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The next three or four years will see the installation af._._

a significant number of major computer facilities#—perhaps as
many as fifty—whose implementation will draw heavily upon
the newvcomputer,system techpdlogy now under development at
MIT Project MAC-and elsewhere: These new multi—éccesé syétems,v
which will'represent an investment in computer-hardware alone of -
ﬁore than three hundred million dollars ($360,000,000), constitute
"the basis of an impértant new class of too;s for_atta;king business,
commercial, industrial, scientific and engigeeriqé problems 6f
many types. As must be §Xpected Qith.the evolution of any new
technology, new techniques for tﬁe e%ploymépt of these tools
must be and. are being developed. ACorfespondingly, ghere also
arise néw issues with respect to the managemeﬁtrof these computer
systems or—more to the point-—;. of fhe resource which they

This document is a hasty attempt to point out some of the
admninistrative and accounting problems relating éo the operation
o: multi-access systems. It is addresséd to a proposed working
group at MIT whose purpose would be to deal with these new
management issues in a way which can have long-term benefit, not

only for the Institute and other universities, but for all activities,
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commercial, military, and government, which may operate multi-
access computer systems in the future.

The‘decisions made at MIT with respect to the management of
the Project MAC system may establish tenacious précedents. We
must, as we make these decisions, recognize our responsibility
to develop an approach which is complete, general, and which

meets the needs of users, managers, accountants and.auditors.

Objectives of the Working Group

The immediate objective of the proposed working.group would

be to establish a basis for charging for the services of the

‘Project MAC computer facilities. The system-development effort

is expected to reach a étage at which‘"pubiicJ use is possible
in the.secbnd quarter of 1967, and at that time MAC expects to
¢go on a charging basis for all use of the computer.

‘Because of the managemént and accounting questions raised

by thé innovations in the MAC system concept, this first-objective

cannot be met without giving overall consideration to its impli-
cations for internal accounting practice and interaction with
external--particularly Federal Governmenﬁ——purchasing regulations
and audit procedures. A second objective, then, would be to
establish policies, procedures and guidelines for accounting and

charging which constitute a carefully-considered, general
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framéwork which satisfies the immediate needs and which.also meets
broader and more general needs.

A third objective of the working éroup would be ;o communicate
to appropriate authorities, both internal to MIT and external
(again, notably the Federal Government), the technical aspects of
the new form of computing service of which the Multics system rep-
resents an instance and to work closely with appropriate authori-

thies to determine if modifications to existing policies, regula-

tions and practices are called for. If so, the group would work

together to formulate such revisions aﬁdrhéw‘pféétiées as may be
required, having in mind the problem in its full generality as

well as the specific instance at MIT.

Assumptions and Problem Areas

The basic goal in implementiné a computer service facility
must be to meet the community's demand for computation by supply-

ing the best possible service at the lowest possible price. A

- basic assumption here and throughout this _paper is that system .

users will pay for all coﬁputer service and that the total revenue
received from these payments will approximately egual the total
cost of providing the‘service. It is also assumed that if the
system capacity is insufficient to meet the demand--real demand,

backed by willingness to pay—-of the community, then the system
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capacity will be increased until that demand is met. This may

seem elementary, but remember that in the paét, overload situations’

have had to be met by such unsatisfactory schemes as rationing of
resources and installation of "private" computers by some users.
The natural expansibility of multi-access systems permits this

more desirable approach.

It is clear that unaét tﬁéwgéé&%ttggﬁé ;tétééwébbve t%e
' aggregate amount of computer ‘service provided the community will
e determined by the cost of "unitsAof service" and by the total
funds available to buy them. Agéin, this is hardiy a startling
“cbhbservation, but it emphaéizes that -computer service 1is "for sale"
in the same "market" as other pertineht coﬁﬁoditiesf In an

‘academic community, for instance, computer service competes with

prersonnel, floor space, research-equipment, etc., for the available

funds.

