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PROPQOSAL NO.: OGCA
@ Original Budget Request ~ 0O Revised Budget Request

8. SUMMARY OF PROPOSED BUDGET (INITIAL AWARD PERIOD):

UM SOURCES SPONSOR TOTAL Ac%?‘usngu t:a%.éoa APPROVED BY:
a. Salaries & Wages
9\22'1‘;'?:"2.‘3“?”" $92,000 _ _ $224.700 _ $316,700
b. Fringe Benelits 8,633 48,653 27,286
¢. Fellowshlps
d. Tuitlon
e. Consultants
f. Travel 3,000 3,000
g. Supplies/Materials | 10.000 10,000
h. Equipment*-Purchased 30,000 220,000 250,000
-Fabricated**
i. Computer Costs
j- Subcontracts R _
k. Other (Itemize under no't’e‘s) : 800 156,800
l. Total Direct Costs (TDC) 130,633 663,153 193,786
m.Indlrect Costs (IC) 48,303 212,713 261,016
Federal: __48 % MTDC (. minus: h. and }. In excess of $25K each subcontract)
Nonfederal % TDC
TOTALCOSTS(Tc; _$178,936 $875,866  $1,054,802
9. TOTAL COSTS REQUESTED FROM SPONSOR, BY YEAR:
FIRST YEAR SECOND YEAR THIRD YEAR FOURTH YEAR FIFTH YEAR
$874,620 . $1,312,415 $875,866 $937,153 $983,409
10. NOTES: * Reter to Instruction 8h. back of page 1.
8.k. _——
I;:i:;}elzz:ce $1§3: 288 . Fabricated equipment;
Publication Costs $1,000 Salaries&Wages ____
s Fringe Benefits _—
Materials —_—
**TOTAL —_—
9/14/84
SGbmitted b incipafnvestigator(s) (Date) (Date)
—6‘-&&‘4&&&& gq-( ?i"/ Fiscal Administrator:
Approved for Department or Unit Head(s) {Dato) (Date)
Q{é; Vel 5// 2,54 Director OGCA:
Aoproveijr Schoﬁonooo by: Doan(s) {Date) ' {Date)
(rov 2/82) (Instructions: back of page 1)




. . YEAR 2

@ Original Budget Request
8. SUMMARY OF PROPOSED BUDGET (INITIAL AWARD PERIOD):

O Revised Budget Request

Page 20l 2
PROPOSAL NO.: OGCA

UM SOURCES SPONSOR TOTAL Ac%?duggu ta%el;on APPROVED 8Y:

a. Salaries & Wages

5{2‘;‘.‘;:’:,,{2;“?“’" $86,900 $212,000 $298,900
b. Fringe Benelfits 8,152 45,887 54,039
¢. Fellowships
d. Tuitlon
e. Consultants
t. Travel 3,000 3,000
g. Supplies/Materials | 10,000 10,000
h. Equipment*-Purchased 30,000 720,000 750,000

-Fabricated**

I. Computer Costs
|- Subcontracts - ‘
k. Other (Itemize under noi’e's) 129,400 129,400
I Total Direct Costs (TDC) $125,052 $1,120,287  _$1,245,339
m. Indlrect Costs (IC) 45,624 192,138 237,762

Federal: _48 % MTDC (I. minus: h. and }. in excess of $25K each subcontract)

Nontederal % TDC . :

TOTAL COSTS (TC) _$170,676 $1,312,415 $1,483,101
9. TOTAL COSTS REQUESTED FROM SPONSOR, BY YEAR:
FIRST YEAR SECOND YEAR THIRD YEAR FOURTH YEAR FIFTH YEAR
$874,620 $1,312,415 $875,866 $937,153 $983,409
10. NOTES: * Refer to Instruction 8h. back of page 1.
| .Maintenance $126,000 -
Telephone $2,400 Fabricated equipment:

