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1. INTRODUCTICN AND_SYSTEM CVEBVIEW

The ARPA computer network (Ref. 15) has been operational for over
six years. During this time, there have been extensive
measurements on the perfcraance of the communications subnetwork,
particularly by the Network Measurement Centre at the University
of California (UCLA, e.g. Refs. 8 and 10) and Bolt, Beranek ani
Newman (BBN; e.g. aief. 2). There have been extensive
measurements of usage of specific hosts, for exasple by the
National Bureau cf Standards (NBS; Ref.26) There have also been
certain measuresents of the network usage made for certain large
applications to justify the cost cf running the network. There
have not, hovever, been any consistent mecasurements of network
usage via one site. 1There are several reasons for this omissicn.
Partly it is due to there being no mechanisa ty which US users ct
ARPANET could be fcrced tc keep statistics of their usage, ani
partly it is dvue to there being no automatic accounting system
for the use of the network.

An attempt was made in late 1974 by BBN to intrcduce an automatic
accounting systes intc the sutnetwork. The mechanism was that
each communication computer would connect to a specific Access
Control Host Lefore it permitted a cocnnecticn to be opened to any
other Host. Purther connections were permitted only if the
correct user/passvord cosbinaticn was given; after each session
over a virtual circuit, the accounting Host was informed of the
lengta of the «ccnnecticn and the nunber of packets transferred
(unless tha Access Control computer was not available, in which
case the statistics were stored for later transmission). This
mechanisa was atandoned after a few weeks fcr several reascns;
amonqgst these were the difficulty cf maintaining the passwor‘
file on the Access Ccontrol Host and the sluggishness «crI
response of the access ccntrcl mechanise.

At about the same time we, at the University College londcn (1CI)
ncde of ARPANPT, Lecame interested in providing access contrcl
and accounting. There were tvc reascns for this. Many bodics
wished to analyze the extent and value cf usage cf the ARPANET
link via the UCL ncde; they alsc wished to ke able tc control the
Access - particularly via the Public Svwitched Telephcne netwcrk
(PSTN). Becdause ve were a node 1like any other, it wvwas not
possible to gput any special code into the Hcneywell 116 Terwiaal
Interface Yessage Prccesscr (TTP, Ref. 13) which acts as the
comsmunication prccessor to the UCL site. 1Instead, any such coide
hal to be provided outside the subnetwork. However, since all
the wuse of the UCL ncde is purely experimental, we were entitled
to enforce any extra login procedures we wished ontc our users.
In addition to previding such access ccntrol mechanisms, we also
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provided a number cf measurement facilities and it is with ©Etcth
the access control and measuresents with which this report is
ccncerned; ve alsc descrite the netvork access function we have
previded. lecause the same system provides both measurement and
access control, it is the use being made of the NCL node cf
ARPANET over swvitched telephone lines or thrcugh one of the two
PCP-9s described in the next paragragh.

Two PDP-9 and one PDP-11/35 comfputers are connected to a TIP
sited at UCL. One (PDP-9A) acts as a gateway between various
ccmputer aetworks, in particular, Letween ARPANET and the
Rutherford Labcratory (RL) star netwerk based on an IBM 360,185
(Ref. 16). On this, we are able to wmonitor access to these

machines. The seccnd (PDP-9E) is wused toth as a development
machine and for mcnitcring and access contrcl of the dial-up
lines of the Lcndon-TIP. It also provides a simple form of

access to the National Library of Medicine (NLM) Medline systea.
The PDP-11 is used as a gateway to a broadcast satellite netucrk.
Our current configuraticn is shcwn in Fig. 1.

This report is intended to be a definitive quide tc a4 major part
of the mwmeasurement and access control project at UCL (see Sec.
2). Part II describes the methcds used in detail and presents
sample results and examples of the data. Part TIT 1is a
comprehensive sumsary of the results which have so far teen
ottained (over a period cf about a year) and Part IV is a user's
quide to the varicus programs developed for the project.

INDRA TR-30 The INDRA Network Measurement Project
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2. AIMS_OP_THE_PROJECT

Many research grougs in the MK access various Hosts ot ARPANET
through the Lcndcn-TIP for a variety of purposes. The aim of

this project is to measure that usage. This measurement 1is
carried out at a number of levels, from the user level down to
the line level. In many cases, the user level measurement

ccnsists solely cf measuring the time connected tc a particular
Host, but in the case of access to one machine, the Natiocnal
Library of Medicine (NLM) TIBM 370,158, much wmore detailed
measurement is performed. At the line level, other measurements
are made which are descrited in ancther repcrt (Ref. 26).

In addition to measurement, the system provides an extremely
povwerful method of access control (Ref. 18) with no changes in
the TIP software. Furthermore, part of the system acts as a
Network Access Machine (NAM) providing a convenient methcd cf
accessing NLAN.

Thus the aims of the project are four-fold:
(1) To investigate overheads in ARPANET
(ii) To measure usage of the network
(1ii) To provide access ccntrcl mechanismse
(iv) To provide a Network Access Machine

Only the last three are described in this regort. Current UCL
wecrk 1is concerned also with measurements c¢n other ccicuter
networks, including the UK Experimental Packet Switched Service
(EPSS) and the ARFA sponsored SATNET Packet Satellite Network
(Ref. 10). Yet cther measurements are cconcerned with the
response of the NCL Gateways under various ccnditions. Most of
this report treats only measurements to determine the 1levels cf
usaqe by various grcups cf rescurces cn ARPANET. There are more
ietailed nmeasurements on the characteristics of various
dialoques. Here only the wmethod and some sample results are
given with detailed results folloving in a later report (Ref.
23).
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3. OTHER_ARPANET PFEASUFEEMENT

——— . ——————————— e == — — ——

Measurement has been carried out at other ARPANET sites and it
vas not the vpurpcse cf this project to duplicate such work Lut
rather to compleament it. Two sites deeply ccncerned with
monitoring are the Naticnal Bureau cf Standards (NBS) and the
University of California at los Angeles (UCLA) Netwcrk
Measureaent Center (NMC). 1In this section, we mention the work
which has been carried out at those sites, to point cut the
differences from cur agpgrcach.

3.1 National Bureau_of_Standards

There are two projects at NBS which are relevant to our wcrk.
The first 1is that cn the Netwcrk Measurement System, the seconli
on the Network Access Machine (NAH) . The Network Measurement
Systenm consists c¢f two parts. The first 1is the Network
Measurement Machine (NMM) which is (Ref. 27) "a device used to
acquire 1data for the performance measurement of computer network
systems and services"™. It consists of a DEC PDE-11/20 with some
special purpose nardware and software. This machine perforas the
actual data capture and stores the data on magnetic tafpe for
later processing Lty the Data Analysis Programs (DAP).

The data collecticn is fperformed in such a way as to <copy the
data wvith nc interference (e.g. a "T-connection"). The data is
recorded on magnetic tape with each character being timestamped;
in addition, the source of the character is recorded. Since
these data are recorded in time <crder, the many conversations
beinqg monitored by the NMM are multiplexed together and hence th-
pre-processing consists of a rouvtine (RAW) which performs ..
necessary denmultiplexing. The resultant ccnversations are then
(i1f occurring in full-duplex mode) transformed to the equivalent
half-duplex conversation. Non-printing characters are
transform=d into a ggrintakle form (e.g. carriage return 1is
printed as <KCR>). The resultant files are then analyzed in
detail giving histcgrams, frequency distributions etc. In
particular, the OMNITAB package (Ref. 4) is used tc perform many
statistical functicns.

Besidies the otvious relevance of the NMM tc the work at OCL (and,
as will be shown belcw, the similarity cf technique), the work is
of interest since one of the systems measured by the NMM is the
MELCLINE system at NLM.
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3.2 University of Calitornia at_Lcs_Angeles

Perhaps one of the mcst 1imgpcrtant functions fperformed on the
ARPANET 1is that of the Network Measurement Centre. This has
performed measuremerts cn the ARPA sub-network since its
inception. These measurements are specifically at the sukt-
netvork level and therefore not directly related tc the results
presented in this Report, although they are of relevance tc the
sub-network measurements cf Treadwell (Ref. 26).

In addition to perforering siwple mcasurements, the NMC also has
facilities for rferforming specific experiments (in conjuncticn
with the Netwcrk Ccntrol Center) and these are carried out at
frequent intervals. The results of such experiments enable
incipient faults tc te detected, allcw evaluation 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.
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1. THE_USER_LEVEL ACCESS_AND MEASDREMENT SYSTEM

———————————————— i ———— i —————— ———— i — -

1.1 QUES_Access_Ccntrol

The prograa which perfcrms the actual monitoring and access
ccntrol is called CNES. This is one segment ot a network system
vhich runs on PDP-SBR. When the system 1is initialized and has
established communication with the TIP, CUES sets up a contrcl
connection to a sgecific pcrt on the TIP; via tnis connection,
QUES attempts to connect to other TIP ports (which are specified
by entries in a disk file which may easily be nmodified). Each
pcrt may be in cne of three states. The first is WILD, in which
case ther= is nc user ccnnected; in this state, QUFS may (and
indeed Adoas) make the <ccnnection. When a user dials in, this
ccnnection is broken and, on noting this, CUES remakes it and
interrogates the wuser by asking for surname, TIP password and
number of required Hcst (a typical scenaric is shown in Fig. 2).
To save time, a user may give all three replies in resgonse to
the first question.

Tf the replies are satisfactory, QUES then treaks the connection
and waits 20 seccnds befcre attempting to remake it. If the
replies are unsatistactery, the user is allowed a second attempt
then, if still incorrect, he is disconnected. It would have t en
possible for us tc have better access control Ly making the
connection tor the user. This wculd require, however, a
censiderably heavier cpu load and to reduce this, we only make
the connection 1in the specific case that we wish to reccrd the
whole dialogue fcr suktsequent analysis (as we dc in the case of
MEDLINE; see telow).

[f the user gives correct ansvers and succeeds in connecting to
the Host within the requisite time, QNES enters its third phasc
in which it attemgts (at cne seccnd intervals) to reconnect to
the port.

