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CONVERSION STEPS

1. GENERATE A LOGIC EQUIVALENCE LIBRARY FOR MSI-TO-MCA CELLS.

2. CONVERT MSI MODULES DATABASE TO MCA CELLS "INTERMEDIATE"
DATABASE.

3. CONVERT MSI MODULES DATABASE TO RAMS AND 10KH" INTERMEDIATE"
DATABASE.

4. CONVERT MCA CELLS AND RAMS AND 10KH LOGIC ON TO "L" SERIES
BOARD BOUNDARIES.

5. RUN PLACEMENT TOOL TO DO TOTAL MODULE PLACEMENT FROM
BACKPANEL IN, TO FORCE OPTIMIZING WITHIN MODULE BOUNDARIES
GENERATING NEW MODEL "C" DATABASES.

6. RUN COMPARISON BETWEEN OLD MODEL "B" DATABASE AND NEW MODEL
"C" DATABASE.

«

1. RUN SAGE ON NEW DESIGN.

8. SUBMIT NEW MCA'S AND "L" SERIES MODULES.
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CONVERSION STEPS

1. GENERATE A LOGIC EQUIVALENCE LIBRARY FOR MSI-TO-MCA CELLS.

2. CONVERT MSI MODULES DATABASE TO MCA CELLS "INTERMEDIATE"
DATABASE.

3 CONVERT MSI MODULES DATABASE TO RAMS AND 10KH" INTERMEDIATE"
DATABASE.

4. CONVERT MCA CELLS AND RAMS AND 10KH LOGIC ON TO "L" SERIES
BOARD BOUNDARIES,

5. RUN PLACEMENT TOOL TO DO TOTAL MODULE PLACEMENT FROM
BACKPANEL IN, TO FORCE OPTIMIZING WITHIN MODULE BOUNDARIES
GENERATING NEW MODEL "C" DATABASES.

6. RUN COMPARISON BETWEEN OLD MODEL "B" DATABASE AND NEW MODEL
"C" DATABASE.

1. RUN SAGE ON NEW DESIGN.

8. SUBMIT NEW MCA'S AND "L" SERIES MODULES.
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DETAILS OF CONVERSION PROCESS

CONVERSION
| PROCESS S/W

KL10KL10 TIMING ANALYSIS
MODEL B PROCESS S/W MODEL
DATABASE DATABASE

comparator
PROCESS S/W --

SAGE 2
PROCESS
S/W

IDEA'S

o KL10 MODEL B DATABASE - USING THE "NET LISTS" THE CONVERSION
S/W WILL RECONSTRUCT THE DESIGN IN MCA'S FROM PREVIOUSLY
IMPLEMENTED IN MSI ECL.

o CONVERSION PROCESS S/W - THIS NEW S/W WILL ACCESS THE EXISTING
MSI 10K ECL SUDS DATABASE. USING THE "NET LISTS" TO RECONSTRUCT
THE DESIGN INTO A PRESELECTED GROUP OF MCA TYPES LIBRARY.

o TIMING ANALYSIS - THIS S/W WILL ACCESS THE NOW "INTERMEDIATE
NET LISTS" DATABASE AND WILL PROVIDE TIMING INFORMATION FOR THAT
MODULE LEVEL DESIGN.

o PARTITIONING S/W - THE NEW LOGIC PARTITIONING S/W WILL EQUIP
DESIGNERS WITH-THE TOOLS NECESSARY TO QUICKLY REORGANIZE THE
LOGIC NETS INTO NEW LOGIC CHUNKS. THAT IN TURN WILL BE GROUPED
INTO MODULE LEVEL DESIGNS, STILL MAINTAINING AND PRESERVING THE
ORIGINAL LOGIC NETWORK OR FUNCTION.

o KL10 MODEL C DATABASE - THIS KL10 MODEL C DATABASE WILL CONSIST
OF ALL NECESSARY FILES, 1.E., DRAWER, TLE, WLS, FILES, ETC.

o COMPARATOR PROCESS S/W - THIS NEW S/W PROCESS COMPARES THE, TWO

DESIGN DATABASES. THE PURPOSE IS TO ENSURE THAT THE LOGIC
NETS/FUNCTIONS ARE EQUAL.

o SAGE 2 - IN THIS DESIGN PROCESS FOR THE KL10 MODEL C PRODUCT,
THE AMOUNT OF FUNCTIONAL/ARCHITECTURAL CHANGE IS SMALL. IN
THOSE AREAS OF CHANGE SAGE 2 SIMULATION MUST BE DONE TO
GUARANTEE ERROR FREE DESIGN.
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\ 77G - KLI\o'e - Cainave) 1.77 MIPS

\A&sS - - CFS -KLIO'B' BA MIRS

1984 - (ainare) 2.48 MIRS

1484 - KLio"C*-CFS- KLIO Oe" 4.46 HIPS

laBS - KCdlo (SINGLE) 6.8 MIPS
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digita 1 # INTEROFFICE MEMORANDUM
# &

TO: List DATE: 12 November 82
FROM: Ron Setera
DEPT: CPS/Peripherals
EXT: 231-6213
LOC/MAIL STOP: MR01-2/E18

SUBJ: KLIOE Product Extension Efforts Proposal
(Create a Model "C")

In the interest of extending the KL10E product life, the following tasks
are considered essential to improve the KL10E price/performance picture,
its menufacturibility and the customer's lifecycle costs. The intent of
this proposal is not to @e any significant system redesign, but to do
some system fine tuning in areas where we would get the biggest bang for
our buck.

1. Due all 2070 proposal tasks as defined in the proposal by that name. - 20Y.
(See Attachment 1)

2. Speed-up the CPU clock reducing the clock period from 67 nsec. to.47
nsec. This 30% CPU improvement will be achievable through the use of
ECL 10KH technology in much of the CPU to solve critical timing
areas. The following are some interesting facts about ECL 10KH.

MECL 10KH vs. MECL 10K

MECL 10KH is voltage compensated logic which allows guaranteed
DC and switching parameters over a +/- 5% power supply range.

o Noise margins for MECL 10KH are 75% better than MECL 10K.

o MECL 10KH is compatible with MECL 10K to addow system
to enhanceexisting gystems by increasing their product's speed
in critical timing areas.

Many MECL 10KH devices are pinout function duplications of MECL

10K.

o MECL 10KH features 100% improvement in propagation delay and

clock speed while maintaining power supply currents equal to MECL

10K devices.



o Typical family characteristics:

10K 10KH

Propagation" deiay"re)
Rower . (mw) 525
Power speed product (pj) 50 25
Rise/fall times (ns) (20-80%) 1.52.0
Temperature range (C degrees) -30/+85 0/+75
Voltage regulated no.,
Technology junction oxide

isolated isolated

3. Increasing the micro-code-storage size from 2K to 3K words will allow
improvement in three areas:

a. Improving instruction performance
b. Adding new instruction
ec. Micro-code ECO space

Example:
e

o Move conversion info for OWGBP into seratchpad. Increases IBP,! AC
WT Bye

DPB, IDPB, DJBP, LDB, ILDB and all string instruction speeds
when using(OWGBP's. For simple byte instructions this is about

o Rewrite all Move String and Compare String instructions by
caching data and not re-evaluating byte pointers. This reduces
the instruction execution time by 50%. This would cause a 4%

increase in user throughput in a heavy COBOL environment.

o Rewrite CNVDBT to cache data and byte pointers. This saves about
20%. This would cause a 15% increase in user throughput in a
heavy COBOL environment.