Publications $1,000
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YEAR 1

Pago2of 2
PROPOSAL NO.: OGCA
@ Original Budget Request (m] Heyised Budget Request
8. SUMMARY OF PROPOSED BUDGET (INITIAL AWARD PERIOD): k . ’
UM SOURCES SPONSOR TOTAL AC%%U;«J“ r:‘%.egon APPROVED 8Y:
a. Salaries & Wages .
2‘;‘;'.::’:,1?:,“?"" $ 72,000 $210,000 _ $282,000
b. Fringe Benefits 7,695 43,289 50,984
c. Fellowships
d. Tuition
6. Consultants
{. Travel 3,000 3,000
9. Supplies/Materials 10,000 10,000
h. Equipment*-Purchased 30,000 400,000 430,000
-Fabricated**
i. Computer Costs
j» Subcontracts R .
k. Other (Itemize under no't’;s) 120,000 24,400 174,400
I Total Direct Costs (TDC) 229,695 720,689 950,384
m.Indirect Costs (IC) 38,253 — 153,931 192,184
Federal: _48 % MTDC (I. minus: h. and J- In excess of $25K each subcontract)
Nontederal % T0C
TOTAL COSTS (TC) $267,948 $874,620 $1,142,568
3. TOTAL COSTS REQUESTED FROM SPONSOR, BY YEAR:
FIRST YEAR SECOND YEAR THIRD YEAR FOURTH YEAR FIFTH YEAR
$874,.620 $1,312415. $875,866 $937,153 $983,409
). NOTES: * Refer to Instruction 8h. back of page 1.
8.k. —_———
¥:i2;§2:2ce Sg;:ggg Fabricated equipment:
Publication Costs $1,000 Salaries&@Wages ____-
e Fringe Benefits _
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**TOTAL —_—
__ 9/14/84
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rav 282 (instructions: back of page 1)
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L. ABSTRACT

The Computer. and Information Science department, with colleagues from the
Electrical and Computer Engineering Department, at the University of Massachusetts,
Amherst, is proposing a coordinated research project on cooperative distributed
computing based on a tightly-coupled multiprocessor containing between 64 and 128
processing elements. A key aspect of. this project will be to address issues that arise
out of task and problem solving decomposition in which processes cooperate to solve
a single integrated problem rather than a set of independent tasks. We are especially
interested in the issues of cooperation and uncertainty in distributed systems with
large number of nodes.

This project will coordinate and integrate large active research groups in the
areas of AI (computer vision, robotics and distributed problem solving, adaptive
learning networks, neural modelling) and Distributed and Parallel Processing (language
primitives, synchronization, concurrency control, network communications, real-time
scheduling, load balancing, debugging, protection and reliability).

We believe that the proposed tightly-coupled and large-scale multiprocessor is
the most costeffective means for performing the extensive -and computationally
intensive experiments needed to investigate issues in cooperative distributed computing.
It will facilitate this research by providing:

1) a resource for the study of large and complex distributed systems including the
simulation of both tightly- and loosely-coupled distributed systems,

2) a realistic environment for research in hardware and software architectures to
support distributed computation, and

3) the infrastructure that will facilitate the needed integration between the disciplines of
Distributed Computing and Al, especially in the area of knowledge-based systems.

In order to fully exploit the capabilities of the multiprocessor, we also request
funds in two additional categories. The first is for a network of workstations to
support the development of, interaction with, and analysis of the multiprocessor
experiments. The second is for the support staff needed to develop and maintain the
necessary software tools and to be responsible for the operation of the facility.
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3. DESCRIPTION OF EQUIPMENT, MAINTENANCE, AND STAFFING

3.1 Equipment

We propose the acquisition of a large scale multiprocessor facility which will
be integrated into the existing departmental research computing facility. Table 1
~ details the proposed equipment purchases over the five-year period. At the heart of
the facility will be a large, tightlycoupled multiprocessor containing between 64 and
128 processing elements each with the computing power of at. least 1 Mips. We
expect the total memory attached to the system to be between 128 to 256 megabytes.
In order to effectively use the multiprocessor as an experimental tool, we also
propose the acquisition of a set of workstations connected to the multiprocessor.
These workstations will support the development, monitoring, and analysis of
experiments done on the multiprocessor. As part of the proposed support hardware,
we also request the acquisition of an extensive amount of mass storage to hold the
data and programs required by experimenters using the new system and a high-speed
line printer for hard copy listings of experimental data.