When the user clcses his ccnnecticn to the remote Host, QUES is
once more akle tc ccnnect tc him and requests the number of the
next Host required (name and password are nct reguested again).
This procedure is then regeated ccntinucusly.

TNDRA TR-30 The INCRA Netwcrk Measurement Project
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1.2 MEDLINE_ Access

The only 2xception to the atove
where the Host the user wishes
of Madicine (NLM). The British
Term Experimental Information

number of centres which access the MEDLINE system on the hIM
not
rather

terminals on the National Rureau of Standards

This machine is

Host, tut

370/158.
ceonventional
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Since this makes the process of connection extremely inconvenient
and also provides 1little status informaticn, we have written a
program which alsc runs under our netwcrk software on the ECP-9
and vhich automates the <connection procedure. I1f a  user
sprecifies that he wishes to access the MEDLINE system (ty giving
the NBS-TIP number or MEDLINE when asked for Hcst numkter), he is
automatically rcuted to this program. The data path for this
mode of access is shcwn in Pig. 3.

The program attemgts to make a connection to each of the NLM
ports 1in turn; there are twc ports (134, 136) at 10 chardcters a
second and three (140,142 and 144) at 30 cps. If the user
specifies that he has a fast terminal, the scan starts at port
134. An attempt is made to ccnnect tc each gport. This attempt
may be successful, 1in which case the user is connected tc the
port; it may te unsuccessful, in which case the next ggort is
tried; or it may te partially successful. For examgle, the
connection to NLM may be opened tut the messages from NLM may not
be those expected (if, say, a user had disconnected in the aiddle
of a search) and the proqram attempts to correct this state, then
connect the user.

Once the messaqge
PLEASE ENTER USERIC

is received, the user is asked for his NLM ID. This is usually
one in the range NLLC2 to NLLOh and the user does not care which
is used. In this case, he +*ypes a carriage return and the
program chooses one which it kelieves is nct in use. If it . is
(signified by the appropriate message frcm NLM), the frogran
notes this (for subtsequent users) and chooses another until tu.
user is connected. The program then prints a message to the usel
indicating the gcrt and userid (in case the system <crashes and
the wuser has tc reconnect manually). From this stage on, the
projram maintains a virtually transparent connection tc NLM; scmre
NLM system messaqes are nmodified for btrevity and conveniencce
(e.g. the PROG: promgt is removed entirely). In additicn, the
program 1s able tc mcnitor the entire conversation 1f reguired
(see the next Section).

[f the UCL program is unatle to make the connection (cr 1if the
user states that he dces nct wish to wuse the preqraa ty
specifying the Host as NLM), CQUFS allows the wuser twc @minutes
rath=r than the standard twenty seccnds to make the comnection
since the procndure is considerably more comglicated in this
case,

INDRA TR-30 The INDRA Network Measurement Prciject



1.3 MEDLINE_Measuresent

The program described in the previous section has an cpticn which
2nables it to monitcr all interactions. The use of the UCL node
is recognised as fpurely experimental. All users of the UCL TIP
via the switched telephcne netwcrk have to agree to the
conditions of such usaqge; these conditions 1include that their
interactions may te reccrded and analyzed. This restricticn does
not apply to usage of the MCL ncde from the US; in any case, such
data cannot te cafptured ty the UCL measurement system, except to
the extent descrited in Section 2. The nmonitoring consists cf
copying all the ingput and output to or from the user and NLH,
together with the output to the system console and log, c¢ntc an
industry compatitle 9 track, 800 bpi magnetic tage (or,
optionally, onto the PDP-9 disk - this option is cocanvenient fcr
test runs). PRachk record is datestamped (to the nearest tenth of
a sacond) and has the channel designation, tcgether wita the
direction of the data, added. Thus a sample record might te:

03 MAY 76 09 52 10.1 K< TERMINAL (PAST CE SLCW)>

in which, at the specified date and tise, the @message "TERMINAL
(PAST OR SLCW) >" was sent to channel K (wvhich happens to te a
user on TIP port 70). The system console and the system lcg are
repres2nted by the characters # and * respectively. A sample of
the 1ata recorded on tape is shown in Appendix 1I.

I'vo other 1tems are ncticeaktle in this data. The first 1is that
the data from all the channels is sultiplexed together and hence
must be demultiplexed before it can be analyzed (see Sec. 13).
Secondly, some @®messages are sent with nc terminating carriage
return/line feed and hence these characters are appended tc each
such 1line, together with a special character ($) to dencto that
this has been dcne.

The data is recorded cn the tape with cne file corresgonding tc
one session (where a session is terminated either by the cperater
or by 1 system crash). The tape is then sent tc the &L 360,165
for analysis as described in Sec. 3.

INDRA TR-10 The INDRA Network Measurement Prciject
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2. GATEWAY MONITCRIMG

The previous secticn has descrited the use made cf PDP-9R. This
section describes measurements recorded on PDP~9A. This machine
is attached as a local ltost tc the TIP and acts as a gatewvay
between ARPANET and various other computers. 1In particular, at
the present time, it is connected to the RL 360,19% (which is the
central node of a star netwcrk, the cther ncdes being, in the
main, GEC 2050 computers simulating IEM 1130s) and the Royal
Signals and Radar Estatlishment (RSRE) GEC 4080. Previously, it
vas connected to the Cambridge Computer Aided TCesign Centre
(CADC) Atlas computer.

The RL 360/195 is cne of the largest ccmputers on ARPANET and
hence its use from the netwcrk is cf considerable interest. This
use has been restricted to specific <collatoration tetween
research groups in the NS and RI, together with local use by UCIL
staff who access the 260 through the TIP. There has heen a small
amount of other usage. Thus the usage 1is, in a sense, the
inverse to that measured by QUES described above, although usage
directly correspcnding to QUES is provided ty RL users accessing
ARPANET through tte PDP-9. The RSRE 4080 is wused by research
qroups in the U0S accessing the CORAL compiler, w@ainly fcr
evaluation purfcses.

'he data recorded ty PDP-SA is also on 4 fpaper tape for the
reasons outlined in the previous section. This tafe is a direct
transcript of the system log and records such information as the
remote computers (and, of course, the IMP) teing uf or dcwn, the
use by various pecple (the Hcst frcm which access was made, the
identifier wuseil and the initials of the person) and, since these
data are timestamped (only tc the nearest awminute), the “*inc
connected to thec varicus machimes. In addition, any batch jo..
(including those arising from file transfers) are also recorded.
Sample data are stcwn in Agppendix 1.
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3. ANALYSIS_PROGEAMS

The analysis programs fcr the wuser level analyses on the RL
360/195 are <comtined into cne module called XPSTATS. All the
programs are vritten in Batbage (Refs. 15 and 25) and make heavy
use of its system litrary (Ref. 19).

The module consists cf a central driver routine, together with a
number of independent segments wich perform various analysis
functions. The largest one, QUES, analyzes the data groduced Ly
the PDP-9 QUES program and produces various matrices, histograms
etcs

3.1 Overview of the XFSTATS_package

XFSTATS takes three inputs. The first 1is the tables; these
specify the fault captions, the allowed control cards, the legal
TIP passvords, the nagmes cf the computers/networks connected to
PDP-39A and the 1list of 360 IDs used ty separate projects. The
second is the data; this is effectively a ccncatenaticon c¢cf all
possible inputs. The last is the control file; this consists cf
a sequence of lines, each specifying an oftion. The order of
these lines is nct significant since they are nct interpret 1 in
order of reading tut rather the entire file is read by a parsing
progran (Ref. 19) which constructs an appropriate data structure
which is handed tc XFSTATS. An examfle of a control file is:

QUES

FRCM 1/6/75

T0 1 July 7S

CCNNECT TINMES

HISTOGRAM CF PORT USAGE
TIMES CP MCNITGCRING

END

[t can be seen that a very flexible 1input format 1is allicwed.
Fach command may te atbreviated tc four characters if required.

XFSTATS Aetermines the type of analysis to be performed trom the
ccntrol cards and, where relevant, limits such as start ani en?
dates (which default to 1 July 75 and 1 July 76 respectively).
Tt then reads the data file, ignoring any data not within the
specified limits and perfcrms the agpgropriate analyses.
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3.2 Pacilities Prcvided

The XPSTATS program allcws ®many d4nalysis functions to ke
performed. In this section, we describte the facilities
available. A similar descripticn, but written from the poiant of
view of the user, is given in Ref. 20.

(a) QUES
This 1is the major PDP-9E analysis program. It groduces
measurement data fcr the output frcm QUES. It operates Ly

building a data structure in core for the ccmfpressed data (sce
below) and then, depending on the control cards, prints certain
data. The functicns availatle are:

Il'imes mcnitored

Surnames used for each ident

Number of lcqgins, conrnect time and number of hosts used
for each ident

Number of lcqins, ccnnect time and numkter of users
for each host

Matrix of connect times fcr hcst numbery/ident pairs

Where appropriate, the data may te requested in graphi- il form.
Examples of the ocutput are given in Appendix 1.

(b)  LUGB

This program checks the input (the PDP-9 rpaper tape 1lcg) fer
errors, removes superfluous lines (e.yg. "QUES CK"), removes .ir .
vhere the user has given an incorrect password or Host (these arcc
printed out fcr inspection, Ltut not passed onto the analysis
programs) and compresses the data. 1In particular, the connect
time 1is appended to the Bessage generated when the user leogs in.
Two problems arise. The first 1is that monitoring may tc
terminated while a wuscer is still lcgged in; in this case, the
QUES program prints cut the ccnnect time up to the termination
and so the time recorded is an underestimate. This of course
presents no protlems tc LOGB, since there is no Jdifference
between such a message ani1 a genuine log out. The second caise,
when the system crashes while users are logqged in, does prescnt a
problea; in such a case, LOGB detects this by the cccurrence cf a
"MONITORING STARTEL"™ @message nct preceded by a "MCNITCRING
TPRMINATED" awmessage. It generates the latter and the asscciated
logout messages at the last time fcr which it had a valid message
(hence the reason for the groduction of the "QUES CK" messayges).
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The program alsc groduces messages indicating the number of fports
in use. Due to a temgorary restriction on the numter of channels
available in the FLP-9, QUES only monitors six potts at rpresent.
Tt 1is a simfple ratter for LOGB to record the number of ports in
use except for one case, when QDES starts wmonitoring. 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 having dialled
the TIP number by mistake). This distinction can te deduced Ly
QUES with a reasonable deygree cf certainty by knowing the TIP
timeout period. Howvever, the timeout period is not guaranteed tc
remain constant and the method is nct completely reliatle. 1In
the data we pra2sent here, this was not dcne and LCGBR had to
deduce the nuaber of ports in use. Due to the mode cf operaticn
of the telephone system, a wuser 1is allocated ¢to the lowest
numbered free fport on dialling up. At present, ve aonitor gorts
70 to 75 (octal). If the first gort to be used after CUES was
initialized was 71, LOCGB would assume that port 70 was in use at
that time. LOGB takes steps to ensure that such an error is not
propagated if the fcrt was nct in genuine use.