° Rewrite CNVBDT to not use general divide routine and to cache
data and byte pointers. This reduces the instruction execution
time by 50%. This would cause a 15% increase in user throughput
in a heavy COBOL environment.

4, Use a larger RAM for the AC Blocks. This will still allow 8 sets of
AC blocks but also give working spacé/scotech-pad space for microcode
to speed up long instructions that now require multiple memory

references.

5. Increasing the cache size from 2K words to 4K words, will improve the
eache hit ratio for uni-processors. If in some cases we go from 90%

hit to 80% hit, this corresponds to a 30% reduction in processor
compute performance. (See Attachment 2) Also, doubling the cache
size usually halves the cache miss ratio; therefore, giving us an

improvement of around 8%.

C
One word Vohe)

Eos ~ Yen

15%. b 4 re yee



KL18 Model "BY @ 38 MHZ "C" @ 30 MHZ

Cache Hits 90% 95%
Memory Type MF26 MF20
Clock Freq 30 38
Mem Ref Per Instr 1.7 1.7
EBOX Grind Time/Instr in Clk Ticks 7.@ 7.0
Single CPU W/O I/O MIPS 1.7 1.91
Single CPU with I/O MIPS 1.60 1.85
Chan I/0 Pages/Sec 600 608

"C" @ 39 MHZ

95%
MF20
39
1.7
7.8
2.48
2.43
620

133

o _>43%

6. MF28 memory array modules should be redesigned to use the 64K chip
improvement. This memory

enhancement will allow us to increase internal memory from 1.4 mega-
words to 5.6 megawords and at the same time speed up the memory bus

allowing a four to one memory space

due to shortening from 26 feet to 19 feet.
7. Double the paging RAM size to allow for the separation of user page

info and executive page (monitor use) info. This paging overhead had
been measured to be approximately 9% of the system overhead on a Rel.
3 monitor. We expect that with the latest monitor now doing extended
addressing and languages as well, plus users running larger programs,
that this 9% number is now on the low side. Making this improvementwill definitely help in this area, possibly reducing it to 5 - 6%.
(See Attachment 3)

In summary, it appears.that we can comfortably achieve a performance gain
of 1.6X the KL1@ Model B while reducing the Kernel mainframe cost $20K
and overall system level improvement by 1.8X the 2868 system. The simple
algorithm below shows our assumption:

Performance Increase
Cfor Model

KLIGE
CACHE
PAGER
NO DTE
MICROCODE
(COBOL)
CLOCK SPEED UP

1.00 Z. bb
08
04 +

MODEL C = 1.85

r
10 t28

1.42 2.4 7
X 1.30

3

X MODEL B



VEND PART NO

10101
10103
10104
10105
10107

10109
10110
10113
10115
10117

10118
10121
10124
10125
10131

10136
10141
"10144
10145
10147

10158
10160
10161
10162
10164

10165
10173
10174
10176
10179

10181
10210
10415a

MEMORY DEVICES-
10422-10
10422- 7
10470215
10474-25
1047415

DEC PART NO 10H PLANNED

19-11398-00
19-11400-00
19-11401-00
19-11402-00
19-11404-00
19-11405-00
19-11406-00
19-11408-00
19=11409-00
19-11410-00

19-11411-00
19-11413-00
19-11414-00
19-11415-00
19-11416-00

19-11500-00
19-11501-00
19-11502-00
19-11503-00
19-11626-00
19-11510-00
19-11505-00
19-11417-00
19-11418-00
19=11419-00

19=11530-00
19-11506-00
19-11420-00
19-11507-00
19-11421-00

19-11511-00
19-11512-00
19~13098-00

256X4 TAA=10NS
256xX4 TAA= NS
1KX4 TAA=25NS
1KX4 TAA=15NS

YES
YES
YES
YES
YES

YES
NO
YES
YES
YES

YES
YES
YES
YES
YES

YES
YES
NO
YES
NO

YES
YES
YES
YES
YES

YES
YES
YES
YES
YES

YES
YES
NO

USE. Sots

AVAILABLE
AVAILABLE
AVAILABLE
AVAILABLE
AVAILABLE

SAMPLES

YES
YES
DEC/JAN
DEC/JAN
YES

YES
YES

YES

YES
YES
YES
YES
YES

DEC/JAN
YES
YES
YES
YES

DEC/JAN
YES

NOW,
NOW,

PRODUCTION

NO
YES
YES
YES
YES

YES
YES
YES
YES
YES

YESVES

1983
2983

YESYES

YES
YES

YES

YES
YES

YES

YES
YES
YES
YES
YES

YES
YES
YES
NOY

NOV/DEC

QUALIFIED IN DEC

NOW, QUALIFIED IN DEC
QUALIFIED IN DEC

4KX1 TAA=15NS
NOW,
NOW,



Subject: 2070 Proposal

It is my opinion that the current strategy being pursued for KL/FCC
program is wrong. I believe that what we will need will be a 2070. The
definition of a 2070 is a new FCC cabineted Model B CPU installed into
two double width cabinets instead of three presently. The I/0 backpanel
would have one unibus interface (DTE), 2 CI ports (KLIPA's), 2 NI ports
(KLNI's). This kind of system interconnect would allow the 2070 enough
CI/NI raw throughput and mass storage capability that would far surpass
the raw m.i.p.s. of the KLIA CPU itself. The DTE would allow an 11/24
front-end to perform all necessary KLINIK and console booting without
RSX20F. All terminal and synchronous line communication would take place
over the NI through the use of Plutos. The overall performance of this
system would porobably realize about a 10% increase due to queued CI and
NI protocols.
Attached you will find my drawings of what I see as possible to do within
the cabinets, on the drawings that show the use of the 2080 style design.

Transfer cost of this system shown here would be approximately $50K.

Pro's for making some of the suggested changes.

1. Power Supplies - Currently the 760/761 series pass technology
supplies are 38% - 42% efficient or about 2/3's of the power consumed
by 760/761 goes up directly into heat.

a. The MF20/MPS supplies are 85% efficient. This efficiency
difference will have significant effect on internal heat inside
the cab's/reliability of components and customer air
conditioning/electrical bill or lifecycle costs.

b. As an alternative we can use the 2080 MPS regulator design. The
power efficiency is the same as above.

2. 1/0 - I would like to get rid of the old style for the following
reasons:

a. Massbus devices are going away and those that remain will be cost
effective for a very short period of time. Due to the FCC
compliance reasons, it will be difficult to pass FCC with old
devices, not to mention the cost of those efforts.



b. Using NI/CI controllers and devices we should get a free ride on
using corporate mainstream developments that will be guaranteed
to pass FCC not to mention cost/megabytes and cost per line etc.

3. No more front-end - This has a large affect on product cost. My
suggestion is to use an 11/24 for CTY and booting and KLINIK
functions. No more communication on F-E. No more RSX20F.

Con's

Higher cost to develop than KL/FCC program now includes.
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Attachment 1.

