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[g]f-“wd;_;gu INTEROFFICE MEMORANDUM

TO: Multiprocessor Committee DATE: October 18, 1973
Lorrin Gale
Goxdon Bell FROM: stu Wecker

DEPT: Research and Development

EXT: 4366 LOC: 13-4

SUBJ: Multiprocessor Committee Meeting L,GX_(/

The multiprocessor committee held its first meeting on Friday,
October 12, to discuss the issues involved in multi-processor
PDP-11 systems. The topics discussed were:

1. Do we want closely-coupled multi-processor systems?
2. Are they more reliable?

. Is it cheaper to build a single faster processor?
What speed range snould our product-line span?

How do we put multiple processors on a single Unibus?
How could RSX-11D use multi-processors?

[o2 3% B N N

For the loosely-coupled case we decided that no sgzecial hard-
ware was needed and the issues were simply software network
issues. For some applications closely-coupled svstems secemed
necessary where tasxs were closely rclated sharing a common

data hrase. lultiple vrocsssor svstems didn't seem 1lnherently
aere reliaple then single processor ones especially if all ¢ coen
were needed to perform a given task. Some people felt 1t was
poth cheaper and casicr to simply build a faster -11 for in-
creased computing power. The 1ncremental througnput increaszas
py adding 1 or Z additional processors didn't give us any
greater span of power then we have now from the 05 to 45.

Bill Strech r had a proposal to put many processors on a single
Unibus by using local caches Lo eacnh processor to reduce total
bus traffic. He nas a scileme to solve tine "stale data" proolem.
Craig Mudge and Dave Cutler wanted a multi-processor system to
increase the available computing cycles for user tasks in RSX-11lD.
Tneir proposal is for an I/0 processor to handle all I/O devices
and the file system. All slow devices would be handled by tiae
I/0 processor and the data transferred through a DR-11B type
interface. High speed mass storage devices would be connected
via multi-port controllers to both processors so that transfers
could pe done directly into user address space on the main pro-
cessor memory. It was felt that no more discussions were needed
until some of the other architectural issues were nailed down;
i.e., integrated controllers, caches, virtual addressing, ctc.
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ﬁ?-f;f;f‘g]:f_’\f%,'f INTEROFFICE MEMORANDUM

TO: Multiprocess Committee DATE: October 18, 1973
Lorrin Gale
Gordon Bell

FROM: Stu Wecker
DEPT: Research & Development
EXT: 4366 LOC: 3-4

SUBJ: Multiprocessor Considerations for Mid-Range 11 C**/( /¢

It seems that "nulti-processor systems" has become a key phrase
in computing circles these days. Why it is remains a partial
mystery, but people generally tnink that two or more of some-
tning must be better tnan one. In the case of computing where
performance per dollar is a key evaluation criteria, multi-
processor systems may or may not glva the expected value of
relative performance. Ticre are many reasons for building
multiprocesscr systems. 3Some are:

1. More througaput--since each processor can execute
X 1nstructions per time, N processors can execute
N times X instruccions per time. This 1is very
true but says notning apbpout the number of "useful"
instructions; i.e., us2r mode vs. operating sys-
tew, scneduling, etc.... ‘

2. Hign reliability--1f a pDrocessor falTs the s

vstem
still runs, verinaps at some reduced level. This
depeands ncavily on the og;rab-ng system structure

and tie payslcal connections within the systen.

On the current-11 most failures taxe the bus also
and the whole system. The operating svstem struc-
ture determines waetner or not deadlocks and fail-
ures within critical code sections can e resolved
Maybe reliability is better addressed at a lower
level; i.e., multi-voting logic, etc.-

3. "'Incremental expandapbilitv--if each processor oro-
vides one unit of compute power then the system
can be incrementally expanded one unit of power
at a time.  Tnis depends heavily on statement 1
about useful power. Also, it seems that users
may not want just a double or triple increase but
perhaps a 10 fold one. Or is it cheaper to ouild
a processor three times as fast compared to 3
processors and the interconanect hardware?

I may have sounded negative on multiprocessors but I rather
intended to oring up the issues and stimulate some thought

in the area. There are many issues to be considered and
discussed before one can definitely say that multi-processinget
is a good thing. Wow let us examine the various intercoa=- |, 5 »*
_nectlon QOSqlollltlLS and tuelr related problems. ‘“"‘1*
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Types of connections:

1. Closely-coupled--tnis is the classic multi-processor
system we thinx about. The processors all share a
commonly accessible memory from which they execute
instructions.

2. Shared-coupled--the processors execute out of pri-
vate menmory and share some external medium for data
transfer. This may be a shared disk, tape drive or
even a block of memory.

3. Loosely-coupled--this is the computer network where
all memory and mass storage are private and the pro-
cessors are connected via a wire-type link and com-
munication interface equipment.

Syncinronization of access:

In order for the processors to successfully communicate and
cooperate to perform a desired task they must syncironize
their actions and accesses within the system. For connection
types 1 and 2 this involves some lock/unlock mechanism so that
each processor can interrogate and/or update system 1informa-
tion without interruption bv other processors. For memory
systems this can pe handled by read-pause-write type cycles

at the hardware level and expanded into semapnores (P & V)
and/or test-and-set tvope operations at the software level.

For shared controllers or devices some type of switch and
watcndog timers would provide the necessary protection.
connection type 3 the synchrcnization 1s explicit in tne &
formation flow since nothing 1s really shared for data storac
but there 1is simply the sharing of a common data linx.

Problems:

In connection tyvpes 1 and 2 there may be problems with poten-
tial failure within critical code sections (where a lock 1is
active on a shared component of the system).

Interprocessor communication recguirements:

To build a feasibly usable system where must be a mechanism

to cause processors to examine the synchronization and coopera-
tion system variables whenever some event of significance occ-
curs within the system. This can be handled in a number of
ways: : .

1. Private clocks~--each processor has a clock which
periodically interrupts it causing the processor
to scan a system list or I/0 table and take the
appropriate decision branch.




2. Interprocessor interrupt--sach processor can
interrupt the othier. The processor that "dis-
covers" or is made aware of an event of signi-
ficance notifies the other via this lnterrupt
facility.

3. Remote console control--one processor has di-
rect control over one or more of the others.
It can effectively stop, reset pc, load regis-
ters and start another processor.

Processor relationships:

The multiple processors within a system can operate in two
basic ways. The first is master where each processor runs
within its own code (possibly shared) and nhandles all local
traps, interrupts, etc. The processors cooperate but con-
tend for resources, jobs to run, etc. by using some of the
syncinronization techniques described. The other 1s slave
mode where a processor executes user type code but leaves
all other handling, traps, 1lnterrupts, etc., up to the
master. The slave nore or less acts like an I/0 device
receiving its orders from some master processor.

Problems in -1ll's:

Some of the problems in close connection of -1l's include:

1. Who gets interrupts?
2. Do BR's take precedence over VPR'S.
3. 1I/0 page absolute values:regs, PS,...

I hope these prief comments con multi-processor systems nel
to stimulate thougnt in thils area. A basic point to be m
here is that iultiple processor syvstems are like systems

with multiple anytnings; 1.e., disks, crinters, etc. Namely,
they are more rescurces of an entity called "processing cap-
ability". Tnis is only useful in system where the processor

capapility. is the bottleneck or where more may- nelp some
reliability issue.
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Dick Clayton DATE:
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Lorrin Gale ~ FROM:

Len Hughes
Larry Portner
Dave Stone DEPT:

EXT:
MULTI-PROCESSOR PDP-11 PROPOSAL

The subject proposal is attached.
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Software Eng. -
11 Engineering
4028, 5064



Summary

This proposal presents a means of enhancing the cost/effectiveness

of our hardware/software systems, extending the available physical
memory, and potentially increasing the system's reliability by uti-
lizing existing hardware and making relatively minor software changes.

Assumptions
The following assumptions are held to be relevant and true:

1. Processors and memory will continue to drop in cost rela-
tive to total system cost.

2. Software costs will continue to rise and therefore we:

a. Should retain as much of it unchanged as possible.
b. Should not introduce mcre complicated requirements
into the coding of a user task.

3. It is possible to separate tasks performed in a single
processor environment by a process structured multi-
programming system into a multi-processor environment.

4. Systems growth on a single processor PDP-11 is currently
limited due to:

a. Physical memory capacity.

b. Complexity of software required for large systems with
limited virtual address space.

c. Unibus band width.

5. The PDP-11l line should be working towards new product
glamour at minimal cost to extend its life by 5 or 10 years.

6. The evolving network systems and the eventual new product
line require empirical data relative to combined hardware/
software design that must be gathered in the near term.
(i.e. we need measurements!)

Proposal

This proposal is divided into three phases. The first phase is rea-
sonably well understood technically, although many details remain

to be resolved. Measurement of this system will clearly guide us

in determining the product viability and in setting the detailed
direction of the remaining phases.

The proposal is based upon RSX-11M and RSX-11lD for two major rea-
sons:
a. Both are process structured multi-programming systems.-
b. Both are building blocks in 11 Family systems.



Cost and Time Estimate

This effort would require two people for about three months
to build and measure a Phase I prototype system. This will
cost about $18K plus $10K for the additional linking hardware.

Phase II
Description

Phase II work consists of providing a mechanism to shift addi-
tional file related work load to the satellite processor. This
would allow programs such as file transfer and conversion uti-
lities, volume initialization routines, etc., to run in the
satellite system.

Implementation

The same hardware indicated for Phase I obtains. The software
work involves providing the mechanism in the host processor

to allow the initiation of certain tasks in the satellite pro-
cessor. Some form of operator or batch control appears to be
the simplest mechanism. This could require specific processor
designations in each request or could allow a general control
statement to shift all requests for certain programs or classes
of programs. The extreme case is where the host processor dy-
namically determines load and routes the program requests ac-
cordingly. We expect that we can provide some control which
falls between the extremes cited.

Configuration Example

The configuration would be the same as for Phase I except that
the satellite would be capable of running additional user tasks.

Cost and Time Estimates
This effort would require two people for about six weeks to

build and measure a Phase II prototype system. The incremen-
tal cost is about $9K.

Phase III
Description

Phase III work provides a logical extension to Phase II, namely
to add multiple processors to the host/satellite pair.

Implementation

?his implementation allows more than two processor/memory pairs
in the system. The underlying principle is the same as with, .
Phase II, that is work load presented to the system can bexaE“
the program level and given to another processor for execution

P A I
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given a common file processor machine. An example of a soft-
ware structure follows:

Hor;t ?m(i"sc‘f G@!\ua.\ Pi‘ou:.sgr l C"wx‘a \ Prou sser 1
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User Tas ki Ed o FoRTRA
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Exec
T /0 Precessed

The hardware connections to actual devices becomes more com-
plex because the RH-11 controller has only two ports. The I/0
software becomes correszondingly complex. We do not know all
of the implementation details. We do have some ideas and a
set of problems to solve. o

Configuration Example

All that can be said todav is that we need the appropriate con-
trol paths and data paths to and from the I/0 processor machine
and to and from the host processor. These paths may vary de-'
pending on the usage of the specific machine, i.e. FORTRAN
machine, Editor machine, etc.

Cost and Time Estimates

It seems clear that we have much to learn from Phases I and
ITI before we will know enough to estimate Phase III, or in
fact to know if it is worthwhile. A real guess ' is that about
two people should work on this phase for about six months.

This would bring the incremental manpower costs to roughly
$36K.

Implications
Extensions of 11 Family Operating Systems

The proposed structure will allow DEC to extend in a completely
compatible mode our major medium/large 11 operating systems

with only relatively minor changes. The preceding implementa-
tion discussions have centered on the RSX-11D and RSX~11lM Family.
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These same two systems are planned as the software building

blocks for the Extended BTS Family. Here too, a multi-pro-

cessor approach will provide an upper end system. Finally,

the potentiality exists for incorporating this approach into
RSTS.

System Physical Memory Capacity Increased

Although the limits on physical memory per processcr is not
increased, the amount of physical memory available on a sys-
tem increases with each processor/memory pair addition.

Program Structures Unchanged

Unlike some other multi-processor approaches the programmer
constructs his programs in the same manner he would for a
single processor system. This is because the units of work
are separated at the program level.

Recommendation

The total funding required for this proposal is $73K. The time
frame is about ten months for the complete effort with Phase I re-
sults in three months. There are risks of failure particularly as
we approach the unknowns of Phase III. We strongly believe that
the potential benefits greatly overshadow the potential risks and
that therefore this proposal should be approved.
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Reliability

The 11 engineering group has severcl ongoing investigations on improving the

reliability of their product. After talking with them the following points

became clear.

1. mechanical -

a.

‘b.

Ce.

first generation mechanical designs are not generally reliéble,
the lessons have not yet been learned for that design (or device)
assembly is not done well; special tools are often needed, these must
be made or bought and the production line people taught how to
use them
after making devices we often break them ourselves either in test
or in delivering them to the customer

2. electrical -

a.

when a power supply diés it can damage the rest of the world

{with voltage overloads, for. instance) before it is switched off
Qnibué -~ besides the design problems described below the interaction

with power supplies causes the entire system to fail if one unit Iai
Unibus - devices will ke upgraded to allow them to be taken off line

without powering down the entire system ‘
Unibus - stressing techniques {voltage and timing marginning) should
. allow removal of marginal conditions this should help the
reconfiguration problem (i.e. being able to put a device on the
bus without having to then shuffle devices to get the whole
system running) .

layout - pocor placement of parts can lead to shorts in manufac*urlng

or electronic problems like crosstalk

3. engineering -

.ao

designers field of understanding should be extended to include

system considerations and manufacturing and field service views -

4. software -

a.

b.

reliability regquires support by the systems software, this takes
primary memorv space at least :

hardwara should report details of an error condition (when trapping
to location 4, for instance); an error word of bit flags

would be most useful
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The attached pages explain the reliability issues as they are now
understood. The porpose of our meeting is to gather additional points of
view and technical ideas. It is felt by many that we must have a more
reliable system from our next design. '

The main objective we have is to produce an outline of what is needed
for the different market areas and how we will provide those features, with
an estimation of the cost. Lorrin needs this information for the report

he is generating.

The following pages outline
1. the observations given me at a meeting with the 11 eng.
reliabifity project, and

2. some of my own observations.

Aggenda :
l. specific issues

a. microdiagnostics and diagnostic aids ) _

b; manufacturing aids to make a more reliable product
(such as the extra gates used to bring out signals in
the KL-10) '

c. parity on busses, memory, and mass'memory devices

d. remoted console use

e. peripheral repair without taking the system down

2. other global- issues . : R
a. keeping up with the competition (if'any) in this area ‘ “?$%>>”
. . . . . ey s R4 Q'\‘i‘
b. multi-system configurations for increased reliability-" .

WAy
‘\ﬁﬁﬁagu/

&\
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. (these may be multi-processor or peripheral)



- Qutline of Comments Made at Meeting With 11 Eng. Reliability Group
Reliability ' : . p

‘The 11 engineering group has several ongoing investigations on improving the
reliability of their product. After talking with them the following points

became clear.

1. mechanical -
a. first generation mechanical designs are not generally reliable,
the lessons have not yet been learned for that design (or device)
‘b. assembly is not done well; special tools are often needed, these nust
be made or bought and the production line people taught how to
use them .

C. after making devices we often break them ourselves either in test

or in delivering them to the customer

2. electrical -
a. when a power supply dies it can damage the rest of the world
(with voltage overloads, for instance) before it is switched off
b. Unibus - besides the design problcmé descrited below the interaction
with power supplies causes the entire system to fail if ore unit fai:
c. Unibus - devices will be upgraded to allow them to be taken off line
without powering down the entire system
d. Unibus - stressing techniques (voltage and timing marginning) should
allow removal of marginal conditions this should help the *
reconfigu;ation problem (i.e. being able to put a device on the
- bus without having to then shuffle devices to get the whole
system running) | .

e. layout - poor placement of parts can lead to shorts in manufacturing

or electronic problems like crosstalk

3. enginéering -
a. designers field of understanding should be extended to include

system considerations and manufacturing and field service views

4. .software = . .
a. reliability requires support by the systems software, this takes ’
primary memory space at least
b. ‘hardware should report details of an error condition (when trapping

to location 4, for instance); an error word of bit flags

B e o Y - |



Some Observations .

There are two reasons for our present concern with reliability:
. l. several markets need dependible equipment, and
2. staffing field service at a high enough rate could limit our growth.
In addition, as the number of machines in service (i.e. in the world) grows
the need for global optimization increases. That is, decisions must be made
whether to build a more expensive unit which costs less to maintain or to
continue to supply sufficient field service to maintain lower reliability, but

initially less expensive, units.