311 The Multiprocessor System

In order to support the wide range of distributed and parallel architectures tﬁat
we will explore, to provide for the tremendous amount of computing cycles needed
in our simulations, and to be easily usable and maintainable, we require the proposed
multiprocessor to satisfy the following requirements:

1. It will provide over 100 mips of processing capability; in addition, it will
have facilities to harness this computing power efficiently.



2. It will. be built from off-theshelf components based on one of the
generally available microprocessor architectures with a large address space.

3. The support software and hardware will be geared to assist
experimentation in loosely-coupled as well as tightly-coupled systems.

4. It will run COMMON LISP and C and will support large Al programs.

5. The basic software and firmware system components will be flexible and
modular enough to permit experimentation, via real implementations, of
our ideas in operating systems for distributed computing systems.

6. It will have a high bandwidth connection for workstations and mass
storage devices.

7. The interconnection structure among processors will permlt extensive
interaction without significant bottlenecks.

8. It will be hardware and/or software partitionable making it possible to
run multiple experiments simultaneously.

9. There will be at least a small number of other research institutions that
have the multiprocessor so that we can share experiences and software.

10. The system will be modular with replicated hardware components; this
will contribute to ease of maintenance while increasing its availability.

11. It will be well instrumented to support performance evaluation.

There are currently two machines with which we are familiar that meet these
specifications: the BBN Butterfly (based on the Motorola MC 68000 processor) and
the DEC PPA (based on the MICRO-VAX-II processor); we also suspect that there
will be others coming out in the next year that may satisfy our specifications. The
BBN and DEC machines are quite different. In the BBN architecture, each
processor has local memory plus a very high-speed, parallel interconnection structure
to permit access to the local memory on other processors. Through mapping tables
contained on each processor, the memory associated with a program address space
can be distributed arbitrarily through the processor network. 'In the DEC

architecture, each processor has no local memory, but a large local cache plus a very
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high bandwidth bus to access global memory. There is special hardware associated
with each processor to monitor requests on the bus in order to guarantee that data
in the local cache is vahd

The BBN 'machiﬁe is available immediately, while the DEC machine is
scheduled to be produced sometime in 1986. We have proposed delaying the
acquisition of the .multiprocessor until the second year of the grant for several
reasons: sitce DEC has not released complete details concerning its architecture, it is
difficult, at this time, to determine definitively whether the BBN or the DEC
architecture best satisfies our needs' We also expect that there will be additional
options available from other manufacturers during the second year of the grant; and,
f'mally;‘ we feel that a significant part of the software development that will be
required to use the multiprocessor effectively can and should be carried out prior to
the arrival of the machine.

Given the long lead time, an exact price quote for the multiprocessor systems
is difficult to obtain from the vendors, but after informal discussions with BBN
and DEC, we expect that $750,000 should provide sufficient funds to acquire an

appropriate complement of processors and memory and to allow us to make effective
use of the multiprocessor.

"l‘hcreisapm'bilitythattheDECpmductmaybebettamitedtomneeds:nlmataster
pmeeaor;itshmﬂdbeeasicrtointegratcitwithmanmfacﬂity(thmghthehigh-speed
cluster bus); it should be easier to transfer existing software to the DEC system; it is expected to
have a better software base; and finally, it is highly (hardware) instrumented.
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Initially, we expect to acquire at least 64 processors and 128 megabytes of
memory. We feel that we need between two and four megabytes of memory for
each of these processing elements because of our desire to explore high-level Al
tasks which will involve significant amounts of data and program. This memory
requirement is especially important if we choose the BBN architecture in which there
is a significant performancer penalty if a high percentage of accesses are not from
the local memory attached to each processor. During Years Four and Five of the
grant, as the user base and the set of applications for the multiprocessor facility
significantly increases, we propose to augment the multiprocessor with additional
processing elements and memory at a cost of approximately $350,000 ($250,000 in
Year Four and $100,000 in Year Five). Though it is difficult to predict exactly,
this upgrade may also involve the addition of specialized processors or co-processors
to facilitate such operations as associative retrieval from a semantic data base,

floating-point processing, low-level signal processing, etc.