2078 MAJOR CHANGES FROM 206% FCC PRODUCT

ELIMINATION.OF FRONF-ENDS:

PRO'S

0

0

0

CON'S 0

ELEMINATION OF NEW RELEASE RSX20F ANB: NEB

REDUCE SYSTEM COST BY $12K

REDUCE SYSTEM FOOT PRINT TO SIZE OF 2680

ELIMINATE FURTHER MANUFACTURING OF OUT-DATED

PDP11/40's
IMPROVE SYSTEM MAINTAINABILITY AND RELIABILITY

REQUIRES DIAGNOSTIC ENGINEERENG DEVELOPMENT

ACTIVITY TO MAKE MOBEFECATIONS TO. KLBCP

2, POWER SUBSYSTEM DEVELOPMENT :

PRO'S

CON'S

0 IMPROVEMENT IN LIFE CYCLE COSTS TO CUSTOMERS DUE

TO EFFICIENCY ON NEW POWER SUPPLIES

SOME POWER SUBSYSTEM COST REDUCTION

IMPROVEMENT IN POWER SYSTEM MAINTAINABILITY

REQUERES POWER SUPPLY ENGINEERING DEVELOPMENT

ACTIVITY
0 RISK TO SCHEDULE DUE TO NEW HARDWARE UNKNOWN



3. SYSTEM CAPACITY ENHANCEM S
PRO'S

CON'S

0.

0 REQUIRES: MECROCODE DEVELOPMENT FOR NI
0

0

0

0

ADDITION OF 2 CI PORES AND 2 NI PORTS ALLOWING
USE OF NEW 1/0 INFERCONNECTS
2070 WELL USE PLUTI/VOYAGER COMMUNICATION
2070 WILL USE CI CONTROLLERS AND SI DEVICES
ALLOWING COST EFFECTIVE ENTRY LEVEL SYSTEMS AND
THE ABILITY TO CONFIGURE LARGE SYSTEMS
2070 1/0 WILL BETTER PROVIDE GROWTH PATH FOR

_
BRIDGING TO 2080 DUE TO COMMON I/O STRUCTURE,
MEDIA TRANSPORTABILITY AND DUAL PORTING
2070 1/0 WILL PROVIDE A BALANCED SYSTEM THROUGH-PUT.
AND PROVIDE ROOM FOR EXPANSION
PROVIDES A PRODUCT THAT CAN BE SOLD AS A LOW-END
PRODUCT OFFERING TO THE 2080 AND CAN BE STRETCHED
TO COVER THE 2080 LIFE CYCLE

0 SYSTEM COST SHOULD BE SIGNIFICANTLY REDUCED DUE

TO THE USE OF NEW 1/0 DEVICES

REQUERES NEW I/0 BACKPANEL

REQUIRES NEW TOPS-20 DEVELOPMENT

REQUIRES MORE DOCUMENTATION EFFORTS
MASSBUS DEVICES CANNOT BE ATTACHED DIRECTLY TO 2070
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ADVANTAGES AND -DISADVANTAGES

ADVANTAGES

1, Cost reduced product,
On thebld2. Assembly process that would allow systems to

'Venus/Jupiter assembly lfne
3, 'Minimizes the nueber of items that must be stocked,
4. :Enhances::serviceability,
5, This-product :would meet all 'present "DEC standards,
6. Vastly tuproved 'cooling :design :should improve 'system reliability.
1, Less babor intensive assembry and harness techniques,
G,. ::More efficient power systemshould reduce: 'cost of-ownership,
9, 'Frees :up manufacturing floor :space -by phasing 'out 'H764, 863

rand power supply harness.area,
10, Project now -becomes-.the shart 'up : focus : for Venus.'/ Jupiter assembly

volume manufacturing
input.MOdULES «.

DISADVANTAGES.

1. Long time.: to market.

2. barge. developmentcost,.
3. More potental for, 'Venus/Jupiter. projects
4, -Requires effort 'from power. 'Supply 'group. where -pesources are

ia problear,

5. Project now becomes dependent :on Venus/Jupiter technologyy :developments:
rand is--exposed to risks : from problems that may still be hidden,

6, Project now :becomes: the start up focus for Venus / Jupiter assembly
line and the MBS volume. manufacturing for regulators and AC

input modules,
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Page 5

compansion of the single processor systems in this section of the.memo.

The third group of curves start at the 2.50 MIPS, 100% cache hitspoint and represents the MODEL B (30 MHZ) group of machines. In allcases the MODEL B machines exceed the performance of their MODEL Acounterpart because of the increased clock frequency. The performanceof these machines at 90% cache hit is tabulated below.

SYSTEM MEMORY MIPS RELATIVE CLOCK
PERFORMANCE FREQ

1090/1099 MH10 1.48 0.94 30 MHZ

2055 MB20 1.82. 1.15 30

7060 1.90. 1-20
2080 MD20 1.82 1.15 30

MF20 30

KL10 MODEL B CPU PERFORMANC AT 90% CACHE HITS

The systems with the highest performance in this group are the
ones with the MF20 single port MOS Memory and MD20 multiport MOS
Memory. Their performance is higher because their memory access time
is shorter than that of the MH10 core memories.

Multiprocessor Systems

_
The compute performance of processors in a multiprocessor may be

significantly less than that of a uniprocessor due to reduced cache
hit ratio and memory contention.

The cache hit ratio will be lower because the monitor data base
must be uncached. This means that references to the data base will go
directly to main memory rather than to the cache. As a result the
effective cache hit ratio is reduced. On TOPS-10 systems the cache
hit ratio for the Master processor of a Master/Slave multiprocessor
has been observed to in the 75% to 85% range. This corresponds to a
30% reduction in processor compute performance relative to that of a

Single processor.
Processors in symetical multiprocessors (SMP) should get higher

hit ratio's than the Master processor of a Master/Slave multiprocessor
because they should spend more time making memory references to the
user address space. Hit ratio's for user mode have been observed to
be in the 85% to 95% range on single processor on TOPS-10 systems.
SMP processors should get hit ratio's that are worse than single
processor systems because the monitor data base will be uncached. As
a result SMP processors will most likely get cache hit ratio s in the



Page 6

80% to 90% range.

Memory contention will cause a reduction in the compute
performance of a processor in a multiprocessor system. The magnitudeof this reduction is dependent on how fast the memory subsystem can
give cycles to satisfy requests from the processors. If memory
requests are assumed to be scattered uniformly across the memory
address space, then more cycles can be gotten out of the memory
subsystem either by increasing the number of memory controllers so
more controllers can cycle in parallel or by decreasing the cycle time
of the memories.

Current multiprocessor systems use MH10 memories so the only way
to get the extra cycles to support requests from additional processorsis to increase the number of memory controllers. Future systems will
use the MD20 multiport MOS memory. In this case both options are open
for consideration in the design of the memory.

To assess the effects of the number of memory controllers and
memory cycle time on the performance of processors in a multiprocessor
environment a mathematical queuing model for the processor memory
subsystem has been developed. The results predicted by this model
have been compared with those produced by a very detailed MBOX /MEMORY
simulator that was developed for the 1090 Performance Analysis Study.
The mathematical model gives results which agree within a few percent
with those produced by the simulator for both 1 and 4 processor
systems.

The queuing model assumes that all memories and processors are
identical. Each processor is assumed to compute for an interval of
time, then make a request to memory, wait for the memory access time
and any queuing delays, and then obtain the requested data and start
the compute cycle again. This basic loop of operations is assumed to
repeat forever and memory requests are assumed to be uniformly
distributed between the memory controllers on the system.

The model accounts for two queuing delays which exist in the EBOX
to memory path. The first is caused by contention between the EBOX
and Internal I/O channels for memory cycles. The second is caused by
contention between the several processors of a multiprocessor at the
memories for memory cycles.