Thus LOGB produces an output file, an example of which 1is given
in Appendix 1.2 (the output is that produced with the data in
Appendix 1.1 as input). This file is in a standard format and
may be assumed to be error free and it may be analyzed by QUES.

(c) IDENT and HOS1I

These two programs perfors very similar functions and simply edit
the data, only printing interactions which appertain either tc a
specific ident (TIP passwcrd) or hcst number. Strictly, they
shoull not be included in this document since they pertorm no
analysis functicns, tut it is often convenient to examine the
data visually and these programs facilitate this. 1In additicn,
they print appropriate histogrames if required; 1in the case of
IDENT, the histcyrams are those of time and users, in the case of
HOST, only the former.

(d) RORT USAGE_SIATISTICS

This proqram operates on the ccmfressed data frem either PDP-9.
I't produces statistics on port usage, 1in tabular fora and
gjraphically. The statistics prcduced are the time monitcred, the
numsber of 1logins, the amcunt of time used and, from these, the
averaqe time per lojin and the percentage TIP port wutilizaticn.
The statistics may te prcduced over any specified dates and they
arte broken down by hour of day or weekend. In addition, a table
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is produced indicating the number of ports in use whenever there
1s a nev login. If used cn the PDP-9A 1log, the program only
2xamines the fport utilization for one computer (PDP-9A, RL 360 cr
RSRE 4080) and the required one pmust be specified as an
adiditional parameter.

(e) MEDPRINT

Although “he major MEDLINE medasurement is tftrom the output oan
magnetic tape, some data is prcduced on the PDP-9B log and it 1is
this which i1s analyzed by MEDPRINT. Fcr each 1interacticn, the
program calculates the time per line from NLM and the user, the
average number cf characters per line each way and the ratio of
number of lines from NLM to number of lines from the user. At
the end, a summary cf the recults, 1including the w®mean and
standard deviation of each value is printed.

(f) DEMUX

As described in Sec. 1.3, the varicus interactions mcnitored &ty
MEDLINE are nultiplexed together onto magnetic tape. It is the
pucrpose of DEMUX tc demultiplex then intc the separate
ccnversations. The output is then identical tc that ~rinted at
the user's terminal with the additicn of a datestamp to each
ccoplete line (N.B. if the user replied to a gquestion on the same
line as the gquesticn, his reply 1s nct datestamped). In
adiition, varicus data about the interaction which are extracted
from the log stream (such as the user's name and password and the
number of 1lines and characters +to and from the termiial' ai:
added.

DEMNX may be used to analyze entire files (where a tile, 1in
general, correspcnds to one measurement sessicn) or to extract
specific interactions from the file. This latter facility is of
considerable wuse since MEDLINE monitors ALL interactions and the
data on the channels connected tc NLM are very similar (althouqh
nct identical - see Sec. 1.3) to those to the u-er.

(3) MEDLINE
This is the progyram which performs the actual analysis of +the
user conversations with NLM. Once aygain, @many oOptions arc

1vailable and the user of the analysis packaqe may chcose «which
Are required.

The program takes an individual interaction and jperform various
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analyses on it. 1The availatle data are as fcllows:

Number of characters to and from NLM
Number of characters tc and frcm the user
Occurrence of NLM system keywords

Number of searches in the session

Numter of terms fer search

Number of sub-terms per search statement

(h) LOGA

The output from the PDP-9A is a direct transcript of the console
log and, as such, ccntains messages from varicus places such as
the supervisor, as well as the measurement messages in which we
are interested. 1In addition, the date and/or time are sugpressed
in some cases (cnly if they are identical tc the last date or
time printed). Since the format is not that expected ty XPSTATS,
*his 1s cleaned up ty a stand-alcne prcgram called TIDYA. This
rcmoves all blank lines and lines consisting solely of a system
prompt character (>). Tt then removes all 1lines which do nct
conform to the expected fcrmat and prints them out cn a log
stream for inspection. The remainder then have the date and/cr
time added vhere required. The cutput from this is similar to
that produced by FDP-9B and is processed by a program cailed
LCGA.

This operates in a very similar manoer to that cf LCGB descrited
in (a) d4bove and generates an output of a similar, comgressed,
format (see App. 1.8). Hcwever, it is consideratly more complex
due to the 1larger nuaber of ditferent tyges of interacticn
possible (e.q. terminal access tc 360, terminal access from 36C,
file transfers etc.) and the number of connected computers. The
techniques used tc rperform the ccmgression are descrited in
Jetail 1in Ref. 72. This cutput is assumed to be error free and
may be analyzed by the program FDP9A descrited in the next
section.

(i) PDP3IA

This 15 the major analysis prcqram for the FLP=-9A, It acts in 4
very similar way to that for PDPE-9B (QUE5, see (a) above). That
is, it reads the comgpressed data file, generates a data structure
then, depending on the analyses regjuested, prints out suitakble
tatles and grapkhs.

The analyses available are as tollows:
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Times monitored

Up time cof the connected computers

Numter of ARPA Prctcccl errcrs by Hest

Number and distribution of file transfers

Initials used for each ident

Number of logins and connect time fcr e€ach ident

Number of lcginrs and ccnnect time from each host

Matrix of connect times for each host numster/ident pair

If required, the various idents wmay be grcuped together Gty
project and the same data produced. 1In addition, the data may te
produced either fcr AFPANET users accessing the RL 360 c¢r 36C
users accessing ARPANET. In all cases, histograms may te
requested vhere approgriate.
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4.1 QUES Monitoring

In a project such as this where a 1large asmcunt of significant
data 1is collected, it 1is not easy to give selected results.
However, this has been done and the results are rresented in Part
III. This secticn is intended merely to show the type of output
vhich the analysis rcutines are abtle to produce and to give
examples of other infcrmaticn 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 1975, althcugh TIP fpassword checking was
performed, 1illegal access was not prohibited. Thus the validity
of any results tefcre this date is questionatle.

A single month prcvides a reascnable volume of data covering
various times of day. July 1975 was chosen specifically since it
was the month in which we did mcst monitcring; PDP-9B is also
used for systeama development and monitoring is only performed when
it is not used for that purgcse. Thus the amount of monitoring
varies consideratly from week to week and much of the monitcring
is at night and weekends with few users; at such times, the rain
value of the system is for controlling improper access. In the
month concerned, vwe mcnitored the TIP fcor 525 hours (70%) broken
dcwn in the following way:

0000-9800 0800-1300 1300-180C 1800-2400 Weekends

Total (mins) 912C 5571 1713 4y 26 10€74
Mins/day (av) 397 242 74 192 1334
% of time 82.7 30.7 24.8 535 92.7

monitored

The three aspects with which we will ccncern ourselves are:

(1) The glctal picture; overall usage and general
statistics

(ii) The pattern of usage ty cne specific user

(iii) The pattern of usage cf cne specific host

INDRA TR-30 The INDRA Network Measurement Frciject




_27_

On the global picture, we monitored the TIP fcr 31,504 winutes
(70%) in the acnth. The total time users were connected tc
various Hosts was 10,761 user minutes, giving a usage of the six
ports monitored of 5.7% However, much of the time monitcred was
at weekends and niqht and the breakdcwn of this figqure over the
time periods used above is:

0000-08C0 0800-1300 1300-18C0 1R00-2400 Weekends

Time*ports 9y 8039 1443 462 723
% ports used 0.2 24 .1 14.0 1.7 1.1
Logins 2 435 62 42 4y

(vhere the percentage referred to 1is the percentage fpcrt
utilization). The tigh figqure in the 0800-1300 time is due to
the non-availability of many US hosts to us in their prime shift
(1300 onwards, UK time). This restriction applies to the twc
Hosts that were wused =most heavily, NLM and the Information
Sciences Institute (ISI) PDP-10X. A general matrix 1is groduced
of the wusaqge at each Hcst Ly each user grcup. The complete
matrix in our case would be quite unreadable. A partial wmatrix
is shown in Appendix 1.5. The twc mcst heavily used Hosts during
this period were Hcst 147 (71%) and ISI (13%). The re.scn that
the former wvas used so heavily was that it had hteen unavailatble
fcr most of June; in additicn, the general university usage was
lcw in July because of the onset of holidays.

The pattern of usage cverall is much as expected and is shcwn in

Pig. 4. In this, attempts tc connect to a Hest which 2 n.
available are excluded (QUES records this as a connect e aas
zero; there were 115 such oaqccurrences in July). The secou:

histogram shows the zero to ten minutes segment on a larger
scale; the zero tc thirty seconds time period contains many users
vho, although ccnnected tc the Hcst, were unable to loj-in either
due to the Host refusing to allow the log~in or rejectirg it due
tc illegal account fparameters.

It is of consideraktle interest to determine the numbter of
ccnnections made and ports occupied and these are test ncrmalized
with respect to the average number of rocrts 1in use. Typical
results of the pcrts in use over particular periods are shown in
Pig. 5. We also have histogram infcrmation on the nusber of
ports 1in use at any one time. This information can te used tc
quide the TIP cwner cn the number of dial-up forts he should
proviie.

