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3 ABETAACY

This report provides a status report and descripticn of THE ALOHA SYSTEM
regearch project at the University of Hawaiil., THE ALOHA SYSTEM involves the
analysis and construction of advancaed methods of random access communications
in large computer-communication systems,

Tre existing ALOHA 3BYSTEM computer-communication network uses two
24,000 baud channels in the UHP hand, The system employs megsage gwotchin
techniques similar to those of the ARPANET, in conjunction with a novel form
of random access radio channel multiplexing. By means of these technigues
the system has the capacity to accommedate several hundred active users of
alphanumeric consoles on the two channels available, Each of these users can
transmit and receive at a peak data rate of 24,000 baud although the average
data rate of the users must of course be considerably loss.,

In June 1971, the central UHF station of THE ALOHA SYSTEM had been
built and tested by the first radio linked remote terminal. By the end of
1971, four remote terminals had been connected to the 360 through THE ALOHA
SYSTEM central station and tne design and construction of new forms of UHF
links for intelligent terminals, minicomputers and RJIE stations was in progress.
Present plans are to continue adding new forms of remote lirks and to continue
a program of upgrading the capabilities of the cxisting cent.oal station
| through the summer of 1972, At that time the cxisting design will be frozen
i ‘and a period of ecxperimental operational usc of a statewide radio linked
:
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THE ALOIA SYSTIM
by

Norman Abramson
University of Hawaii

ABSTRACT

This report provides a status report and description of TIE
ALOHA SYSTEM research project at the University of Hawaii. THE ALOHA
SYSTEM involves the analysis and construction of advauced methods
of random access communications in large computer-communication systems.

The existing ALOHA SYSTIM computer-comnmiicat.inm network uses
two 24,000 baud chanmnels in the UHF band. The system employs message
switching techniques similar to those of the ARPANET, in conjunction
with a novel form of random access radio channel multiplexing. By
means of these techniques the system has the capacity (o accommodaie
several hundred active users of alphanumeric consoles on the two
channels available, Each of these users can transmit and receive at
a peak data rate of 24,000 baud although thc average data rate of
the users must of course be considerably less,

In June 1971 the central WIF station of THE ALOHA SYSTEM
had been built and tested by the first radio linked remote terminal,
By the end of 1971, four remote terminals had been connected to the
360 through THE ALOHA SYSTEM central station and the design and
construction of new forms of UIF links for intelligent terminals,
minicomputers and RJE stations was in prbgress. Present plans are
to continue adding new forms of remote links and to continue a
program of upgrading the capabilities of the existing central station
through the sunmer of 1972. At that time the existing design will
be frozen and a period of experimental operational use of a statewide
radio linked computer-commuiication network will begin,
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Chapter 14
THE ALOHA SYSTI #
Norma Abramson, University of Hawaii, Honolulu, Hawaii

INTRODUCT ION

In September 1968, the University of Hawaii began work on a research
program to investigate alternatives to the use of conventional wire communi-
cations for computer-computer and console-computer links. In this c;hapter.
we describe an experimental UHF radio computer-conmunication network - THE
ALOHA SYSIEM - under development as part of that research progranm.

When the designer of a computer-communication system is freed from the
constraints imposed by the use of common carrier communications, a number
of new possibilities present themselves. The starting point in the design
of THE ALOHA SYSTLM was the question, '"Given the availability of a fixed
amount of communications capacity, how does one employ this capacity to
provide effective communication from remote users to a central machine?",
Stated in these terms it became clear that the simple replacement of the
wire communication channels of the common carriers by equivalent radio
channels was not the answer. Indeed it would have been most surprising had
the form of communication network evolved at the end of the nineteenth
century for purposes of voice communication been the form of communication
network chosen at the end of the twentieth cefr‘tury for commmication in
computer networks.