This queuing model has been applied to many of the possible
configurations of systems with MODEL A and MODEL B KL10 processors and

the results show that as long as the I/O rate per CPU is less than 400

pages per second I/O has no significant effect on the queuing delay
experienced at the memories of a multiprocessor. This means that

factor and a memory factor. This significantly reduces the amoun

data that must be presented to determine the compute performance of a

the
effects of contention due to I/O and contention at the memories may be

treated independently. This is fortunate because it means that
compute performance may be treated as being function of

of

processor.
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Affect of Internal Channel I/O on Compute Performance

The compute performance of a KL10 processors is reduced when data
is transfered to and from memory via the KL10's internal channels.
How much the compute performance is reduced when I/O transfers are
taking place is only a function of the memory type, and the cache hit
ratio as long as the I/O rate per CPU remains below 400 pages/second.
The amount of performance reduction is a linear function of the 1/0
data rate presented to the processors data channels.

The percent reduction per 100 pages/second of I/0 per CPU is
tabulated in Table 2(A) for non cache KL10's and in Table 2(B) for
KL10's with a cache. All systems are assumed to be using the RH20

internal data channels.

% LOSS IN
CLOCK COMPUTE

SYSTEM FREQ PERFORMANCE

2040 + MA20 25 MHZ 5.9 &

2040 + MB20 25 3.6
2045 + MF20 30 3.6

(A) NON CACHE KL10 SYSTEMS

CACHE HIT RATIO

CLOCK
SYSTEM FREQ 90% 85% 80%

1080 + MH10 25 MHZ 2.1% 2,6% 3.1%
1090 + MH10 30 2.3 3.1 3.6
2050 + MB20 25 1.5 2.1 2.8
2055 + MF20 30 0.8 1.0 1.5
1090 OR 2080 30 1.0 1.3 1.8

+ MD20

(B) KL10'S WITH CACHE

Percent reduction in CPU compute peformance per
100 pages per second of I/O per CPU.

TABLE 2
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As can be seen systems with no cache suffer the largestperformance loss. Systems with cache suffer larger losses when theclock frequency is increased, 1080 vs 1090, and memory access timeremains constant, and suffer smaller performance losses as memoryaccess time is reduced.

_
The percent reduction in compute performance for amounts of 1/0which are different from the table can be found by multiplying thevalue in Table 2 by the actual number of pages of I/O per seconddivided by 100.

For example if the percent performance loss on a 2040 with MA20
memory due to 250 pages per second of I/O is desired it would be
computed to be a

250 pages/second
_ _-----------___ X (5.9%) = 14.75%

100

performance loss.
Note that this performance loss is independent of whether the

processor is used in a single or multiple CPU system as long as the
aggregate channel I/O data rate remains below 400 pages/second per
CPU.

Affect of Memory Contention on Processor Compute Performance

Memory contention reduces the compute performance of a KL10
processor in a multiprocessor system by increasing memory access time.
The amount of delay experienced by a request arriving at a memory is a
function of the average time a processor computes between successive
requests, memory access time, memory cycle time, uniformity of the
distribution of request across the address space and the priority
algorithm the memory uses for deciding which processor will get the
next memory cycle.

The amount of time a processor computes between successive memory
cycles was determined by assuming that the average instruction
executed by a processor is a 1.7 memory reference fixed point ADD
instruction. The equation for this instruction was then used to
compute the time between successive memory requests as a function of
eache hit ratio (see Appendix).

Memory access and cycle time are a function of the memory type
used on the system and are given in Table 1 (b).
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MESSAGE ID 51ES3067L6

SUBGECT UNIVERSITY CF PITTSBURGH 12 2 &2 Vi 11

xkkEK TETS MESSAGE 1S FROM CHUCK EICHENLAUE AND BUE FIERCE *****
The following is proviaed es beckground briefing information for
the upcoming University of Pittsburgh Visit
Account History
Since Februery 196€ Pitt has been working with Digitl to aevelop
and implement a long range computing strategy ana has cepenaca
heavily on our plans for 36€ bit system uevelopment anda

aveilability in this planning process
Then and today Pitt's goal is to increase computing capacity 2%
per year on the average.
Curing 198% Pitt was repeatedly tola that Jupiter woula be
aveilable in 1682. At that time they stated that they woulu be
out of capacity by September 1961.

In Mey 1S€@ Pitt began a seven month evaluation of alternative
solutions because Ligital lost credibility with Pitt in our
commitment to Jupiter and bit products6

weighing the alternatives in 19€1 Pitt chose to cua two KAIL
processors to their existing Gual processors as an interim
solution, still believing that Jupiter was on schedule

in April 1€82 Pitt visited Marlboro to receive an upaate on
Jupiter At that time they were told that the system woula be

later. No mention was made thet TOPS lw woula be available 12
months after the first revenue ship of Jupiter
announced at LECUS and first customer ships woula begin a year

In August 19€2 Pitt was informed that TOPS 1G woulda not be
evaileble until December 1984.

In November 1°82 Pitt was told that the announce aate for vupiter
would probably slip until spring CECLE They were also tola that
this would not impact first revenue ship 1 Gont believe that
Pitt believes us!

The net effect is that we have been promising < Jupiter proauct
to Pitt that won t be available for N +1 2 years.

whet Pitt needs to get from their visit
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@ A strong commitment from Lieter Luttenberger to take @ look «atbitt s research work and investigation of where Digital and Fitt
computers, and networking software aevelopment
might work closely together. i.e 36 bit 32 bit personal

* strong commitment from Gordon Beil that Ligital is ena wiilcontinue to support 36 bit architecture in future systems
development
* If the 36 bit commitment is there; a strong commitment from LCG
thet we will provide them with a means to handle their growth

development effort in TCPS 16 to conversion.
until dupiter. IE. a free & loaner 26€G &@ joint

* A strong message that Digital is committed to the educational
marketplace in providing large universities like Pitt the
application software needed to hendle administrative applications
ana the haraware to support as Pitt's vendor for the
EG Ss

* The facts concerning Jupiter as we know them today announce
dete availability.

Pitt attendees and their feelings toward at present
Cr Paul Stieman, Director University Computer Center

Chairman Joint Committee for Long Range
Planning

- Pro Ligital but leaning toward other possible solutions. Paul
is very angry and very sensitive in that he feels that he hés
been betrayed!, by us in his past planning process Paul is
finding it very difficult to support Digital at present What
Paul needs is tangibles that he can sell!

Dr. Neil Timm Eirector Institutitonal and Policy Ctudies,
Office of Planning end Budget
Chairman Advisory Committe for Administrétive
Systems Development

Anti DCigitl - Very unhappy with constraints of TOPS 16 ana
TCPS 26 on the administrative application side ke has not
stated what might be better but has expressed his feeling that
anything but Bigital would.

Cr J. Normen Eardsley. Professor Lept. of Physics ana Astronomy
Chairman Executive Committee for Acacemic
Computing

- Pro Digital Feels VAX provides more alternatives for
scientific computing than TOPS lb or TCPS 2@ and supports the
idea of distributed processing to handle various academic
applications.



Mr. warren Fugate University Computer Center
Assistant Director for Systems and Operations

Pro LEC Recognized as the universities exper in systems
hardware and software ReviewS all computer acquisitions in
excess of 15K as a technical consultant to Paul Stieman who must
approve these ecquisitions.
Warren is frustrated by the fact that Jupiter has been coming

for N + 2 years for the past five years. he needs technical
specifics as to what Jupiter s problems are and how long we
expect it to take to fix them before he can support future
Digital purcheses.

Mr. Chuck Heins, University Computer Center
Assistant Lirector for Acministrative Systems
Cevelopment

- Pro IBM - Chuck has been with the University for only six
months and is from an 1BM shop at US Air Chuck is frustrated by
the limited amount of administrative software available for TCPS
14/2@ when compared to IBM.