The second aspect which we wish tc examine ic the patturn cf o¢ne
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specific user (Feter Kirstein). His wusdge this wmonth wvas
confined ~xclusively to one Host, ISI, and there were three types
of usage; these are clearly reflected in the ccnnect times (Fig.
f). The first is usage such as reading mail or sending messages.
This takes a relatively short time, of the crder of ten minutes.
The second usaqge is editing documents and this gives rise tc
ccnnect times of the crder of half an hour. The third usage is
entering documents and, to a greater extent, teleconterencing
where connect times are of the order of hours. This pattern,
which shows up clearly in the histogram of Fig. 6 where there
vere only nineteen logins, is even clearer over lcnger periods.

The last usage we consider is that of a specific Host. As we
mentioned above, a number of <centres in Britain access the
MEDLINE system cn the NLM IBM 370/158 to perfcrm bibliographic
searches. In addition to the QUES monitcring, we are able tc
monitor other details since each line frcm the user and from NIM
passes through the PDP-9. In particular, we monitor the nusber
of characters and lines each way. We also record the number of
searches carried out, but this depends on the user specifying
this number accurately to NLN; also, the actuval number is, to a
certain extent, subjective. Therefore, we dc nct wmake
significant use cf this informaticn.

In the month we are considering, we recorded 148 logins tc ''HN,
giving a total coonect time of 7385 minutes. Eliminating tacse
logins where MELLINF was not available (shown by a very short
connect time - of the order of a few minutes - and the user
specifvying that nc searches were done and giving no “PRINT™
commands), or where vwe did not generate full statistics, we had
87 logins.

Altnough the number of observations is reasonably high, the
variation in the rarameters was surprising. The gqreatest
consistency was in the tise spent lcgged in, an average of Jjust
under 33 minutes with a ras deviation of 11% of this value. Two
parameters which w®igqht have Leen expectel to te fairly
consistent, the average number of characters per line to and frca
NLM each sessicn, showed wide variations over the recorded
sessions. The averages were 16.64 and 13.65 respectively with
rms deviations of 31% and 49% of those figures. Similarly high
1eviations were shown in the ratio of the lines from NLM tc lines
from the user (52%), the time pcr line from NLM (46%) ani the
time per 1line from the user (58%). These results are tabulated
in Pig. 7.
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Total Average RMS Deviation
Time logged in 171 349 1970 217
Characters frcm NILM 551 925 6344 5319
Lines from NLM 32 569 374 284
Characters frcm user 1CS 979 1218 2088
Lines from user 8 554 98 171
Average time per line from NLM - 5.7 2.6
Time per line from user = 42 24
Characters per line froe NLM - 17 5
Characters per line frcm user - 14 7
Lines from NLM/Lines frcm user = 8 u

Pigure 7: Characteristics cf NLM Usage (times in minutes)

As in the previous section, we present results here tc illustrare
the type of data analysis possitle and this may best be dcne w1

a relatively shecrt period, namely a month. The month cf Pebruary
1976 was chosen since this is the first month for which we have
full monitoring since the change of output fcrmat to the PDP-9
log (the proqrams currently accefpt the new fcrmat alone, although
they will be changed to allow the previous fcrmat; the change cf
format was <simply tc reduce the amsount cf data punched while
retaining all the infcrsaticn).

The ?2DP-9 was up for over 93% of ¢the available tinme. It was
taken down correctly 6 times and crashed (or was taken down
incorrectly) 53 times, giving a mean time batween failure or over
12 hours. Th~2 IMF (as usual) was exceptionally reliable, ccntact
being lost a total of 15 times in the month, giving a MIBF of
nearly 40 hcurs. The RL and RSRE machines were ncticeably less
reliable.
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The average PDP-9 port usage (3.33%) is quite low, Lut there were
a total of 2262 1lcgins in +the month. However, only on cae
occasion vwere all five ports in use (for a tctal of two minutes).
There 1s no record of the number of times a user was re¢jected,
but obviously it cannct be mcre than the abcve figure and hence
1t is safe to say that this did not hagpen in the month.

The averaje usage of the three 360 ports (3.11%) wvas relatively
low, but since usage is heavily ccncentrated in peak hours, this
figure does not give a true indication of the usage. Ferhaps a
better indicaticn is the fact that a user was rejected frcm using
the 360 seven times in the whole mcnth, while all three 360 fports
vere occupied for a total of 50 wminutes (on 25 separate
occasions) . Therefore, in the month, the 1360 usage was
relatively 1light. The average time per login was just over 16
ainutes, although this varied considerably cver the time of day;
with the fairly low number of logins (452 in the month), little
significance can e attached tc this result.

A total of 49 idents were used from 28 ditferent ARFA hosts,
although the predominant usage (61%) was, as expected, from the
London-TIP. It shculd Le emphasised that the lccal usage is very
seriously wunderestimated since the HASP system consocle is a
permanently connected device which dces not gc¢ through the TIP
and the usage of this device (which is high) is not reccred ty
the logging program.

We are able alsc to record the usage of ARPANET from the 360 and,
in the month in guestion, a total connect time of 834 pinutes was
recorded (<f. 14675 sinutes in the cther direction). This usage
occurred froe 16 different devices attached to the 1360, scame
directly attached, others via wcrkstations. The most heavily
used hosts were EBN and ISI (presumably for message traffic) and
Lawrence Berkeley Lakcratcries which have a joint high energy
physics experiment with RL.

Thus, to briefly summarise the results, the @pmachines were
available for a good proportion of the time, the usage cf the
PCP-9 and RL ports was fairly lcw and the usage c¢f the 360 froa
ARPANET was very much m@morc tham the wusage in the reverse
direction.
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PART IIIL

RESUOLTS
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1. Results of Monitcring PSTN_Usage

———— . S ————— - —— - - - -—— e ———

1.1 Introducticn

In this report, we will report on data obtained up to the end cf
June 1976, For reasons exglained before (i.e. nc password
validation), data tLtefore July 1975 cannot te considered valid.
Therefore, we have a year's statistics and it 1is results fromn
these data which we present in this section. 1In brief, the
results are those shcwn above in the sample results, but for a
year 1instead of a single mcnth. In addition, c¢f course,
variations frcm mcntlk tc month ate ncted. The data we record are
~ssentially the time mcnitored, the hosts used by each grcup and
the time connected tc each hcst. There are many ways in which
such data may be analyzed and, in this repcrt, we present thcse
results which ve ccnsider cf most 1interest. The full results
(the actual 360 cutput) are given in Ref. 21. We break dcwn the
results ve give here into several distinct secticns.

1.2 Monitoring Performed_and TIP Port Usa
The monitoring pertormed varies significantly from day to day
lepending on the 1lcad on the PDP-9 and, although the overall
mcnitoring is of the order of 50%, much of this is at night . nd
hence of 1little interest since usage 1is extremely low. The
monitoring required a dedicated PDP-9 and it cculd not be sgared
for this purpcse during much cf the working day. Fig. 8 shows
the amount of mcnitoring performed ty month and Pig. 9 is the
mcnitoring over the period troken down by hour of day (cr
weekend). Fig. 10 shcws the frequency cf pcrt wusage; it 1is a
histogram where the value measured is the numter of pcrts in use
each time there ic a new login.

The amount of pcrt usage, broken down by month, is shown in Figq.
11. Although the figures appear very lovw, they are explained ty
the preponderance cf monitoring during the night. This is shown
mcre clearly in Fiq. 12 which breaks down fport usaqe by tise cf
day. Nevertheless, the maximum pcrt usage, just before 1lunch
time, 1is only about 20%. Fig. 12 is mirrored closely ty Fig. 13
vhich records the numcer of logins fer hour - again a very low
tiqure, In order to attempt to remove the ccnsistent Lias
introducead by monitcring cnliy in the wmornings and cff-peak
perinds, a full one week experiment was carcied cut in wmid-
February 1977. Thke results of this one week have not yet reen
analyzed but will be included in Ref. 24.

The monitoring perforsed allows us tc give an accurate estimate
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of port usaqge; partly as 1 result of these measurements, we have
recently cancelled scme cf the dial-ug lines *c the 1london-TTE.
This wmove related vrartly, huowever, to a decision tc have a
substantial progcrticn ctf PSTN usaqge passing through EPSS.

1.3 Global ARPANET Usage

rhe data for usage, trcken down by hocst and user groug is
available in the fcrm of the matrix as shown in App. 1.5. The
tull matrix is far tcc large to reprcduce (4: x S3) and the data
may best be rpresented in the form of a "pie chart"™. The chart
fcr the various user grcufrs is given in Pig. 4. This shcws very
heavy usage by the Pritish Litracry (MECLINE and CANCERLINFE
Projects), over 54% cf total usaye. There are two reascns for
this; first, there was fairly heavy usage in the geriod tecause
there hal peen prokblems before the pericd we are discussirg and
this very significantly increased usage over the summer when
activity trom other grouons was very low; seccndly, OQUES cnly
records usaqge via the PSTN which heavily ftiases the ddata since
censiderable usdage is made of the network via directly connected
terminals or leased lines. Mcreover, for university usage, the
major usaqg= is in the afternccrns vhereas nearly all PBritish
Library us2 is cver the °STN in *the mornings.

This bias is also apgarent in Fig. 15 which reccrds the usage cf
various hosts and, since mpost gICufs cnly access cne or gossitkly
tvwo hosts, is very similar to Fig. 14. In fact, about hdalf *the
qroups used just cre hcst; the highest number cf hosts used Ly
one group was fifteen. 1t must ke emphasiscd that this 1is only
usage via *he PSIN; 1lccal usage has a different pattern (see Sec.
3).

Ln the above, we have nct lifferentiated between various Hests on
ARPANET and, in fact, usage varies significantly froam Host to
Host. Knowing thke capaktilities of various machines, it 1is
possible not «c¢nly tc correlate this pattern ot usaqe with Hosts
pbut also, to a considerable extent, with function. To give an
example, we shcw, in Fig. 16, the histoqrams cf usage fcr Hcsts
16 (the front end prccesscr for ILLIAC IV), 147 (used for MECLINE
access) and A€ (used mainly for messages). The histogram is
normalized such tkat the areas under each histogram are =agual.