‘the University of Hawaii is composed of a main campus in Manoa Valley

near Honolulu, a four-year college in Hilo, Hawaii, and five two-yecar
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comuunity colleges on the islands of Guhu, Kauvai, Maui and lkwaii, In
sddition, the University operates a number of rescurch institutes with
operating units distributed throughout the state within u radius of 200
miles {rom lonolulu, The computing center on the main campus operates an
IBM 360/65 with 500K bytes of IIM core memory and 2M bytes of Ampex extended
core memory. Several other University units operate smaller machines for
rescarch in computer science, for remote job entry and for monitoring of a
variety of scientific experiments,

Remote terminals and remote job entry devices were introduced into
the University of Hawaii system in 1969. By the end of 1971 approximately
50 terminals and RJE stations were connccted using conventional dial-up
and conventional leased line communications. The cost of this communications
including telephone and leased line charges, modems and communication
controllers had bucome a substantial portion of “he University's computing
budget. In June 1971 the central UMF station of THII ALOHA SYSTEM had been
built and tested by the first radio linked remote terminal. 3By the end of
1971, four remote terminals had been comnected to the 360 through THE ALOHA
SYSTEM central station and the design and construction of new forms of UilF
1links for intelligent terminals, minicomputers and RJE stations was in
progress., Present plans are to continuc adding new forms of remote links
and to continuc a program of upgrading the capabilities of the cxisting
central station through the summer of 1972, At that time the existing
design will be {frozen and a period of experimental operational use of a
statewide radio linked computer-communication network will begin.

The existing ALOHA SYSTEM computcr-commumication network uses two
24,000 baud charnels in the UIF band, The system cmploys message switching

techmiques similar to those of Lie ARPANET, 1u cunjumetlon willt o« nuvel Toim
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of randor access radio channel maltiplexing, czxplained in Section 14,2,
B, means of these technigues the system has the capacity to accommodave
several hundred active users of alphammeric cunsolex on the two channels
available. Tach of these users can transmit and receive at a peax data
rate of 21,000 baud although the average data rate of the users must of

course be considerably less.,

14,1 WIRE COMMINICATIONS FOR CGWPUTER NETS

At the present time conventional methods of remote access to a large
information processing system arc Iimited te wire communications -- either
leased lines or dial-up telephone comnectlons. In some situations these
alternatives provide adeyuate capabilities for the designer of a computer-
Cummiiitica’ 1ol Systuw,  In viler silualivie however ihe limitations imposed
by wire communications restrict the usefulness of remote access computing
[1]. ‘The goal of THE ALOHA SYSITM is to provide another alternative for
the s‘ystcm designer and to determine those situations where radio communica-
tions is preferable to conventional wire commmications,

We should emphasize that some of the points we make in this section
do not apply or apply only in part to unconventiomal methods of wire
comumnications which have been proposed [2,3,16] or which are in the first
stages of development (c.g., DATRAN, MCI [Chapter 9] and the ARPANET [Chapter
13]). ‘these alternatives were in fact proposed in response to some of the
difficultics of conventional wirc systems mentioned in this section,

The reasons for widespread use of wire communications :n present day

computer-cormunication systems are not hard to see. Where ‘lial-up telephones



el

ond Icased lines arc available they can provide inexpansive and moderately
reliable commmication. using an costing add well developed technolopy [4].
For short distane: the expense of wire cormication:, for most applications
is not ercat.

Nevertheless there are a mmdwer of characteristics of wire communications
which can scrve as driawhacks in the transmission of binary data. ‘The connect
time for dial-y Iims may be too long for some applivations; data rates
on s.ch lines are fixed and limitod. Leasced lines may somcetimes be obtained
at a variety of data rates, but at a premium cost. For commmication links
cver large distances (say 100 miles) the cosi of commmication for an
interactive user on an alphamucric console can easily cxcced the cost of
computation [$]. Finally we note that in many parts of the world a reliable
high quality wire commnication nctwork is not available and the use of
radio communications for data transmission is the only alternative.

There ave of course some fundamental differences between the data
transmitted in an interactive time-shaired computer system and the voice
signals for which the tcliephons systom is designed [6]. First among these
differenccs is the burst nature of the commmication {rom a user conscle
to the computer and back. The typical 110 baud console may be used at an
averuge ¢ata rate of from 1 to 10 bawd over a dial-up or leased line
capable of transmitting at a ratc of from 2400 to 9600 baud. Data transmitted
in a time-shared computer system comes in a sequence of bursts with cxtremely
long periods of silence between the bursts. If several interactive consoles
can be pluced in closec proximity to cach other, multiplexing and data con-

centration may alleviate this difficulty to sone extent, When efficiont



data concentration is net feasibile however the user of an alphanumeric
console conrveted by o leased line may find his major costs arising {rom
commmication vather thin computuation, while the commumication system used
is operated at less than 1% of its capacity.