The markets which need dependible systems (note - systems) are communications
(the fastest growing segment of the company), industrial process control, and
business data processing. Three aspects of reiiability are identifiable: MITF,
MTTR, and error detection. The first two are related to system availability and
the last to knowing that an error has been made. For instance, in business
processing it is important not to make out checks when all the amounts are
incorrect. In some appiications detection is thé major feature and MTTF/R are

subordinate; in others availability is paramount (COMM and IPG).

At the present time training accounts for a large fractions of field service's
costs, both dollars and manpower. |If we cannot provide service for a machine
we can not sell it, for the most part. Thus, at some point the speed with which
.we can acquire field service personnel and train them limits the company's growth.
There are two ways to attack this problem k |

1. build in better reliability to reduce the need for field service, énd

2. include in the design aids to help field service indentify and fix

. problems when they arise. |

.The first approach moves the cost of repair in the field ba&k to the manufacturing
plant. This might be done without raising the cost to the customer. One way to do
this is to build a more reliable system, another is to implement a field service
policy (and a design philosophy) which favors factory repaifr. The fault must
still be isolated in the field and, so, better fault isolation techniques are
needed. The most desirable of these would both reduce the time to identify the -
fault and pinpoint it to the level necessary to allow the swapping of tHe bad
unit for a good one (or whatever policy is to be employed). Among the approaches
for achieving this which must be considered fs the use of a remoted diagnostic

center.
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Ssuypy: ADDRESSING SUBCOMMITTEE LE2ORT

The committee spent most of its time discussing ways of extending
virtual address space, while retaining basic PD>-11 ccompatibility.
Several schreres involving 32 Hit razcisters, use of of8e 5 as an
escape, extre spaces likes X 2D sg =2, and ot lso wamra discussed,
but none locoked usezul.
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The Strecker Extended Architecture nroposal was discussed et
length. Compared to other schemes discussed, it w.
relatively clear extensicn to a 22 bit sccmerted and
virtual address spac2. Tave Cutler @
would be a reasonable svst
FORTRAN on . One disadvantage is thot the zmslicuent

the hardware might be tce high For a —adium sived system (11/40
size). The other problex ic -at 2 7 ould recuire extensive
software rewritin 3112 Srrockar and Dave Cutler agreed that it
would take about 22 Tnz-nmaicths of effort to .t - version of
RSX11l-D readv for Zfield test which used the ¢ L:caitecture to
implement current features, that is to cet back to ground zero.
The effort reguired to actually use {n: new virtual addrzes space
was estimated only roughly. Dzve C.?l:r estimated that the

linker wou7d reguire 9 man-m:tiatni.  Acn Brenlzr estimated that
FORTRAN (inciluding 07T3) woull regaire 2 man-vo: of effort

after the MACRO assembler was extended (easy, ':.i1 the task builder
was redone (not easv). ther work would be recuired in the
storage allocator and other zreas. Zave Cutler surzrized by
saying that it would o&obablv be four years before exterded
virtual addressing had full operating system support. Bill
Strecker feels that it should be more like three years, that is,
one year after first ships. '

n

s

The committee also discussed extencing physical address space.

On an integrated system such as 11/x¢, it would be easy to exterd
the physical address space accessible to the processor's menory
management unit (either the pri.s=nt type or the Strecker tvoe)
and the integrated Massbus co=m:-nllors, so we talked about the



ADDRESSING SUBCOM.ITTZ1 REPORT
Page 2
10/23/73

problem of Unibus NPR devices. Three solutions are tocssible.
Defining a new bus to replace the Unibus has the advantage oI
being able to "do it right this time”. The primary disadvantage
is having to do new versions of lots of peripherals. Another
possibility is to only allow t:a Unik:3 to addrecs the lower
124K of physical address spzce. The zdvantage is simplicity:; the
disadvantage is that the oversc:.ng svstem w>uld have to copy
buffers to and from tha lowe;: 124K words +o transfer them. The
third possibility is a mapping box with several programmable
relocazion registers to convert Un ibus addresses to physical
addresses. This is relatively :ixole, since no protaection is
regquired. This scheme Oﬂl" vOorks oa n ntegrated system 1like
11/XX. One disadvantage Is :hi* this ccheme represarnti anct.a?
layer of complexity to deal wii:.. This is the scheme that we
recommend for extenced »hysical. adisessing.

ll]

[

The committee did not svend time on memory technologies, as we
felt that they were well underscood compared to the addressing
issues.

pl
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Wide Arithmetic and Expanded (2) October 18, 1973
Addressing on the PDP-11

A minor technical point is that the size of a JSR push (subroutine
call) would be determined by a bit in the status register. This would also
apply to RTS, EMT's etc.

Jack

CC: Gordon Bell
Jim Bell
Dave Butler
Chuck Kaman
Bob Stewart

Jjme

P.S. Since this memo was written, it has been decided that extended addressing
(i.e. mode "5" escape) should be enabled by the status register bit.



EXAMPLE A

In a typical instruction, we have a source and a destination. The
source is composed of three bits of mode, and three bits which determine the
register to use. At present, mode '5' is not used (enough) to justify it's

existance. This is auto decrement deferred.

S D
Opcode Source Destination
6 bits
M S R
Mode Register
3 bits 3 bits
Mode = 5 not used



NEW FORMAT

If the source field in EXAMPLE A is mode 5, then the instruction is
one of the new class of source instructions. The register field R of the
original source is then decoded as follows:

Opcode 5 R D

Mode Reg. 6

R FIELD DECODING

The R field contains three bits, which I will call bits 0,1, and 2.
The table below indicates the states and how they are decoded.

BITS 012 ,
STATE
0 Source is 16 bits if word instruction, 8 if byte inst.
1 Source is 32 bits if word inst., 8 sign extended if byte
0 Reg. R' in S' is 16 bits wide (narrow index)
1 Reg. R' in S' is 32 bits wide (wide addressing)
0 There is one additional source word

There are two additional source words.

—

Note that we now control the size of the arithmetic, and the size of the
index. The next word contains the new (or correct) source field S', which is
decoded in the "normal" fashion. However, the offset, is added to the value
of S', thus giving us an index of 24 bits. If bit 2 of R was a 0 (see above)
then only 8 bits are added. This gives us small offsets on S'. (Mode 7 in S'
is still immediate, but length implied in bit 2 of R). :



NEW FORMAT continued

If bit20of R=0

Opcode 5 R

S‘g'C Of fset

2 8 bits

D

If bit 2 of R =1 24 bits

!
Opcode l 5 R D

S C Offset 8

+

Offset 16

The C field contains additional information about the new source field
S'. It is two bits long and decoded as follows:

BITS 01
STATE 0 Take R' "as is".
1 Shift R' by context before using. Very nice feature
0 If indirect, go indirect through 16 bits only
1

If indirect, go through 32 bits, using new S' and C

Well that's basically it. The destination is the size of the source, if
not specified. The destination is also decoded if it has mode '5' specified.
In that case the source is taken as the size of the dentination.
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7EH] INTEROFFICE MEMORANDUM

TO: Len Hughes ) DATE:
CC: Distribution
FROM:
DEPT:
EXT:

SUBJ: FORTRAN AND THE MIDI MARKET

12/3/73

Bob Gray
11 Engineering

3444 Loc: 1-2

The attached comments and statistics attempt to characterize the
importance of and the relationship of FORTRAN at the midi computer

level.

The material substantiates the belief that FORTRAN is important and

that its importance is growing.

PDP15 EXPERIENCE WITH FORTRAN (PER ED WARGO) .

All PDP-15's ship with FORTRAN and have since 1968 when the product

was announced.

The shift over the past five years has been for customers to do

more work in the FORTRAN language.

It is estimated today that, overall 40% of the programming

with PDP-15's is done in FORTRAN.

PDP-11/45 EXPERIENCE WITH FORTRAN:

(Various 11/45 Marketing Group Members)

FY74 Projections of systems with operating systems

With FORTRAN . 432
Without FORTRAN - ‘ + 48

90%
10%

(Of the 10% without FORTRAN, 1/2 are RSTS systems having

BASIC.)

BENCHMARKS -~ Of some 150 benchmarks submitted, all but 2 or 3

were FORTRAN,

* 881 Total Ships - 49% get fortran - 5% get an operating system with
no fortran - 46% get neither an operating system nor fortran




+ FORTRAN AND THE MIDI MARKET
Page 2
12/3/73

COMPETITION - Most are giving heavy promotion to FORTRAN - even
though they are ads aimed at OEM and Computernik
amounts. This includes Data General, Mod Comp,
Data Craft and Varian.

Data General in parﬁicular seems to be pushing
their customer base over to FORTRAN (maybe to ease
the transition to an incompatible machine?).

PROJECTED MARKET AREA USE

INDUSTRIAL - Currently 50% FORTRAN. The Process Control and
Manufacturing segments are almost 100% FORTRAN, with
the Data Acquisition segment being almost 100%
assembly. In two years, DA will be 50% FORTRAN.

OEM -~ Currently 40 -~ 45% FORTRAN and rising.

COMPUTATION - 90% FORTRAN, some can be converted to BASIC when
' interactive use is demanded.

Quantities of PDP-11 System Forecast for FY74

Languages Shipped ' # %
Assembly and FORTRAN 1511 44%
Assembly only 1399 40%
Assembly and Basic 306 9%
Basic only (RSTS and RSTS/E) - 252 7%
TOTAL SYSTEMS WITH LANGUAGE

Assembly 3216 93%
FORTRAN 1511 44%
Basic 558 16%

MCCRACKEN STUDY

D.D. McCracken Survey of Student High Level Language Use by
College Students in First Computing Course (DATAMATION, May 1973)

FORTRAN

70%
BASIC 13;
PL/* N

8%



o Wi A AL ALY 4 ALY A do hdded A4 Lo b e LA AARA NS A

" .Page 3

12/3/73

EDP LANGUAGE PREFERENCES
(A.S. Philippakis Oct. 1973 DATAMATION)

Using % of users times their % use of the language we have the
following ratings:

COBOL 59
Assembly 20
RPG 6
FORTRAN 5
PL/I 4
BASIC 1l

The only language gaining in users was BASIC, where in the sample of
164 users, 5 used BASIC for the first time during the past 12 months.

40% of schools questioned believed FORTRAN would continue to be
dominant in 5 to 10 years. 27% ranked the probability as low.

My impression is that FORTRAN since the early 60's has completely
displaced Assembly in this market.

Note that FORTRAN is a sweet 16 years old and that PL/Iand BASIC
are both only 8 years old.

The probability is that by 1983 we would see a shift in
distribution as follows:

BASIC 40%
PL/I 30%
FORTRAN 30%

Recall that most high schools (real, first computer course) use BASIC.
BASIC, however, tends to be outgrown due to 1) subroutine restriction
and 2) variable naming conventions.

The following ads appeared in Computer World and the 2 December
1973 Boston Globe:

GLOBE COMPUTER WORLD
LANGUAGE

(o))

Assembly 2
COBOL

FORTRAN

ALGOL

PL/IX

— N WY b

This give some indication of where expansion is taking place -
industry wide!

"Assembly" included all diagnostic and operating system positions.



- BORCREE

TO:

INTEROFFICE MEMORANDUM

Larry Wade - DATE: December 7, 1973
FROM: Nathan Teichholtz
DEPT: Engineering
EXT: 2533 LOC: 12-1

SUBJ: Normalized Fortran Performance (Current and Proposed Machines)

In an effort to make Fortran performance comparisons between
some proposed machines a bit easier, I have updated and corrected
some of the figures in my November 9 memo on this subject.

The attached tables give execution times for four benchmarks.
In each case, the numbers were obtained by running the program
on a known configuration, and then compensating this result to
reflect proposed (or actual) performance differences. This
makes it easier to compare numbers, but essentially adds no
'information' to the existing base, you should not, for example,
interpret the KL1ff numbers as anything but one- thlrd of the
corresponding KI1ff times; where three-to-one is the expected
performance ratio.

Table I giveslthe derived times; Table II gives the performance
of all machines relative to the '11/F'.
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NOTES, BACKUP DATA, and ASSUMPTIONS

1. There is currently some confusion in the classification
of compiler optimization levels within DEC. FORTRAN/4S
is eurrently defined to be Level 2 on the Brender scale,
which is a little above Level 1 on the Knuth scale. Knuth's
classification scheme leaves much to be desired, and also
fails to accurately describe FORTRAN-10. (See ABEL
100-310-119-00.)

Never the less, there is some agreement that the level of
optimization of FORTRAN/45 approximately equals that of
FORTRAN-10 with optimization disabled; thus these comparisons
(columns 1-4) reflect differences in hardware, rather than
software technology. The remaining figurces reflect the

more extensive optimization capability of FORTRAN-10. It

is not clear that it is practical or realistic to attempt

to extend FORTRAN/45 to this level, owing to the large data
base needed to effect such optimizations.

2. Timings for the 11/40R are based on simulated 11/40 timings,
compensated for performance improvements due to cache and
better FIS/FPP. The base times are from Knight's October 15
memo. Cache provides a 1.4 performance boost; a better FIS
yields a 1.2 factor. This latter figure is almost all noisc,
since new FIS/FPP data was unavailable to me.

The derived times werc computed as integers;
BASE + 1.4 + 1.2 x 1.2 = DERIVED TIME
N\ N\
L_ FORTRAN OPTIMIZATION
KT11 OVERHEAD
CACHE IMPROVEMENTS
Floating point:

INTEGER FACTOR + 1.2

PROGRAM KNIGHT'S TIME . DER. TIME
HANOI 87 | 62.14
DG3 27.2 ' 16.19
FFT 14.7 ' 8.75
SINGLE 13.4 8.0

DIGITAL EGUIPMENT CORPORATION



Timings for 11/45 with MOS, parity, KT11l, and FPP were
derived from Rich Grove's figures for FORTRAN/4S running
under DOS (i.e., no KT1ll or parity) on a core based 11/45.
"Fudge factors here included:

MOS/CORE RATIO 1.7-1.3 (worse for floating point)
SEGMENTATION PENALTY .83 (with MOS)
FORTRAN OPTIMIZATIONS 1-2 (Level 1 to Level 2)

The table below indicates the original and compensated times,
and the value of the MOS/CORE ratio used, which is dependent
on the extent of floating point work in the program.

CORE /MOS ORIGINAL CORRECTED

HANOT 1.7 64 37.64
DG3 1.5 12.5 8.3
FFT ' 1.3 5.6 4.31

SINGLE 1.3 5.2 4.0

Timings for the 11/F werc computed as 1/1.7 times the
11/45, MOS times. This seems to be a conservative
assumption. '

Timings for the KA1lfL, using FORTRAN-10 without optimization
were derived from actual KI1¢ times, as measured on both CS/2
and SYSTEM #514. The latter was lightly loaded, CS/2 was
moderately loaded, and reported times agreed. (Let's hear
it for the DK1¢!) ‘
The fudge factors applied were:
INTEGER RESULTS:
KI/KA1¢ .67
KA1¢/KA1gL 1.0
FLOATING RESULTS:
KI/KA1¢ .56

KA1§/KA1gL 1.3

DIGITAL EQUIPMENT CORPORATION



PROGRAM KI1g KALJL
HANOI 58 87

DG3- . 4.5 ' 6.23
FFT 2.1 2.91
SINGLE 2.1 2.91

Times for KAIfL with all FORTRAN-10 optimization features are
derived from actual KI times as above.

PROGRAM KI1lg KALfL
HANOL 27 40.5

DG3 | 3.7 5.12
FFT 1.8 2.49
SINGLE 2.1 2.91

Times for KL1§ with all FORTRAN-10 optimizations arc
derived from KI time; KL1¢ is dssumcd to be factor
of 3 better.

PROGRAM KIlg . KL1g
HANOT 27 9

DG3 3.7 1.23
FFT 1.8 .6

SINGLE 2.1 .7

DIGITAL EGQUIPMENT CORPORATION
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| INTEROFFICE MEMORANDUM

: 4,
TO: Bruce Delagi Bob Gray DATE: November 9, 1973 -5;
Len Hughes Lorrin Gale . n ﬁ%ﬁy
FROM: Nathan Teichholtz }\'V;
cc: Ron Brender Norma Abel / DEPT: Engineering 12-1
Ashley Grayson Gordon Bell -
Larry Wade Jack Burness EXT s 2533

SUBJ: FORTRAN/45 versus FORTRAN-10 Benchmark

The attached tables detail comparative execution speed and object
code size for FORTRAN/45 (as predicted by Grove) and FORTRAN-10.