UNIVERSITY OCF PITTSBURGH REVISED AGENDA
December 2 1SE2

10:61 Arrive Logan Airport
11 €€ Arrive Merlboro

1115-12 6G Welcome and Introduction Rose Ann Giordano
Ward Davidson

12 €6 1-6 Lunch Rich whitman
Bob Todisco

66 2 bb VAX futures
2 BG 3 bE Meeting with Gordon Bell
300 4 02 Meeting with Eernie LeCroute

4 66 5 O€ Round table aiscussion
5:86 536 wrap-Up Ward Daviason

5:36 Limo Depart for Logan

7:36 Return flight to Pittsburgh

2G-NOV €2 7.45 25 S @1286 DCEM

3
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TO see "TO" DISTRIBUTION DATE THU 11 NOV 1982 3: 04 PM EDT

FROM: JIM GEORGE
DEPT: LCG EDUCATION
EXT 231-5597
LOC/MAIL STOP MR2 2/8D2

MESSAGE ID: 5181481311

SUBJECT: DIGITAL'S LONG RANGE PLANS

In a recent customer visit, the University of Pittsburgh represented
by Dr. Paul Stieman-Computer Center Director and his assistant Warren
Fugate met with Andy Knowles, Ward Davidson and Rose Ann Giordano. The
substance of this meeting was the Jupiter-405@ its estimated delivery and
performance. Pittsburgh being a Tops 1@ site (7 KL1@'s, 2 Tri Processors,
and 1 single) was somewhat unhappy with the answers they received.

Andy realizing the importance of this customer and the nvestment that
uc follow-oetttsburgh 1n vigitai equipment sta

tmg-people available Llu olitiiidii LU discuss B

Gordon BellBill Johnson
Bernie LaCroute

:

Dr. Stieman has requested this meeting, he would be interested in what
DEC plans on doing in the PC arena the high end VAX and follow ons to
the High-End VAX and the 4058. He is also very interested in alternative
approaches to his current situation with current DEC products to include
costs and commitments. It is also important to follow up on Andy's
second commitment to discuss possible joint ventures in the area of
PC's and networking.
The dates that Paul has requested are

November 19th
December lst, 2nd or

Please advise A.S.A.P. of avai DTN is 231-5597

Thank you in advance for your cooperation
L1-NOV-82 28:19:42 S 64885 MLCG
MLCG MESSAGE ID: 5181474565

"TO" DISTRIBUTION:

JOHN ANDREWS *GORDON BELL BOB PIERCE @PITB
CARL CROCKFORD DEANE CURRAN WARD DAVIDSON
ROSE ANN GIORDANO BILL JOHNSON ANDY KNOWLES
BERNIE LACROUTE RON SPINEK BOB TODISCO
RICH WHITMAN



g i t a 1
REKKKKKKKKKKKKKKE

TO *GORDON BELL DATE: WED 1 DEC 1982 4:48 PM EDT
FROM: STEVE RUVOLO

ec: JOR DINUCCT \, DEPT: LARGE ACCOUNT GROUP'
STEVE RUVOLO N EXT: 521 2229'

LOC/MAIL STOP: WR/D

MESSAGE ID 5183419203

SUBJECT INTEL JUPITER SALE

THIS MESSAGE IS FROM ANDREW BARNES iNTEL ACCOUNT MANAGER

For some time now, we have been promoting the Jupiter to Intel as a mid-level
computer. Despite assurances to the contrary. an attitude exists within Intel
Management that the Jupiter is the last product in the 36-bit line and that we
are not committed to follow-on systems. The source of this information is
difficult to pin down, but it may even be coming from Intels contacts within
DEC. We need to change the impression of Intel s management that the Jupiter
is in fact a whole family of products that incorporate a new architecture and
that will be around for a number of years. It would be very helpful to getthis message across at the highest levels within Intel.
We understand that you and Gordon Moore will be attending the "Conference on
Computers in Science" at the Conrad Hilton Hotel in Chicago, December 6 to
December 9. We would like Dr. Moore to leave the conference with the impression
of the Jupiter family that weve indicated above. Would you approach Dr. Moore
and give him this message.

We'll be contacting you after you return from the conference. Thanks in
advance for your assistance.

1-DEC-82 2644:54 S 96141 HZEM
HZEM MESSAGE ID 5183415871
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Memo

TO? ANDY KNOWLES TATE? SUN 2 JAN 1993 6348 PM EST
FROM: GORDON BELL

cci see "CC" DISTRIBUTION DEFT: ENG STAFF
EXT? 223-2236
LOC/MAIL STOPS ML12-1/AS1

MESSAGE Il? 5184654473

SUBJECT! SUPPORTING THE 10/20 BASED ON HISTORICAL (IBM/AMDAHL) CASE

Learning From History and Amdahl
As a fellow student of history, I know you'll be delighted to learn
that Gene Amdahl is diving a talk on his Fioneering computers
including the 360 at the Museum on March 10 and Flease hold the
dates. He's aiso soins to spend time with the er working on
large machines, In addition to being incredibly bright, Fleasant and
charming, he is am excellent lecturer and story teller. I'm looking
forward to the visit.
As a student of history and computer biograrher what I remember is!
1. IBM had @ mixed line of comeuters at the time of introducing the
360 (7040/7094 7080» 14620» 1401» 1410» 7070 as shown on frase 43 of
Bell and Newell) crossing scientific and business comeuting,

2. Gene was on 7 post Stretch team to build a follow on scientific
computer to the successful 7090,

3. HO. Evans rut tosether the 360 team with Amdahl: Brooks and Blaauw
to make 3 new range of machines for both business and scientific use
thet would cover everything down to the small computers (the 1130 and
1800 were introduced a5 3 result). SDS did the range bit firsts, but
the control store technology permitted IRM toa do @ wharring rege,
Basicallyr the machine was desidmed right because thes rrovided a
S2-pit address field even though the use in the 360 was Just awful!

4, There were rfressures to comtinue every successful line that IEM
had but IBM bet it all not unlike the Fortune article stated,
3+ Univee along evalving the 11035 (1108... 1190)) and
continued to sell YUKyY military machines and evolve the Univac I (now
the III) adding some other business and minis. Later they bought the
Srectra series but that's another story. The Univac Series has grown
at about the same rate as the 107 with more in the field and the
users are relatively fanatical about it. They don't want Univac to
ever stor making it.
6, GE/Honeywell evolved their warmed over 7090 (the 635). They also
marketed the H200 that was rerceived to he compatible with the 1401,
It wasn't put it was marketed well and it got them in the door for a

few vearsr but the machine wasn't really good enough to last even
though Honeywell evolved it endlessly till its death. Honevwell's
only real computer business is with the old 400 series. The Multics 4



version is owned by few zealots, but the other users like the
systems and are relatively fanatical sbout it. They want the series
continued forever,
7+ Meanwhile at IRM the memory manastement finally started
being solved in 1972 with the $70 by Froviding 39 24 bit VAs out
hecause the basic 360 architecture was good enough, the desigm was
carable of being evolved. The 32 bit VA was finally added and
everyone acknowledges the costly mistake.
8. Amdahl may tell the wonderful story of the roor management decision
rost Watson thet forced him to found Amdahl Corre, to build large

By mowr ne headed the San Jose Lab and had redirected 3
subseauent machine there to become a 360 and wanted to take it ta
market.
9. Amdahl Corre. started ur to build 360 ITEM fixed the address
eroblem (the 370)» and virtually wired the comrany out because he had
designed the wrong machine (a 360). He took 3 courle of years for the
redesigns but he found friends at FuJjitsu who helred him aut
financially in return for rights to the gate array and rackasing
technology, the keys to fast comruters,
10. Lots of comranies build 370 compatible rroducts because it
besically does the Jobs and users redard it as 3 commodity and
standard. This is also the situation in the microrrocessor business
todayess but it's unclear that the semicomruter companies (Motorola
and Inte)l make much at it.

