (-iltru ouqh , as cxjl ain ed ab ove , such li t a omits usage from th~HASP syst~ m ccnsolc which is not logq-~ 1 — frc .n I lL stitistics ,
this usag~ is almc st ~-x act l y a ~uar t e r of th at u~ -~~ by the porte
available to A R r A  users) . The second group is concerned wi t h
seismic data col ia t icn and at ’diy~~is and the thi~~1 is involved
w it n hi gh eni~rqy physics expe riments. Th~ usage ot 4h~ 1o~~ by
t hese three qroup~ cvcr th~ m onths Cf the year is shown in Pig.
26.

IN I)RA fR~~I~ The Z N r I ~P N~ t’do.~ ~h-as u reae;i t Prclcct
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FTGI~RE 25: UsAGE OF RL 360/195 FROM VARIous ARPANET HOSTS
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FIc~t~E 26: UsAGE OF RL 360/L~5 BY THREE RESEARCH GROUPS
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The  orlintte rhc.s ~he percentage of t- ctal ise of the PCP-9 fcr
the sp’.~cified m cn th . it is clear that the Ht P group s us~ J only a
relatively low prcp crticn of th~ tim e, ris in -.j frcm nothing at t h e
beginnin g of the year to a peak in June , tail ing off toward s the
autum n then starting to increase again at the end of the year.
The seis’iic group usaqe is distort ed to the extent that the two
peaks correspond to relatively icy usaqe by the INDRA qrcu~ and
thus the percentage use is artific ially increased. ~ievertheless ,the patter n shown is correct. The usage by 4he TN DRA group is as
wcui1 be expec ted . The lower usage iii the e~irly s u m m e r
corr-Dsponds to the €q uip~ ent •cve mention ed previously. Ihe
rapid inc rease after July corresponds not only tc ccmpe nsaticn
tor lack of machine time but also the use of the RI mac h ine by
~.SC. ~tuden +s for their projects over the summ er months.
Towards the end of the year , a more consistent pattern emerged .

~~~~c, 12_I ~~~~~~
w e measure file transfers both from ARPANET to and trca )ccal
machines (nearly always the ~L 3bC ) and frcm RL to the PCF-9
(which are nearly all Rabbage source code being cross-Assembled
to PflP—~ Assembl er (Ref. 17)) . In Pig. 27 we show the (lumber of
file transfers perto rmed ct both types , normalized with respect
to the time monitor ed . Specifically, the scale is the nurb er cf
events per 1OC~ minutes m cnitor ed.

Per com parison , we also show the number ot lcqins per jcrith ,
suitably normalize -I . The fiqures show no correlation wit 1. .~achother , ~lthouqh t h e  fiqures for tiles from the 360 shod , as
expected , a high deqree of correlation w ith the ge~ieralactivi ti ’~s of the TN C PA group . Lockin g at th’-~ file transfers in
more de tiil , it teccmes clear that there is correlaticn b etwe en
i-he number of fil e transfer s and the activit ies of various
gr oups. Piq . 211 shows , aqain broken down by m onth , the number r~
f i i ~ transfers by qrcup and this correlat°~- well with F i ~~. 26.

~ im iIarlv , we show , jr Fig. 2~ , the usage of the file transfer
from various hosts on the network. Again the correl ation wit h
group usage is evident.

Finally, i n  Fig . 30, we show t~~e breakdown by time ot lay (b c-i l
t ime — 

~ST or G~~ ). This is very sim ilar to t~ ot shcwn fcr
‘-erm ina l access (se~ Fig. 12) and similar comments apply.

I~1~~RA “p — 3 )  ~~ I N~~1~A Netwo r~ 1~ea_ ,ureme nt P~ cjec~
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FIGURE 27: Fii~~ TRANSFERS BY rONTH
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FIGURE 28: FILE TRANSFERS BY MONTH AND GROUP
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FIGURE 29: UsAGE OF ARP/~JNET HOSTS FOR FILE TRANSFERS
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FIGu~ 30: FILE TRANSFERS BY TIME OF DAY
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1. e!:~_~ Ec~11~~

1.1 Q~~~~~ 1?&L~~
This is the standard system tc run on PDP—9 (~). To run it , all
that is necessary is tc bootstrap the system frca tape 151.
Various ACC svitcbes ray be set with the following effects:

1 Auto restart in the event of a system crash
-

~ Cc not monitor MEDLINE prcqr am
6 Monitor to drum rather than tape

Tr a ce sys tem va r i a b les

A tape must be available on the tape drive with write enabled ,
umless either switch 3 cr switch 6 is set.

INDRA TP-3O The IN DRA Net w orr ~e~ surement Prolect
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2. OL195 ER CGR A N S