‘"he FORTRAN/45 results were computed when FORTRAN/45 was planned
to be a level 1 optimizer. (It has since changed scope to level
2.) Thus, from the standpoint of comparing machines, it's better
to compare the FPU-inline results with non-optimized FORTRAN-10.

The -10 is more than twice as fast as the 11/45 in floating-point
oriented FORTRAN programs, and about even with the 45 in integer
operations (for integers that will fit in 16 bits). Integer*4
work on the 45 will incur time penalties not present on the 10.
Floating point speed on the 11 suffers for two reasons:

(1) Each memory reference involves two memory operations

(2) Loop indicies require adjustment {usually multiplication
by 4) before they can be used as array indicies. This
problem is aggravated by the lack of a single word
"shift left two places" instruction.

It should be noted that (1) would be helped by a 32 bit archltec—.
ture, while (2) would not.

The data concerning program sizes is less complete and thus harder
to draw conclusions from. (The problem is that only the speed-
critical parts of each benchmark were hand-coded, and the remainder
was left in "MOP" code; this has little effect on speed tests,

but much impact on space measurements.) .For three of the bench-
marks, I have obtained:

. a. total size (MOP instructions & hard code)
b. size of hard~-coded portion
c. number of instructions in hard-coded portion.
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From this data, it is possible to draw the following conclusions:

1. FORTRAN-10 programs are typically slightly more than
half the size of the corresponding FORTRAN/45 code. F40
is slightly better in the code-size department than F10.

2. FORTRAN/45 is averaging 1l.85 words/instruction, or about
30 bits/instruction, in the program sections where it was
simulated. whether it can maintain this average over an
entire program is difficult to predict. For example, in
the program "HANOI", the 11/45 hard-code accounts for 34
instructions, and 66 words out of a total size of 104 words.
The KI1l0 version required 24 words (out of a total of 60)
for the same part of the code. If we assume that the F-10
ratio of 24/60 will carry over to the 11, then the size
of the ll-code for this module will be 165 words, or 2.8
times the FORTRAN-10 size!

"There are a few things in the PDP-10 architecture which help
FORTRAN in both speed and size considerations. A few of these are:

l. Ability to use "short" (18 bit) floating point immediate
data. This helps with the simple (i.e., 1., 2.,...)

floating point constants. (FORTRAN/45 does not seem to
be pooling floating  point literals; perhaps it should.)

2. Ability to set to O or -1 either a register or a memory
location or both. I.e., the 11 code:

MOV #-1,R0 ;A = RO = -1
MOV RO,A '

is simply:

SETOB RO,A A

]

RO = -1

on the 10. FORTRAN-10 really uses this!

nb: After this memo was written, I received a copy of J. Burness'

memo of 1 November on the same subject. Some of our "size"
numbers differ; in general, I worked with entire modules, while
Jack looked only at the hand-coded FORTRAN/45 sections. Our
timings differ as well; my tests were run on CS/2 (a dual KI1O)
and 10-Marketing assures me my runtime includes much monitor
overhead; i.e., the KI10 timings I measured are pessimistic with
respect to the "real power" of the beast.



PROGRAM EXECUTION TIMES

(all times in saconds)

PROGRAM MOP F45 F45 F45 F40 Fl0 F10/0PT DATACRAFT MODCOMP
(45+FPP) (40+EIS) {O+FIS) (45+FPP) (KI1l0) (KI1l0) (KI1l0) DC6024/5 ‘ ?

‘ N ™~

HANOT 184 87 87 64 64 58 lej 80 . ( 230

; NS
DG3 27.7  85.3 27.2 12.5 . 4.9 4.5 3.7 - ) -
FFT 10.3 22.9 14.7 5.6 2.5. 2.1 1.8 - -

/’"‘ ) \
SINGLE 12.2 65.1 13.4 5.2 3.4 2.1 (2.1 ) L 11.6 \9

A



PROGRAM

HANOI

FFT

SINGLE

 NOTES:

MOP
45+FPP

76

88

342

98

PROGRAM SIZES

(all numbers are decimal words)

F45 F45 F45
40+EIS 40+FIS 45+FPP
66 66 104

66/34
130 133 295
104/56
433 449 ?
311/?
220 210 220
157/86

F40
KI1l0

55

127

208

110

F10
KI10

64

171

223

118

F10/0PT
KI1lO0

60

175

217

118

1. Sizes for MOP (45+4FPP), F45 (40+EIS), F45 (40+FIS) do not include entire program,

kut. only selected parts thereof.
four are meaningless.

2. Notation for FORTRAN/45

(45+FPP) column is:

total code size

3. Sizes Indicated do not include variable and array storage.

/ale

simulated F45 code/# instructions in simulated code

Comparisons between first 3 columns and last



aﬁ INTEROEFEEFICE MEMORANDUM

TO: The Little King DATE: November 1, 1973
FROM: Jack Burness
CC: Gordon Bell
DEPT: Micro Products Development

EXT

4902 11-2
SUBJ: FORTRAN COMPARISONS |

Attached you will find two tables comparing the Fortrans on the PDP-10
and the PDP-11.

In making these comparisons, I used -four Fortran programs which were
previously used to estimate the performance of the "new" PDP-11/45 Fortran
over the existing PDP-11 Fortran which uses threaded code. The four
programs are HANOI, DG3, FFT, and SINGLE. HANOI is the standard "tower
of HANOI" game, and uses integer arithmetic and arrays. DG3 is a standard
Data General Benchmark. FFT is a fast fourier transform program. SINCGLE
is an integration program. Thus the mixture of programs may be described
as "adequate". Besides, I had no desire to hand-assemble Fortran programs.
The timings for the PDP-11 Fortrans were cotten frem a document. The sizes
and PDP-10 timings are my own. The programs were run at least twice on
the PDP-10 to make sure that they were approximately correct.

I generally find such tests come up with vague answers. For example,
the PDP-11 is shown to be about as bit efficient as the PDP-10, in terms
of code produced. (Note: The variable sizes were not included, but
literals were). This is because of the existing problems with the FDP-11.
They are (once again): lack of context indexing, lack of small literals
in one word, and lack of small offsets in one word. It is interesting to
note that the KA10 is-comparable to the 11/45 in both bits used and speed.
This is due to the fact that the PDP-10 is fetching twice as many instruc-
tion bits at a time. If we went to a wider data path, the 11/45 timings
might be reduced anywhere from 20% to 33%. Cache's would speed things up
somewhat, but they can be added to any computer.

I would 1ike to conclude by saying that the PDP-10 Fortran does
a better job than the PDP-11 Fortran, and that accounts for a good deal of

the performance of the KA10. 1 believe that if the programs were recoded
in assembly, that the PDP-11 would gain far more than the PDP-10 would.

Jack

attached

[49]
3
(9]



CORE REQUIREMENT SUMMARY

The following table is a memory size comparison between four
different Fortran programs. The '"new" PDP-11/45 fortran was compared
against the existing PDP-10 optimizing compiler. For the PDP-10, there are
two major entries. The first is of the form:

numl + num2

where numl is the number of words of PDP-10 instructions used, and
num2 is the number of off line literals used. It is necessary to include
this because a good deal of the PDP-11's code includes in-line literals,
and a comparison would be unfair. The second entry under the PDP-10 is
the number of bits used. This is (numl + num2) *36. This maybe taken
into account, because while the PDP-10 may use less words, its words are
far bigger than the PDP-11's.

The PDP-11 has essentially the same entries, except that it has one
more. That is of the form:

num3 + numé

and it comes between the two previously described entries. It is
merely numl and num2 divided by 2. Since 32 (2 * 16) is almost 36, this
also gives us another ballpark means of comparing the two machines. This
additional entry has nothing to do with the goodness or badness of building
a 32 bit eleven, and should not be construed as such. I'm merely saving
the reader a mental division which he would naturally be inclined to do.

Please note that the program"FFT" has three entries. The reason for
this is because there is a ma:in program and a subroutire. The third entry
is merely the total of the two.

PDP-10 PDP-11/45
PROGRAM WORDS  BITS WORDS ~ **WORDS** BITS
HANOI 24+0 864 64+0 3240 1024
DG3 54+2 2016 7142 35%+1 1168
FFT 45+3 1728 110+2 55+1 1792
130+1 4716 22242 111+1 3584
175+4 6444 332+4 166+2 5376

SINGLE 52+2 1944 119+11  59%+5% 2080




PERFORMANCE SUMMARY

The following table is a speed (i.e. CPU timing) comparison of
different Fortrans on different machines. Four Fortran programs were
used. The first Fortran in the table is the existing "MOP" fortran. The
programs were run on a PDP-11/45 with core and FPU. The second Fortran is
the "new" 11/45 Fortran. The four programs were "hand-coded" into PDP-11
assembly in the same manner as the compiler will. Thus it is really an
estimate, but it should be a very good one. The third Fortran is the
existing PDP-10 Fortran running on a KA10. The compiler was set to
“optimize". The forth column is an estimate of the speed if the program
was run on a KI10 (which I haven't been able to do because of various
circumstances). The speed differential between the KA10 and KI10 was
assumed to be 2. The fifth column is the expected performance of the full
blown KL10, with caches, etc. It is expected to be approximately 6 times
faster than the KA10.

EXISTING NEW 11/45  KAIO KI10 KL10
PROGRAM  MOP FOR. FORTRAN FORTRAN  FORTRAN FORTRAN
HANOI 184 64 79 39.5 13.2 (in seconds)
DG3 27.7 12.5 8.3 4.15 1.39
FFT 10.3 5.6 4.31 2.16 .72‘

SINGLE 12.2 5.2 5.75 2.88 .96
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STRATEGY OBJECTIVES

EXTEND AND PROTECT PRESENT BUSIMESS AREAS

INTESRAL PART OF TOTAL DEC SYSTEMS STRATEGY
PROVIDE FOLLOW ON PRODUCTS TO THE 11/40 AND 11/45
COVER RANGE FROM LOWER PRICE TO HIGHER PERFORMANCE
EXPLOIT CURREMT SOFTWARE BASE

INCREASED PRICE/PERFORMANCE VIA MEMORY TECHMOLOGY,
MACHINE ORGANIZATION, AWD ARCHITECTURAL
ENHANCEMENTS

CAPITALIZE ON THESE TO MEET COMPETITIOM,
PARTICULARLY FROM MEY 32 BIT SYSTEMS



DEC MARKET DESCRIPTIOHN

FIRST 9 MONTHS OF FY74 NOR -

TOTAL PDP-11 FAMILY $131M
MID - HI RANGE CONTRIBUTION $103M
PERCENT CONTRIBUTION 837

APPROXIMATE DEC PRODUCT LINE DISTRIBUTION

PRODUCT LINE 11/40 11/45
OFM 13y, 257
LDP 12 25
COMMUN, 17 15
BUSINESS 6 15
INDUSTRIAL 12 19

OTHER 5 10




CUSTOMER PERCEPTION OF

532 BIT MACHIVYES

. EMOTIONAL ISSUE - THE NEW THING THAT EVERYONE IS
COMIMNG OUT WITH,

. GREATER PRECISION,

[*ICREASED THRUPUT.

PRICE DIFFERENTIAL BETWEEM 16 AMD 32 BIT MACHIMES
IS MI'IIMAL FOR GREATER CAPABILITY.

. CAPABILITY FOR LARGE INSTRUCTION SET.

. SUPPOSED TO HAVE MANY REGISTERS FOR FAST CONTEXT
SWITCHING,

SHOULD HAVE MORE SOPHISTICATED I/0 STRUCTURE.

. MUST BE COMPATIBLE WITH 16 BIT MEMBERS OF SAME
COMPUTER FAMILY.




MODCOMP

SELLING STRATEGY OF MODCOMP:

“THE POWER OF A 32 BIT MACHINE FOR 16 BIT PRICE”.

SYSTEM SIZE UP TO 256K - 16 BIT WORDS,

16 SETS OF 16 GENERAL PURPOSE REGISTERS FOR
RAPID CONTEXT SWITCHING.

A PROGRAM DIRECTLY ADDRESSES UP TO 128K WORDS,
DATA PATHS EXTERMAL T0O PROCESSOR ARE 16 BITS.
MULTIPROCESSOR COMFIGURATIONS VIA 4 PORT CORE.
SINGLE AND DOUBLE PRECISION FPP,
EXCELLENT R,T. OPERATIMG SYSTEM,

PRICE ABOUT 107 LOWER THAN 11/45
(BEFORE LARGE DISCOUNTS).




INTERDATA

SUMMARY OF 7/32:

32 BIT CPU CAPABLE OF RESOLVING 24 BIT ADDRESS,

EACH 32 BIT IMNSTRUCTION FETCH REQUIRES TWO
MEMORY CYCLES.

DATA PATHS EXTERMAL TO PROCESSOR ARE 16 BITS,

DOES NOT SUPPORT DOUBLE PRECISION FLOATIMA
POINT.

NOT MODULAR: 4 TYPES OF BUSSES

SEPARATE BUS FOR EACH DMA DEVICE

7/32 UPWARD COMPATIBLE FOR 7/16,

7/32 WITH 8K CORE IS APPROXIMATELY $10K.

RUMORED 8/32:

32 BIT MEMORY BUS.

SEMICONDUCTOR.




DATA GENERAL

3u0:

16 BIT CPU ADDRESSES A MAXIMUM PHYSICAL ADDRESS
SPACE OF 128K THRU MEMORY MAMAGEMENT,

NEW 32 BIT COMPUTER:
NEW ARCHITECTURE (E.G., MOT MOVA DESIGH)
200 NS CYCLE TIME - SUPPORTS CORE, BIPOLAR, MOS.
SWITCH SELECTABLE T0O USE 16 OR 32 BIT MODE,
IS MICROPROGRAMMABLE.,
CAN EMULATE MOVA INMSTRUCTION.

GOOD FORTRAM MACHINE (WILL EVENTUALLY HAVE BASIC
AND COBOL).

WILL HAVE R.T. OPERATING SYSTEM, LIKE RSX11D.

. PRICE ABOUT 25% LOWER THAN 11/45,




PDP-11 PRODUCT STRATESRY

5150!(i
9 |
§ MaRKET GAP Between PDP-10 - PDP-11 |
175 é ; 11/85
10 - |
APPROX., i 11/55 11/hy
SYSTEM i
PRICE o L EXTENSIONS
75 -
11/45 11/
50 N
11/49
[
25 - ! 11/95
‘ Hi PerF
11/95

6/74  12/7%  6/75 12775 6/76 19776




INCREASED SYSTEM PERFORMANCE - 11/45 PRICE

INTERNAL CPU PERF - CACHE MEMORY HIERARCHY
11/45 - 980 Ns

11/55 - 490 ns (2.4 IMPROVEMENT FACTOR)

1/0 THRUPUT AND BANDWIDTH
32 BIT MEMORY BUS

INTEGRATED MASSBUS CONTROLLERS

PROGRAMMING THRUPUT

EXTENDED MEMORY ATTACHMENTS -
UP TO 2 M WORDS

PHYSICAL MEMORY ADDRESSING -
22 BITS

RELIABILITY - MAINTAINABILITY

MEMORY SYSTEM PARITY CHECKING




11755 PLANW

STATUS

DesioN COMPLETE

Spec AND BusinNEss PLAN AVAILABLE

KEY MARKETING DATES

ANNOUNCE
FirsT CUSTOMER SHIP

FuLL 11/55 SoFTWARE AVAILABLE

KEY ENMGINEERING CHECKPOIRNTS

START BREADBOARD TEST

FirsT Pass BoarDp Lavyoutr CoMPLETE

START PROTOTYPE TEST

SHIP SYSTEM TO PROGRAMMING DEVELOPMENT

LiMiTED BoARD RELEASE COMPLETE

OUTSTANDING ISSUES

INITIAL PROGRAMMING SUPPORT

FY75 DEVELOPMENT FUNDS

19/74
3/75

SumMMer/75

6/1/74
9/15/74
19/15/74

11/30/74

12/15/74



BASE 11/44

INCREASED SYSTEH PERFORMANCE - COMPARABLE COST WITH 11740

- INTERMAL COST/PERF, PERF. FY76 FY78
11/490 16K CORE 1100Ns $2700 $2600
32K CORE 1200ns $2900 $2750

11/64 16K MOS 690NS $2650 $2250
32K MOS 600NS $3520 $2800

- SYSTEM THRUPUT - 2 X 11/40
4 MHz MEMORY BUS
3 INTEGRATED MASSBUS COMTROLLERS

UP TO 128K (4K CHIP) MEMORY

- INITIAL OPTIONS
FLOATING POINT

ASCIT CONSOLE

- KEY MARKETING DATES

ANNOUNCE 3 6/75
FIRST CUSTOMER SHIP  12/75

z:,




11/44 STATUS

ATIVES UNDER STUDY

- DECEMBER WOODS MEETING OBJECTIVE - $1850 (16K MEMORY)

~ MAJOR PRODUCT ALTERNATIVES

A. 11/05 HI PERF (CORE) 1100ns
B. REDEFINED 11/44 (MOS) 950Ns

C. REPRICED 11/35 (CORE) 1199ns

CURRENT THINKING

EY76 COST
16K 32K
$1725 $1925
$2220 $3090
$2000 $2201

- SMALL 11 STRATEGY PRODUCT (11/05 HI PERF) SATISFIES

$1850 PRODUCT MEED,

- 11740 REVENUES SEVERAL TIMES 11/35 (5:2 BUILD RATE)
AND 11/4%4 PLAM BEST PROTECTS THIS BUSINESS.

bedi s D s st L ’
JRER N3t 5 B R o et bt



11744 EXTEHASIONS

CEATURES

- VIRTUAL ADDRESS SPACE EXPANSION
DEFINITION AVAILABLE 5/74

- MULTIPROCESSING
BUS DESIGN AND PACKAGE CONSIDERED
IN BASE DESIGN

- USER MICROCCDE CAPABILITY

SPACE AND DATA PATH HOOKS It! BASE
DESIGN

F USTOMER SHIP - 12/76

MAJOR RISKS

- NEW OPERATIHG SYSTEM SUPPORT REQUIRED
FOR MP AWD VAS EXPANSIOH

- MAGNITUDE OF ECO TO IICORPORATE FEATURES
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JIHY :

WY NOT:

BD-14May 74

11/85 - “A CHEAP 19

CLEAN SOLUTION TO VIRTUAL ADDRESS
SPACE PROBLEM

VERY GOOD FORTRAY PERFORMANCE
LAMGUAGES, UTILITIES, & FILES
CAPABILITIES OF DECSYSTEM 10 AT
L0 COST

MIGRATION DIFFICULTIES FOR OUR

PDP-11 CUSTOMERS

IS THERE OVERLAP YITH THE 11/n4?