Another Tundamental difference between the requirements of data com-
mmications for time-shared systoms and voice communications is the asymmetric
nature of the commumnications required for the user of interactive alphanumeric
consoles, Statistical analyses of existing systems indicate that the average
amount of data transmitted from the central system to the user may be as much
as an order of magnitude greater than the amount transmitted from the user
to the centriul system [0]. For wirc commmications it is usually not possible
to arrange for different cupacity chamnels in the two directions so that this
asymctry is a further factor in the inefticient use of the wire communication
channel,

The reliability requirements of data commmications constitute another
difference between data communication for cormputers and woice commenication,
In addition to errors in binary data causced by random and burst nuise,
the dial-up channel con produce connection problems - e.g., busy signals,
wrong numbers and éisconnects. Momning{ul stalistics on both of these
problems arve difficult to obtain and vary {rom location to location, but
there is little doubt that in many locations the reliability of wire
communications is well below that of t' remainder of the comprter-commnd -
cation system. lurthernmore, since wirg commmications s uswally obtained
from the comon carricr.. this portion of the oversl] compuler-commmication

system is the only portion not under direct vontrol of the system dosigher,



14.2 THE ALOHA SYSTEM

The central computer of TIE ALOUA SYSTIM (an 1BM 360/65) is linked
to the radio commmication channel via a small interface computer (Iig.
14.1). Much of the design of this multiplexor is based on the design of the
Interface Message Processors (IMP's) used in the ARPANET [7]. The result
is a lawaiian version of the IMP (taking into account the usc¢ of radio
comnunications and other differences) which has been dubbed the MENLITUNIG
(a legendary Hawaiian 21f). The 1P 2115A computer has been selected for use
as the MENEHUNE. It has a 10-bit word size, a cycle time of 2 microscconds
and an 8K-word core storage capacity.

TIE ALOHA SYSTIM has been assigned two 100KHZ channels, at 407.350MIZ
and 413,475MHZ. (me of these channels has been assigned for data from the
MENLHUSNE to the remoce siailouns and the other for duba Diom ihe statiuvis
to the MENEHUNE. Iach of these channels operates at a rate of 24,000 baud.
The comunication channel from the MENIHUNE to the consoles provides no
probl'cms‘ since the trunsmitter can be controlled and buffering performed
by the MENEHUNE at the computer center, messages {rom the different stations
gan be erdered in g gueve according 1o any given priority schem: and
trapsmitted sogqentaally, A0 the prosent time a first-in, first-out priority
schome 1s wien, but considoration will be given 1o oticr procedure: as the
capavity of the homael 1o appiroached,

Mpesages Trom Uw semofe stataons to the M0 are b capable of
ARETIY el aptesed onosarho s o dorec? eninee s T Gt apelend ortho ool gl il
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into a large number of low speed channels and assign one to cach station,
whether it is active or not. Becausc of the fact that at any piven time
only a fraction of the total number of stations in the systom will be active
and because of the burst nature of the data from cucli station such a scheme
would lead to the same sort of inefficicnces found in a wire communication
systom, This problem may be partly alleviated by a system ol central control
and channel assigmment (such as in a telephone switching net) or by a
variety of polling techniques. Ay of these methods will tend to make the
comwmication equipment at the consoles more complex and will not solve
the most important problem of the communication inefficiency caused by the
burst nature of the data fyom an active remote station. Since we expect to
have many such stations it is important to minimize the complexity of the
comnunication equipment at each station.

We have thercflore designed a random access communication method
particularly well suited to the transmission of data packets, allowing
each ‘remote station in THE ALOHA SYSTEM to uge a common high specd data
channel without the necessity of central control or synchronization. Infor-
mation to and from the MENEHUNE in THI} ALOIA SYSTIM is transmitted in the
form of “packets' or "halfl packets', corresponding to a single message in
the system [8]. FEach packet has a fixed maximum length of eighty 8-bit
characters plus 32 bits identification and control bits and 32 parity bits;
thus each packet consists of 704 bits and lasts for 29 milliscconds at
a data rate of 24,000 bits/second. Hall packets are identical in structure
to packets except that they contain 40 rather than 80 characters, and thus

take up only 16 milliseconds,



®
2 | header Pachot
1 3 parity 44 x 10 = 704 bits
29 ms. at 24,000 bits/scc.
| !
: : a Half{ DPacket
20740 ¢ | text .
/ Pt ! 24 x 10 = 384 bits
, : i 16 ms. at 24,000 bits/sec.
1 3 parity
4 16 bits Y

Figure 14,2 ALOIA SYSTIM message formut

The parity bits in each packet are used for cyclic error detecting
code [9]. Thus if we assumec all crror patterns are cqually likely the
probability that a given error pattern will not be detected by the code is [10].