7.1 XFSTA~ S

A us~r guide to the ~~STATS package , includin g some details of
the programs described in detail above is available as Ref. 20,
as is a descripticn of the ~rccE dure , also called XFSTATS.

X!STkTS is a m~ mbe r of the ELECTRIC public library J0~ FILE and is
accessed by:

EX~ C J13=XFSTATS 

wher--~ all the cther paramete rs are , du~ to the aetbcd cf
op3ration of ELFC1RIC (Ref. 3), keyword parameters. The allcwed
keywords , their defaults and meaning s ate shcwn belcw:

Na•e Dcfau lt Meanin .j

P~ I 12 Priority
ACCT Loçged in ~/C Account
In Loqq€d in ID Identifier

• L INES -- Lines of output
-- CPU time required

COPIES 1 Copies of output
• LPARM NOMA P ,NOLIST Link—e dit paramet ers

V - Version of prcqraa (null or I)
FROM 1,7,75 Start date
TO 1/7/76 Finish date
OP -- Cpera ticn
()P2 - - -

opi —-
0P4 --
0P5 --
CONTROL -- Fil~ ot  cOntra], cards
DI1NP Lin€prin t ’~t Lump str r~im

-rhe glob~ l edit (EL) is provide d to enable the outpu t tc ~~€
written hack into Electric. If this is use-I , the followinq
plants ar-~ allow ed:

SPP .~ Prima ry space (tracKs)
SPS 5 Secon’]iry ~; t ~-~e ’~ ( t r a c k s )
VOL R!IFLOU Disk volui ,e fct temporary output
K E Y  ~VS Key of Fl~ ctric user

~;lobal edits also exist fcr p roducin g cu t p u t on 15mm tib •i or

IN DRA TR—3 0 The INCRA .~:~ wor~ Measurei~ nt PrCIE’Ct
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m icrof iche , as well as for tr~c u~ e of the RI. graphic~ l rout ines
(FNPLOT)

r r,DR* 1’P—3~
) Th ’~ IND RA Net wor~ M ,as .1reten~ Prclec t
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1. 
~~III2~~

T he m~ thod of m cn it crinq and access coni-ro]. (CUES) we have
developed is not cf general application , particularly since it
requir~s a dedicated prccesscr in addition to the one being
mcnitored and , in the general case, it is obvious].y sim p l e r  to
put these functions in the lattct. However , the in trcduction of
m cnitorin3 and/or access controls into a comput er bring s with it
a loss of reliability (since, nct only does i t increase the
cc.plexity of the software but also it requires additional
hardware ) . This lcss of reliability may not be acceptable and so
our t’~chnique may be c more general app licability.

A n exampl e of this is evinced by ARPANET. Access controls ‘were
introduced into the TIPs in late 1q74 and , for a number of
reasons (in particular , the decrease of reliab ility that backing
s to~~o would inttc duce and the ~roblems of m aintai nin g the
password data base) it was intrcduce i in a way that le~ to
inconvenience for users and large network overheads. Although
our approach would not obviate the probl em of aaint aini nq the
data base, it would certainly nct decrease the reliability ot the
TIPs. At the present t ime , the LONCCN-T IP is the only node on
ARPA N ET on which monitcrinq of users and access control is being
carried out.

m e  technique of reccrding the ldta cnto paper tape nas certain
advantag es , in particular thc fact that a system crash cannot
ccrrupt the data. However , it has mau y att endant disa dvant ages
and a mor’~ mechanical metho d of sending the recorded data to th e
machine on which jt is to be analyzed would be at consider -iLic
v ilue. This may be done with rcascnably little eftcrt on PDV-9 A
but , since PDP— 9~ i~ not connected to the RL machine , it wou ld
prove more difticu lt in that case. Various problems in the
analysis have been fcund and th is experionce will enable us to
overcome such prob lems in future . For exam pl e , a majcr p ro Llem
with analyzing the PCP— 9A data has been the fact th at users
frequent ly give the machine th~ wron g date dnci/or tine and t h i ~
means that the data has tc be edit ed m anually. It wou~ J be
fairly .;imple to check the time with that on a connected n~ ch ine
and , peraaps, to tlaq an crtcr it a discrepancy were noted .

INOPA TR— 30 The INIIRA Netwo rK ~~~surement Pro1~ ct
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2. 
~~~~~~~~~~~~~~~~~~~~~

Using the techniques we have described , we have been able to
obtain a fairly accurate pictur e of the extent of usage of the
network for different applicatic os . The measurements give an
excellent cross-check on sublective reports from user groups co
their usage ot specific Hcsts (Ret . 7)