MHAT IS THE PERFORMANCE OF DECSYSTEM 10
MONITORS YITH RESPECT TO: ‘
- SMALL SYSTEMS (E.G. 32K AND MO DRUM)
- "REAL TIME APPLICATIONS”
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BD-11tMay 7l

MIGRATIO!N & THE 11/85

DEC PERIPHERALS - RPO4, TU1G, RKDB, ...
(MASSBUS AND SERIAL BUS PERIPHERALS)
USER DESIGNED INTERFACES

OPTIONAL UHIBUS
“DRIIC" IHTERFACE TO SERIAL BUS

FILES INTERCHANGE

PROGRAMS

PHYSICAL COMPATIBILITY

“READALL" AND "WRITEALL" T0 GET ALL

BITS OFF MEDIA

“FILEX" TO INTERPRET “FOREIGN” FILE
STRUCTURES

ACCESS TO FILES OF ASCIT DATA RUITE 500D,
BINARY ARRAYS FEASIBLE, MIXED DATA TYPES
UP TO THE USER

FOR NEY APPLICATIONS, WHAT OLD CODE

IS MOVED

S T S



BD-14Mav7h

11/85 GOALS

FIRST CUSTOMER SHIP: FALL ‘76 AT CURRENT FY75
DEVELOPHMENT BUDGET

SYSTEM MANUFACTURING COSTS: $ 19K
64 K HORDS OF MEMORY - $ 9.6K ($t.2K PER 8K)
2 - 160 M BIT SPINDLES - $ 2,2K (2 RP93 EQUIVALENRT)
CPU, BOX, AMD PO™ER SYSTEM - $ 5.0K
ASYHCIIRONOUS LINE MULTIPLEXER - $ 9,6K (SERIAL BUS)
TERMINAL, CASSETTE, FAX PRINTER - $ 9./4K
FINAL (BASIC) ASSY & TEST - % 2.5K (157)

PERFORMANCE ALTERNATIVES (RAY SPEED)
(1) KI (1809 ns “ADD IMMEDIATE") - $3599
(2) 2 X KI (700 ns "ADD IMMEDIATE") - $5090
ALTERMATIVE #2 IS 1/2 OF KL-CACHE PERFORMANCE
COSTS SHOWN ARE FOR CPU, BOX, AND POWER SYSTEM

RAS - NOT YET AQUANTIFIED




BD-11May 7L

PERFORMANCE

RAW SPEED _ SEE ABOVE

LANGUAGE _ 2 - 3 X FASTER THAM /55 YITH FORTRAH IV PLUS
(FOR "KI PERFORMAMCE" MACHINE USTMNG FORTRAN
19)

VIRTUAL ADDRESS SPACE: 1 MBYTES

MEMORY BAHDYIDTI: BUS, Ol THE ORDER OF 257 NS PER
36 BIT YORD (INTERLEAVED)

PHYSICAL ADDRESS SPACE: 1 M MORDS AT 4K MOS DENSIFIES
(DESIGH FOR 16 ™M YORD MITHOUT CPU
OR DEVICE OR COMTROLLER CHANGES)
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FUTURE OrI' SMALL 16-BIT SYSTEMS REPORT

This report attempts to encourago‘discussion on the future
direction of Digital's 16-bit small computer systems. A
basic assumption is that most marketeers of small PDP-11l
minicomputers are interested in pedaling an approximately
identical core configurations providing the price for this
standard product is competitive. For perspective, the first
section of this report lists three core configurations along
with their projected manufacturing cost in FY-74, the DEC
list price, and the Data General list price. A breakdown

of the 11/05 cost is also given.

Software is often the reason given for buying DEC small sys-
tems. Section II of this document briefly discusses the
effect of the operating system on the performance of the

MASS storage systems device.

Section III discusse; the various options for building a
more economical small systems package. The goals for a new
small systems package are several:

a. Increase saleability to maintain premium price.

b. Decrease manufacturing cost to increase margin.

c. Increase volume capability to increase total dollars.

d. Increase systems reliability to decrcase warrantec

cost and boost company image.
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Section I - Competitive Perspective

Table I-1 lists the cost and list price breakdown for the
hardware components of three typical systems:

a. Disk operating system with 16K of memory and 1

RK@5 and 1 cassette drive.
b. Dectape operating system with 8K of memory and
1 TUS6.
c. Cassette operating system with 8K of memory.
Note that there is only a $1200 manufacturing cost

difference hetween the Disk operating system and the
Dectapc operating system, but the list price difference

is 10.6K.

Table I-2 contains a projected cost breakdown for the PDP 11/051LA
8K word computer, Note that the standard cost as of 12/5/72

was $1825. The reduétion to $1401 is based on a reduction in
core memory cost projeccted by Bob Savell in his report dated
1/10/73, reduced cost of the CPU modules of $64 due to { wire
layouts, and slightly reduced fabrication due to the intro-
duction of die castings. Based on present manufacturing gquality,
which is resulting in a less than 4% failure rate of the basic
unit in Westminister as rcccived {rom Puerto Rico and a rea-
sonalble parts flow, it is not unrcasonable that the $1400 price

will be met. 7The high quality is an indication that the
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manufacturing procedures in Puerto Rico are being execcuted
with reasonable precision. The November manufacturing price
of the 11/05 was approximately $1900. No information from

Puerto Rico yet.

The Data General prices appear to be in-line with our manu-
facturing cost if one considers the mark-up on the DECtape
Operating System. The mark-up on the Disk Operating System

is 4.25 while the mark-up on the DECtape Operating System

is 3.23.
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Ty

TYDPICAL SYSTEMS
DEC Competition
Mfg. Selling Selling
Cost Price Price (Dat= Gon-oro
1. Disk Operating Svstem
~PDP 11/05 w/8K memory 1401.42 6,495%* 5,400
1 10%" Box 150.00
TAll plus TU6O 829.26 3,900
RKIS 1650.00 5,100 5,000
RK11D 420.03 5,900 1,700
IA30S ) 1355.00 3,195 1,400
DD11 70.00
JI1960CA (cabinet) 258.35 700
861B (power control) 78.12
MM11L w/8K memory 485.00 4,400 4,100
Systems Integration 670.00
$7,367.18 29,690 17,600
2. DECktape Operating System
PDP 11/05 w/8K meamory 1401.42 6,495
TUS6 (new price will be 1160.00 4,700
$200) Same
TCll 1358.00 4,000
HO6HCA (cabinet) 258.35 700 As
861B (power control) 78.12
LA3PS 1355.00 3,195 Above
Systems Integration 560.00
*%$6,170.89 19,090 17,600
3. Cassette Operating System
PDP 11/05 w/8K memory 1401.42 6,495 5,400
TUGH 708.92 2,750
TAll 120.34 3,900
A3 s 1355.00 3,195 1,400
Systems Integration . 360.00 o
$3,945.68 13,590 9,550
Sales price of 107" Lbox not yet specificd.
b

With now TU56...55,210.89

Table I-1
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Standard FY74
Y74 Volume/
Cost Year
PDP 11/05 (8K Logic) $1,401.42 4,000 systcrz
CPU 2 Modules
M7261 144.27
M7260 146.98
8K Memory 3 Modules (MM11lL) 485.00
Package (5%" box) 130.06
(10%" box) & 50.00
Backplane 85.00
Console (Bezel) 6.00
(Etch Board) 73.04
Power Supply ' 121.33

Test and Assembly S 171.12

Table I-2
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Scction II - Effect of Software on the System Price

The standard hardware system should be capable of running
a supported operating system. The hardware and software
then become building blocks both for OEMs and in-house
vertical markets. The design of the operating systems
grossly effects:

a. Minimum memory size

b. Minimum on-line MASS sﬁorage

c. Minimum acceptable systems device performance

As shown in TableVII—l, DQS—ll requires from 3 to 5 times
more on~line storage than RT-11. RT-11 supports either Dec-
tape or RK~11l as the systems device in 8K while DOS does not
support Dectape and effectively requires 16K to support the

°

RK—'gS .

Table II-2, copied from a report by Roger Dow dated 3/23/73,
shows that a medium performance floppy disk has enough storage
to support the RT-11. As of this date, there have been no
experiments that indicaté that the floppy is reliable as a
systems device, aﬁd indeed, the 24@0 bit per inch density of
thg MEMOREX unit is questionablice. Ilowevex, to discount the

floppy at this time would be premature.:
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RT-11 DOS
Dynamic Swapping Yes in less Yes
Required to run utilities then 16K
Min Memory Runs in 8K Reguires 16K to

support REK@5
supported MASS
Storage Units

Monitor 10K 36K
Link ) . 2K 8K
Macro ) 8K 8.5K
Edit 4K 3.25K
OoDT 1.5K 2.25K
PIP ’ 2K 6.5K
BASK » 8K

FORTRAN 86.5K
FORTRAN LIB 30.5K

Totals 35.5K 181.5K

Table II-1
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SPECIFICRTTIONS

Composite specs are shown for low, medium, and high performance floppy disks.

a composite of the present and future product.

RKZ5 (L) 1is

Cassette DECtage

Floopy Disks (AQual) (dual) DuCnack
Paramecter Units Low Medium ligh¥* TUEO TU56 RESS (L)
Storage Capacity words 40K 80X 150K 40K 128X 1200XK
Data Transfer Rate usec/wd 500 80 15 4000 200 11
Avg. Access Tinme msec 2000 400 60 45sec lésec 5Cms
Rotation Time msec 700 160 33 40
Track~-Track Time msec 80 20 5
Drive Cost 3500 $800%* $1500 $708.92 $£1160 $1650
Medium Cost $4 $7 $15 $5 $5 $65

In general, the max access time is twice the avg. access time.

* The high performance floppy disk looks more like a disk pack, is about an inch thick, and

is rigid.
**Estimated at $500

Table II~-2
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Section TIT - Development of the Standard Small System

If the assumption that a way to maximize profit is to develop

a standard small system is true,‘then it is appropriate to
propose a project plan. We should examine several alternatives
which may include such extremes as a completely new architecture
or just a change in pricing stradégy. For the purpose of this
report, radical changes in architecture are not considered. It
is also assumed that a change in price stradegy must, in some
recasonably short time, be followed by at least an alteration

of our production efforts. Options are listed and discussed
below.

a. Change hardware only as a response to the nceds of
production and emphasizc changes in the production
procedures. This approach seems to ring of motherhood.
However, there are indications that competition is
beginning to offer more cost effective products in
areas that we-consider to be ouf basic market. Also,
using the example of the 8B, the potential cost re-
dﬁction by modern packaging techniques can reduce
present costs by factors of 2 to 3. Picking up 20%
to 30% in cost by better manufacturing techniques is

a rcasonulle goal.
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b. A rcasonable project is to fit CPU, memory, and
standard peripheral controllers into a 10%" table
top or rack mount package. If possible, the MASS
storage drive should also mount in the same chassis.
This may be possible for cassetts or floppy disks,

but unlikely for TU-56s or RK-f5s.

Included in the standard box might be the following:
a. CPprPU
b. 8K of MOS memory standard. Expansion space for 24K.
For customers with powerfail fequirements up to 8K
CORE may be substituted for BK of MOS.
c. MASS storage controller
d. Expansion space for 5 to 8 small periphecral type

options.

A goal for the standard system package would be to reduce
the cost of each component including the box, CPU, memory,

powelr supply, console, and standard device controllers.

POTLNTIAL DEVETLOPMINT PROJECTS:

Backplane - A rcasonable discipline might be to reguire all
standard peripherals and memory to interface to the UNIBUS
via a single double connector. This is expecially true if
all or most devices are single board options. A change in

the UNIBUS conncctions would be required, internal to the

standard box because of the RUS grant problem.



Page 11

Electrical ModificationS.eeeeseoececocossssssss20K

Mechanical (use ELFAB type block)..eeeceses..70K (20K for DIE)

Package - Die cast box with moulded supports for backplane,
fan, console, etc. Possibly share tooling cost with 8B box.

MechaniCale.eeeeeeeeoseeecoscsscessssssesesslO0OK

Memory - A. Redesign of core memory to *Plessy type
package....‘.............O.‘.....lOOK
B. 8K or 16K MOS system on single

module-o..oo.o.o.v..o.'oa...o..-'oloOI<**

i

Peripheral Developments

~A. Revive inexpensive Dectape control.
Dectape control should be built on
at most 2 modules for a reduction in
manufacturing cost of $1000 over-

present control.e.eeececceccecsseees?5K

Ot At St s Gt e Y e it e i B St S S T G S P St L bt S Sty b P e P it Sy At it Bt W o A = = S ey M B S W B e S S ey e A St s e o G0 Pt e o e St ot St

* = A separate, but parallel; effort to develop mother bhoard

mounting philosophy

*% = Bob Savell's report of 1/10/73 cstimates GOK. Even 100K
is less than 1% of anticipated sales. 500K is a more be-
lievable number. *
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B. TFloppy Disk and control - this assumes
that floppy is purchased outside for at
least the first year of production.

Cbntrol.....;....................75K

Floppy Disk Introduction.........88K

Power Supply

Y

A. Use Chirper supplies as requircd...;.lOK
B. Develop special purpose power supply |
| for minimum cost in standard package.
The Chirper modularity and versatility

cOost dollarsS..ieeeecececscesnsescscseess /DK

ggg_~lThe present 11/05 CPU consists of two modules which

* are functionally dividgd as shown in Table IIXI-1. It should
be noted that the serial TTY control occupies over 20% of
the M7260 module A redesigned UART chould reduce the TTY
control to one or tw; chips. The Unibgs control and assoc-
iated logic requires approximately 60% of the M7261 module.
Five/Sixths of the Unibus controls are small scale IC's or
low density MSI. The first.feaction by many is to propose
general purpose data path LSI chips. In fact, the data

:_path represents only 15% of the CPU'bgcause reasonably
general purpose high density IC's.exist for the data path,

(ie: ATU's, scratch pads, etc.). It is the irregular custom

_-logic which requires the most volume with existing IC's.
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o

Similarly, the UART is so general purpose that it doesn't

include some of the simpler features found on the KL-11

CPU Options:

‘1. Alter CPU design only to improve reliability, test-

ability, and manufac?uriﬁg yield. Potential cost
reduction - $15 to $20 per module.,
- Engineering Cost....eeeeceess 30K
Build 3 boérd faster 11/05
a. Bylte ops only 200-400nsec then word ops vs.
present 4.8 microsec difference.
b. Max NPR latency 3.5 micro sec. vs. 7 micro sec.
c. All instructions speeded up by a factor of 1.5
to 2.
d. Programmable stack limit register

e. Hooks for IEAL, etlc.