The besic 340 was a classic desidnm because it could be extended
once in the form of the 370. It should be made im its current form
for probably another 20 vears, I exrect it to have a
specialized grafting as IBM tries to build high sreed for scientific
processing either in the form of @ new attached rrocessor or
extensions to the 370 along the lines that the Jaranese introduced.
Heres I'm anxious to talk with Gene about this.
12. The pre-360's desigms at Univac and Honeywell were bads and
evolutionary designs haven't gotten any better. They srow the base 2

bity but basically it's a rerlacement market,

13. I have @ talk that brings in other examples» but the one recurring
lesson (to me)! A company that listens to its customer base too lone
will miss maJor markets and det wired out of its current rosition if
it simely follows evolution. There are NO excertions excert the 370
Cand FIF-10). The could both be evolved because of sood basic

Given this memorys here's what I get that's relevant to our situation:
i. The 360/370 are auite similar to FRE-i1 and YAX? the FOF-10 is like
the 7090 (even has the 36 bit word and fond memories). We used ea

compatibility mode to deal with the backward evolution. The range
goals are different, since we are trying to have a rande of sizes
down to Fersonal computers when we finally achieve MicraVAX. Also,» we

want to use the two machines (the 11 and VAX) together over time to
cover our range instead of being religious ahout having 3 single
arenitecture, We are much more flexible in architecture to do after



differant meeds! Thuss we have 3 much more conservative and
evoutionary view,
2+ In both the 11 and VAX cases we adorted a much more evolutionary
View by first building @ machine 11/20, followed by the 05-40-45" and
the 780+ followed by 730-750-790 asar, This means that we keer on
building whatever we were building before too (the FIF-10 and FOF-8)
With the excertion of the FORP-i5 (I'm still semazed at vour ability toa
det it to stor) because it's too risky to stor because we midht lose
some Piece of a market. Our attitudes shout change agren't toa
different from Univac which is also very engineering oriented. The
only difference was that we had a much better rroduct base and were in
an exranding rather than stable market segment.

3+ One difference between us and IBM is that within IBM there seems to
be a stronger sereration between Ousiness and engineering. I believe
engineers running 38 company are more conservative. As suchys IEM
senerally goes for the right solution (which I think is VAX based on
Product goodness) versus evolution where one tets on everything. We
could never make @ decision like the 360 knowingly. They have diven
LF lines (the 1130/1800» System 7s 9 34 etc.) when they have needed
to or when they have a better alternative (System 38 Series 1s ane
FC),
4. Notice IBM always stor roor deadend machines and rerlaces them
With what should be the most competitive base Froduct in that Frice
band. They also tre to minimize the band/market overler even they
often use some crazy segments (es. the 8100 as a comm machine) instead
of machines (the Series i.+. which is finally cleaning ur in this
area) due to having many engineering grours,.

Bottom Line (Based om History)
We will not stor a computer line until our customers tell us toes,
which is rrobably mot a bad and too costly rhilosorny.
*cC* DISTRIBUTION:

ROSE ANN GIOREANG WIN HINDLE BRILL JOHNSON
KEN OLSEN JACK SHIELIS JACK SMITH
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t 1! Interoffice Mem
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TO} ANDY KNOWLES DATE? SUN 2 JAN 1983 6735 FM EST
FROM? GORDON BELL

ec? see "CC" DISTRIBUTION DEFT? ENG STAFF
EXT? 223-2236
LOC/MATL STOP? MLi2-1/AS1
MESSAGE ID: 5186434476

SUBJECT! QUESTIONS YOISE ON MY FULL HEARTED SUFFORT OF THE 10/20

In addition to learning from history, vou raised other issues?

1. Om VAX conversion: I agrees we're likely to lose a customer UNLESS
we @rrroach the fFroblem the right was. (I have one case studyur the
University of Fittsoburgh that looks to be @ counter examele!) Note
that I have always agreed! left alone, 10/20 customers who don't know
our full direction Cincluding VAX) will switch to IBM unless we sell.
Unfortunately, it reauires carefuly selling and work to mot lose,
2, Fositioning 10's with VAX has to be done, I have 3 sererate memo
om this that's coming around, It fundamentally saysi
780 is faster than a KL on Cobol by 302
780 is faster than a KL on DRMS
KL is faster on record I/0 Cobols unless data is seauental
KL is faster than a 780 by 20% om Fortrans unless double rrecision
KL can be a factor of 2 faster than a 780 on strictly integer
eroblems until one rlays with the VAX data structures
KL's will handle maybe 1.5 times the timesharing load of the same
VAX configurations but VAX with lots of memory may increase it

I therefore make a 780 at about 2/3- 3/4 @ Khy but @ 782 should do
more work than a KL. I believe a 780F (the 1.5 780) now in test
should beat a KL on every benchmark and loads esrecially with lots of
the new memory based on 64K chirs. Furthermorer the cost of the
sustem should be better by at least by a factor of 2.

2h, Future machines
Jupiter at 2.3 « KL I hore on the first go ground.
Yenus should be +4 780, or about 3 x KL
Nautilus is too early to tell precisely, but because it's
a dual rrocessor from the ground should do well on both cost and
rerformances

3, My business acumen. Since I simplistically rank product soodness
as the key to all current and future business, I could understand why

vou believe I lack ity but believe you're wrands

4, Smoke damage is costly, and it really hurts me to be accused
of this. Herer I think we'd better have a talk about what wou

want me ta do t o change, because I sure don't want to doe

anything but hele keer customers and build a follow-on 10/20,
Communication is strictly amongst us, $0 I can't understand 3

0

cost. from this srour too regarding tiWould like to get inrut



behavior.
we Herose.. who hers? It would be mice to be one or find one in here
Maybe mext to the that we should soon discover somewnere
near the Juriter
As ever I'm dedicated to frreserving our customers and getting us 2
follow-on 10/20,
Gordon

"CC" DISTRIBUTION:

ROSE ANN GIORDANO WIN HINDLE BILL JOHNSON
KEN OLSEN JACK SHIELDS JACK SMITH
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TO: *GORDON BELL DATE: TUE 14 DEC 1982 9:48 AM EDT
FROM: ANDY KNOWLES

ces see "CC" DISTRIBUTION DEPT: SMALL SYSTEMS GROUP
EXT: 278-4567
LOC/MAIL STOP: UP2-4/UP2-4

MESSAGE ID: 518473€222

SUBJECT: DECSYSTEM 18,20
I think I understand, more than anybody, your hangupsvis-a-vis the 1@/2@, its address limitations, etc., etc., etc.
As a pure computer scientis you are completely justified, as
a marketer and protector of our customer base you are
completely wrong.
I had dinner with Gene Amdahl last Wednesday night in
Monterey, California. You remember him. He was the architect
of the IBM 36@ series and has bidden that product for almost
2@ years. And if his 25-35 MIPS Triology product comes off,
the 36@ will live til at least 1992 when, who knows, Something
may replace the 18,2@,360,VAX and the 6's, 7@'s crowd.

What is my point? We have a purely religious customer base
in the 10/26 space. They are committed to the 10/2@
conversion to VAX is not easy nor is it easy to convert to

A

IBM. But when they are faced with conversion they don't ys
convert to VAX, they convert to IBM's 43XX's and 3B@xx's.