The monitorin g per formed cn PDP— 9A is of similar interest , g iv in g
us a picture both of the usage of one large machine on ARPANET
and of the usage of ARPANET throug h such a machine . Much at the
data obtained correlates that expected or experienced
qualitatively hut nevertheless , a quantitative evaluation is
valuable. A very large volume ot data has been collected and
analysed ~nd the results are presented in detail in this report.
However , a number of conclusions about network usage stand cut.
These are, in nc particular crd€r:

(i) Sessions from harduired terminals are lcnger than those
through th~ FSTN

(ii) The most trequ~ ntly used ccmp ute r system on the network
• is th~ Tenex (even more than uculd be expected from the

predominance ct such a chines)

(iii) Far greater use is made of the RL .360 trom ARPANET than
the converse.

INDRA TR”3 () The INDR A ~~r uor,c .ileasurement prolect 
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L

We have devclcped a number cf powerful access control and
mon itoring techniques , including both data acquisition and
analy sis. These .ethc~1s have prcved of great value and
complement other monito ring performed on ARPANET.

ose of these tocis has enabled us to obtain a fairly ccmpl ete
pictur e of the usa-je of the UC ncde of AR PANET both via the
PSTN and directly. We have been able to verity users
subjective reports and perform quantitativ e aeasure.ents on
man y aspects cf usage.

Thus our techniques have prcved of considerable use in the
past and can ccntinue tc do sc in future.

IND RA rR— 3 0 The IND RA Network r a ~.uro ent Prolect
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These data are intended tc show the inp ut and output ot the
various analysis prcqrais. In order to fit into the page
format , some slight editing has been done.

A 1. 1 !21~
_
~~~: _ L ~~~~

14 JIl L 75 12 145 QUE: 1 •*QUES M O N I T O R I N G  6 PORTS FRCM PCRI $ 70
14 J U L  75 12 £46 N~ D:5 TIME MCH MLNS UCH ULNS ~S “STO “PR!14 JIl L 75 13 05 ç~3~ :~ UN KN CWN MCST NUMB ER
14 JUL 75 13 05 QCF:724 QMC ~7lii JUL 75 13 05 QtE:72 14 QMC R6
114 JUL 75 13 10 çUE:7’4FCRSEY WFSS147
14 J’JL 75 13 10 N FT~:74FCRSEY ~ESS1U7114 JUL 76 13 13 M F C : 7 4  00’)10o 01147 O OA  C2 7  C03 co cc co
114 JIlL 76 13 13 QUE:~~4CC fl105114 JUL 75 13 14 çuE :75FCRSEY WFSS 147
14 J’JL 76 13 14 M~ C :1~ FORSEY WESS1I47
14 JIlL 75 13 1A MFr :75 flOO llo OCOO 011 0~ 6 C04 00 CC CO
114 J U L  75 13 lA QUE :~~~CC0129114 JUL 75 13 IA ~UF :2 tJ N K N CWN HOST NUMEE R
114 JUL 75 13 1A QrJE:7~ PCR5FY WES51446
114 JUL 75 13 1~ çUF :7SFCRSEY ~ESS147
14 JIlL 75 13 19 MED:~?5FORSFY WF5S1447
114 JUT. 75 13 21 çUF:6 ~flFS C K
14 JUL 75 11 21 “~EC :75 0C0I’~fl 0000 CC3 C(~9 001 00 00 00
14 J1L 75 13 21 ç!JF:75000032
114 JUL 75 13 21 Q CF :2 TJNKN O~ N liCSl NUMBE R
14 JUL 75 13 21 ~!JF:75P0RSEY WESS~ H~~
14 J U L 75 13 21 Q U E :~~ U N K N O W N  HOST NUMBER...ACC ESS PRCHIB ITEC
114 J U L  75 13 21 ~tJE :76FCRSEY WES SIHPi F
14 JUL 75 11 ~? QL’F:~72CC ’1P1C114 JUL 75 13 5? çUF :7?4 QMC t6
14 JUL 75 13 ~~ Q IJ F :~~ ç~U F S  OK
14 J Il L  75 14 13 çuE :72001652
14 JUL 75 14 IA QUF:F MONITORING T~~ M INA TED

LND RA m R— JO The INCRA Net woL ’. M easurement Project
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A 1 .2 
~~~~~~~~~~~~~~~~~~~