Engineering Cost.ceeereesecesss /DK

Simulate PDP~11 with Microprocessor..l50K

This project has a high risk of producing a product
with unacceptable cost/performance ratio.

LSI-11 - Build special UART and bipolar LSI Unibus

~ control and other LSI devices to reduce 11/05 type

©

processor to a single board.

Enginecring Cost..ceeeeeesess. /50K
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Similarly, the UART is so general purpose that it doesn't
include some of the simpler features found on the KL-11

or DC-11.

CPU Options:

1. Alter CPU design only to improve reliability, test-
ability, and manufacguriﬁg yield. Potential cost
reduction - $15 to $20 per module.

- Engineering CoSt.eeeesesseesa30K
2. Build 3 bOArd faster 11/05
a. DByte ops only 200~400nsec then word ops vs.
- present 4.8 microsec difference.
b, Max NPR latency 3.5 micro sec. vs. 7 micro sec.
c. All instructions speeded up by a factor of 1.5
to 2. |
d. Programmable stack limit register
e. Hooks for‘EAE, etc.
Engincering Cost..............?SK

3. -Simulgte PDP-11 Qith Microprocessor..150K
This project has a high riék of producing a ﬁroduct
with unacceptable cdst/performance ratio.

4. LSI-11 - Build special UART and bipolar LSI Unibus
.control and other LSI devices td'reauce ll/OS type

processor to a single board.

Engincering Cost.ve.eceeeeessa. /50K
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"

5. PDP-11 Minus
a. Advantages
1. lower cbs£ to LSI chips
2.. faster single instructién execution speéd
b. Disadvantages
1. rw diagnostics and system software required.
Processor Enginee;ing costs including

basic diagnosticS.seeceececcesacssesssl50K

Remail]ing SOft\‘JarG...............-...OO
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Function ##Chips
M7260C*
16 bit Parallel Data Path 34.7
condition Cores and byte Rotates 14.7
Instruction Register 3.0
Primary IR DECODE 9.8
Secondary IR DECODE . 5.3
Serial line - TTY Control ' 19.75
M7261F%* .

Microprogram ' 14.42 LST
Microprogram Branch Control 12.42
Unibus Control ' 22.9 SSI

BR Arbitration Logic . 6.0

Drivers and Receivers ‘ 11.0 SST

Slave Processor . 4.0

Stack Overflow 5.0 SS1I

Int Address Detection . . 11.0 LSIT
Power Fail & Auto Restart ' 8.75 SSI
Line Clock 5.17 SSI
CPU Oscillator 5.67 SSI

*¥ Total Chip count by function is 5 or 6 dips less

than actual count on module due to fragmentation and spares

‘allowance.

Table iII—l
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Suggested Projects

Time Scale

1. Build small system from available
parts which includes 10%" pPDP 11/05,
RK11D, RK@5, TAll, and 16K memory. The
16K memory might be two MM1lL's or one
MM11Vv. The MM11lV would require some
power supply and backplane work.

2. Work with Western Digital to pro-
duce microprocessor PDP 11 and memory
which mounts on one module.

3. Build 8Kx16 MOS memory on one hex
module.

4, Build @5 and peripheral controllers
in 8B box. Mount TU68 or TU56 or TFloppy

on box.

5. Serial line - multi-drop project
for Tom's Terminal. :

6. Serial Computer bus for multipro-
cessor and peripheral interconnection.

7. Floppy Disk Evaluation

July,

1973

24 months

12-15

12-15

-12-15

24-36

months

months

months

months
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STANDARD 11 SYSTENS PROPOSAT,

The fo}lowing PDP~11 Systems are consicered to be core
configurations which would be‘manufactured by volume
production and supplied to the Market Groups in the
same manney as disks or IA30's are provided today; The
internal goal is to decrcase the manufacturing ceost of
our low-cnd systems; the external goal, particularly in
the OEM arca, is to increasce the Digital content of the

systems we ship.

I should emphasize that the RRXEUSI is a device which Grant

¥
Saviers discussed as a possibility only. System #4, which
has a projected ship date of July, 1975, has the greatest

risk, but probably the greatest potential for major cost

reduction over today's products.
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MATNLINE SMATL PPP-—-11 SYSTIMS

+

System #1 ~ Available July, 1973

System 1 includes only standard components

Mig. Price
11/05 CPU in 10%" box ‘ 1169
16K Core Mecnory 97¢
RK11D plus RRHS 2056
TA11 plus TUGY 829
BIM792VR ' (Yo}
pDLL 73
FAST - 308

$5329

Statistics of Interest

RACK SPRCE v vecnevneececenna ...26% inches
Additional space in boX.........1l spc slot
Additional slotsS...e.eeceooncee..2 spc slots

B o A O O o R T R S R B R S PR T - AR R AR SR N AU FR IR VU P A S NS M A ok
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System #1 minus memory
161X Sense Memory

Reduction in FAST

System 33 = Avail

11/05 CPU - Kew box with integral TUGH
(includes System FA&T)

Minus console
16K MOS Momory
CREES (1)
TA30 (1)

P A P S S gD R A D

Fedok Sk f ok dk

L
X

Systam #4 - Available July,

Integrated CPU - RXK

N e R R A R N A B A

able Decomber,

coentrol

for RK - Scxrial multidrop

sorial comruter bus
161X MOs

Tom Stockebiond's
2 RRIOGT 'y

FA&LT

Terminal

era #£2 - Available December, 1973

Mfg. Price

4

W

(821

3
6

S|

|

[SE

|
|

i
(\s]
R

R S A I S (D S

1974

Mfg. Price

1195

6ig
1p0@
550

$3345

e D1 i oo
Mfg. Price

elcetronics 73

line and

300
206
758
200

62180
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System #1 July, 1973 $5329
Sysicn 42 Decembay, 1973 A594
System 3 December, 1974 3345

System &4 July, 1975 2180

Step 3 cost -+ 1M from Step 2
Step 4 cost $1.2K from
Step 4 cost $1.55

2 N
5M from 8

Suggestead procedure is not to do step 3...thie climinates
REPHL in favor of a 10M word 1 sec device for low end, and

RPES for high end.

Worst Case

Storago __Cost Track Hrceoaes
. WA
L - . - -
RKE5 25m bits 13469 A T0fsec?

W\
REGSL 6Fm bits 750 N0 sec?

RK@S5T 1fm bits 375 ~ lsec

Nonc of the above disks is
media or program compotable
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8/22/73
PROPOSED SCHEDULE IFOR SMALL 11

The proposed schedule, at least for the remainder of Ql and Q2, can be broken

. down into distinct tasks. All of the tasks have overlapping Start and Com-
etion dates with design reviews scheduled at critical decision points. The

tasks cannot be mutually exclusive and interactions will be necessary for
success.

l.

Preliminary System Specification and Product(s) Spec. (Assumptions)
These assumptions will be distributed today and will be reviewed by
September 7. The final specification of both product and system should
be available by the beginning of Q3.

Simulation

This task has already begun and will involve configuring a micro-processor
simulator, writing and assembling the source micro-code for both the basic
11 and extended instruction set, and defining I/O flow and Unibus inter-
face logic diagrams. The system simulator should be running with assem-
bled micro-code by November 16, and evaluated by December 3. Note that
this phase will deal only with the system as a logical unit rather than

as an electrical one. '

i

Design, Breadboard, and Test :
This task which should begin by November 5, will evaluate and test the
actual electrical characteristics of the logic that has been simulated.
It will involve building test vehicles and determining the optimal form
factors for the final hardware. This task will continue into late Q3
when sample CPU chips will be available from the vendor. The chip
specification will be completed by December 3.

Mass Storage Controller

The design and integration of a Mass Storage Controller (Floppy Disk
Controller) into the Small 11 system is in the preliminary specification
phase at present. The schedule for the design, breadboard, test, simu-
lation and integration will parallel tasks 1, 2, and 3, and a working
breadboard is expected by the end of Q3. '

Manufacturing Plan

The specification of the manufacturing plan will be started in the second
half of Q2, and will involve component, process, manufacturing and test
engineering. An integrated build and test plan, including cost estimates
and materials schedules, will be available for review by the middle of Q3.

Parallel Tasks

A differentiation between the maximum or high end and low end Small
systems will begin after the preliminary specifications are available
The high and low end products will have common tasks, but may have
different schedules for completion. Other parallel tasks which will not
be started until early Q3 included Power Supply, Package, and a Mainten-
ance console implimentations.
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8/22/73

7. Business Plan

The business plan for the next Small-1ll needs to be well thought out

far in advance of production start-up because:

a. The potential volumes are 1f times greater than previous products
that have the same function. '

b. The cost, performance, and modularity tradeoffs need to be made
earlier in the design cycle than for previous products.

c. The freedom to alter the product just prior to production start-up
will be limited.

The product specification assumptions permit us to begin the design task

with more-or-less rcasonable goals. The first pass at a detailed busin-

ess plan, scheduled for Januvary 1974, will include feedback from the

design efforts. '

/ssb
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1.

Product Specification Assumptions

Production Volume - Standard Systems 2K/month - traditional UBUS
' vperipherals
Small Systems 2K/month - no UBUS
Modules 2K/month -

6K, processors/month

Performance - The @5 presently has a 300 nsec microcycle. DOS will
run if microcycle increased to 400 nsec on RF disk. This says that

" a machine 33% slower could run standard software. This was tried

with @5 breadboards in 1972. Tests should be rerun on @5 test systen.
We should probably modify disk driver for same system to report
latency errors and measure latency errors vs. (5 processor speed
running a large variety of programs.

Basic assumptions without better data is that new processor will
be acceptable at 70% of @5 speed.

‘Multiply/Divide - This feature is offered by competition and in some

applications, makes up for lack of brute force processor speed.
Ideally, we would like 11/40 instruction set plus EIS. Minimum
acceptable is integer multiply of two 16-bit numbers. Next level
would be dividea 32 bit number by 16 bit number. Next level would
be multiple shifts. If EIS and FIS cannot be fully emulated, then
perhaps a normaliZe instruction should be considered.

Problems with multiply-divide include increased BR latency and dif-
ficulty in refresh of the memory.

Compatability - Ideally, any software which runs on the 11/05 should
run on the new machine. Variances from this norm are positive if
they include new 1l instructions found on the 11/40 or 11/45 and
negative if they cause software modifications.

There are first estimates that some operations are difficult to main-
tain compatable. Some of these are:

a. Stack overflow

. Bus error traps

c. Addressing of PSW and console SW register

d. T-bit trap code additional instruction execution time

For the minimal module, the first pass design will include no extra
logic to support compatability.
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For the module which has a UBUS interface, the attempt will be to main-
tain maximal compatability consistant with the goal of no more than a
30% decrease in performance. Duane will estimate performance using a
Gibson mix or consistant benchmark.

Configurations:

a. Minimal module - . Pc MRAM ¢
1. Includes: MROM ¢
~-Processor ' K Serial
-Some RAM K Start-up
—~Some ROM Ki/o ... T Console
-Serial line (optional)

-Method of bootstrapping
—Method of attaching console or maintenance terminal

2. Uses:
~The minimal module should fit inside of the VTXY
—The minimal module should be of some use to the communications
groun.
—There should be at least a third potential use for the minimal
module in some DEC product.

3. Expandability:
-Ideally, the minimal module is a subset of bigger systems.
~However, this constraint will not be applied for initial de-
signs because it may be too much of a compromise.
~As a minimum, it should be possible to add additional memory
and additional serial lines to the smallest system.
~A next level of complexity is to be able to add a Unibus inter-
face module or peripheral other than serial lines.

4., Cost Goals:
$200...with CPU chip price of $60.

b. PDP-11/05 Processor-Memory-Serial Line Replacement
(Pc = Mp 4-8K

KI/O UBuUS
Ki/o Serial
1. Includes: KI/O - T Console
—Processor with multiply/divide Ky/o = T line clock
-4K - 8K RAM K300T

-Serial line

-Line clock

-PWR - fail

—~Console interface

—-Full UBUS interface with 4 BR levels and NPR

~Bootstrap that eliminates need for console.
2. Uses:
~-Lower cost - replacement of 11/05 processor and memory in unit
similar in function to presently sold machine
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/ssb

3. Exvandability:
-Mos Memory should be expandable on the WDC bus
~Core memory and other periphecrals should fit on the UBUS.
~Maximum memory size will be 28K.

4. Cost Goals:

Module with 4K-$450 Assume $60 price
for CPU and $6 price
Module with 8K-$540 for 4K RAM

Systems including box and $800 pewer supply w/o console.

Small System - Pc Mp 4-8K
— Ms Floppy
- K1/0 Serial
-~ K UBUS
1. Includes: ET&ZO
~Everything in item B plus floppy disk control and drive.
2. Uses: ‘
~Low entry standard system in traditional market place.
3. Expandability:
~ Same as item B

4, Cost:
Item B ' $800
Floppy Control $200
Floppy Drive $250 - $500

$1250 -~ $1500
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Free Association Questions That May Arise Concerning the Next Small-1l1l

1. In the trade-off of sveed for cost, what is the shape of the curve
and what is the lower limit where the performance is so poor that
the product that we sell is only marginally useful? It is possible
that we could get some indication of this when we modify the @5 lab
system to run slow. We also need to examine the upper end of per-
formance that will be available because of other technologies.

2. Can we live with some incompatability in the area of I/0? For in-
stance, I assume that the low speed reader is a thing of the past.
Some other KL-11 features may not be required.

3. Should the WDC bus be extended off the board? In other words, should
we encourage the use of the WDC bus for peripheral controllers?

4. Should we concentrate any effort on the design of UBUS interface
chips? This project has seemed to be secondary to our other efforts.
Perhaps we should spend more time on the design of serial interface
chips. A neat thing would be a UART type chip which sends and re-
ceives "transparent ASCII".

5. Should we spend time attempting to add features such as:

a. Multiply/divide,

b. Floating-point, :
c. Transcendental functions,
d. FFT,

e. Etc.?

6. Potential uses exist for multiple CPU's on the same bus. For instance,
a second CPU could be used as a “channel controller" for veripherals
or as a I/0 multiplexer. Presently the addition of a second CPU
requires some rather fancy control logic, but it may be possible given
that we know something about the phase of the CPU clock. Some quecs-
tions are as follows:

a. Is the bandwidth to memory sufficient that a second CPU does
not slow the system down to unacceptable performance?
b. Should the microprogram of the 2nd or nth CPU be specialized
for the task at hand?
1. What is the criteria for deciding when a CPU should be
specialized?
2. Can the special microprogram be contained in an additional
control chip?

7. While thinking about item 6b, I rcalized that the addition of a 2nd
control chip enables oneto® think of a shift mode instruction which
enables the entire instruction sct to be interpreted in a completely
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10.

11.

12.

13.

di.fferent manner by the second control chip. This would work similar
to the way in which W& originally visioned the control for the GT4{
before it was decided that this device be a Unibus option.

What is the relationship of the CPU and mem and serial I/0 on a
module vs. the PM module of Jim O'Loughlin's? In fact, if the new
11 module is pinned for the SPC slots, it might replace the PM
module directly. 1Is this goal worth giving up easier repair? What
does the PM give up to be SPC compatable?

What are the estimated power supply requirements in terms of voltages
and currents? Is it possible to generate new MOS voltages from our
existing supplies with an on-the-module converter? Is this economic?

How important is battery backup? Should the power to the memory be
separated such that it may be powered at a reduced refresh rate for
long periods of time by a small battery? Should this battery be
mounted on the module? How long .is an acceptable storage time?
Should we use fast recharge NICADS?

A very neat presentation for the Disk Woods Meeting was cost-per-
bit vs time with total storage volume as a parameter. What are
similar measures for small-1ll system that graphically illustrate
value of product?

a. cost/system vs. time with instr/sec as a parameter.
b. cost/system vs. time with # wds/file access as a parameter.

For the very high volume OEM, the utmost in modularity is for him
to buy chips. At that point, we are not very competitive even if
we sell WDC chips because:

a. Very little use is made of our capital investment.

b. We don't know how to sell chips. There are a completely dif-
ferent set of problems associated with chip pedaling that we
have not yet faced and that chip vendors understand fairly well.