1s?
Got it? Let me repeat -- they convert to IBM. So your
impassioned technical argument is beautiful from computer

of view. I love your memos, but question your businessscientist point of view, but stinks from business point
acumen.

I'd like a clear positioning of JUPITER, VENUS, NAUTILUS,
SON OF STAR, etc.
Gordon - your smoke is costing us dearly. And I also
understand your hero approach.

/sc
14-DEC-82 18:54:32 S 62196 MLCG
MLCG MESSAGE ID: 5184784899

"CC" DISTRIBUTION:

ROSE ANN GIORDANO WIN HINDLE BILL JOHNSON
KEN OLSEN JACK SHIELDS JACK SMITH
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FCONLY INCORPORATED: HISTORY, CAPABILITES, AND METHODS

Foonly Inc. is a small] computer hardware and software Company, with thecapability to develcp and oroduca both comoleta systems and subsystems of
many types. Our particular aim is to serve customers whose specialrequirements era not sfficiently met by the standardized offerings ofarger companies.

The comoany was formed in 1976 by three experienced computer scientistsfrom Stanford University and 4.I.T. Ail the principals of Foonly Inc.have a history of ten years or more of designing and implementing computer

Gesign taols with a method of manufacturing throuch subcontractors to
custom tailored systems.

hardware ang 303Bay at niversity projects, as independent consultants,and occesionallv in industry. Wa combina extensive use of computer-aided
enadie us on achieve very unusual flexibility and economy in providing

The newness and smaii size of Foonly, together with the nature of what weoffer, has occasioned seme natural doubts and questions regarding therisks of dealing with us. We recognize tha importance of this subject,and would itke to have ali such issues discussed frankly with us. It isour belief that examination of our record, ccupled with detailedexolanations of our somewhat unusual modes of operation, will provide
adequate assurances of the credibility of our'offerings. Balow are shortexplications of some commonly raised points; please allow us to discuss in
cepth with you any matsars not covered to your satisfaction.

What we Have Done--

checked out, and delivered the first Foonly model

cware failure during that period. This machine
consists of 5883 ECL icgic circuits in a complex, pipelined architecture:

ormance to an IBM 378/68. It has exceeded its
ons,and was completed in 21 montns (25% Jonger than

We have designed, built,rl processcr; it A a s been in heavy use since March, 1978, and has
experienced one fa:

ijt is similar in ser
performance soecificat
estimatad).
Ta the first quarter of 1579, we are delivering three model F2 computer
Systems, inc ucing cur cwn main memory, disk drive controllers, tape drive
controllers, and several spacial I/O interfacas.
Foonly, Inc. has aiso delivered two different versions of the model Cl
Muitiole Date channel. This device is of a siza and cemplexity similar to

ystem (about 1233 TTL circuits). Neither Cl wasof the mecet
more than 18 days lete: tha first has bean in operation for two years, and
tne second for one year

How We Do

Our capabilities ara based on the use of techniques of design and
production which are somewhat unusual outside research croiscts.
In developing (or modifying) a hardware design, wa maka heavy use of
comouter design aids (mainly the SUDS system). This increases the
efficiency of the cesign process and enhances the accuracy of the result.



Equally important, it eliminates entiraly many labor-intensive and
error-prone manual procedures, including drafting and wire listing.
Foonly Inc. can therefore executa design projects more rapidly and much
Jess expensively than is usual.

Construction of hardware is carried out almost entirely by subcontractors
and vendors. 'iring, in particular, is done using automated machinery
controlied by output tapes from our computer aided design system. Only
the final stagas of assembly are performed by Foonly personnel. The
result is high quality and accuracy of fabrication coupled with very low
capital and manpower requirements for Foonly.

Checkout of our hardware is greatly facilitated by the extensive
documentation produced automatically by the design system, and by the
accuracy of the machine-controlled wiring. Most of our designs include
special logic to ailow the use of an on-line computer to aid checkout (the
Fl includes its own diagnostic computer).

I & should be emphasized that we construct all units using the above
teciniques, so we encounter no new difficulties going from prototype
construction to production models. The automated design system ensures
that corrections to errors discovered in the prototype are accurately
incorporated into later units, and that quality of fabrication does not.
deteriorate.

~

SOFTWARE

The background of tha principals of Foonly Inc. includes extensive
programming experiences, including maintenance and development of
timesnaring moniters, compilers, assemblers, and numerous other types of
system and applications programs. In addition, Foonly has availabie the
services of saverai highly qualified consultants for all kinds of software
work.

Ail the software being offered with the Fl and F2 systems is free from DEC
licensing control. Most of it is in the public domain, and has been
abtained from universities and customers. Certain items will ba

proprietary to Foonly Inc. or will be acquired on license from other
parties; for these itams there may be a licencing fee.

SUPPORT AND DOCUMENTATION POLICY

All hardware is delivered with the extensive documentation generatad by
our computer-aided design system, as weil as programming and theory of
operation manuals. The price of a system includes training of the
customers maintenance personnel, but we Can usually arrange commercial
maintenance services if desired. Design defects are repaired by us fres
of charge.
All software is delivered with program sources and all avaijable
documentation for no additional charge. At the cusvcmers option, we offer
various levels of system and applications software maintenance, which we

provide through our software consultants.



The Foonly Model Fl Processor
* Pipelined architecture
* Compatible with DEC PDP-10
* 2 times as fast as KL~10
* execution unit
* High speed ECL LOX logic
* Internal multi-sort I/0 orocessor interiace
* Console computer for control and diagnostics

The Fl is a cpu which is program compatible with the DEC PDP-10line and wice as fast as the fastest DEC model. Microcodedcontrol allows the Fl to ovrovide detailed compatibilitv with
a cx 19 cou's,

A pipeiinec provides separate functional units forinstruction fetch, accress and prevaration, andinstruction execution. A high degree
between these units allows most instructions to be
processed in 1 or 2 machine cycles.
Memory fetches are mediated by a central M-box which contains a 4
way set-associativa cache. The M-box can do the translation of a
virtual address and fetch the addressed word from the cache in 1
Machine

Computer (or CC) is a permanent part. of an Fl. The CC has
extensive connections to the legic and memories cf the Fl, and
pregrems on the CC ce the functions of censole and
controls. CC is also the main tool for Fl;
using the CC's ability to examine and modify the states theFl's logic and ems on the CC can determine
in detail the nature and location of any failure. The CC is
provided with a modem fer connecticn to a telephone line, so that
Giacnostic can be carried out from a remote location.
The Fl is uses a very simple single-rort, four word wide memory.
Only one sort on the pecause the Fl incudces
eight "APA" sorts for the connection of memory using I/O devices
(i.e. Gata channels), as well as an I/O bus similar te the DEC
one for simole cevices. The eight APA port provide memorv
mapping (paging) o the devices, which we believe to Se a unique
and useful feature, These ports also operate in a way that

Flushing or sweeping of the cache is never necessary.

ECL 10000 series logic is used in the Fl, and about 5000
packages are required (compared to about 4000 for the KL10).
Total cower is about 5 EW, and no srecial coolin ef the
ambient air is needed,

facture

1

A sma computer (mostly PDP-10 compatible) called the Console7

he

consistency between dha

the cpu's cache,guarantees Gata ewe from the cpu
and various cevices, cespite the presence
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SUMMARY OF TEE CHARACTERISTICS OF TEE FL

as as any System-10 o System-20The twice
processor,

The can use T2 I compatible and DEC compatible I/0gear,
The Fl allows the I/O device connection flexibunite awith G-port external menorv, while using

much less internal memory (and recuiring
no AD or At disabling of the cache).