114 0’ 75 12 45 Q*1
114 07 75 13 05 ç72 14 QMC 86 00 3R 10
14 07 75 13 05 Q*9 0~lIe 07 75 13 in ‘~7L4 FCPSFY WESS 147 00 01 05
144 07 75 13 10 Q$9 04
14 07 75 13 13 ~*9 0314 07 75 13 1l4 ~75 FORSEY WESS 1147 00 Cl 29
14 07 75 13 114 ~l9 0414 07 75 13 iF Qiç (~3
14 07 75 13 I~ Q75 FCRSEY WESS 1447 00 00 32
14 07 75 13 19 Q*9 04
14 07 75 13 21 ç*q 03
14 07 75 13 ~7 Q19 0~14 07 75 13 52 ç72 14 QMC 66 00 16 52
14 07 75 13 52 Q*9 03
14 07 75 14 13 ~~~ 02
14 07 75 14 18 Q*E

INDRA TR— 30 Th~ I N D f ~A ~~tw ork t!easurement Project
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A 1.3 ~~~~~~~~~~~~~~~~~~~~~~~

05 M A Y 76 12 5R 03. 1 ‘<~ FCLIN E MCN ITCRING TO ORUM
05 MA Y ‘6 0. 59 01.0 *(1 MEDLIN~ PRCGR AM VEi’SICN 2.06
05 MAY 76 09 20 3 3 . 6  I<70RC~~FRT s 1CPF147
CS MA Y 76 09 20 34.1 ‘<7 0RoBFP~Is 1CRF147
16 MAY 76 19 20 14C .7 K<WH EN I LAST LCOKED A FEW MINUTES AGO , ~
05 ~~~ 76 09 20 141 .1 K<MFDLINE biAS AVAILABLE
05 MAY 76 09 20 42.~3 K< TERM INAL (FAST OR SLOW) ~~
05 MAY 76 09 20 51.0 ~>?AST05 MA Y 76 09 20 53.2 K< PLFASE WAIT WHILE I TRY ¶IC CONNECT YOU...
05 MAY 76 09 20 54.1 •(ThYING PCNi *1144
05 MAY 76 09 20 54.5 K<TRYING PC~ T #1444
05 MAY 76 09 20 6” .2 ‘<TRYING PCRT $142
05 MA Y 76 09 20 59.7 ((<TRYING £C~T $142
05 MA Y 76 09 21 11 . ~ ‘<TRYIN G PORT *1 14 0
05 MAY 76 09 71 17.7 ((<TRYING PCRT $140
OS MAY 76 09 21 3q .2 •<TI~YTNG PCRT *136
05 MAY 76 09 21 39.6 ((<T”YING t C PT *136
05 MAY 76 09 21 I~ F • 3  ‘<TRYING PCRT $13 14
05 MAY 76 09 21 I4~~ • P ((<TRYIN G PCIT *1314
05 MAY 76 09 21 51 .C ‘<STAIUS CODE C? ~!DLINE IS OR
05 MAY 76 09 21 51 .R K< TH FRF WAS NET TROUBLE
05 MA Y 76 09 21 5 2 . 9 ( ( < P L E A S E  T R Y  A G A I N  S H O R T L Y  - RYE FCR NC~OS MAY 76 09 30 01 .0 *< 7 2B O R C  1CRF111 7
05 MAY 76 O~ 30 01 .7 ‘<72ROBD TCRF14 7
05 MA Y 76 09 30 05 . 1  1<W UFN I LAST LCOKED A F E W  M I N U T E S  AGO , ~
05 MA Y 76 09 30 ‘)~~.7 I(T IERE ~A5 NET T~~C U B L F
fl5 MAY 76 09 30 C€ .’4 I<SHALL I TRY AG A IN (YES OR NO) ) ~
05 MAY 76 09 30 lC .0 I>YES
05 MAY 76 09 30 12. 1 I<TERMI NAL (FAST OR SLC’N) >~05 MAY 76 09 30 ~~ .3 I>FAST
05 MAY 76 09 30 17.1 I<PL!ASF WAIT WHIL E I TRY TO CONNECT YOU...
95 MAY 76 09 30 1P .3  ‘< T R Y I N G  P O R T  * 1414
~5 

M~~~~~ 76 09 30 1~~.7 T<T~7YING FC~~T i 1~4~4

~5 MAY 76 09 30 414.S ‘<TRYING PCRT *142
05 MAY 76 09 30 145. 1 I<TRYING PCRT $142
05 M A Y 76 09 30 52 .1 ‘<TRYING PORT *140
05 M A Y  76 09 30 52 .5  I < T P Y I N G  PC B T *114 0
05 MAY 76 09 31 1 C . ~ ‘<T RYING PCRT $116
05 M AY 76 19 31 10.7 I<TRYTN ’ PCRT *136
05  MAY 76 09 11 79.P ‘<TRyIN ~; P C R T  *134
05 MAY 76 09 31 30.2 T<TPY ING FCBT *1314
05 MAY 76 09 31 SC.3 ‘<STATUS CODE CF MED L INE IS OR
05 N A Y  76 09 31 54.6 I<THE9E WAS NFT TROUBLE
05 MAY 76 09 31 55.0  I<PL FA S E ~ RY A G A I N  SHORI LY - RYE FCR NOW
(IS MA Y 76 09 33 03.2 *<R M E C LI N E MCN ITORIN~ TERMI NATE D