How modular does the system have to be to get the bulk of the higher
profit OEM minimal system business? In fact, is there significant
minimal system business or is this really a dream? I suppose some
feedback will be received from the PM project although, I am not
convinced that this is a major effort so far. The PM project goal
is almost two orders of magnitude lower in volume than the small 11
plan.

What questions would I ask if I were a DEC customer considering the
purchasc of this ncw device?

a. Can it do my job with a rcasonablce safety margin?
b. What is the minimal piece that I have to buy to do my job?
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c. How is this minimal piece expanded? Do I throw it away or can
I add chunks as I need them? What is the effect of adding
chunks on my software?

d. What tools does DEC provide for both software and hardware
deve lopment?

e. What are the provisions for maintenance of both DEC hardware
and the unique stuff that I add?

f. If I integrate the system from the module level, how does the
DEC system compare in convenience with modules or integrated
circuits from other companies? In my last job, I decided to
build my own modules from TTL-MSI rather than use the logic
products stuff. Criteria:

1. Does the DEC approach simplify my components testing? By
how much?

2. Do I still have to buy a significant number of components
even if I buy the DEC modules?

3. Does the DEC approach reduce my systems cost?

4. Does the DEC approach reduce my time to market?

5. Does the DEC approach enable me to take advantage of
modern technology? The last time I considered DEC modules,
they were a hinderence in the use of MSI and the DEC
connector appeared to be less efficient than several other
alternatives. It appeared to me that DEC was encumbered by
history.

6. How much do I belicve the story_thaﬁ DEC insulates me from
the IC vendor? DEC pays the IC vendor less than distributor
price and charges me more. Would not the IC vendor actually
prefer to sell parts to me through the distributor.

7. If I buy IC's and build my own system, I can second source
most parts. Is DEC dependable enough to do without a second
source? Do the DEC patents insulate them from the competitive
market to an extent that they are sluggish in the development
of cost performance effective products.

8. Can I make use of the DEC design discipline by reading their
literature and still save money by building my own stuff?

9. Other issues include training, documentation, and consultant
availability. _

10. Can I trust DEC to deliver reliable modules and eliminate
inspection, or do I just trade IC inspection for module
inspections? ’

g. The DEC salesman explains that the higher DEC prices are due to
the cost of our field scrvice and software support which I don't
plan to use. Is this insurancc worth the price? Can I expect
to remain compctitive if my supplier, DEC, believes that they
must always charge a premium even though their manufacturing cost
is probably lower than their competition.

h. It is already cvident that DEC is no longer the technology lecader
in the small machine market. Is this because DEC is wisely con-~
servalive or because DEC is sluggish?
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4.

/ssb

More questions about modules:

de

What is the absolute minimum number of chips required using the
WDC chip set that puts some RAM, some ROM, a serial line, and
some way of starting up the system on a module?

What is the minimum that I must add to a. to enable the expansion
of the system to include more serial lines and more memory, but
no other service?

How big is a Unibus interface that optimizes the performance of
our standard devices with the WDC chips? Will it be possible to
run standard UBUS mass storage devices? Will communication op-
tions work? Are there any devices that won't work?

What is the most effective form factor for modules? A better
way to ask this question might be--What is the effect of form
factor on the product?

Form factor effects:

Testing - module and systems level
Assenbly cost of module and systems
Repair cost in factory and field
Modularity - flexibility

Reliability

Environmental tolerance .
Design time of printed circuit board
Mechanical assembly cost

Connector cost.

* . .

L]
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Task Group B -~ Engineering Related to implimenting a cost reduced
replacement for the present PDP-11/¢5

1) Small 11 Engincering = Mike Titelbaum, Duane Dickhut, Al Marsh
2) Manufacturing Engineering - Ron Cajolet, bave Widder

3) Test Engineering - Art Berner, Joe Zeh

4)  Mech. Engineering - Dave Nevala

5) P.S. Engineering = Paul Rey

6) Board Shop - Les Goldman

Task Group C - Associated Groups necessary to ensure that product is
successfully placed in Manufacturing

1) Small 11 Engineering = Mike Titelbaum, Duane Dickhut, Al Marsh

2) Drafting/Layout - Roger Pothier

3) New Products - Ceoxrge Bundy

4) Tech Pubs ~ Roy Clark

©5) Production - Ron Marchetti

6) Central 11 Engineering .

The above groups have been logically divided into areas with respecct
to the immediacy of their task completion and by the detailed inter-
communication that must exist for task success. This task division
coincides with the attached project schedule which is attached for
your review and comments.

Also attached is a ﬁilestone schedule prepared by Western Digital
Corporation which culminates in the delivery of twenty CPU chip sets.
It is attached for reference purposes and may possibly change if the
dates are found to be unattainable. The dates will only be changed
by mutual agrecment of Western Digital and Digital Equipment,commuﬁicatcd

by Mike Torla.
/alw
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IS PACKAGE CONTAIRS THE FOLLOVIRG INFORHATION:

ITE

MINUTES OF 9/5 MEETING OF THE
11 HARDWARE PRODUCTS COMMITTEE

CHANGES TC THE SMALL 11 HARDWARE PLAN

~ 10% INCH BOX STUFF

REPLACING BALlD CHASSIS
10% 1NCH ROX SCHEDULE
PDP-11 SPACE/POWER SURVEY

11/051. secTioN

A:Sxy\oj\ \ E&;§No@r4~’?E)gé€yﬁr

AUTHOR.

BRUCE DELAGI

STEVE TEICHER

BOB ARMSTRONG

JOHN BUZYNSKI

MIKE TITELBAUM
STEVE TEICHER

b A o

NEXT MEETING OF THE 11 HARDWARE PRODUCTS COMMITTEE WILL BE:

MonpAy, 9/17/73, 9 AM, PK3-2, STAN OLSEN'S CONFERENCE ROOM
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INTEROFFICE MEMORANDU M

TO: Distribution " DATE: 10 September, 1973
cc: John Swanson
’ Rob VanNaarden , FROM: Bruée Delagi ;%i)

DEPT: 11 Engineering
EXT : 3563

SUBJ: Minutes of 9/5 Meeting of the 11 Hardware Products Committee

Next Meeting will be 17 September at 9:00 am in the pPK3-2
Conference Roon. (Stan Olsen's conference room)

1. Irwin Jacobs and Robin Frith were absent.

2. The agenda for the next meeting will be:
a) small machine budget and project overview - S. Teicher
b) 16K sense and 10%" box business plan - R. vanNaarden
¢) Min 1l: cg¢oals (why best), method of establishing
specification, backup strategies for identified
risks - S. Teicher

3. Agenda for the 1 October meeting will be:
a) large system plans - Len Hughes ‘
b) List of products, product managers, project plan
dates - B. Delagi

4. Agenda for the 8 October meeting will be:
a) Standard system business plan - J. Swanson, E. Kramer
b) - Field Service Documentation - C. Spector
(with help from J. Swanson, L. Hughes, H. Long)
c) Communications (Shared Projects) Plan - Don Alusic

5. A clarification of our charter: All major changes in
project business plans with respect to specifications
or schedule should be reviewed and approved by this group
(and passed to the Corporate Products Committee for their
okay) .

6. We invited Lorrin Gale to be a member of this group on
the grounds that he would shortly be responsible for a major
Diece of the 11 product strategy. Dave Stone voiced
objection that: 1) the scopec of the committee would
become too large; 2) the 4 hardware engineers in the
group would spend all the air time discussing gates,
nanoseconds, and other irrelevant esoterica.
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Others in the group shared the second objection.
Resolution was that Lorrin would become a-member
but that technical issues should always be discussed
in some other forum and boiled down before being
brought here.

Bruce presented a budget overview:

Income
TAX on 11 NOR $4800 K
Dick Clayton Spec. Tax 500 K
Dick Clayton Spec. Proj. 200 K
98# (Tax on Corp.Nor) 60 K
$5560 K
Outgo
Development $2447K
Small Systems $441.5K
(RK, TA finish, Min 11)
Standard System 146.7K
Medium Computers 783.1K
(Massbus, 11/XX)
8K. Core on a Iiex 99.0K
Communications - 372.4K
(Synchronous
. Line units)
Reliability 604.1K
- 2446.8K
Support $3213
Cost of goods $1100K
Other support 2113K
$3213
$5660K

Changes in this budget will have to be made if

a) we continue at our current pace with WDC (original

plan called for slower development)
b) We develop the 10%" box version of the 16K sense
memory (currently in progress).
Len INughes will discuss the impact of a $150K budget
reduction in his area as part of his presentation on
large 11 system developments on 1 October.
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8. Charlie Spector will discuss whether there is sufficient
budget and manpower now allocated to 11/40 support with
Steve Teicher, and if he feels there isn't, he'll come
back to this group with a recommendation of what project
to cut (stop or delay) or where to get the money from.

9. A list of projects, product managers, project managers,
project plan due dates as currently known is attached.

Distribution List:

Don Alusic, 5-3 John Leng, 5-5
Gordon Bell, 12-1 Bill ILong, 5-2
Dick Clayton, 5-2 ~Julius Marcus, 5-3
Bruce Delagi, 1-2 Joe Meany, 5-2

Robin Frith, 5-2 Gerry Moore, 5-3
.Bill Hanson, l1l-4 Bob pPuffer, 1-3

"Len Hughes, 1-2 Charlie Spector, 5-5
Irwin Jacobs, 5-3 Dave Stone, 12-2
Andy Knowles, 5-2 Steve Teicher, 1-3
Ed Kramer, 5-5 Bob Thompson, PK3-2
Bob Lane, 5-3 - Brad Vachon, PKl
Phil Laut, 12-1 ' Jerry Witmore, PK2

~/jlu



CIIANGES TO SMALL-11 HARDWARE PLAN

During Q1, the management focus of ll-Enginceering has been on under-
standing the needs of the low-end, 16-bit market. We are still
lacking a great deal of data, and there is a debate on even which
guestions to attempt to answer. We are motivated to understand the
market because:

A. New technologies available to our competitdrs seems to enable
‘ them to encroach further into our market.

B. There is a strong feeling, as yet unsupported by finantial evi-
* dence, that investments by DEC in these same technologies may
enable us to develop new markets which are much larger in units
and total dollars than our present sales base while, at the same
time, protecting our market share.

In addition to the above, we have finally decided to solve some of

the problems that have been facing us for at least the past year. A
specific example is the new project that we have initiated for mounting
the 16K sense memory in a 10%" chassis.

Task Changes

The additional planning coupled with fate and some data, have pro-
duced changes in the charter of our group. The original 11 Hardware
Plan, on which the budget was based, was prepared by Bruce Delagi and
discussed in April, 1973. At that time, there was no indication that
we would be able to build an LSI-11 for delivery in FY75. There was
also very little pressure to mount the not yet tested 16K sense memory
in our 10%" computer boxes. The Floppy Disk had specifically been re-
jected as a Digital product in the near future. Now, let's examine
the present status:

A. We are within days of signing a contract for an LSI-11 chip set
which may provide us with an 11/05 replacement as early as Q2 of
FY75 and, more likely, by Q3 of FY75. In fact, as most of you
know, we are already proceding with the vendor as if the contract
has been signed.

B. We are proceding with a project that has a dual goal of enabling
the use of the new 16K scnse memory in a 10%" chassis and of pro-
viding a more useful 10%" expander box than the present 11/35
package. Strong motivation for this effort arises from the Data
General announcements of June.

C. The Floppy Disk has become a must product. In fact, to my know-
ledge, the only widely discussced business plan for all of our ncew
Small-1l projects was produced by Mike Tomasic for the Floppy Disk.



Changes to omall-~ll Harawarxe Plan

Resources have thus far been shifted rather than added:

In fact, we have been unsuccessful in staffing to fulfil the original
requirements. This failure is entirely due to our own lack of emphasis
on recruiting, and in no way due to any corporate red tape or other
typical excuse. We are becoming more aggressive and I bhelieve that we
will be fully staffed early in Q2. However, we have had to shelve at
least two projects, and I forsee very little possibility for reviving
them in our group during FY74. In order to revive them anywhere would
require a reallocation of budget because as this report will show, the
increases mor than use up the resources saved by the shelved projects.

Cancelled Projects:

A. Single Module FAE - This was to have been a single hex module re-
placement for the KE11lA which now occupies an entire system unit
or 4 Quad modules. The staff for this project has been assigned to
the 10%" box project.

Pros ' Cons -
1. Several large volume OEMs l. 0dds are 3 to 1 that a pro-
d such as Tektronix (150 gram compatable KE1llA would
machines/yr) wanted it. not fit on a hex module using

standard MSI logic.
2. It might be a good thing ,
for the lab market. 2. As the 11/35, 11/40, and 11/45
’ ' and even the new Small-11 have
"their own integral equivalent
to the KEllA, the single module
EAE would only sell with the
11/05 and as add ons to the
11/20.

3. The present KE1lA fits into the
10%" 11/E10 and will work with
the 5%" machines with the KE
mounted in a BAllES.

B. Unibus Chips - These chips were to have replaced the common part
of most peripheral controllers. A justification for this project
is contained in an 8/23/73 Roger Cady memo entitled "Background
bata on Product Costs". Exhibit 2 from Roger's memo is attached
to this document. The resourses for this project have been assigned
to the 11/05%.
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Changes to Small-ll Hardware Plan

Pros cons

1. These chips would reduce 1. They might not reduce the cost
the board area required . of interfacing to the Unibus.
to interface to the Unibus.

) 2. They would not fit into existing
device controller designs and
the rate of development of new
Unibus peripherals is reasonably
low at this point in time.

3. It is not at all obvious that it
makes sense to redesign existing
controllere to use the new chips.

Please understand that I am convinced that the above projects should
have been cancelled anyway. Someone else may have a different list
of PRO's.

Altered Projects

A. Prom Reliability - This project was probably budgeted larger than

- necessary. In addition, we should now examine reliability studies

by significant vendors. I believe that these studies can be veri-
fied for a low price.

B. Support Group Changes - Our support group has picked up the res-
ponsibility for maintaining the 11/35 and 11/40. Even though we
also acquired the budget and project manpower, an additional task
was placed on our support management.

Summerized Changes for Spending Plan {(dated 8/16/73)

Project 0l Q2 03 Q4 Total
Single Board EAE — (10.2) (27.0) (32.3) (69.5)

Unibus Chips - Project never budgeted by Quarter. Shown in April plan
as 114X, but not shown as a savings because not included
in budget print out dated 8/16/73.

PROM Reliability - —— ( 8.6) — (19.8) (28.4)
Actual cost of PROM Reliability will be 10K in Q3. DMost

of this will be spent with a test lab to evaluatce the
vendors report

Analog Support - 5.0 5.0 5.0 15.0

Small-1l (11/05L) (1.5)  19.2 66.1 49.0 132.8
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Changes to Small-1l1l Hardware Plan

Project (con't) Q1 Q2 Q3 Q4 Total
New 10%" Box - 56.7 48.6 16.0 121.3
Total... (1.5) 57.1 87.7 12.9 171.2
Floppy - The evaluation project was 60.0
budgeted at 40K. Without a schedule,
my rough estimate is that the control ' 231.2

should be budgeted at 1lOOK.

‘Comments on Spending Plan

The total spending plan for the Small-1ll shows a tremendous growth from
Q1 to Q2.

0l Q2 Q3 Q4 Total

Small-1l 31.0 112.5 168.0 186.5 498.0

Part of this is due to a 50K charge to the vendor. The remainder is made
possible in large part due to the resources freed up by the cancellation
of the 8B. It should be gquite clear that it would have been difficult to
build the 8B -and the new Small-1ll in parallel. However, we have now gone
from famine to feast on service group support.

The spending plan for the 10%" box is also hard to believe. However,
the project personnel has been bootlegged during Q1. In fact, the
0l project staff consisted of several high cost consultants.

The Floppy project plan has not been established because the drive
project engineer has not been chosen. I did estimate the ll-controller
cost at 100K, but this cannot be scheduled by quarter without the drive
project schedule.