Against this background one may say that the value Gf the
multi-access systems lies in the extent to which they promise to
improve both the guality and the quantity of service available
per dollar.

Some of the specific problems of ﬁeeting the "best service
at lowest price" goal with a_multi—access computer system are
discussed below. This is not intended to be an exﬁaustive treat-
ment, and in such abbreviated form it cannot be expected to convey
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In general it should be said that multi-access computer systems

represent a totally different class of tool from any that has
existed héretofore; one should expect from the outset that the
management and accounting practices associated with them must be
correspondingly different. It is possible that thoughtful and
open-minded consideration of the issues will lead to radical de-

partures from long-established business tradition.




é_New Charging Basis

The classical charging unit for the use of computer systems
has been the "system hour." That is, the charge for computer

service was determined only by the number of hours, measured to

the nearest hundredth, used by a gi§en job. Frequently, a different

(lower) price per system hour was charged for use during times

other than the normal 40-hour work week. In unusual instances

the charging rate per system hour might vary slightly depending

upon the system configuration actually used; that is, a -job which
used only two of the dozen or soAtape drives connected to a com-
puter might be charged at a slightly lower rate than one which
used eight. Even in this case, hswever, the basic unit of charg-
‘ing has typically been the system hpur—~in effect, a chafgé for
the use of the entire "roomful" oficomputer. . )

Such a charging basis obviousiy discriminates against the

users whose programs involve mainly processing and favors those

who fully utilize all of the system ¢components. This inequity =~

is significant in any system in which the cost of peripheral
equipment is a large fraction of total system cost (as it is in

large, general-use installations, both conventional and multi-

access). It may actually prove economic for a heavy "processing-

only" user to set up his own stripped-down computer in preference

to paying for underutilized peripherals at a central installation.

The Laboratory for Nuclear Science is an instance at

-
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MIT of this situation. The unfavorable implications for a central
computer-service facility,are clear.

Well-designed multi-access systems inherently include means
for accounting for the use of the various system components
(processors, input/output controllers, etc.) in rather microscopic
detail. Instead of a gross chargé'for use of an entire computer,
charges can be associated wit£ the particular devices used, and

“device usage can be measured with extreme precision (possibly down
to the'microsecond). The reason for this lével of detail is tha£
it is needed by the supervisory programs, quite independent of
accoqnting considerations, to properly schedule and control the
various devices which make up thé computer system. Roughly
Vspeaking, the accounting §rograms can just "tap off" infgrmation
which must be present for opera£iopal reasons.

As a consequence of the availability of extremely detailed
"metering” of the use of each device (e.qg., processor, core
memory unit, disk-storage controller, etc.), almost all charges
fcr system use, broken déwn by device, become directly assignable
tc a user. The proportion of system costs which'have to be lumped
together and allocated on some.necessarily artificial basis becomes
very small. The overhead component of system charges virtually
disappears, and.the man who uses only a processor and a core memory

may no longer find it economic to install his own machine.
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Other aspécts of improved system.management also result from
precise metering. For example, if a high percentage of idle time
is observed on some device-—say a drum storage unit—one migh£
consider terminating rental of that device. 1In geﬁeral, loads on
eacﬁ system component are individually measurable, so that the

system configuration can be altered and its capacity adjusted to

meet variations and trends in the aggregate demand imposed by the

using community.

Problems of the New Charging Basis -

Following is a discussion of some of the problems relative to

use measurement that mighf be considered by the proposed working

group. o -

The first issﬁe that comes to mind is that oflégicing-zwhat
is a microsecond of processor time worth? 2 "word-microsecong"
~of core memory? A full set of prices must be established.
7wwrM5f¢ involved, and more important, how may these prices be
permitted to vary? Here it should be pointed out that if only
a single fixed charging rate is established for éach computer

device regardless of system load or time of day then the system

will experience extremely heavy loads during the 9-to-5 work day.