INDR A ~R—10 The IN CRA Network Measurement roject



A 1.14 
~~~~~~~~~~~a ed Cut~~ut

User ROBERTS fLc; ICR? on TIP port *70

Started 05 MAY 76 09 20

05 05 76 09 20 140.7: WHEN ... M I N U T E S  AGO , MEDLINE WAS A VAI LARL E
05 05 76 09 70 42.P: TERMINAL (FAST CR SLOW) >FA ST
05 05 76 09 20 53.2: PLEASE WAIT WHILE 1 TRY TO CONNECT YOU...
05 05 76 09 20 514.1: TRYING PORT *1414
05 05 76 09 20 59.2: TRYING PORT *111 2
05 05 76 09 21 17.3: TRYING POP’! *140
05 05 76 00 21 39.2: TRYING PORT #136
05 05 76 09 21 48.3: ‘IRYING PORT *1 14
05 05 76 00 21 51.8: THERE WAS NET TROUBLE
05 05 76 09 21 52.9: PLEASE TRY AGAIN SHORTLY - RYE FOR NCW

T IDRA FR-U) The IND RA Network Medsurement Prc ject
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A 1. 5 Sa le
~~~UES A n dl~~sis Ou t2ut

MONITORED ‘LIMES

DATE 3TA 9T E N D  L E N G T H  (M I N S)

01 37 75 09 26 10 00 34
10 06 11 54 108
13 20 13 53 33
20 16 — -

02 07 75 - 114 05 1069
20 56 - -

03 0’ 75 - 114 00 10214
18 15 - -

04 07 75 — 11 38 1014 3
12 1 3 14 02 109
20 .35 - —

06 07 75 - 15 146 2591
16 16 — —

31 07 75 — 10 05 732
10 07 10 141 34
10 45 10 S4 9
12 S2  13 03 11

TOTAL TIME MONTI CR Er = 31504 M INS

=

INDRA TR— 30 The INDR A Network M .dsurem ent Prc~ ect
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USER NAM E S

IUENT USE RNAM ES

PTK KIRSSTEI KIRS’IEIN IR I R S T E I N  M I R S
KIBS KIRSTEI GOULD ~OBI

B R E !E U E F~ F MA R C H MM AH ON MUR PHY

EDIN PRATT USENSIA EIENSTAD

BLL MCUNC FY PAPT C ~ P C 9T U N E  L
PA BIGGLES 47OMOUNC YFE MANN
THOMPSON OMOUNCEY ?F!~AN KLN P MER RY

BL R D E R C~ CGFR ROGEE ~S FRU NN ING

BUPA ~CLARC POLLA EC POLLAD POLLARS

RUM THC MA S -~T~10NAS 47

IIRS MA R C H

-
. 