This clearly shows different patterns c¢f usdaqge. LSI has a very

high (over 60%) usage of less than ten minutes with only a small
percentage over abcut 30 minutes, although there is a4 ncticcatle

INDFA TR-30 The INDCRA Network Measurement Project



- 43 -

Fiure 15: Usace oF VARIous ARPANET Hosts
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use ftor arouni twc hcurs 4t a time; this seems attritutable tc
teleconfaerencing and sose cn-line editinji. The <shorter periods
ire, in *h> main, due to r2aiing and sending wail, the variations
refl2ctingy the nurker cf ressages. NLM shcws a lcwer percentage
in the 0O tc 19 minute perind. Hovever, even this is grotatly
artificially high sirce, due to the methcd of connecticn of NLAM
to ARPANET, it is possihle to have an cpen ccnnecticn tc the
appropriate NBS5-TIP pcrt even though NIM is wunavailable. CUES
tecords this as a connection, even though it dces nct appear sc
tc the user anil hence a ccnsiderable part of this 48% shculd te
disregarded. It is not fpossible tc say for certain how amuch
falls into this category since there is cften a need to use NLM
for relatively =shcrt reriecds, such as reading the system news.
If most of this usage is disregarded, the pattern of usaje shows
4 maximum around the 15 minute time which is the average tiame fcr
a MFDLINE searcn. Tke lcnjer times recorded rceflz2ct owmultiple
searches being carried out in one session, as is afparent frcm
the more detailed data recorded by the MEDLINE fprogram (see Sec.
2).

The usaqge of TLLIAC-IV (or, more specifically, the PDP-10X frent-
eni processor fcr ILLTAC) shcws a similar pattern to that just
describel for NLM, except that the average time is ncw arcund 30
minutes and it is cbvicus that this is a reascnaktle pattern to
axpect for "serious" work as opposed to listing and sending
messages. The tigures for ILLIAC IV shculd be treated with
caution since only eighteen logins were recorded during the year;
from liaison with the users, we have ascertained that this was
due to the fact that it was more often used at times whe. QUES
¥as not running.

Although the most common largye machine c¢cn the network is the ELE-
19 (or more spacifically, the paged version, the PLP-10X), th-
usage of such machines ty "K grcups 1is hiqgher than wculd e
axpected. This may ke explained simply by the fact that nmcst
P"PP-10X systems dare cn the netwcrk for relatively general
purpnses vher2a4s wmany other machines (e.gqg. the Arqonne 379/195)
are for specific purgcses and, in many cases, dc naot proviie
server facilities).

1.5 1Individual 5Srcup_Usage

In the main, rescarch grougs (deftined as the pecple sharing a TIF
password) use c¢nly one host seriously; other hosts may be used
for short periois for sgecific furpcses such as sending mail
althnugh thes» <cervices are usually d4vailaktle on tha primary
host. O0Of <he 53 grougs we¢ mcnitcred wusing the Llondon-TIP, 20
used a single hest; only 24 used more than thre= hosts and the
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FiewRe 17: ARPANET UsaGe BY THREE RESEARCH GROUPS
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hijh2st numkber of hosts usedl was 15, Fven in this last case
(Thames Polytechnic), most (77%) time was used cn two hosts. It
must he 2mphasized that, at the fresent time, no checking is doane
that the user actually connects to the specified host. A visual
check of the dita indicates that they are accuratc; any errors or
deliberate falsifications are unlikely tec be significant.

Due ta th> mcre or less cne to cne relationshifp tetween hcsts ard
user (roups, any data on grcuf usage should ccrrelate well with
host usagye. This is indeel so; however, for comfparison, we <=hcw
in Pig. 17 usage Lty Professcr P.T.Kirstein (cf. Fig. 6) whose
major usage is that of IS1 (Host 86), Frofessor Hockney (Feading
University), a @sajcr user cf ILLIAC-IV and BLL, a major usecr cf
NLM. This matches Fiq. 16 surprisingly well.

Analysis of TI? usage by user group gives an excellent check of
lata provided by users of the TIP (see, for example, Ref. 6)
although due to scmwme grcurs' usage being confined to times when
JUES is rarely run, the two methods should Lte seen as
compleaentary.

INDRA TR=30 The INDRA Netwcrk Measurement Project
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2. MEDLINz RESUL1S

2.1 Introducticn

These results may te trcken down into two grcups. The first are
the results from the paper tape log and the second are those
recorded on the maqgnetic tape. We consider these separately.

2.2 Global Data

These datda are thcse recorded on the paper tape log. Use cf NIM
may be broken <dcwn into two distinct phases over the year. 1The
first is use of MELLIN® alone and this experiaent tcok place uf
tc the end of 197€%. After that, new centres tcok part in an
experiment to evaluate the CANCERLINE dataktase. Since there were
considerable prctlems over the first few months cf 1976, due toth
tc hardvare fproktlems with the terminals and sottware protlems at
NLM, 1little access was ckttained. Theretcre, vwe confine our
observations to the period July 1975 to December 1975 1in this
section.

As with the data rcpcrted in Part 1II for July, there is
const lerable variation in all parameters and this is clearly
shewn in Figs. 18 and 19 which show the usage in terms ot time
ccnnected tc NLM ani1 the number o¢f lines sent frcm NLM. As
stated above, due tc the mcde of cperation of QU®S and the NBS-
NLM interconnection, shcrt <ccnnéct times are recorded when, in
fact, no r2al ccnnection was made. Kemoving such data (and,
also, unfortunately, scme data where a genuine Gtut trief
connection was made), 4an average time per sessicn of just under
23 minut2s 1is fcurd, indicating that most users perform one
search per session, althouqh, in one session, thirteen searches
were performed (in nearly twc hcurs), involving over twenty
thousand characters cutput from NLM.

In recen* months, the MFDLINE prcqgram has been mcdified so that,
if required, it is ible to monitor onto either drum c¢r maynetic
tape. The data reccrdel is a transcript ot the user's
ccnvarsation witn NLM  with the addition cf a timestamg. This
1ata is then demultiplexed and analyzed.

At the time of writirq this regcrt, c¢nly sample results were

available trom thig monitcring. Hocwever, we have recently
obtained data for an entire week and the results from this

LNDRA TE=-19D The INDRKA Networ» Measurement Prcject
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mcnitoring will be presentei in a separate report (Ref. 24).
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1.1 Introlucticn

fn all the results descrited up tc now, we have been considering
use of U5 hosts via ARPANET. OCne cf the largest computers cun
ARPANET 1is the RL 36(C,165, accessed through PDP-9A. 1In a similar
fashion +o the PDF-9E, we capture the logging data on paper tafe,
send it to the RL machine and analyze it in a very similar way.
These data enable us to andlyze usage of one machine frcm various
sites (i.e. the inverse cf QUFS monitoring) and also to examine
the pattern of such usage.

In addition, we mcnitcr similar usage to that of QUFS, CEut
inst@ad of monitcrirg the TIF dial-up pcrts, we are monitoring
users on the 360 (cr cne of its remote workstations) accessing
ARPANFT,

we present data fcr the year 197€. The actual analysis output is
available as Ref. 23. The data gathered since the end of 1976
are being analyzed ard the results will later.

3.2 Monitoring Perfcrmed_and_Pcrt_ Usage

In principle, PDP-GA is availakle 24 hcurs 4 day aand all
meni*oriny 1s gfperfcermed. In practice, this time is rcducec. bty
some (up to 2 hcurs a day) system development. In additicn,
there hav= ke€een cccasions when the punch has run ocut cf tape and
some data have teen lest; this rarely happens and, when it dces,
it is usually con 5unday evening during which time there ic little
activity. Nevertheless, the fiqures quoted are q slight
underestimate due tc this. The actual amcunt of monitoring
performed and fcr which data are availakble is shown in Figs 20
and 21, the former Lteing troken deocwn by month, the latter ty hour
of day. It is clear from the fiqure by month that little data
was avallable for January and not all for Cctoker. 1In idditicn,
it shows tne effect cf the wmove trcm Gorden Sguare tc Gower
Street in July and the fact that the pachine Jas switched off fcr
a week ovear the Christras gperiod. The graph by hour of day shous
a remarkable ccnsistency, indicating merely that the machine was
used for system develcpment in the afternoon and early evenings,
thus reducing its availability in those pericds.

The first fiqures we describe are thcse of the computer up-times.
POP-9A was Aavdilatble for nearly 60% of the time but this figur-
is probably a ccncsideratle underestimate as scme dati: 4re  not
available. It was deliterately shut down 179 times ani crashed

INDRA TP-30 The INDRA Networx Measurement Project




_53—

FIGURE 20: PDP-949 MONITORING PERFORMED LY MONTH
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Fiure 21: PDP-9A MONITORING PERFORMED As A FUNCTION oF TiMe oF Dav
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BU?7 times (althouchk 1f it is shut down incorrectly, it @4y te
recorded as d4 crash) giving an MIRF ot cver six hours. However,
cn five occasions, a serions fault developed which caused the
system t5 crash repeatedly (since, on a system crash, there is an
autorestart mechanism). These five occasions gave rise to a
total of 307 crashes and hence a mcre realistic figure of the
aumbar of c¢rashes wculd be 545 giving a true MTBF <cf over 9
haurs. Obvicusly all the other fiqures for ufp times must ke
lover than that fcr the PD2-9 and the figures we quote are
absolute with the relative figures in brackets. The IMP was by
far the most reliatle with an up time of 55% (95%) and only down
136 times. RL was available 48% (83%) and RSRE 23% (39%).

42 also measure pcrt usage which was fairly neavy. It 1is nect
pcssible from the cstatistics recorded to Jdetermine how manv
attenpts to ccnnect tc the PDP-9 were reijected due to all Gpcrts
beirng in use. Hcwever, in the time ccnsidered, all ports were
occupied 155 times for a total of 774 minutes.

In the case of the SL 367, it is fpcssitle to determine the same
data (422 times and 1165 minutes), as well as the number of times
(359) when a us21 had lcgged into the EDP-9 and was then unable
to logy 1into the 36C Jue tc all the ports teing in use. This is
nct 1 particularly valuable datum since a uscr may attempt tc lcg
in a nuaber of times in a brief time interval. Nevertheless, it
i1s significant that sc many attempts were made and this .s torne
out by comments from users as tc their inatility to dccess RL at
various times ot day, particularly in late afternocn Londcn time.