27322 1077

]

Since crror detection is a trivial operation to implement [10], the use

< e

of such a code is consistent with the rc,c.rement for simple conmunication

cequiprent at the consoles.  The possibility of using the same code for error
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correction at the MENEIUNL will be considered lor a later version of

THE ALQHA SYSTEM,

Note that 10 parity bits are usced to checl only the identification
and control hits in the 32 bit header, while the last 16 bits are used as
a validity check on the entire packet. This confliguration provides cxtra
protection for the important identification and control information contained
in the header; in addition it allows the MINEHUNL to discard invalid
information after reception of only the first three words of the packet.

The random access method caployed by 1 ALOHA SYSTIM is based on
the use of this error detecting code. Each wser at a console transmits
packets to the MINEHUNE over the same high data rate chammel in a completely
unsynchronized (from ouc user to another) mamner. IF and only if a puacket
is received without error it is acknowledged by the MENHIUNE. After trans-
mitting a packet the transmitting station waits a given amount of time for
an acknowledgenent; if none is received the pucke: is automatically retrans-
mitted., This process is repeated until a successful transmission and
acknowledgoment occurs or until three unsuccessful transmissions have been
attempted.

A transmitted packet can be received incorrcctly because of two
different types of errors; (1) random noise errors and (2) errors caused
by interference with a packet transmitted by another consvle. The first
type of error has not been a serious problem on the UHF channels employed.
The second type of ervor, that caused by interf{erence, will be of importance
only when a large number of users are trying to use the channel at the same

time. Interfercnce crrors will 1imit the number of users and the amont of
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data which can be transmitted over this randum access channel as more

remote stations are added to THE ALOHA SYSTEM.

14.3 ALOHA INTEREACE *

In order to comect a remote station into the ALOHA channel it is
necessary to provide buffering up to a full packet of data together with
automatic gencration of certain identification, control and parity infor-
mation. This information is generated in a hardware buffer/control inter-
face unit from each user console to a modem. The buffer/control unit also
provides for rcception of messages and acknowledgements into its remote
station, rejoection of unwanted packets and automatic retransmission of packets
not receiving an acknowledgement [8]. In the case of buffered terminals,
intelligent terminals and winicomputers some of the butter/control tunctions
may be handled by software packages in the remote station.

A multiplexor program in the MENEIUNE provides the interface between
the ALOHA radio channel and the IBM 360 computer [8,15]. In addition, up
to 16 user terminals may be accompodated by hard wire connection or inccher-
ent light channels to the HP computer. Both the radio and the other users
can utilize the 360 at the same time via the IP multiplexor program and
the TSO time-sharing system in the 300,

The multiplexeor program utilizes the hardwarc interrupt structurc of
the 1P, and all processing is initiated by a hardware interrupt from user
terminals or the 360, Data is received from the radio link in either 20
or 40 word bursts, cach 16-bit word consisting of two data characters.

Hardware circuits convert the serial bit stream from the radio 1link to

*  Portions ol this section were obtained from [15].
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16-bit words, which arce transferred in parallel to a 10-bit bufley register
in the MENBHUNE, Upon receipt of ecach word an interrupt signal is also
sent to the MENEIUNL, causing the word to be rcead in and stored Ly the
program. When the last word of a burst has been read in, the progran ini-
tiates transfor of the pucket to the 360, Similarly, packets are received
from the 300 on a word-by-word interrupt basis and then routed to the
¢épprepriate user.

-TQ transmit a packet using the radio link, the MENFIUNE places cach
word of the message in an output buffer repister located in the MENEUNE
and sends a flag signal to a hardware device connecting it to the radio
transmit modem. The hardware device stores the word in a second buffer and
converts it to a serial bit-strecam which is then passed to the modem.
Whenever a word is read {rom the MENEHUNE output buffer, an interrupt signal
is sent to the MENEHUNE which causes the program to output the next word
of the packet.