312 Support Hardware

We propose the acquisition of three high-powered and five to six
medium-powered workstations in the first year of the proposal to provide,
respectively, experimenters” workstations, and a developmemt environmemt for
multiprocessor applications and operating system software. The high-powered
workstations will be large SYMBOLICS 3600 class LISP machines with high-resolution

color graphics (1024 x 1024) and the medium-powered workstations will be SUN or
Micro-VAX workstations.
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The LISP machines will be used as the experimenters” workstation. Creation
of the development environment will involve significant software development to
provide tools for the experimenters to set up, monitor, debug, and analyze
experiments on the multiprocessor. From past experience in our current research
environment, the use of high-resolution color graphics is essential to understanding
the dynamics of process structures, such as those that are encountered in cooperative
problem solving and vision research. We have found that low-resolution color (512 x
512) does not permit the display of sufficient information to -adequately r?present
the state of complex dynamic systems. This will be especially true when we extend
our experiments into large and more complex distributed systems.
ﬁe software development environment and high-speed computation capabilities
provided by the LISP machines will significantly aid in the development of the
system software and its subsequent use by experimenters. The language-specific
design of the Symbolics 3600 for example, enables it to run at 5 MIPS on operations
central to LISP such as stack manipulation and function calls; this machine is on the
order of 10 times the speed of a VAX 11/750 running LISP. In the 3600, single-user
operation can exploit the bit-mapped displays, utilize the automatic sharing of the
entire address space among all processes (which is crucial when interacting systems
are being coordinated), and capitalize on the simblicity of the interprocess
architecture.l In addition, the software base for general program development (eg.
coordination between the editor and the debugger, and the sophistication of the
window management facilities) is markedly larger and of a higher quality on the
LISP machine than is available on other systems.



10

Our médium-powered workstations will be chosen to support the same
high-level languages as the multiprocessor (eg, COMMON LISP and C at a
minimum). We plan to build facilities, on top of the operating system of the
networked workstations, to simulate the multiprocessor environment. This will enable
the network to ‘be used for software development for multiprocessor applic;ations,
which can thus go on in parallel with large simulation runs on the multiprocessor.
We recognize that this network environment will be extremely inefficient for
simulating some of the architectures that we want to examine, especially the more
tightly-coupled architectures. However, we believe the network of medium-powered
workstations will have sufficient processing power to permit the debugging of many
of our experiments with limited test cases involving a small number of nodes and
small data sets. The network simulation of the multiprocessor will especially be
needed during the initial years of the project when the multiprocessor either will not
be available or will have a primitive support environment.

We have chosen to acquire both medium- and high-powered workstations for
several reasons: The first is that the multiprocessor development environment built on
the workstation network should support the languages available on the multiprocessor.
This is beacuse not all of our researchers work in LISP. At this point we cannot
acquire a LISP machine that supports the langauge C in an integrated way. The
second reason is that we needed a reasonable number of workstation nodes for use
in simulating a realistic multiprocessor environment. Currently, the LISP machine is
too expensive to get a reasonable number of them to be used in the development
environment. The third reason is that we expect potential advantages if the processors.

on the workstations used for the development environment is compatible with the
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ones used in the multiprocessor.

The market in workstations is highly volatile, but we believe that we can
acquire, by the summer of 1985, threc highpowered LISP machines with color
graphics at a price of $275,000; the remaining $125,000 will be used to acquire five
or six medium-powered workstations with large memories. In addition, given the large
amount of output data generated by simulation experiments, we will also acquire a
high-speed line printer in the first year for $30,000.

Initially, we plan to use the mass storage that accompanies the individual
machines on this workstation network to hold the data and programs used by the
multiprocessor. In Year Three, when the use of the facility will have significantly
increased, ie., there will be more users and more complex applications, we have
budgeted $100,000 for additional mass storage, another $150,000 for upgrading to the
existing workstations and acquiring another LISP machine to be used for an
experimenters” workstation for $75K. We anticipate that by year three, for $75K,
we should be able to acquire a LISP machine with capabilities at least comparable
to the ones acquired in the first year. In Year Five of the proposal, we have also
budgeted another $150,000 for general upgrades to the host support structure — mass

storage and experimenters” workstations.