'his is shown clearly in Figs. 22 and 23, the fcrmer relating tc
the PDP-9, the latter tc RIL. The number cf logins per hour
fcllows a similar pattern and is omitted frem these graghse f€c

clarity. It can Le seen that the pcrt usage cf the two macninc

is, as expectel, virtually identical. The peak period is arcund
1500 to 1600 1ccal (BRST or GMT as applicable) when heavy usage
frcm local users coincides with early morning usage frcm the West
Ccast of the MSA and midday usage from the East Coast.

1.3 Connpection_statistics

Perhaps the mcst significant item in thesce results is  the large
numkter of 360 IDs used (76) and the pattern cof usaje which
ditfers noticeibly frcem that recorded by QURS descrited atove.
In particular, the averaje times ate much higher (an overall
average of 27 minvtesg). On examining the statistics grouped Ly
ident, it is ncticeakle that usage Dby the INDRA Qrouf has a
larger averagc ccnnect time t+than cthet JTCUES. In these
Statistics, w2 have not differentiated tetween local use and

INDRA TR-139 The INDRA Letwork Measuremecnt Prciject
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remote us2 (which cculd be dcne ty examining the TIP pcrt numkter)
but it is certain that the great majority of INDRA group usaje is
via hard-wired terminals and this wmay well influence usage
hatits.

As would be expected, such usage is the highest made of the BRL
260 and this is shcwn diagrammatically in Fig. Z24. As would te
expected, this usage is mirrcred by the pattern cf hosts used to
access RL with the fpreponderance of time used (nearly three-
quarters) beinq from the lcndon-TIP as shown in Fig. 25.

We are also atle tc examine usage frcm terminals attached to the
RL 360 and these show a considerably different pattern tc those
just described. In the rpericd ccncerned, users from twelve
terminals accessel ARPANET (cne of which was the PDP-9 systen
console) but the average ccnnect time was only fifteen minutes.
On examining the figures more closely, it is clear tha*t most cf
the usage was trivial but there was scme serious use made of the
Lawrence TNerkeley LlLahcratcries which are involved with RL on
collaboration in high energy physics. This accounted for nearly
70% of the time used in the year being considered, althougqh it
should be pointed cut that the time used in this directicn (8611
user minutes) is very wmuch smaller than the time used Lty ARPA
users accassing RL (104,6GC uscr minutes) and hence the fijures
shouldi be treated with some caution, although the gattern cf
serious work involving relatively lcng terminal sessions (an., of
course, the session would protably include usage of RL systeas
either hafore or after the interaction with the remote host) with
a number of users attempting to connect to a host tor very shert
perinds, presumably tc investigate the mode cf access.

J.4  Group_ Usage

Although the only informaticn atcut the user available from the
PDP-9A log 1is his ident (and 1initials which are in nc way
checkel), this inrfcrmation 1is sufficient tc¢ onable us to
letermine aroup usaqe since e€ach group uses a specific sct cf
idents. In particular, in this section, we 1nvestigate usage of
the RL 360/195 by three groups. The first is the INDRA qrcup at
JCL (altnhough, as explained above, such Jata cmits usage from the

HASP system ccn¢ole which 1is not logged - frcam RL statistics,
this usag=2 is almcst e¢xactly a cuarter of that usei by the fports
available ¢to ARTA  users). The second gqroup is concerned with

seismic data collaticn and 4nalysis and the thitd 1ig& involved
witn high enerqgy fghysics experiments. The usage of *he 300 by
these three qroups cver the months cf the year is shown 1in Fig.
26.
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Ficure 25: Usase oF RL 3€0/195 rrom Various ARPANET Hosts
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The ordiinite chces the percentaqe of tctal use of the FPLCE-9 fcr
the specified mcnth. It is clear that the H®P grougs used only a
relatively low prcgcrticn cf the time, rising frcm nothing at the
beginning of the year to a peak in June, tailing cff towards the
autuan then starting to increase again at the end of the year.
The seismic group usage is distortel to the extent that the two
peaks correspond to relatively lcvw usage by the INDRA grcup and
thus the percentage use is artificially increased. Nevertheless,
the pattern shown is ccrrect. The usage by the INDRA groug is as
wculd be expected. The lower usage in  the early summer
corrasponds to the equipment w®cve meationed ¢freviously. The
rapid 1increase after July corresponds not only tc ccapensaticn
for lack of machine time kut alsc the use of the RI michine &ty
M.Sc. students for their projects over the summer months.
Towards the end of the year, a more consistent pattecrn emerged.

3.5 File Tranpsfers

Je measure file transfers both from ARPANET +to and frcm 1lccal
machines (nearly always the RL 36C) and frcm RL to the ELCF-9
(which are nearly all Babbage source code Leing cross-Assembled
to PNP-3 Assembler (Ref. 17)). In Fig. 27 we show the number of
file transfers performed cf toth types, normalized with respect
to the time monitored. Specifically, the scale is the number cf
events per 1CCO minutes mcnitored.

Pocr comparison, we also show the number of 1lcygins per acnath,
suitably normalized. The fiqures show nc correlation witi cach
other, although the fiqures for tiles from the 160 show, as
expected, a high degree of corrclation with ¢the general
activities of the TNLCRA grcup. Locking at the file transfers in
more detiil, it Lteccmes clear that there is correlaticn tetween
the number nf file transfers and the activities of various
qroups. Pig. 28 shows, aqain troken down by mocnth, the number cf
file transfers by grcup and this correlates well with Fij. 26.

Similarly, we show, ir Fig. 29, the usage of the file transfer
from various hosts on the network. Again the correlaticn with
group usage is evident.

Finally, in Fig. 20, we show the breakdown hy time of day (local

time - BST or GHMT). This is very simildacr to that shocwn fcr
terminal 4ccess (se=2 Fig. 12) and similar comments apply.
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FIGURE 27: FILE TRANSFERS BY VMONTH
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Ficure 29: Usace oF ARPANET Hosts ForR FILE TRANSFERS

MIT-AI
(6.9%)

ISI1-D
(7.42)

[LLINoIS
( 9.8% )

STANFORD RESEARCH INST.
( 19.8% )

Ieiac IV
( 16.9% )

LAWRENCE
BERKELEY LABS.
( 12.6% )




NUMBER OF FI
TRANSFERS PER
10 000 MINS,
MONITORED.

80 -

70 A1

10 1

- 66 =

FIGuRE 30: FILE TRANSFERS BY TIME OF Day
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1.1 QUES/MEDLINE

This 1is the standard system tc rumn on PDP-9(BR). To rum it, all
that is necessary is tc Lootstrap the system frcm tape 151,
Various ACC switches may be set with the following effects:

Auto restart in the event of a system crash
Cc not monitor MEDLINE prcgram

Mcnitor to drum rather than tape

Trace system variables

4D -

A tape must be availatle on the tape drive with write enatled,
unless either switch 3 cr switch 6 is set.
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2. RL_360/195_ERCGEANS

2.1 XESTATS

A us>r quide to the XPSTA1S packdge, includiny some details of
the programs decscrited in detail above is availatle as Ref. 20,
as 1s a descripticn cf the gprccedure, also called XFSTATS.

XPSTATS is a memkbter of the ELECTBIC public library JOBFILE and is
accessed by:

EXEC JB=XFSTATS,.....
wher2 all the cther Ffparameters are, due to the aethcd cf

oparation of FLECIRIC (Ref. 3), keyword parameters. The allcwed
keywords, their Jefaults and meanings are shcwn Etelcw:

Name Dcfault Mcaniny

PRI 12 Priority

ACCT Lccged in A/C Account

In Logced in ID Identifier

LINES =< Lines of output

TIME == CPU time required
COPIES 1 Copies of outrput
LPARN NOMAP ,NOLIST Link-edit parameters
v - Version cf prcqram (null or X)
FROM w175 Start date

TO 1/7/76 Finish date

op -~ Creraticn

NP2 == s

or3 - L

(9):21) o o

oPS -- "

CONTROL o File of ccntrol cards
paMp Linegrinterx Cump stream

The glob4al edit (FL) is provided to enable the output tc te
vritten back 1into Electric. If this 1is5 used, the fcllowing
plants ar-=2 allowved:

SPP f Primary space (tracks)

SPS 9 Secondary space (tracks)

VOL RYELOUY Disk volume fcr temporary output
KEY AVS Key of Flectric user

Global edits alsc exist fcr groducing cutput ¢n  3¥%5am filaz or

INDRA TR=-30 The INDRA azCcrwork Measurement Prciject
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1. MBTHODS

The method of amcnitcring and access control (CUBS) we have
developed 1is not cf general application, particularly since it
requires a dedicated frccesscr in addition to the one cteing
mcnitored and, in the general case, it is otviously sispler to
put these functions in the latter. However, the intrcduction of
mcnitoriny and/or access controls into a computer krings with it
a loss of reliakility (since, nct only does it 1increase the
ccmplexity of the <coftware Ltut also it requires additional
hardware). This lcss of reliability may not be acceptatle and so
our technique may te cf more general applicatility.

An example of this is evinced by ARPANET. Access controls uere
introduced into the TIPs in late 1974 and, for a number of
reasons (in particular, the decrease of reliatility that tacking
store would intrcduce and the (robleas c¢f waintaining the
password iata kase) it was intrcduced in a way that ledi to
inconvenience for users and large network overheads. Although
our approach would not obhviate the problem of waintaining the
data base, it would certainly nct decrease the reliability of the
TIPs. At the present *ime, the LONCCN-TIP is the only node on
ARPANET on which monitcring of users and access control is teing
carried out.

The technique of reccrding the data cnto pager tape hdas certain
advantages, in particular the fact that a system crash cannot
ccrrupt the data. However, it has many attendant disadvantages
and a more mechanical method of sending the recorded data to the
machine on which it is to be analyzed would Lte ot consideratle
value. This may be dcne with reascnakbly little offcrt on PCDE-GA
but, since PDP-9B is not connected to the RL machine, it would
prove more difficult in that case. Various grobleas in the
analysis have been fcund and this experience will enatle us to
overcome such fprotlems in future. For example, a majer grctlenm
with dnalyzing the PLCP-9A data has been the fdact that users
frequently give the machine the wrong date andsor time and this
means that the data has tc bEte edited wmanually. It wouid ke
fairly siample to check the time with that on a connected machine
and, pernaps, tc flaq an errcr if a discrepancy were noted.
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2. NETWORK_USAGE

ising the techniques we have described, wve have Leen aktle to
obtain a fairly accurate picture of the extent of usage of the
network for different applicaticns. The measurements give an
excellent cross-check on subjective reports from user groups cn
their usaqge of sgecific Hcsts (Ref. 7).