In addition to the message words, control words are transferred
between the MENEHUNE and the radio link and between the MENEHUNID and
the 360, Iach packet in the radio link is precceded by two control words
(the packet 'header') and a header parity word, and cach packet's text is
followed by a text parity word (Fig. 14.2). At this time the hard-
ware circuits between the radio modems and the MENEHUNE pbrform the tasks
of both parity and syndrome gencratvion. The parity words are inscrted
into thie packet by the hardware prior to entering the transmit modem, and
the syndrome words are inserted in place of the reccived parity words of

the packet prior to being placed in the MENEIUNE input buffer regisler.
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Cons Lederation ix being given to incorporating parity and syndrome generation
in the SUNEHUNE neltiplexor progrem, A word with all bits set to 'one' is
also sent o the MESBHUNE Iy the hardware units preceeding the start of cach
pachet, providing synchrenization for the MENHEUNE progranm.

. control word is sent between the MENIHUNE and the 360 prior to a
packet transfer in cither direction. 'This word contains the terminal ID
nunber and a packet length indicator (how restricted to 20 or 40 words).

The length information allows the block size to be gpecified so that direct-
memory-access transfers can be made by both the 360 and the MINITIUNE,

The program is modular in design, allowing the processing functions
for a particular user channel to be easily changed. FEditing functions are
localized within each user chaimel module, allowing the editing characters
usced by a particular terminal to be changed without affecting the other
modules in the program, Fixed buffer areas are assigned for cach system user
in the program. DBecause of the relative data transmission rates of the user
MENENUNE and MENEHUNE-360 links, it is necessary to store only one packet
for cach user within the MUENIIUNE at any particular time {although the
nost recent packet sent to a ramote station will be kept in storage for user
retransmission requests). This fact and the small number of users anticipated
for the initial system led to the choice of fixed storage allocation in the
current implementation, allowing a later implementation of dynamic storage
allocation to be made on the basis of a more detailed study which can include
actual epotating characteristics of the system,

To facilitate coding, debugging and future modifications, the MENEHUNE
progran was written in a high-level language, XPL. A compiler was written

for this purpese which produced HP machine code from an XPL source program.
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The ampiler rune on the ThM 300, providing that system's /0 facilities
as an aid in debugging syntax errois and In producing progrew documentsat ion,
The MUNEHUSE conptler (JIPCOM) wos written for use on an TR 300 Lo
take in a program sritten in o subsct of XPL (called HPL) and enit the
proper machine lunguage Tor o Hewlett-Packard 2115 computer,  The compiler
hod two main design conviderations, efficiensy of the machine Tanguage, and
vorsat.ility, so that nost operations could be done in the higher Jevel language.
Since the program: written in [PCOM are to be loaded into the HP 2115
via the IIM 560, the cospller has no input-output in the higher level
Tanguage, lowever, many {eatures and conventions have been implementeoed
in the compiler such that it is casy for the programmer to write his cwn
1/0 routines cxactly as he war ts them, and to utilize the interrupt systom
of the Hewlott-Packard., To do this, the programmer needs a basic knowledge
ol the HP input-output system, and how to usc sonce of the built-in (unctions
of the compilcer.
The output of the compiler is the raw machine code for the Hewlett-
Packard ready to be loaded into the machine, a printed .output of the source
program, the machine code resulting from cach statement with explanation

in assembly code for readubility, and crror statements,

14.4  CAPACTTY OF THE RANDOM ACCESS ALOUA CHANNEL

In Fig, 14.3, we indicate a scquence of packets as transmitted by

k active consoles in the ALOHA random access communilcation system.
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Figurc 14.3 ALOHA communication multiplexing

We define 1 as the duration of a packet. In TIHE ALOHA SYSTEM ~
is cqual to about 34 milliscconds; of this total 29 milliseconds are needed
for tramsmissio-n of the 704 bits and the remainder for receiver synchironiza-
tion. Note the overlap of two packets from dgifferent stations in Fig. 14.3.
For mualysis purposes we make the pessimistic assumption that when an overlap

occurs ncither packet is received without crror and both packets are thercelore
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retransmitted.® We also assume only full poclets are ticnsmitted.  Clearly
as the nunher of active stationn iucreases .he mmber of interfercnces and
hence the muber of retransmissions increases mitil the chuwmel clogs up
with repeated packets [11], We rust therefure compute the averase number
of active stations which may be supported by the ALOHA randon ac;ués channel.
We may define a random point process for cach of the k active users
by focusir;; our attention on the starting times of the puackets sent by each
user. We shall find it useful to muke a distinction between those packets
transmitting a given message from a station ﬁpr the first time and tnosc
packets transmitted as repetitions of a message. We shall refer to packets

of the first type as message packcts and to the second type as repetitions.