/ssb



*Includes 11/05 backplane and ECO's to 11/05 and 11/35

SPENDING PLAN (See reverse side for detail description)

DISCRETE PROJECT New 10%" Box ' 2|1 0 0 7 51619
[y =000 omiited ie.5600=5.6 ie.500=.5 ie.5000=5.0 ie.Amounts less than 5100 are not accepteole ‘
FISCAL YEAR
" CC Act,
# Codg Q1 Q2 Q3 Q4 |Total

Model Shop Tays* 324 E

Design Draiting Tays* 325 E 1.0 5.0 5.0 11.0
Information Services Tays* 327 E 3.0 3.0 6.0
DEC System 10 Sfiwr. Eng. Conllin 341 E

Small Systers Sttwr. Eng. Etison 342 E

Application Software Eng. Cohen 343 E

PDP-11 Sofiware Engincering | Stone 344 £

Diagnostic Engineering Horovifz 345 V-

Research and Devel. Group Bell 346 E

A/N Display Development Doane 303 E

DEC 10 Product Planning Fagerquist 304 E

iedical Systems Engineering | Scgal 305 E

| et 11 Sofiware Lane 306 E

 Typeset 8 Development Fiore 307 E

Mechanical Engineering St. Amour 330 E 5.0
Electrical Mig. Eng. Cudmore 331 E

Nechanical ifg. Eng. St. Amour 332 E

PDP-11 Communications Stockebrand | 349 E

Logic Products Engineering Moffa 357 L

PDP-10 Engincering Wilthelm 359 E

Software Distribution Center | Mullane 365 E

Traditional Product Milton 376 k£

PDP-11/45 [ngincering Delagi 378 E 2.0
Disk Engineering Saviers 379 E

Printer = Paper tone Eng. Corell . 383 t

Magnetic Tepe Engineering Lawrence 384 E

Special Projects Puffer 366 t

DEC Systern 10 Center Gwinn 390 E

Memeries Power Supplies Savell 392 E 4.7 G.1
Print Shop Dombrowik 550 N 1.7 1.7
Test Equipment Engineering Cudmore 360 E

Acton Labs Vendor 3.0
Small=11 Ingincexing } Tceichex 395 GO.2
Mo Products 329 26,0
"Contingencics 399 G

TOTAL 1.0 | 47.4]56.6 | 16.0 {121.0

* Monager has more detailed planning form which can be used to develop these line items.

DEC 1-(637)-1330-1N373



SPENDING PLAN (Sece reverse side for detail description)

DISCRETE PROJECT Small-11  (FY-74) 2| g Y 7 15|26

. = 000 omitted ie.5600=5.6 1e.500=.5 ie.5000=5.0 ic.Amounts less than $100 are not acceptoble

FISCAL YEAR
CcC Act.
# | Codd Q1 Q2 Q3 Q4

Model Shop : Tays* 324 E 4.0 4.0 8.0
Design Drofting Tays* 325 E 8.0 |16.0 24 .0

Informution Services Tays* - 327 E
*ield Serxvice New_ Prod 7ins 73W 3.0 3.0 6.0 12.0
DEC System 10 Sitwr. Eng. Conklin 341 E
| Small Systems Sftwr. Eng. Ellson 342 E

Application Softwore Lng. Cohen 343 E

PDP-11 Softwere Engineering [ Sione 344 E

Diagnostic Engincering Horovitz 345 V 8.0 8.0 8.0 240

Research and Devel. Group Bell 346 E

A/N Display Development Doane 303 E

DEC 10 Product Planning Fegerquist 304 E

Medical Systems Engineering | Segal 305 E

" ceset 11 Sofiware Lane S04 E

1, peset 8 Development Fiore 307 k

Mechanical Engineering Si. Amour 330 £ 3.0 9.0 9.0 21.0
Tleciticol Mfg. Eng. Cudmore 331 E 3.0 3.0 3.0 9.0

Mechanical Mig. Eng. St. Amour 332 E

PDP-11 Communications Stockebrand | 349 E

Logic Products Enginzering Moffa 357 E

PDP-10 Engincering Wilhelm 359 E

Software Distribution Center | Mullane 365 E

Traditional Product Mitton 376 £

PDP~11/45 Engineering Delagi 378 E

Disk Engincering Saviers 379 E

Printer ~ Paper Tape Eng. Corell 383 t

Magnetic Tape Engineering Lawrence 384 £

Special Projects Puifer 386 E

DEC System 10 Center Gwinn 390 E

Memories Poveer Supplies Savell 392 E - 2 1 12. 11 23.0 1230 GO 2]
Print Shop Dombrowik 550 N :
Small-11 Iing * Teicher 395 E 21.0 59.01 74.0 | 84.0 {238.0
Hardware Software Tooils McCarthy 34A 2.5 11.31 10.0 7.5 31.3]
Process Imgincering Cajolet 339 2.4 8.0 8,0 8.0 26,41
T : Engincering O'Connor 360 2.1 1 12.0112.0 ] 26,1 ]
New Products 329 3.0 6.0 6.0 15,0
TOTAL 31.0 |112.51168.0 186.5 |495.0 |

* Mancger has more detailed planning form which can be used to develop these line items.

Increases in Q2,
DLCC 1-(637)-1336-N373

Q3,

& Q4 are partly duc to vendor payments.
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INTEROFFICE MEMORANDUM

TO: Gordon Bell DATE: September 7, 1973
Andy Knowles
Dave Nevala FROM: Bob Armstrong

Ken Olsen

Joe St. Amour

PDP-11 Hardware Products
Committee

DEPT: Small Systems 11 Engineering

EXT : 4186

. SUBJ: Replacing the BAll-D Chassis

A series discussions have occurred recently regarding the reasons for, and
requirements of a new 10%" chassis (and/or power supply) to replace the
existing BAll-D. Although the BAll-D is now being shipped in the form of
11/35 and 11/05 CPU's, there are several requirements which it doesn't nect.

l. It doesn't contain voltages necessary to power the new 16K memory
(MM11-U).

2. Due to current limitations, there are severe restrictions over what can
be configured in a single box. For this reason, it is not being shipped
as a PDP-11 cxpansion chassis.

The intent of this memo is to provide some continuity for our decisions to

this point and the future. '

-We surveyed the space necessary to provide a reasonable system versus the
power required for its worst case configuration. Using existing parts, 4
system units would never provide a salable product without an expansion
chassis. Six system units provides a powerful system, but requires con-
~figuration rules due to insufficient power with worst case loading. Five
system units satisfies both requirements as a sufficient stand-alone system

. with the capability of powering any combination of peripherals with a reason-
able (and possibly, coolable) amount of power. Pertinent data from these
surveys are provided.

IHaving chosen the space requirements and approximate power consumption, we
have several alternatives in packaging the system.

1. New supply in existing chassis - The new supply could either be a total
ncw design or repackage of existing regulators. '

2. New chassis with existing regulators.

3. DIC standard system packages.

We have discussed with various committees, the problems and advantages of
using the proposced standard boxes. It appears now that there is no way for
us to both meet our system unit and power requirements as well as shipping
product in a minimun time using that box. Between chassis and power supoly
design, we feel that redesigning the mechanical package would provide a
supcerior product for several reasons:



Page Two
“Replacing the BAll-D Chassis

1.

Length of design cycle - committment to redesign the supply would

give us product to ship in 9 - 12 months, whereas, mechanical re-
design yields 6 - 8 months. :
Development innovation and experience - design of a new supply would

provide no significant improvement over existing ones unless new
technologies are used. There is a project designing new technology
supplies, but with no firm product release date. We can make use of
the experience gained through cooling the existing box as well as many
of the new ideas in tooling, card guides, module handles, ctc. gained
so far in work on the standard box.

Standard pieces - a new supply would be an additional part which would
have to be built and spares stocked in the field. Typically, the

- mechanical chassis is not stocked, and would provide little effect on
- field service. We also hope to use the new standard power distribution

harnesses (11/40, 11/45) to case system assembly and field add-on orders.

Our plan now is for 1l Enginecering to design a new chassis that will
accept the existing building-block regulators used in the PDP-11/40

and 11/45. The new box will replace the BAll-D for the 11/35 and

10%" 11/05 and replace the BALl-ES as the PDP-11 10%" expansion chassis
capable of accepting HEX modules. It will remain independent from
future corporate standard boxes. :

fhe two main questions still remaining for this, or perhaps any box, are
cooling and cabling. Both of these should be answered upon completion of
a prototype chassis and air flow measurements.

Future tasks will be as follows:

1.

,2.

4.

/ssb

John Buzynski will issue an Engineering schedule and budget to allow
design of a reliable, producable product. :

Charlie Valliant will continue his box design with help from Dave
Nevala where necessary, and build a prototype as soon as feasible.
Tests including flow measurements, system configuration problems,
power distribution, cabling, etc. shall be performed according to a
written and distributed test plan.

All of us connected with the project should keep an open mind to new
ideas from any source. New proposals should be presented to John or
myself, and hopefully, not argued on all levels. )

I shall supervise the writing of the business plan with assistance
from OEM marketing.



PDP-11 Space/Power Survey

Existing Pieces...

A. 11/05CPU - (New backplane, unspecified)
2 Hex Modules :
1 Double Maint. Module
1 Double TTY Connector
2 Dbouble Terminator
B. 11/35 CPU - (Already exists for 11/40)
8 Hex Module Slots
1 Quad TTY Interface
o 1 Double Terminator
.C. MMMlU - (Exists for 11/40, 11/45)
3 Hex Modules
1 Quad Module
Note: This cannot be packaged as a single system unit.
MM11lU's must be combined together or with other modules
and packaged as a 9 slot S.U.
D. Options - .
These are either Single or Double S.U.'s as specified.

s

Minimal System - 4 System Units?

A. 11/05 - (This depends on Backplane Configuration)

#1 CPU.+ 1 spC (1 S.U.)
16-32K MM11lU (2 S.U.)
Optional (1 S.U.)

#2 CPU + 16K MM1lluUu + 3 SpPC (2 S.U.)
Optional (2 S.U.)

B. 11/35 (with internal options)

#1 CPU (2 S.U.)
16-32K MM11U (2 S.U.)
Optional (@ S.U.)

#2 CPU (2 S.U.)
16K MM11lU + Optional 5 slots (2 S§.U.)

With 4 S.U.'s and 32K MM11lU, there are no optional S.U.'s with an
11/35 and one with an 11/05. Marketing has decided that neither
16K max. memory nor @ optional S.U.'s (11/35) is sufficient to sell
stand-alone boxes, and that 5 S.U.'s is a minimum configuration.

Power Requirements

Options with worst case power requiremcents (See list, next page).
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4. System Power Requirements - 5 System Units (45 split is made between
the sccond and third S.U.)

A. 11/05 - The 11/05 backplane will probably be CPU, 16K MMllU; 3

SpC's. :
+5V +15V ~-15V +20V -5V
CPU 8 .05 .25
16K 6.1 - 4.4 .51
3 SPC's 6 .15 .75
2 Term 2.5
Total 11/05 22.6 .2 1.0 4.4 .51
OPTIONS ,
Amps Amps Amps Amps Amps
Unit +5V +15V ~15V +20V -5V
1. 11/35 (with in- 20 .05 .25
ternal options)
2. 11/05 8 .05 .25
3. Bus Terminator 1.25
4. RK11-D (1 s.U.) 7.5
5. DJ11 (L S.U.) 5 .48
6. DV1l (2 s.U.) 8.5 1
7. 16K MML1U (active) 6.1 4.4 .51
8. 16K MM11lU (standhy)4.5 .56 .41
9. 1 SpC 2 .05 .25
10. Parity Control 1.2

11. DAll-F Bus Window 5
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System #1 11/05, DV1l, RK1lD

+5V +15V -15v +20V -5V
~11/05 22.6 .2 ' 1 4.4 .51
DV11 8.5 1
. RK11D 7.5
Totél System  38.6 1.2 1 4.4 .51
+ 5 Split - 22.6, 16
System #2 11/05, DAll-TF, 32K MML1U
+5V +15V -15v +20V -5V
11/05 22.6 .2 1 4.4 .51
DAll-F 5 |
- 32K 9 1.12 .82
Total System 36.6 .2 1l 5.52 1.33
+5 Split - 22.6, 14
B. 11/35
System #1 11/35, 32K MM11lU, RK11lD
+5v +15V ~15v +20V -5V
11/35 20 .05 .25
32K - 10.6 | 4.96 .92
RK11D 7.5
2 Term 2.5
Parity 1.2
Total System 41.8 .05 .25 4.96 .92
+5 Split - 21.25, 19.55
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m

vsteom 32 11/35, 32K MM1lU, 4 SPC's

—

+5V 115V =15V +20V- -5V
11/35 20 .05 .25
32K 10.6 4.96 .92
4SPC's 8 .2 L
2 Term 2.5
Parity 1.2
Total System 42.3 .25 1.25 4,96 .92
+5 Split - 21.25, 20.05
C. Ixpansion Chassis
System #1 16 3PC's, RK11l-D
| +5V +15V -15v +26V -5V
16 SPC's 32 .8 4
RK11D | 7.5
1 Term _ 1.25
Total Systenm 40.75 .8 4
' +5 Split - 16, 24.75
fystem #2 64K MM1lU (Parity), 4 PC's
5V . +15Vv -15Vv +20V -5V
16K (active) 6.1 . 4.4 .51
48K (standby) 13.5 }‘ 1.G68 1.23
2 Parity ) 2.4
4 SPC's 8 .2 1
1 Term 1.25
Total System 31.25 .2 1 6.08 1.74
+5 Split 11.8, 19.45
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System # 20 SPC's

+5V +15V ~-15v +20V° -5V
20 SPC's 40 1 5
1 Texm 1.25
Total System 41.25 1 5

+5 Split 16, 25.25
5. . System Power Requircments ~ 6 S.U. (+5 Split lisbetween third and
fourth S.U. - Split 2 is between second and third S.U.)
A. 11/05 - Worst Case + 4 SPC's
System #1

+5V +15V -15V +20V -5V

5 SU system 1 38.6 1.2 1 4.4 . .51

4 SPC's 8 .2 1

Total System 46 .6 1.4 2 4.4 .51
+ 5 Split 1-30.31. 16.5

+5 Split 2-22.6, 24

System #2

+5V +15v -15V +20V -5V
System #2 36.6 .2 1 5.52 1.33
4 SpPC's 8 ' .2 1 |
Total System 14 .6 .4 2 5.52 1.33

+5 Split 1. - 27.6, 17
+5 gplit 2 - 22.6, 22

B. 11/35.

System #1 + 4 SPC's

System #1 41.8 .05 .25 4.96 .92

4 8PC's 83 .2 1
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B. 11/35 con't

+5V +15V -15V +20V -5V
Total System 49.8 ‘.25 1.25 4.96 .92
+5 Split 1 - 28.75, 21.05
+5 Split 2 - 21.25, 28.55
Svwstem #2 + 4 SPC's
+5V +15V - 15V +20V -5V
System #2 42.3 .25 1.25 4.96 .96
4 SPC's 8 .2 1
Total System 50.3 .45 2.25 4.96 .96
+5 Split 1 - 29.25, 20.75
+5 Split 2 - 21.25, 28.75
C. Expansion Chassis
System 20 SpPC's and RK11l-D
+5V 15V -15V +20V -5V
20 SPC's 40 1 5
RK11D 7.5
1 Term 1.25
‘Total System 48.75 1 5
+5 Split 1 -~ 24, 24.75
+5 Split 2 - 16, 32.75
System H#2 96K MM11lU + 3 Parity
+5V +1.5V ~15V +20V -5V
16K Active 6.1 4.4 .51
80K Standby 22.5 2.8 2.05
3 Parity 3.6
11 Term . 1.25
Total Systom 33.7 7.2 2.56
+5 Spl - Tuwpossible
> ERILE b o fyepesible
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System # 24 SPC's
45V +15Vv -15v +20V -5V
24 SPC's 48 1.2 6
1l Texrm 1.25
49.25 1.2 6
+5 Split 1 — 24, 25.25
+5 Split 2 - 16, 33.25
6. Conclusions...

A. 4 S.U.'s cannot provide sufficient space to sell a stand-alone
unit. Requiring an expansion chassis means customers should
buy the 21" box.

B. 5 S.U.'s - Can be sold stand alone. Worst case power:

+5V +15V -15V +20V -5V
42.3 1.2 5 6.08 1.74
Worst Case +5 Split - 25.25
C. 6 S.U.'s - Provides powerful systems but mechanically more

difficult to cool.

Worst Case Power:

+5V 415V -15Vv +20V ~5V
50.3 1.4 6 7.2 2.56
Worst Case +5 Split 1 - impossible system

- of possibles - 30.1

+5 Split 2 - 33.25

These numbers should be referenced to the existing regulators:

Jsing two 1744's, one U745, one H754 and one 54-9730,
few places we significantly violate the power requirements for the 5
The 5 S.U. box violates the +5 split when 20 SPC's are

6]

S.