The monitoring performsed cn PDP-9A is of similar interest, giving
us a picture Gtoth of the usage of one larqge machine on ARPANET
and of the usage of ARPANET thrcugh such a machine. Much of the
data obtained correlates that expected or experienced
qualitatively tut nevertheless, a quantitative evaluation is
valuable. A very large volume of data has Lkeen collected and
analyzed and the results are fpresented in detail in this report.
However, a number of conclusions atout network usage stand cut.
These are, in nc farticular crder:

(i) Sessions from hardvwired terminals are lcnger thamn thase
through th= ESTN

(ii) The most frequently used ccmputer system on the netwcrk
is the Tenex (even wore than wculd be expected froam the
predominance cf such machines)

(iii) Par greater use is made of the RL 360 from ARPANET than
the converse.

INDRA TR-=130 The INDRA Nerwork Measurement Project
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3. OVERALIL _CCNCLUSIONS

——— — ———— - —— - — - ——

We have develcped a number cf Growerful access control and
monitoring techniques, 1including both data acquisition and
analvsis. These sethcds have frcved of great value and
complement ctber monitoring performed on ARPANET.

Nse of these tocls has enatled us tc obtain a fairly ccmplete
picture of the usage of the UC ncde of ARFANET both via the
PSTN and directly. We have teen able to verify users
subjective reports and perform quantitative measuresments on
many aspects cf usage.

Thus our techniques have grcved cf consideratle wuse in ¢the
past and can ccntinue tc do sc in future.
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These data are intended tc show the input and cutput of the
various analysis frrcqraes. In order to fit intc the page
format, some slight editing has teen done.

Al

14 JNOL 75 12 45 QUE: 1 *#*QUE5 MONITCRING 6 PORTS PRCM PCRT¢ 70

14 JUL 75 12 46 MED:5 TIME MCH MLNS UCH ULNS AS "STO "PRI

14 JNL 75 13 05 CDF:Zz UNKNCWN HCST NUMBER

14 JnL 75 13 05 CUF:724 QMC R7

14 JOL 75 13 0S QUE:724 QMC 86

14 JUL 75 13 10 QUE:74FCRSEY WESS147

14 JIJL 75 13 10 MED:74FCRSEY WESS147

14 JUL 75 13 13 NMEC:74 0N0ONI06 0147 008 €27 Co3 €O cC co
14 JUL 75 13 13 CUE:74CCN105

14 JoL 75 13 14 CUE:7SFCRSEY WFSS147

14 JYL 75 13 14 MED:7SFORSEY WESS147

14 JUL 75 13 18 MEC:75 NCO130 0CO0 011 N3p CN4 0N CC CO
14 J97L 75 13 18 QUE:75CC0N129

14 JUL 75 13 18 QUF:2 UNKNCWN HCST NUMBER

14 JL 75 13 18 QUE:7SPCRSFY WESS146

14 JOL 75 13 19 QUF:7S5FCRSEY WESS147

14 JUL 75 13 19 MED:7SFORSFY WESS147

14 J91L 75 13 21 CUF:6 ZOFS CK

14 JI9L 75 %3 21 MEC:75 0C0033 0000 CC3 cc9 001 00 00 00
14 JOL 75 13 21 COF:75000032

14 JUL 75 13 21 QODF:Z UNKNOWN HCST NUMBER

14 J9L 79 13 21 QUF:75PCRSEY WESSYHNE

14 WL 75 13 21 QUE:z TNKNOWN HOST NUMBER...ACCESS ERCHIBITEL
14 JuL 75 13 21 UE:7S5FCRSEY WESSZTHNF

14 JUL 75 13 €2 QUE:7zCCR1C

14 J7L 75 13 52 CUF:724 QMC €6

T4 JUL 75 13 57 QNE:€ QUES OK

14 JnNL 75 14 13 CQUE:72001652

14 JUL 75 14 18 QUF:f MONITCRING TERMINATED

INDRA TR=~30
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45
05
05
10
10
13
14
14
16
19
19
21
€2
52
52
13
18

o1
¢12
046
274
0#9
289
075
c#9
Q85
c75
Q49
c#9
c#9
c72
Q89
c#9
Q8E

~ 77 -

- - -

4

0z
FCFSEY
04

03
FORSEY
0y

03
FCRSEY
04

03

0z

4

02

02

CMC 86 0C

WESS 147 00

WESS 147 00

WESS 147 00

gcHMC 66 00
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05
0s
0%
¢5
S
0s
05
05
05
05
05
09
05
05
05

ns
05
05
05
05
05
05
05
05
05
ns
05

05
ns
05
05
ns
05
05
05
ns
05
n5
05
05
05
05
05

HAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
MAY
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MAY

76
76
76
74
76
76
76
76
76
76
74
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
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03.1
01.0
33.5
34,1
4c.”7
41.1
42.3
51.¢C
53,2
Su.1
54.5
59.2
99
Nle 3
17.7
39. 2
39.6
4fr, 2
4g.n
9 1.8
51.18
37.9
01.0
01.7
05.3
T
Ce€.u4
1C.0
12.1
1R
17.1
L)
18.7
4u.g
4s.3
Sda !
52.6
.
1C.7
2908
30.2
50+
54.6
5%e0
03.2

*<MECLINE MCNITCRING TO DRUM

#<1 MEDLINE PKCGRAM VELSICN 2.06
#<70RCEERTS TCRF147

*<70ROBFPRTS ICRF147

K<WHEN I LAST LCOXED A FEW MINUTES AGO, ¢
K<MEDLINE WAS AVAILABLE

K<KTERMINAL (FAST CR SLOW) >§%

K>FPAST

K<PLFEASE WAIT WHILE I TRY TC CONNECT YOU...
*<TKYING PCRI #1144

K<TRYING PCET #1144

*<TRYING PCRT #142

K<TRYING FCHT #142

*<TRYING PCKT #140

K<KTRYING ECET #140

*<TRYTNG PCRT #136

K<KIRYING FCRT #136

*<TRYING PCRT #134

KKTRYING PCET #134

*{STAIUDS CODE CF FEDLINE IS 08

K<THERF WAS NET TROUBLEF

K<PLEASE TRY AGAIN SHORTLY -~ BYE FCk NCW
#<72KQBRC ICRP147

*<72R0OBD TCRFP147

IKWHFN T LAST LCOKED A FEW MINUTES AGOC, $
IKTHERE WAS NET TRCUBLF

I<SHALL I TRY AGAIN (YFS OR NO) > %
I>YES

IKTERMINAL (FAST OGR SLCW) >3%

I>FAST

I<PLEASF WAIT WHILE I TRY TO CONNECT YOU...
*<TRYING PCRT #7144

IKTRYING FCET #1144

*<TRYING PCRT #1742

IKTRYING ECRT #142

S<TRYING PCRT #140

I<KTPYING PCRT #140

*<CTRYING PCRT #136

IKTRYINS PCET #136

*<TRYING PCRT #134

IKTRYING ECET #134

*<STATUS CCDE CF MEDLINE IS 0R

I<KTHERE WAS NFT TROUBLF

IKPLFASE TRY AGAIN SHCRILY - BYE FCR NOW
*<R MECLINE MCNITORING TFRMINATED
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filser

Started NS MAY 76 09 20

76
76
76
76
76
76
76
76
76
76

N9
N9
n9
09
N9
09
N9
09
09
N9
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ROBERTS frcm ICRF on TIP port #70

20
20
20
2¢C
20
21
21
21
21
21

0.7z
42.0:
53.2:
S4.7%:
59 .22
A7 Al
39.2:
48.3:
51.8:
52 .92

WHEN ... MINUTES AGO, MEDLINE WAS AVAILAPILE
TERMINAL (FAST CR SLOW) DPAST

PLEASE
TRYING
TRYING
TRYING
TRYING
TRYING

WAIT WHILE T TRY TO CONNECT YO0U...
PORT #1144
PORT #142
PORT #140
EORT #136
PORT #134

THERF WAS NET TRONBLE

PLEASE

TRY AGAIN SHORTLY - BYE PCR NCW
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ny

06

31

DATE

17

07

0?7

07

07

07

75

75

75

75

75
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ST

€9
10
13
20
20
18

12
20

16

10
10
12

A1.5 Sample CUES_Analysis_OQOutput

MCNITORED TIMES

ART END LENGTH (MINS)
26 10 00 34

06 11 54 108

20 1353 33

16 = -
- 14 05 1069

56 = >
- 14 00 1024

15 = =
= 11 38 1043

13 14 02 109

35 = -
- 15 46 2591

1€ = =
= 10 05 732

07 10 41 34

us 10 54 9

52 13 03 11

TOTAL TIME MONITCRFD = 31504 MINS

= 70573
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BRE

EDIN

BLL

LOUG

MANC

NINR

RPMS

CVvL

4ESS

N IR

USEENAMES

KIRSSTEI
KIRS

EEEEEERF
PRATT
MCUNCEY
RA
THOMPSON
ERCFCGER
FCLARTC
THCEAS
MAHCN
LEVFR
Y4TQF
RANGELEY
SMITH
BILLS
THCMPSQON
FCRSEY
CAPEREIL
SACE

sy

= 81 -

USFR NAMES

KIRSTEIN
KIRSTEI

MAHCN
EISENSTA
FAERCWw
BIGGLES
OMOUNCFY
ROGERS
POLLARTC

~T{HCMAS

KAMEEN
BAKERBAK
NEVILLE
LOGCN
PRFS142H
EERE
CARMEL
LCGIN

Hho

IR
GQULD

MMAHON
EIENSTAD
FCRTUNE
47CMOUNC
FFRANKLN
ERUNNTNG
PCLLAD

47

LEVE

BEAKER

EE147

6hCRCWF

IRSTEIN
ROHI

KIRS

MURPHY

L
YEE MANN
R MERRY

POLLARS

THAMFS 1

tiuteaent Frctect




INCRA

IJENT

PTK

BRE

EDIN

3LL

3LRD

LOuG

MANC

NIMR

RPMS

CVvL

WESS

NEUR

THAM

UKAR

EB=39

NC. OF
LCGINS

34

20

35

N)