LEED LEV ER KA M EEN LEVE

LOTIG Y14 7~1F BA K ERBAK E A K R R

MAN C RA N GELEY NEVI LLE EE147

W IMP SMITH LOGC N

~PMS HILLS PRFS142H

CVL IHCMPSON EEPE

4ESS FC F ’SEY CA~ MEL

~~~ 1P ~*P~ P Ff I LCGI$

CL~C~~F TUA (~FS

• • 1  . . 1 ~~~~~~~~~~~ ~rC’,r’

_ 
-J

- —-- -



— 6: —

LO G I N  N U M P E R

IDENT NC. OF TOTAL CONNECT AV. TIME HOSTS
LC G IN S T I M E S  PER L O G I N  U S~ C

P1K 114 1458 13. 47 5

~3~~F 10 96 9.50 2

RUIN 21 293 13.95 3

31~L 105 1151 10.96 10

BLRD 9 53 5.88 1

BIJP& 15 392 26.13 1

EDM 23 7114 31.011 2

lIPS 1 1 1 .00 1

LEED 9 86 9.55 1

LOUG 5 20 S.R() 2

MA NC 20 2141 12.05 2

~4IMR 8 79 9.87 1

RPMS 35 314 5 9 .88 3

CVL 2 8 4.00 1

WESS ‘48 1010 21 .011 4

NEUR 13 39 3.00 5

T~1AM 114 1455 13.18 8

U K A R  5 79 15.80 1

iNC aA rR-3 -) The It4 DRA N etwo Lic ~e~~ urem ’nt Prolect
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C C N N F . C T  T I M E  N A T ~~IX (TIME S TN MINS)  

————————— 

I I I I I I I I I
IIDRNT S$ SRI MIT I ISI I UC/~ 1114 I NLM TOTA LI
I $ I I I I I I I
I ———— —s- +——— ~~ — + — 4 - — —— —4 4 4———— —— I
I I I I $ I - I  I I

PTK I (0004251 I 1000425$
I I I I I I I I I 

4———— 4 4 4 
I I I I I I I I

I HLRD I I I 10000531000053I
I I I I I I I I I
I— 1~ + 
1 I I I I I I I I
$ RLL I 00C0031 I000130100C027 , 1000808I0009681
I $ I $ I I I I I
I — — +  +— — — — — — ~l- -F—-————— 4————— 4 4—————
I I I I I I I I I
I EDIN J00C0081 I0C 10149I I001057 1
I I I I I I I I $ 

4 +—-- ———— 4 - f — ——— — - + —+- --——— — I
I I I 1 I I I I

• KING $ IOCC ’188 I00CC23 1 I I (000211$
P I I I I I P I I 

4 ——4 4— + 4 4————- I
I I I I I I I I
I LO’lG I I IO CC CO7 I I (00002210C0329$
I I I I I I I I I 

4 —— 4———--—- -1_ 4 + j
I I I I I I I I I
I WNS M I I JO0O026ICO0N’~4I I000355$00~~ 95I
I I $ I I I I I I 

+ + + 4 

I I $ I I $ I I I
I THAN I00C755I (O O CC O 3$ $ (00035R ~I I I I I I I I $
I — — —— —+  + —4— — ——— +—— —— —— I 4 4 10 
I I I ) I I I I I
ITOTAL5$ Co035e 10Co188 1000 622 100co31 1 01o4g100124810034g6 $
I I I I I I I $ $  

J
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A 1.6 
~~~~~~~~~~~~~~~~~~~~~

ra order to save space, Hank lines and pro.pt lines have
been reuoved troi this A cr e r~dix.

N E W SY ST E M — A R P A  CC N SOL E 20 3 1 O N M ON 13 D EC 76
13 DEC 76 20 31 RR F:CC RAL RACK

lRt:INT RESET
DR 1:CCNTACT WITH 360 MADE AT 20 31

2C 32 RRF:HRE ERROR “ OR
20 37 ICP:ICP HOS 170 PT 06 CR A

T .E L : C R L  A ZZ F LC G PS Dl
20 41 ICP:ICP HCS 12 PT 00 CR B
20 142 ‘IEL:CEL R XX LCG 1E U2
20 115 TEL:CHL P LCG OUT & CLS
20 ‘47 T E L : C R L  A LOG OUT & CLS

13 DEC 76 21 10 ICP:IC~ HCS 70 PT 00 CR A
TEL :CI1L A CLS

21 21 ICP:ICP HCS 176 PT 03 CII A
T F L : C H L A MJ W

21 23 TEt: C (~L A CL S
21 147 ICP:ICP l b S  76 PT 00 CR A
21 48 TFI:CHL A GA LCG ZT Ui
21 119 TEL:C II L A LOG OCT & CLS
2 1 57 IC~~:I C P  H OS 55 PT 15 CR A

13 DEC 76 2. 01 ‘LEL :CRL A HSM LOG RJ Dl
22 04 ICP:ICP HCS 176 PT 03 CR B

TEL: CHL A LOG OCT & CLS
22 2~ ICF :ICP HCS 09 PT 0 3  CII B

TEL:CHL P RW LOG BJ 01
22 34 TEL:CHL B LCG C’lT ~ CLS
22 47 ICP:ICP HOS 76 PT 00 CM B
22 48 TET:C HL P GA LOG ~T Dl
7 . 53 LCP:ICP HOS 2141 P1 30 CR C
22 54 T E L : C H L  B LCG OU T ft. CL S