+5V @ 25 Amps

H744 =

11745 = <15V @ 10 Amps

11754 = +20V @ 8 Amps, -5V @ 1 Amp
54-9730 = +15V @ 3 Awxps +ACLO, DCIO

U. bo:x.

there are only a
or
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configured all with worst case +5. This would never occur in practice.
The 6 S.U. box violates the -5V limit at 2.56Amps with 6 MM11lU's. This
is a possible configuration and must be avoided. The 6 S.U. also vio-
lates the +5 split with 33.25 amps. Rcasonable systems still violate
this split consistantly with approximately 28 Amps. This must also be
avoided.

The 6 System Unit box therefore again requires configuration restrictions
which make it very difficult to use as an expansion box, limits the air
intake hindering cooling, provides no clear way to split the +5V for case
in distributing power, and is not required by marketing as a product.
Limiting the box to 5 system units solves the above problems as well as
provides sufficient space.

/ssb



Small-11 PDP-11/05L

Attached to this document, find the following:

1. A short memo describing my understanding of the project scope.
2. A short outline. _
3. A first pass englneering schedule,

. A Design Review Committée proposal.
A detailed breakdown of the FY74 budget is attached to a document
-entitled "Changes in Small-1l1 Hardware Plan" dated 9/7/73.

You will not find a very important document entitled "Business
Plan". Among other things. the business plan should examine the
several alternative products and predict their value. I am com-
mitted to publish the business plan in January 1974. Actually, I
believe that I must be able to justify the project in terms that,
at least, I understand well before that date. At this point in
time, the project is proceeding based on the collective "gut-feel"
that it is the proper approach, or at least, that the potential
gains are very great compared to the certain risk of delay.

This project will cost 500K in FY74, and 1.2M total before the
" first ships in Fiscal January, 1975.

/ssb



SCOPE O THE 11/05I. PROJECT

Based on our prcsent data, I predict that the cost of a replacement for
the present 11/05 using the Western Digital N-channel chips to be in the
neighl:»rhood of $800 to $1000 for an 8K machine versus $1660 for the pre-
sent design. As the comparison in figure 1 shows, a large piece of the
savings results directly from changes to the CPU and memory. In fact, the
recduction in size of the CPU and memory has indirect cost savings in

ciher areas because the number of parts is reduced, the amount of power is
rcduced, etc. The reduction in the number of parts required by the CPU
and mcecmory should, if we believe history, have a positive effect on
relicbility.

Two other factors to consider are performance and compatability. Our pre-
sent estimate is that instruction for instruction, the 11/05L will run
30% slower than the 11/05. However, we also believe it possible to build
into the 11/05% the capability of exccuting the 11/40 plus EIS instruction
set. FIS and memory management are, of course, not included. The 11/05L
version of EIS would not be an option and would run much slower than in
the true 11/40. Still, the effect would be that a multiply instruction

in the 11/05L will take much less time than the software routine in the
present 11/05. Perfcrmance comparisons between the 11/05 and 11/05L will
therefore, be heavily task dependent. Including the several new 11/40
instructions and EIS in the basic 11/05L, also saves a few words of main
memory for some applications.  Given all of this complexity, I am assuming
that for first order effects that the additional instructions in the 11/05L
compensate for its slower operation.

Compatability is important because relatively small changes in the opcra-

- tion of the new machine have massive effects on software anAd peripherals.
Even if these changes are an improvement over the present ll-family char-
acteristics, massive improvements are required to offset the hardware and
software conversion costs. Fortunately for the 11/05L project, there is
already enough variation in the ll-family that it may be possible not to
add many new "fecatures". However, the size and cost reductions are likely
to require some changes. Our job is to identify these as early as possible
and carefully determine their consequences.

Conclusions on Projcct to Replace the - 11/05

We can decrease manufacturing cost of an 11/05 replacement by up to a factor
of two vver the existing machine, decrease the number of parts by a factor
of four to five, increase reliability, and for many applications, maintain
performance. This project would make sense cven without a very detailed
business plan if it was going to be completed in the next month or two.
Conjecture is that it makes sensce even if the product is delivered in
January, 1975,
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Procede to Design 11/05 Replacement

Until such time as more data is generated, it makes sense to procede
with the design of the 11/05L which includes the WDC contract. The
gain of a few months in the time to market far outweighs the risk that
our conjectures are way off target.

Additional Product and Market Opportunities

LSI scems to offer us magical opportunities to develop new products for
new markets. However, we must be very careful not to commit large ex-
penditures to develop products for markets we don't understand with the
same flippancy with which we start the 11/05L project. In some scnse,
the business plan for a project like the 11/05L consists of the history
of DEC. To extend this to consumer products sold thru Sears Catalog or
even to standard systems is dangerous.

Ttem #2: consists of an outline for a report that has not yet been
written. This document is now the beginning of my business plan which

I have committed to fully develop by January, 1974.

How does this affect the WDC contract?

As the business plan is developed, we may realize that the WDC parts need
to be modificd to include additional features beyond the 11/40 plus BIS
instructions. We may even find that WDC uses the wrong technology. We
encounter a financial obligation to WDC which begins now at 50K and in
April or May may increase to 700K. This is considered in my schedule of
having a thorough business plan in January.

Will our group consider abberations of the WDC chips?

Yes, but not immediately. At this time, implimenting the 11/40 plus EIS
instruction set and designing a hex module that centains the CPU, serial
line, line clock, 4K of memory, and a Unibus control appcars to be a gigantic
but worthwhile challenge. It is very important that this new machine be
instruction set and bus compatable with prior machines. Compatability is

in fact, a major challenge as we have learned before, because the fine

points of instruction exccution tend to be implimentation dependent. In
fact, a criteria for designing a new architecture is likely to be when

new technologies make compatability with the past prohibitive or incfficient.

On the other hand, designing a Floppy Disk Control or other device con-
troller with the WDC chips is probably easicr than designing the basic
PDP-11 because compatability with the past is not required. I believe that
many other abberations are of a similar nature.
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We are therefore proceding to design the basic processor first. We are
accepting the risk that we may have overlooked some feature that is
required for a device controllecr, etc. We now believe that we must con-
centrate our efforts on understanding what we believe will be the primary
and most difficult use of the WDC chips. I believe that we will be in a
position to examine some other product ideas in six months. Until then,
I like Steve Rothman's suggestion that Jim Bell review the WDC specifi-
cation and develop other usecs for the WDC parts.

/ssb



IFigure 1

ROUGH COST COMPARISON BETWEEN 11/05 AND 11/05L

11/05 11/05L Item & Comment
120 60 Backplane (possibly re-
duce number of slots and
allow system units. Use
ELFAB Dblocks).
130 75 Power Supply (180W to
l00wW)
900 400 4K and CPU
950 500 8K and CPU
100 20 Console (Remove switches
.and add bootstrap ala
Gordon Bell).
20 ' 0 Harness (Remove)
85 50 Box
200 50 FAS&T
45 45 Misc.
1600-4K 700-4K
1650-8K - 800-8K

DANGER: Much more data is neceded to build confidence into the 11/05L

estimate.
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of a business plan.

QUTLINE FOR 11/05L PROJECT DESCRIPTION

Presumed Goals

A. Provide a lower cost small PDP-1l1 system to protect the low end
of the demand end-user business

B. Provide a PDP-11 entry into the computer plus memory on-a-board
market.

C. The new system should be a binary compatable PDP-11 because:

1. Building a PDP-11 is not significantly more costly than
other 16-bit approaches. ’

2. Given #1, it is in our interest, and our customers interest,
to offer more economic but compatable products.

3. A compatable PDP-11 with Unibus offers us the maximum flex-
ibility in that we have peripherals and software already
developed. '

D. The new system should be designed for a ship rate minimum of
1000 per month and a maximum of 15,000 per month.

Can a PDP-1l1l be built from LSI chips economically?

Microprogramed implimentation techniques with the use of ROMS
or Programed Logic Arrays for instruction decode have signifi-
cantly changed the method for evaluating the cost of a machines
architecture.

Western Digital (WDC)

A. WDC has offered to build a two (2) or three (3) chip n-channel
dynamic MOS PDP-11 that may run at 50 to 70% of the speed of
an 11/05.

B. WDC has experience in implimenting complex logic in MOS which we
do not; therefore, we should be able to get to market sooner
using WDC. o

C. Of all the chip vendors that we have visited to date, WDC appears
to offer the best balance of business situation and technical
capability.

D. Most of the work that we do in conjunction with the WDC chip sect
will be applicable for either bipolar or MOS processors built
clsewhere. |
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.TII. Pitfalls of using WDC chips.

A. There is some potential that we will not find out that the pro-
duct that WDC claims to be able to build is a poor performer un-
til very late in the wroject. As AMI can attest, even the cxperts
are often wrong in the state-of-the-art LSI business.

B. If the center of our business required that the machine have 11/40
performance, then the n-channel MOS approach doesn't make sense.

C. As we are resource limited, working with WDC will cost us time in
building a bipolar LSI processor.

D. Why consider bipolar LSI?

1. Bipolar circuits are four (4) to five (5) times faster than
MOS and are capable of driving reasonable loads.

2. The performance of bipolar chips is easier to predict than the
performance of MOS chips.

3. It is easier to second source static circuits as opposed to
dynamic circuits. Fast MOS requires -dynamic circuit tech-
niques while bipolar circuits are aimost certain to be static.

E. Why not use bipolar now?
1. Until recently, bipolar "foundries" have been reluctant to
build chips of the complexity required.

2. Several high density, low power, bipolar processes are being
developed but they are approximately two (2) years behind MOS.

3. In general, bipolar processes require more MASK steps than
MOS; therefore, the yields for complex chips is supposed to
be lower in bipolar. However, several vendors are developing
processes which reduce MASK steps or increase the allowable
MASK slop for bipolar chips. None of these new procedures
has been tested to our knowledge. )

F. There are other MOS processes that we will examine, but we do not
anticipate that they will be available to us in the same time frame
as WDC.

1. RCA, Intersil, and scveral other firms have a process called
CMOS which has higher speed and more drive capability than
n-channel, but is higher density than current bipolar. andy
Knowles invited RCA to visit in August but RCA did not
respond.
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trip to the West Coast.

Inselek in New Jersey and North American Rockwell in California
have a process called Silicon-on-Saphirée (SO0S). This is a pro-
cess in which the substrat itself provides dieclectric isolation
between transistors. Vendors who have it claim that it providoes
almost the speed of bipolar, but until recently, they have not
even been able to make transistors. We should still investi-
gate Inselek, but don't expect much hope vet.

IV. There are other considerations besides the CPU chip-set which affect
the appearance, price, and marketability of the next small PDP-11 systcm.

A, Potential Products.

1.

Chip sets - Several pcople have suggested that DEC sell unmountcd
chip sets thru Bill Hogan's group. I question this effort be-
cause I do not see that we add value to the chips and I don't
believe that our salesmen know how to sell chips.

Computer and Memory On-A-Board (PC-Mp)
Lk 1/0

This product is really a low cost system although some speak of
it as a "naked-mini". The PC-MP can actually be used as a com-

| L x 1/0
putér system with only the attachment of a terminal or other
I/0 device. It does involve the use of our capital investment
in both building and testing.

This product certainly does not justify our investment in an
LSI-11. The Pc should be an 8 or 11 only if it is a fall out
of a bigger project. I believe that this will happen.

11/05 Replacement - To maintain our traditional market, we must
plan to replace the 11/05 with a more cost competitive product
within the next 1% to 2 years. One suggestion is that the new
machine be optimized around a small system in which the CPU
with build-in multiply-divide, UBUS control, and Floppy con-
trol be constructed in the equivalent space of two (2) hex
modules. The basic computer box would contain the above plus
one (1) or two (2) Floppy drives. The manufacturing cost of
this product would be roughly the same as today's 11/05, but
functionally, it would compare to a DOS system with reducced
storage. The definition of a barcebones machine would be
changed slightly.



putline tor MIN-1ll Project Description

Page Four

COMPUTER: = Pc - Mp4I<

Msz Floppy Drives - 100k words ez.
L ASYN

K1/0 -Serial

‘ Line

Smart Terminal...

We propose that the new 11 be built into Model C
of the Stockebrand terminal along with some form of mass storage.
There are strong arguments that the mass storage unit should be
the Floppy Disk.

This product is slightly different in appearance from, but simi-
lar in function to, many systems that we now sell for program
preparation or data entry. It may have strong appeal in the OLM
market for jobg similar to credit card checking or to the AVIS
Wizzard type of function.

Some questions Lo consider:

a. Should the Unibus be available from the smart terminal as it
is on the GT10? Our first thought was no, but this may be a
hasty decision. Availability of the UBUS presents some mech-
anical problems but has potential gains in the attachment of
peripherals or customer interfaces.

b. Should the terminal designed to be clustered rather than one
(1) computer per one (1) terminal? I believe that we already

have this product.

c¢. Should the terminal be designed to emulate an IBM or other
popular product used for data entry?

d. Ltc.

Briefcase Computcer System (BCS)

We believe that it will be possible to build an 8K computer, a
keyboard, plus a floppy control and drive into a briefcase sircd
package that is not unacceptably heavy to be hand-carried. This
device would display onput on a standard TV set and would use

Floppy Disk cartridges as an interchange media.

Potential users:

1y res Yo ~ - "
a. Traveling salesmen - every motel has a TV sct.
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b. Small businessmen
c. Scientists - a powerful extension of the slide rule.
d. School children

e. Housewives would form computer-program-of-the-month
club. Programs would help optimize such things as
food budget, money management, etc.

£f. Sports enthusiast - Boatsmen in particular would like
to interface it to their electric compass, depth finder,
and radio direction finder

g. Recreational uses would be too numerous to mention.
There are already a varicty of games which use Digital
logic to drive a TV display. To try one such game,
visit Giovani's restaraunt on Rt. 9 in Framingham.

Problens - Price:

Today, we arc not able to project that the price of random
access memory will be sufficiently low. Mass storage is
already available in the form of audio tape or TV tape re-
corders. 1t would appear that a low performance Floppy
could be built for $100 if we desired.

- Marketing:

We could overcome all technical problems if we could projcct
the size of the market and the market size elasticity vs
price and-function.

V. VWhere do we go from here?

A.

It is clear that we must develop the tools to deal with the next
generation of technology. Developing technology will fast replace
our current products with lower cost alternatives. We can either
watch this happen or join-in and extend our markets. )

Traditional DEC procedures °que st that the best way to mecasure
success in the develowuent of a new technology or new market is to
make both short term and long term profits in the process. Vendors
such as WDC can help us accomplish the goal of short term profits.

In the long term, we will most likely manufacture our own inte-
grated circuits. A beginning in this path is being made by Henry
Lemairce.

Our group and others such as Lorrin Gale's crew, are learning how



Outline for Project Description

Page Six

to translate our traditional requirements for computer systems
into higher technology and potentially higher volume, higher
profit products. We will also feed back to present marketing
groups and to others, suggestions on different products which
will may suggest the development of a new customer base.

A basic reason for the new engineering efforts required for LSI
or even more standard high volume approaches is that the cost

of mistakes in the final product is very great. The possibility
of ECO's costing several millions of dollars and the shutting
down of a high volume production line make a few hundred thousand
dollars of extra enginecring cost small insurance. In fact, with
MOS-LSI, a large effort is nccessary just to be aware of the risk
altt any point in time that the final design might not be functional.
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SMALL 11 Project Schedule - Attachment

There are some tasks that are not explicitly shown on the
attached project schedule. The tasks are ones which cannot
‘logically be scheduled at this time. For example, by the time
the business plan is finalized we will have determined a mutually
acceptable maintenance philosophy and general field service plan.
At that time we will also submnit a schedule for manuals and tech-
nically distributable documents as well as application and user
notes. Design reviews are described in a separate document and
will be held monthly to discuss problems and implimentations.

_ It is also implied that the schedule is rigid and cannot be
changed. The classic flaw with the rigid schedule is that inter-
dependencies develop which may bring certain tasks to a halt un-
less another has been completed. We have observed this many times
before. Yet we are open to inputs and responses and will make the
necessary changes to this schedule as the project progresses. One
thing is clear and that is, if Western Digital succeceds with their
own ambitious undertaking we must be rcady with the tools and de-
signs for our own product.



WDC/DEC MILESTONE SCHEDULE (ITGM 1A)

Design Review

Objective Specification

Logic Design
Design Review

Test Program Review

Composite Layout
Data Chip
Control Chip

Mask

Data Chip

Control Chip |

First Device