48

13

wy

LOGIN NUMRER

TOTAL CONNECT
TIMES

458
96
293
1151
53
392

714

6
29
241
79

346

1019
39
455

79
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AV. TIME
PER LOGIN

3.00
13. 18

15.80
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A1.6 Sample PDE-SA_Faw_lata
In order to save space, tlank lines and prompt lines have
been removed frcs this Apperdix.
3 NEW SYSTEM - ARPA CCNSOLE 20 31 ON NON 13 LDEC 76
13 DEC 76 20 31 RRF:CCRAL PBACK
J IHC: INT RESET
DR1:CCNTACT WITH 360 MACE AT 20 31
2C 32 RRF:RRE FRROR " OR
20 37 ICE:ICP HOS 170 PT 06 CH A
TEL:CBL A ZZF 1ICG F8 01
20 41 ICP:ICP HCS 12 PT 00 CH B
20 42 TEL:CEL R XX ICG 1R N2
20 45 TEL:CHL B ICG OUOT & CLS
20 47 TEL:CHL A LOG 0UT &4 CLS
13 DEC 76 21 10 ICE:ICE HCS 70 PT 00 CH A
TEL:CHL A CLS
21 21 ICP:ICP HCS 176 PT 03 CH A
TEL:CEL A MJW
21 23 TPL:CHL N CLS
21 47 ICP:ICP HOS 76 PT 00 CH A
21 4R TEL:CHL A GA ICG 2T U1
21 49 TEL:CHL A LOG OLT & CLS
21 57 ICE:ICP BHOS S5 PT 15 CH A
13 DEC 76 22 01 TEL:CHL A HSM 1LCG BJ 01
22 04 ICP:ICP HCS 176 PT 03 CH B
TEL:CHL A LOG CCT & CLS
22 29 ICE:ICP HCS 09 PT 03 CH B
TEL:CHL B RUW LCG BJ 1
22 34 TEL:CHL B LCG CUT & CLS
22 47 ICP:ICP HOS 76 PT 00 CH B
22 48 TEI:CHL B GA 1CG 72T ©1
22 S3 ICP:ICP HOS 241 PT 30 CH C
22 54 TEL:CHL B LCG OUT & CLS
ICP:FTP AOS 76 PT 00 CH B
22 55 FTIP: USFR ZT GEITING FILE INDRA. INS581
CNC: $*JOR 518 CN RMI.RD2 =-- XFTP ABEA
13 DEC. 76 23 09 TEL:CBL D CLS
TEESCEL B CLS
23 21 TEL:CHL A CLS
Ly 14 DEC 76 00 19 ICP:ICP HOS 70 PT CO CH A
TELLCHE N C€LS
00 56 DR1:CCNTACT WITH 360 LCST AT 00 56
14 DEC 76 01 17 TCE:ICP HCS 70 PT 00 CH A
TEL:CHL A CLS
01 41 DR1:CCNTACT WITH 36C MADE AT 01 41
*ERROR* P CALL 1 75112 237446 14640 202620
INDRA TR-30 The INDRA Network Measurement Froject
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DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 7o
DEC 76
DEC 76
DEC 76
76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
DEC 76
76
DEC 76
DEC 76
DEC 76

— o d o D D el D D e e e D D e D D el D e D el D D D e D d D -
W W W ) W ) e N W) ) ) o ) W ) e Y ) W W M
o
AN

e S s i S e
EE EEFEE N
o
]

(g}

20
20
20
20
20
20
20
20
20
20
20
21
21
21
21
21
21
21
21
21
22
22
22
27
22
22
22
22
22
22
22
22
22
23
23
23
19
00
00
01
01
o1
01
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1
31
31
Bl
32
37
37
41
4?
45
47
10
e
21
21
23
u7
48
4u9
57
01
0y
c4
29
29
u
u7
48
S5
54
sS4
55
55
n9g
09
21
19
19
56
17
W
41
58

%% BPDP-9 UP
KRF:CCRAL EACK

IAC: INT RESFT
DR1:CCNTACT WITH 360
RRF:KRE ERROR " OR
ICP:ICP HCS 170 PT
TEL:CHL A Z2F LGG
ICP:ICP HCS 12 PT
TEL:CHL B XX LCG
TEL:CHL B LCG OUT &
TEL:CHL A LOG QUT &
ICEP:zICP RECS 79 PT
TEL:CHL A CLS
ICF:ICP HC5 176 PT
TEL:CHL A MJW
TEL:CHL A CLsS
ICP:ICP HOS 76 PT
TEL:CHL A GA LOG
TEL:CHL A LCG OCT &
ICP:ICP HCS 55 PT
TEL:CHL A HSM ICG
ICP:ICP HCS 176 PT
TEL:CBL A LOG OUT &
ICP:ICP ACS 09 PT
TEL:CHL B RW LCG
TEL:CHL ® LCG OQUT &
ICP:ICP HCS 76 PT
TEL:CHL B G& 10G
ICP:ICP HOS 241 PT
TEL:CHL & LOG CHT &
ICP:FTIP HCS 7A PT

FTIP: USERP 2T GETTING FILE

MADE AT 20 31

06 CH A
F8 01
00 CR B
1R 02
CLs

CLS

00 CH A

03 C4 A

00 CH A
T - Uil
CLs

15 CH A
BJ 01
N3 CH B
CLs

03 CH B
BJ 01
CLS

00 CH B
ZT 01
30 €/ €
CLs

00 CH R

DNC: $#*J0B 518 ON RM3.RD2 =-- XPTF
TET:CHL D CLsS

TELYCHLE Bu CLS

TEESCHE, R CLS

ICPsICP HGS 70 P71 GO CH A

TEL:CHL A CLS

CR1:CCNTACT WITH 360 LGCST A1 00 56
ECPSICP HCS 70 (BT Q0 CH A

TEL:CHL AR CLS

DR1:CCNTACT WITH 360 MADE AT C1 41

*%%: PDP-9 CRASHED

The INDRA

INCRA. INS81
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13 12 76 20 31 #0171 01

13 12 76 20 21 #0z 032

13 12 76 20 31 #02 00

13 12 76 20 31 #CZ 02

13 12 76 20 37 #21 170 C6 01 00 00 10 00
13 12 76 20 37 #11 01 20 CO CO

13 12 76 20 37 %21 170 06 02 006 ZZF F8 O0OC 10 00
13 12 76 20 37 #11 C1 01 CC CO

—
e

12 76 20 41 #2171 012 00 01 O1 o 04 00
12 76 20 41 #1311 CZ 01 00 00
12 76 20 42 #2171 012 0N 02 018 XX TR 02 03 00
12 76 20 4?2 #11 02 02 €0 CC
12 76 20 42 #1171 "1 01 00 00
12 76 20 42 #11 CC NC CG CO
12 76 21 10 421 070 00 01 00 6e oc G0
12 76 21 10 11 01°0GC €9 €O
12 76 21 10 #11 0C 00 CO 0O
12 76 21 21 #21 176 €3 071 OC 00 02 00
12 76 21 21 #1171 01 0C €0 00
12 76 21 21 #1171 ¢C CC CC CO
12 76 21 47 #21 076 00 N1 0C o0 02 00
12 76 21 47 #1171 C1 6C CC QO
12 76 21 4R #2171 "76 00 N2 0N6 GA 2T O0C C1 00
12 76 21 48 11 C1 C1 CO 0O
12 76 2% 4B #11 0C 0C 00 00

B T I I
LR IV S PN o

-t o
N oW

- kb
w o) W W

13 v2 76 21 57 #2171 085 15 €1 00 00 07 CO
13 12 76 21 57 #11 01 00 CO CO
13 12 76 22 01 #21 055 15 02 N6 HSM BJ OO0 03 00
13 12 76 22 04 #2171 176 03 01 01 ¢ce €1 00
13 12 76 22 04 #11 Cz 01 CO COC
13 12 76 22 04 #1171 01 CO 00 0O
13 12 76 22 29 #2171 0CS C3 01 01 0c CS co

12 76 22 29 11 72z 00 00 00
12 76 22 29 #21 0CS C3 02 006 RW BJ 0C 0S 00
12 76 22 29 411 0z 01 00 CO
12 16 22 31 #11% €1 9C GO QO
12 76 22 47 %21 076 CO 01 01 0c 07 ¢9
12 76 22 47 %11 0z 00 Q¢ CO
12 76 22 48 421 076 00 02 006 GA 2T 00 €6 00
12 76 22 48 %11 0z 01 CC CO
12 76 22 53 #2171 241 30 01 02 ne 22 €O
Y2 76 272 53 #11 €2 €1 €O GO
12 76 22 53 #11 02 00 CN Q0

- d e o ek wd ek -l ) wd D o -
O i e i )

12 76 22 S4 #22 076 €O 01 M 0Cc 15 00
12 76 22 54 #11 03 0C Q0 OC
12 76 22 55 #42 076 00 02 0° ZT 00 14 0C INDFRA.INSS1
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11
17
19
19
19
56
17
17
17
41
58

$11
$t11
$21
$11
11
404
821
$11
#11
#02
$08

c1 ¢¢
C0 00

070 CO C1 0O

01 00
00 CC
02

07¢ €0 01 00

01 0C
0C 00
02
01

- BT =

Co 00
¢y 00
0Cc 00 00
00 00
cC 00

00 00 00

00 00
€0 GO

The INDRA Network Measurement Project




- 8RR -

ACRCNYNS
AKPA Advanced Research Frcjects Agency
BL British Litrary
RLL British Litrary, lending Civision
BLRD British Likrary, Research and Development Dept.
bpsz Eits per second
CACC Cosputer Aided Decsign Centre (Camkridge)
HFE High Enerqgy Fhysics
INP Intertface Message Prccessor
INDRA InterNetwork Display and Remote Access
ISI Infcrmaticn Sciences Institute
MEDLINE METLAES Cn-Line
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