ICP:F’TP HOS 7 . PT 00 CII B
22 55 F T P :  USER ZT GEITING FILE INDRA .1N58 1

ENC :~~’JOR 518 ON R~~3.RD2 —— XFTP
13 DEC 76 23 09 TEL :CBL D CLS

1PL:C l~L R CLS
23 21 T E L : C H L  A CLS

14 D E C 76 00 19 I C P : I C P  HOS 70 P 1 CO CR A
TE L:C H L A CLS

00 56 DR1 :CCNIACT WITH 160 LCST AT 00 56
lii DEC 76 01 17 TC P:1CE HCS ‘0 PT 00 CR A

T E L : C H L  A CL S
01 141 DR I :CCNTACT WITH 160 MADE Al 01 41

*ERR OR* P CAL L  1 75112 237l4 I4 6 146’40 202520

INDPA TR— 3O The INDRA Netwo L~c reasureneut Project
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A 1.7 1e_P~B:~~~~~~~~~~~~~
1~ DEC 76 20 31 •~~~: PDP—9 liP
13 DEC 76 20 11 HR P:CCRA L BACK
13 DEC 76 20 11 IRC :INT RESFI
13 DEC 76 20 31 DP1:CCNT?4CT WIT H 350 I~A D E  A l 20 31
11 DEC 76 20 32 IIR P :RRE ERROR “ OR
11 DEC 76 20 37 ICP:ICP HCS 170 PT 06 CR A
l~ DEC 76 20 37 TEL :CHL A ZZF LOG FR 01
13  DEC 76 20 41 ICP:ICP HCS 12 PT 00 CII B
13 DEC 76 20 42 TFL:CHL R XX LOG 1R 02
13 DEC 76 20 45 TEL :CHL U LOG OUT & CLS
1 DEC 76 20 147 IEL:CHL A LOG OUT & CLS
13 DEC 76 21 10 ICP:ICP MCS 70 PT 00 CR A
13 DEC 76 21 10 TEL:CHL A CLS
13 DEC 76 21 21 ICF :ICP HC$ 176 PT 03 CH A
13 DEC 76 21 21 TEL:CHL A M JW
11 DEC 76 21 23 TEL:CHL A CLS
11 DEC 76 21 ‘i7 ICP:ICP HOS 76 PT 00 CM A
13 DEC 76 21 148 TEL:CHL A GA LOG 7T 01
13 DEC 76 21 119 T .E L : C H L  A LCG OCT A CL S
1 3  DEC 76 21 S7 ICP :ICP HCS 55 PT l~ CU A
1 3 DEC 76 22 0 1 I E L : C H L  A H SM I CG BJ 01
13 DEC 76 22 014 ICP:ICP HCS 176 PT 03 CM B
11 DEC 76 2? 014 TEL:CHL A LOG OCT & CLS
1) DEC 7 2. 29 ICP:ICP 9CS 09 PT 03 CR P
11 DEC 76 22 29 lFL:CHL P R W  LOG RJ Y J 1

• 1 1 DEC 76 2? 14 TFL:CHL ~ L CG OUT A CLS
1~ DEC 76 2? ‘47 TCP:ICP K~~3 76 PT 00 CII P
13 DEC 76 2. 48 TEI:CHL R GA LOG ZT ru
13 DEC 76 22 53 ICP:ICP HOS 241 PT 30 CII C
13 DEC 76 22 511 TEL:CHL 6 LOG CIII 4 CLS
1 DEC 76 22 ~ ‘4 ICP:PTP UC S 76 PT 00 CM P
1 3 DEC 76 2. 55 PIP: TJSEP ZT GETTING FILR INCRA. INSRI
11 DEC 76 2? ~5 O NC :$*IIOR 518 ON R M 3 . BD2 —— XFTP A RPA
13 DEC 76 23 (39 TEl :CHL U CtS
11 DEC 76 23 09 IEL :CTIL B CLS
13 DEC 76 23 2 1 T E L : C H L A CL S
114 DEC 76 0~) t~~ ICP:ICP 9C$ 70 PT CO CII A
14 DEC 75 00.19 1 E L : C H L  A CL S
14 DEC 76 00 56 CR 1 : C C NI \ C T  WITH 360 LOST A l 00 55
114 DEC 76 01 17 I C P : I C P  ~!CS ~ 0 PT 00 CR A

0 1 1 4  DEC 76 01 1~ T F L : C H L  A C L S
1 4 DEC 76 ~1 ‘41 DR1 :CCNTA CT WITH 360 MADE AT C l ~ 1
111 DEC 76 0 1 ¶~8 *** : PDP—9 CRAS F~ED

INDRA TR— 30 lh~ IHDI 3A ~~tior~ Ileasutement Project
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13 1 2 76 20 31 #61 (31
13 1 . 76 20 3 1 #02  03
1) 12 76 20 31 *02 00
1~ 12 76 20 31 *02 02
13 12 76 20 .37 *21 17’) C6 01 00 00 10 00
13 12 76 20 37 *11 01 ~O CO CO
1 3 12 76 20 37 $21 170 06 02 006 ZZF PR (