Let A be the avera ¢ rate of occurrence of message packets from a single
active uscr and assume this rate is identical from user to user. ‘Then the
random point process consisting of the starting times of message packets

from all the active users has an average rate of occurrence of

r = ki (14.1)
where r is the average number of message packets per unit time {rom the
k active users. Let 1 be the duration of cach packet. Then if we were
able to puack the messages into the available channel space perfectly with

absolutely no space between messases we would have
£

rT = 1 (14.2)

1 4 . . ) .
i In RS ER .{_4,,.‘ s coataeaard 2oo U e b e ! L v d Ty P T A T T T 2
is b.( L § Lad hd L Ll LN O T B R L T T T S R N SR 11-1\,;\\4 Lead  JAvs & sl l b d A LAN LAY AT N LN N B T ) QY S RV

oach ofbhar we mnsi onahe sure (e rofransmission ci:\l:n}*'-: in the 1w eonseles
arc dilterent,
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tar (')hjt"k‘i vt thi o o vodtion g Do detersoa e BB vy s vl of thee
charmel wiilisatton, ool thes the sancam voboe of Wy wloandy T 1o Jom
aceuss data voraunicad con Channed .o APt

DBetiue Roas tie average siea e o mes oo pachets plos roetoo s tens
poer undt tire frow tee hooactive users, hen i there are any seiyanss
missicus wo must ave Repr B dedine 1 os the b el teatfic s
this quantity represonts the averige muber of pessaye pachots pliss retrans -
missions pur unlt tine multipliod by the dugution of cach puckel or retrans-
mission, In this section we calculate Rt oas a fuactron of the chnnel
utilizatiou, rr,

Now assume the interarrvival times of the point process delined by the
start times of all the message packets plus retranspissions are imiependent
and exponential., This assumption, of course, is only an approximation
to the true arrival time distribution. Indeed, because of the retrans-
missions, it ig strictly speaking not even mathematically consistent.® If
the retransmission delay is large compared to 1, however, and the number
of retransmissions is not too large this assumption will be reasonably
close to the true distribution. Moreover, computer simulations of this
channel indicate that the final results arc not sensitive to this distri-
bution. Under the exponential assusption the probability that there will
be no cvents (starts of message packets or retransmissions) in a time

interval T is exp(-RT).

L e T T R e ]

% Anotner coproacn at modelling a channes closcly relate? to the ALOHA
SQIUE UL DS dx‘ ST if} p.t‘i')‘v'ig?.;‘l 11 l“(.l.j'.-‘\. Uonee [123.



I8

Hazag Yo o sy doe s gan Cutedate the o b adans that Lo o
B paedkot o petyan o rea wid ) oeeed to e seoransiir o0 hegcorr o of
ntaterence - ath arnthes Lo ape pact ot or retoaeiseian, e fiist
poroact vl avecdap v th Coothey pactet gl there coasts at Teast one ot
staat pemt 1 oo Jess vcends belore or 1 o8 Tess seceads aiter the

sttt of the v puchet, toaee the prebability that g piven messano

packet or yetvioission will be pepeatoad is

(1 - expl-2Rt)] (14.3)

Finally we wuse (14.3) to relate R, the average number of message
v ] 2: 2)

packets plus retrunspissions per unit tiuwe to v, the average number of

message packets per unit time, Using (14.3) the average number of retrans-

missions per wnit time is given by

R[1 ~ cxp(-2RT)] (14.4)

so that we have

R = r+ R[1 - exp(-2R1)] (14.5)

or

~2RT

rt = Rrte (14.0)




19

Fuition (1o} is the relatiouship we seek between the channel utilization

roowivl the choanel traffic Rr. in g, 14.4 we plot Rt versus rit.
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Figure 14.4 Channel utilization vs charmel traffic

Note from Fig. 14.4 that the channel utilization reaches a maximum
: .1 . . : ‘ ape
value of = = 0.184. Yor this valuc ot 1t the channel traffic is equal to
0,5, The tralfic on the channel becomes unstable at rt = 7%~and the average

mupher of retranspissions becomes unbounded., Thus we may speak of this value



of the chanpel utilization as the cupacity of this ramlom aceess date
channel.  Pecause of the random access feature the diamnel capacity is
reduced to roughily one sixth of its value if we were able to [iJ1 the dhimmel
with a contimwus stream of wminterrrupted data.