Table 1
Procurement Schedule for Multiprocessor Facility
Year I — Host Workstatipn for Multiprocessor

-3 3640 class LISP machines at $90-95K/workstation with color graphics
56 SUN class workstations at $20-25K/workstation

1 High-speed Line printer
NSF : $400,000 University : $30,000 Total: $430,000
Year II — Multiprocessor

At least 64 processors (each 1 Mips) with 128
megabytes of memory (potential vendors: DEC or BBN)

NSF : $720,000 University : $30,000 Total: $750,000
Year III ~ Upgrade to Host Environment
Mass storage
1 LISP machine
Upgrade to workstations (purchased in Year I)
NSF : $220,000 University : $30,000 Total: $250,000
Year IV -~ Upgrade to Multiprocessor

Additional processors, additional memory, and
possible acquisition of specialized processors

NSF : $220,000  University : $30,000 Total: $250,000
Year V — General Upgrades

Multiprocessor
Mass storage
Workstations
NSF : $220,000 University : $30,000 Total: $250,000
FIVE-YEAR TOTAL FOR EQUIPMENT

NSF : $1,780,000  University : $150,000 Total: $1,930,000

$275,000
$125,000
$ 30,000

$100,000
$75,000
$75,000

$100,000
$50,000
$100,



32 Maintenance

Because the multiprocessor will probably not be a commercially available
product, a major. consideration in choosing a vendor will be the establishment of a
maintenance contract that will guarantee effective servicing of the hardware. It is
also necessary that the multiprocessor architecture be sufficiently modular so that a
faulty processor can be removed and the system will remain operational.
Additionally, the system should be composed of off-the-shelf components making
replacement of a faulty component a simple task. Both ﬁe DEC and BBN
multiprocessor designs satisfy these requirements and, in fact, BBN has established a
servic{brganimtion to begin operations in January 1985 to perform such maintenance.
We have a significant amount of DEC equipment and o;rer the years have
established a close relationship with the local field-service organization. We
anticipate no problems in establishing a special contract with them to handle the
maintenance of the DEC multiprocessor even though it will not be a commercially
available product. We also are geographically close to both BBN and DEC (less
than two hours drive), making site visits, based on time-and-materials, not inordinately
expensive. The maintenance of other proposed equipment workstations and mass
storage devices will be put on standard vendor service agreements.

We are budgeting an average figure of 10% for equipment maintenance on the
multiprocessor and 12% on the other hardware. (See Table 2 for maintenance costs
per year.) In order to keep maintenance costs within this budget, we have proposed
the addition of a technician to our laboratory staff. This technmician will be
responsible for performing preventive maintenance on the equinment, isolating

hardware faults to the board level, and replacement of faulty boards. We feel that
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this technician will be especially valuable in assisting in the maintenance of the
multiprocessor. Furthermore, we expect that, as part of the purchase agreement for
the multiprocessor, some training of the technician and some spare parts for on-site
repair will be included. The University, as part of its contribution to the
maintenance, will be refurbishing the space necessary to house the new equipment.
We expect that the cost will be on the order of $120,000.

In summary, given that the Department’s Research Computing Facility has built
up considerable expertise over the last five years in maintaining a very large and
heterogeneous hardware network (consisting of two VAX 11/780s, ten VAX 11/750s,
SUN and LISP machines), we anticipate that the maintenance of this multiprocessor
facility can be effectively handled by our staff, with the. addition of a new

technician and an adequate maintenance budget.



Table 2

Maintenance Costs per year
without overhead
Year 1: 851 K
Year 2 : $126 K
Year 3 : $153 K
Year 4 : $178 K
Year 5 : $205 K
TOTAL FIVE-YEAR MAINTENANCE COSTS $714 K

33 Management and Support Personnel

In order to use the multiprocessor effectively, we request funding for operation
staff and software development staff. The operation staff will consist of an assistant
laboratory manager, a technician for hardware maintenance, and two systems
programmers. The software development staff w<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>