Remembering that we have for argument sake taken the position that

our response to any adequately-funded demand for service is to

ALY
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' expand the sysfem if necessary to meet it, we are soon operating
an enormous computer facilitybto meet thé peak demand. buriﬁg
off-peak hours, however, such a large system would be seriously
underutilized, and as a result, a unit of domputer sexrvice %:gﬁ& haws
to be priced very high in order to recover the total system cost.
his peak-loading effect on the system can be alleviated by the
usual approach of offering bargain rates for off—peak‘usé. We
prééééé‘sﬁéﬁ‘éwféEérSf&ué%ﬁfé'fbfwﬁié;Ab6é§ibi§éih§6lVIﬁg several = =
steps throughout the 24-hour day. The raté structure may also
reqogﬁize_weekena days as deserving of special treatment.
It is even conceivable that in some later stage of development

we might permit the pricés to vary from minute to minute as deter-
mined by actual system loéd measurements, or we might permit pros-
pective users "bid" for system services, With high ?idders,paying

rore but receiving preferential treatment.

All of these possibilities and a multitude of others are
technically feasible, but how would they affect the users, system
managers, accountants agd.auditors? Permitting prices to fluctuate
in a manner not completely known (or undérstood) by a user may
cause "customer-relations" problems. Even reasonably conservative

"stepwise" reductions in off-peak prices introduce complications.

For instance, 1) the cost of running exactly the same job can vary,
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depending on ghgg it is run, 2) auditing "proof" of détailed
charges becomes messy; and 3) 5,priori cost estimating becomes
nore difficult.

There is a possibility, if certain pricing stfategies are
adopted, that auditors may discover that they must prove the
frocedure—possibly the actual computer program——~used to compute

_ charges, rather than the-charges themselves. Is this a realistic

possibility?

Multiprogramming and Multiprocessing .

In a slightly different but>related area lies another set of

problems which are raised‘by the techniques- of multiprogramming

and multiprocessing. o T

In the conventional use of computer, jobs are "queued up"

and run sequentially; that is, one user's program is run to com-

rletion before the next user is started. There is no way in

Y

Mv}ifi'éﬁ*é}{é' user could, by accident or design, affect the execution
time (ang, therefére, the .cost) of another user's job.
Multi-access systems operate in a fundament;lly different
manner. One can visualize the differeﬁcevby imagiﬁing the entire
gueue of users turning 90 degrees and approaching the computer
troadside. By using techniques of "multiprogramming" and "multi-

processing" (which will not be precisely defined here) this
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broadside demand can be met. However, the new situation has
implicationsrfor both the sys£eﬁ and férrﬁhé ﬁgefé;

From the system pbint of view, there is now a muéh wider
selection of tasks awaiting the attention of one or another of
the devices that make up the computer. A clever supervisory
program can theréfore juggle the scheduling of this multitude of

tasks so as to keep most of the computer devices busy most of the

time. The vastly-improved hardware utilization achievable in ~
svstems of this kind is one of the primaryAbenefits of the new
technology.

From the user's viewpoint there are also great benefits.
For one thing, he can operate "on line" directly to the computer
without worrying about, of—~more imertant—*beingrcha;ged for,
computer time during periods wﬂen he is "connected"ﬂto the system

but not actually receiving service. The unexpectedly great value

of this new kind of access to computers is the greatest single

motivation for the work of Project MAC.

However, there are some potential problems in providing this

access. One which may be troublesome from a management point of 7
view is that the service received by a user may be strongly - ”L“‘{i
» | Taadbom

affected by the presence of other users on the system. Make no
mistake; this does-not mean that the service seen by active users
of the system at peak-load periods will be sluggish and unsatisfac-

tory; long experience has made clear that it is better to provide
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adequate service to a resfricted set of users than uﬁsétisfactory

service to all‘customers. Thus an important measure of the extent

of system overload is the number of ﬁsers who are denied access, aM4K$%ShM1

CJ.')'LM(,U{"-% wust be n~evease A whaen —H»Cn e asual ._;&.;_ W{,:‘,,qh s sl
Ahother problem, although a minor one, 1s the fact that,

completely aside from any variable-pricing schemes; the cost to

run a given job will vary from time to time in a manner which is

both not predictable and not easily understandable by the average

user. The range of yariétion will probably be small, and it will

diminish as the system capacity grows and the pbpulation from

which the statistics are drawn becomes large.