Fer THE ALOITA SYSTIM we may use this result to calculate the meax i
nuiber of interactive users the system can support,

Setting
r1 o= K = e (14.7)
2¢
we solve for the maximuwe muber of active users

. s ey -1 4o
kmax = (Zelt) (L4.8)

. . 1 -1 .
A conservative cstimate of X would be il (scconds) ~, corresponding to
each active user sending a wmessage packet at an average rate of one cvery

60 seconds, With v equal to 34 milliseconds we get

kmax = 324 (14.9)

Not: that this value includes only the mumber of active users who can use
the communication channel simultaneously. In contrast to usual {requency
or time multiplexing mcthods while a user is not actlive he consumes no
chamiel capacity so that the total number of users of the system can be

considerably greater than indicated by (14.9)
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The analywnis of the operation of ‘1HE ALOHA SYSTEM rundom access scheme
providad above nus been chiecked by two separate simulations of the system
[13,11].  Agreemont with the analysis is excellent for valucs of the channel
utilization lese than 0,15, Tor larger values the system tends to become

unstable as one vould expect from Fig, 11.4.

14,5 OPERATION OF THE ALOHA RANDOM ACCLESS CHANNLIL

The calculations of the previous section show we may cxpect the ALOIA
24,000 buud channel to support over 300 simultancous active users. In
fact the real world operation of THE ALOJIA SYSTIM is expected to differ
from the model analyzed iIn several important respects.

First we note 1t is clearly wastelful of channel capacity to insist
that cach packet transmitted on the chommel use cighty 8 bit characters.
Bspecially for the case of interactive uscrs of an alphanumeric console
most Tines transmitted will contain much less than 80 characters of informa-
tion.} In the present version of THE ALOHA SYSTH we have provided the
capability of transmitting either a "full packet" of 80 characters or a 'half
packet' of 40 characters. ‘The header of each packet now employs a single
bit as an indicator and the received message is decoded accordingly., A
half packet transmitted with the same nwiber of header and parity bits will
consist of a total of 384 rather than 704 bits. Using this figure to obtain
a value of 1 for (14.8) we obtain a larger value for the maximum mmber

£ iyt 1 . oy 4. ~ g
of active users supported by the channel

k = 594 (14.10)



Consideration is now being given to allowing a greater sct ol pachet
lengths ranging down to a single character ad up te multiples of §0
characters.

Still another factor which will tend to make the real capacity of
the ALOHA channel greater than the caleulated capacity is the asswuustion
made that a packet overlap will result in crrors in both packets. In fuct,
because of the use of FM to transmit data in the ALONA chamnel, if two
packets are involved in an overlap, the packet with the stronger of the
two signal strengths will capturc the MENHIUNE receiver and may be received
without errvor. Furthermore this phenomenon can be put to use to provide a
simple form of priority scheme on the remote stations of THE ALOHA SYSTIM.

By adjusting the recvived power [rom differcent remote stations at the
MENEHUNE receiver we may cause a station with higher power to override a
station with lower powcer in the MENZIIUNE.

The radio naturc of the AILOHA chamnel suggest the usc of a broudcast
feature to send messages to all users or to a sclected subset of users
with a single packet. By use of special identification bits the central
station can broadcast system status information or special instructions
to all users.

Most dmportant of all considerations in trying to anticipate the real
world performance of the ALOHA channel as opposed to the model we have analyzed
is that the model is formulated only in terms of a large nurber of interactive
users of alphanumeric terminals. TIHE ALOHA SYSTIM will be composced of large
nmmbers of such terminals; we also plan to incorporate high data rate praphics

terminals, remote job entry systems, minicomputers and temminal clusters
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transitiing into the ALOIA channel by meuns of a sinple fomm of random access
radio Jhiangel multiplexor now under design.  Reliable statistics on the
nunber ol prchets penerated by such remote stations is not available, but
it seenn clear that the average data rate [1om these stations will be
higher thon the average data rate from o console of the sort used in our
woded,  The averaye muwber of active users of the ALOIA channel will there-
fore not bhe as Targe as the calculations based upon only interactive alpha-
rumeric consoles would indicate. According to (14.7), the 24,000 baud channel
into the MENEHUNE is capable of transmitting at an average rate of 24,000
divided by  2e, or about 4,000 bits per scconds. (The burst data rate of
course is still 24,000 bits per sccond.) The average data rate of the channel
will always be grcater than the sum of the average data rates of all stations
feeding into the chainel, Thercfore the data commmication rcsources of
the total system arc most cffectively employed by wscrs having a high ratio
of peak data rate to average data rate.