~C 10 00
13 12 76 20 37 *11 Cl 01 CC CO
1~ 1 . 76 20 lii *21 012 00 01 01 00 04 00
11 12 76 20 41 *11 C2 01 00 00
13 12 76 20 42 $21 012 0’) 02 O 1P XX lB Ut) 03 00
13 12 76 20 42 *11 02 02 CO CC
13 12 76 20 4? *11 ~ 1 01 00 00
13 1? 76 23 4 7 * 11 CC OC CO CO
1) 12 76 21 10 $21 070 00 01 00 00 OC C’)n 17 76 ‘1 10 *11 Cl CC CO CO
13 12 76 21 10 * 11 OC 00 CO 00
1 3 12 76 21 21 *21 176 03 01 00 00 02 00
13 12 7b 21 21 *11 01 00 00 00
l~ 12 ~6 21 71 *11 CC CC CC CO
11 1? 76 21 147 *21 (‘76 00 01 00 0(3 02 0(3
13 12 76 21 147 $11 C l 00 CC 0(3
1 3  12 76 21 4P #21 “76 00 02 O’~6 GA ZT 00 01 00
13 12 ‘6 21 118 .11 Cl Cl CO 00
13 12 76 21 ‘48 *11 00 00 00 00
1~~ 12 7c, 21 57 $ 2 1  O~~S 15 Cl  (‘0 00 07 00
11 12 76 21 57 * 11 01 00 00 00
13 12 76 22 01 *21 055 15 02 006 IISN BJ 00 03 00
13  1? 76 22 04 *2 1  176 03  0 1 01 00 C l  00
1 1 12 76 7? 014 * 1 1 02 01 (‘0 CC
13 1? ~6 22 04 $11 01 00 00 00
13 12 76 72 29 #21 CCS Cl 01 (‘1 OC CS CO
13 12 76 22 29 *11 12 00 00 00
13 1 ?  76 22 29 *21 0 C 9  (‘3 02 006 RW BJ 00 05 ‘)‘~
1 3  12 76 22 29 * 11  02 01 00 CO
13 1. 76 2? 31 * 11 Cl OC CC 00
13 12 76 22 (47 *21 076 00 01 01 OC 07 00
1 3  1? 76 2. 147 * 11 02 00 00 CO
1 3 17 76 22 48 $21 076 00 0? 006 GA ZT 00 06 00
1 3  12 76 22 119 *11 02 01 CC CO
13 12 76 22 53 121 241 31) 01 07 ~C 22 00
13 12 76 ‘2 51 #1 1  C3 Cl CC CO
13 12 76 22 51 a l l  02 00 0(3 0’)
1) 12 76 22 54 # 2 2  076 C O 0 1 ~~ 00 15 00
13 12 76 22 54 111 03 00 00 (30
13 12 76 22 55 #42 076 00 02 01 ZI ~.1 14 00 INDPA .1N591

I ~r~~* TR—1 0 t n~ INO RA tw~~.Ic P~easur~~ ent Pro1eL~
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13 12 76 23 1(~ *11 C l CC CO 00
13 12 76 23 17 * 11 00 00 00 00
14 12 76 00 19 *21 070 CO Cl 00 00 00 00
14 12 76 0(1 19 *11 01 00 00 00
14 12 76 00 19 *11 00 CC CC 00
114 12 76 00 56 *04 02
14 12 76 01 17 *21 070 00 01 00 00 00 00
14 12 76 01 17 *11 01 00 00 00
114 12 76 01 17 *11 OC 00 CO 00
14 12 76 01 41 *02 02
14 12 76 01 SE soe 01

INDRA TR-30 The 1NDRA Ne t w o r k  Neasutement Prolcct
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A C R C N Y M S

A~~PA Advanced Research Prc jects Agency
BL British Litrary
BLL British Litrary, Lending Division

~LRD Bri tish Litr ary , Research and Develop.ent Dept.
bp~ Fits per second
CACC Copput er A iie d Design Centre (Ca,~ ridge)

Hi gh energy Physics
IM P Interface Message Prcc~ ssor
INDRA Inte rhetwo rk Display and Re.ote Access
151 Infcr*aticn Sciences Institute
MEI3 LtNE MEtL A ~~S Cn— Line
N AM N€two r k Access M achine
$R S National Bureau cf Standaris
NL M Naticna l Litrar y cf Medicine
N M P I  N e t w o t k  (eas u r e a e n t .  M a c h i n e
PSTN Put lic SwitchEd I€le~~hcne Network

Ru t h~~tfor 1 Labora tnry
R SRE Royal S i g n a l s  and Radar Estab lishu~ nt
~IMP Sat~~Ili te Interface Message Processor
.~TEP4 Shcrt —T erm Exper i 5ent al Inforuaticn Network
TIP Te rm ina l Interface ~essage Prccessor(JCL Univ ersity Cclle qe Lcndcn
UCLA Univer sity of California at ~c~; Angel es
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