Problems of Multiprocessing and Mﬁltiprogramming-

Problems for the working group relate~pérticulariy to thié | gzig

system-related variability in servibe'ané QOSt: S Will users accept |-

it? will auditors, sponsors, and proposal evaluators? Will there:

e a need for one or more of theéé kinds of people to develop test

~ jobs to be run océasionally for the purpose of measuring variance?
fhese difficulties will affect primarily so-called production jobs;
that is, relatively long-running jobs involving little or no inter-
action and using programs which are thoroughly'debugged. For

this kind of work if the cost variability concernsrthe user, then

he may be offered a "flaﬁ rate" for his job based on past experi-

ence. If the range of variability actually proves to be very
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‘small, he may prefer to ignore it and take his chances by running

ori a normal "metered" basis.

Other Problem Areas

so far we have discussed some of the management problems of
a basic and long-term nature. Here we Qill just mentionﬂtwaﬂéihers
and then move on to state some of the more immediate problems
riéié£i§é to the MAC system and its interaction with the rest of
the Institute and with the MAC sponsors. —

Aside from éystem use ané storage occupancy, there may be
three other valuable resources for which users can be charged.
The first of these is access. There is a distinct value associated
with the ability to_approéch the system at will. An obvious part
of the charge for access is made u? of at least:somé of the cost
of the ferminals and communication circuits used. There may be
other parts not so clearly discernible.

The concept of demand as a multi-access system resource
rust be considered. Th; term is borrowed from the "demand charge"
~component of commercial electric-power rates, and the analogy is
¢ood, if not perfect. The power company imposes a demand charge
to recover some portion of the cost of the physical plant it has
had to install 'in order to meet the heaviest . gifglqg load a user

nay impose on the system. On a multi-access computer system a
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demand charge is imposed if the user Fequires sdme guaranteed
reservatién of system resources. Such a guarantee removes thqse
resources from the common pool which the supervisory program would
otherwise be able to share among the community of ﬁsers; therefore
the users who make the reservation must pay for it.

A third possible candidate for inclusion as a chargeable

resource is responsiveness. Speed of response is certainly related

to sy;ﬁem capacity, and it should beﬁconsidéfed in seﬁting up a
charging structure. |

In a more practical vein, hg;e are seVéral'Bf the issues
which will directly confront MAC when its new syétem>becomes
operational:

How can "surplus" MAC system capécity £e "sold" to non-MAC
users?l'The proceeds should reduce the cost to MAC cf its computer
facility. What is an accounting ﬁechanism which permits.the sale
_and satisfies MIT interests, the MAC-contract monitors and the
monitoring agency for thé purchaser's contfact? What acc;unt
shiould the funds be paid into? Can the funds be-used for purposes
"other than paying direct costs of operating the system?

At least for a year or two, the MAC system will be a unique
technical facility with capabilities of great worldwide interest.

Suppose the system is made accessible to non-MIT agencies; how

should external use be managed? Are there different considerations
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for different users? Government? Not-for-profit research?

Professional groups? Other universities? Industry? Others?

Conclusion

We view adequate coﬁsideration of the relevant management
issues as an inseparable part of the introduction of the new
technology of multi-access systems. It is for this reasdn that
these issues, beyond their immediate-implicatioﬁs for MIT, are
of long-term research interest to Project MAC. We may discover
a need to overtu&n well-established business-management traditions,
or to alter widespread accounting practices. |
.There is immediate and urgent need for a local determination

of policy. It seems both reasonable and necessary to keep in mind

the wider implications while méeting the local need;
A specific proposal for a charging structure and accounting

procedure is in preparation and will be distributed soon.
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