It is of considerable interest to determine how user characteristics
will be influenced by the resource allccation properties of the ALOHA channel.
Lach user draws resources from such a chamnel in direct proportion to the
number of bits he trausmits over the chammel. This is in marked contrast
to the usual case of wire communications where a user ordinarily must assume
a fixed coust corresponding to the minimun communication channel available
(e.g. a single teletype on a dial-up connection) or a fixed cost corresponding
to a required burst data rate (c.g. remote graphics with commmications
limited response).  In THE ALOHA SYSTEM it will be possible to allocatce

charges for chanuel use in proportion to the number of bits transmitted. Such
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a pricing algerithm can be expected to encourage usc¢ of the channel by users
having the high ratio of prak to average data rate mentioncd above, )
addition to the interactive users of alphammeric consoles covered in o
analysis such a policy would male the systew attractive o rcumotely tele-
netered experiments and to minicomputers requiring dintermittont use of
peripheral equipmont,

As an example of the latter use we mention that one project now in progress
in THE ALOHA SYSTEM plans to Link an HP 2114 minicomputer into the ALOIA
channel via a simplified communications module consisting of a small inter-
face, a modem and transceiver. ‘The hardware buffler/control unit will be
almost completely absorbed by a softwarc module within the 1P 2114 remote
station. Once this connection is established it will be possible to load
programs into the 2114 from the ALOUA channel rather than from a teletype
paper tape reader -- the only present alternative. Thus, asscmblers and
other programs for the 2114 will be stored oa a disk at the central computing
center and will be called and loaded inte the 2114 by 4 single command on
the 2114's teletype input. This should reduce the time necessary to load
the 2114 {rom 20 minutes to less than 10 scconds. It will also be possible
to write HPL programs on the 2114 teletype, transmit these programs to the
central computer for compilation and transmit HP machine code back to the
remote [P 2114,

In general it is difficult to predict user characteristics of a chmmel
with the propertics of the ALOUA channel. Studies of user characteristics
up to now [6] Mave started with existing wire commmication facilities

and provided profiles of uscers on these chamnels, Our analysis lLas shown



that the MOUA claie] can be oi value for useors with those characteristics
but we coamot now tell vhat now characteristics will develop wien users
are cuirged by the bt trovssitted for W wie of commmication facilities,

THE SLOHA 80 Commanications Modnde Is used as the sole plece of
cquiprsiil necoessary to connect any console or RIE device into the ALOHA
chamel.  As such it tukes the place of two modems, a dial-up comection
and related switching equipment or leased lines usually used [or computer
networks.  The modute is composed of a UE antenna, transceiver, modem and
buffer control wiit. Both the transceivers and modems cmployed so far have
been modilied versions of standard equipmeut desigined for purposcs different
from the rather wnconventional use to which thzy are put in THE ALOHa SYSTIM,
This has been done in order to provide an operating system in a minimum
amount. of time and to provide us with valuable experience in this new form
of datn commmnications. The buffer control unit howover was designed and
fabricated completely in THE ALOHA SYSTIN laboratoriss, since no cquivalent
equipwent was available, New versions of the ALONA transceiver and moden
ratched to the characteristics of the UNF random access channcl have now
bean desioned and will be in operation during 1972,

The davelopront of the first version of the communication module in
the prcscnf ALOHA SYSTEM Project was accomplished at an equipment cost ol
around 8,000 per console. This is the total one time cquipment cost
necessary to connect a single user into the system. As with conventional
wire comsmication systems this figure can be reduced by data concentration
at the remote station. This cost is-achiceved in spite of the use of standard

transceivers and nodoims ill-suited to the special unconventional tasks in



which they are cuployed an THE ALOIA SYSTIML The duprove nts alyosdy
achicved i the desipgn of the second version of wils ALOHUL 010 buife
control wnit have shown that the cort of the ALV commnicn thon nodale
can be reduced drastically. A commmication woduls cost of S2,000 by 1973
is projected.  Farthermorce, the size cnd power requirements ol the modnle
can be decreesed considershly with Durther development worl to the point.
where the commwications module becores o mobile wit allewing portable

and instant access Lo a ceatral computer syscen, It 1s not casy to pruject
how fur this miniaturization and cost reduction can procecd. But the
vision of a uscr holding a portable tcrminal with a bullt-in conmmication

module and a small protruding antenna is a tempting prospect.
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