Tne =n mapping (paging) for its I/0devices,
The Fl possesses unicue hardware aids for performanceanalysis anc debugging of for both

systems anc application software.
The Fl offers lew maintenance costs because a complete

spére pares inventory is inexpensive, and low
of extensive facilities for

yemote cf faults.

STANDARD EQUIPMENT

The can use IBM slug-compatib 7 e or Svstem-10 compatible
I/O cevices (or both):
Any number of device ccntrollezs may be connected
to m Fl cr several Foonly Cl Multiple Data
Channels, which simulate channels; any
Gesired cperation of devices can be achieved,
up to a very 7 cata rate. This approach provides access

) selection of disks, tapes, and
line printers TEM systems hy . n

Manufacturers. The connects to the system via the Auxilliary
Processor below, and so operates with memory
mapping and ne cache

ast

abeoGel

qecres Of

arto La
indevencent peripheral
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For the DEC tvve devices the Fl be equipped
The XCU vorovides awith the Srand Conversion Unit, or XCU.

System-10 compat ible I/O Bus and frem two to six ports whichaccept a stanca DEC memory bus. The memory sorts connect toports of the Processor Adapter (see below), so the
performance of the DEC memory-using devices is enhanced by its
mapping and features,
Foonly, Inc. can provide a simple data-communication (texminal)controller for up to 64 lines, ané a line printer controller forvarious common tvses of line printers.

SPECIAL ane

In the design of the Fi, particular attention was given to the
ease Of attaching We performance I/0 Cevices, both standarda and
custom, as well as te the simolicity of the svstem
neeGec to utilize them. We feel that both points have been giveninsufficient consideration in the vast.
In the Svstem-10, melti-port memory systems have been required :

for high speed such memories are exnensive, especially
since the new CEU's use four ports themselves. igWith the advent
of hich performance CPU's using cache memories and memory mapping
("paging"), special complications have arisen; this
is becsuse the CPU and Cevices cn cther memory ports usually find
a set of data different and sometimes find

if the addresses are the same. The need for7

an mow be in DEC systems by use of
"Mass Bus" devices, but at considerable cost in flexibility:

has no address vart, it is not equivalent to
a memory pert, anc can be used only by devices designed not to
neeaé randem access system memory.

since the xeass Bus

he Fl reduces these Gifficulties by means of a Cesign
feature. addition to a processor-controlled bus for simple
I/O gear, the Fl an Processor Adaoter,
"APA", The APA access to the Fl system's memory for
devices such as Gat2 channels for disk and tapes, high speed
communication gear, and other sussidiary Tnere are

"virtual memory sorts", A virtual memory nert provides fully
addressable random access to main memory, exactly like a

Unicue

ght chvsical ch can access any oz 32each
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connection to a memory system, and also performs three
other functions:

1) Cache consistency checking -- Like other Zast
a high sneec memory, or

a cache creatlv complicates the use
connected to multi-port memories;

usually the cache must be lusned" fairly often or
ior certain regions of memory. The

BPA operates so as to relieve the svstem software of
any neec to such complications.

2) Data -- For normal serial
z/c the APA buffers (and onticonally

blocks of four words, This
the ioss cl system performance caused by memory

a " the CBU and the r/o devices, and
aisc makes system memory appear Faster to the I/0
gear.

3) Memory The addresses of the I/O data
mav be using the same page tables

that the CPU uses. This unusual capability avoids much
svstem pain, and makes feasible the direct
use by user cf special I/O gear.

Gisabled

od }

PROGPAM DERUGNG PERFORMANCE ANALYSIS AIDS

Three hardware aics areprovided by the Fl for
of either system or apvlications

two of these mechanisms are believed to be unique.

first is the PC History Memorv, which maintains a record of
the executed (or the last 1024 branches

of memory. information it collects is invaluable
the cut of new programs, and can be used for

analvsis of Y working routines in order to
evaluate their

recisters A the MABR's are loaded under: program control,
so that when the refers to the memory location in the

in some 3 way, the processor either halts, executes

a Two the can be set with a pair of beunds,

of ali

taken). can enabled to operate in exec mode user
ha activated only within selectad

the four Memory Address Break

Cone hs] ar modes. A given HASR can

or hea user vroqran) or increments

ana anywhere between tnose Limits. The
not = are most ung and analvzin the
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Four general purpose system monitoring counters are also included
in the Fl, They can count clock cycles, instruction executions,
memory referances, hits, and other events, and can be
enabled - by conditions such as user mode or interrupt level. The
counters ara thus able to ovoerform all ordinary accountingfunction s well as collecting statistics on many details of

Utilizing the combined capabilities of the History Memory,
MABR's, and counters should make possible a previously
unobtainable degree of detailed knowledge about system operation.
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The debucging aids of the Fl are equally useful here,too: the PC History Memory can be set to record the microccde pe(and there are several more history memories specially devoted tothe counters can be used to controlmultiple stenving of the clock; and the MABR's can be set towatch the internal of the memory control. Finally, the
interface to a "logic analyzer"Console Computer has a ai it to observe arbitrary logic signalsinstrument, which allows

through moveable probes.
These elaborate maintenance procedures can all be performed froma remote location, via a phone line connecticn to the ConsoleCompt Cn-site personnel need only sufticient training toIC's (and logic analyzer srobes), givenexplicit directions. Even computer could co it.



Fl HARDWARE MAINTENANCE AND SOFTWARE SUPPORT

Frooniy Ine, will provide complete meintenanceservice in either the San Francisco Bay area or the Los
Angeles area; the monthly rate for a basic system is $2500.

Alternatively, we provide rree traininine the
customer's own service personnel, together with complete
Giagnostic presrams and maintenance documentation. See theFl Frocessor n for a cisecussion of the unusual
maintenance of the Fl. A eomplete set of spares
costs $5000,

SOFTWARE

PDP10 Compatidility--
The 74 be micreprogrammed to be software compatible with
any mocel cf the DEC line. an Fl system therefor has
availabdie a amount of sophisticated software, much of
which can be obtained or for a nominal cherge.

Monitor--
an Fl system w ll normally be delivered with the Foonly
model Ml timesharing monitor, at no extra charge. is is a
modified version of Tenex (release 134), a highly successful
system in use many installations; Ml preserves all 1 the
features of Tenex, and includes suprort presrams for file
transfer, ete. Most user programs from other PDP19 systemswill under ML with no modification. Ail source

free of na system software maintenance service ts
in California for $750 per month.

If the customer has available some other monitor, tne Fl can
be delivered rumning that monitor, after appropriaté changes
are made to the disk and tape sections of tne coce.
Foonly inc. will quotations for maxing such

can

Tn

coae, ce3

provide
changes.
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'Conversion of User Programs and Custom Monitor Features=-
Foonly inc. provides a consulting service for making the
changes which are sometimes needed to convert a user program
fron one system for use on another, A typical conversion
costs around 2396

Custom extensions to the timesharing monitor will also te
mace on a2 consulting basis. An example might be monitor
code to suprort a special I/O device of some kind; for most
Gevices this would take one to two weexs.



FOCNLY MODEL Fl PRICE and EQUIPMENT LIST
21 August 1976

Fl CPU $300,000

Including Console Computer, Auxilliary Processor
Adapter, etc. See processor for
complete list of features.

MEMORY

512k words $60,000
words $165,006

MCS memory with error-correcting code
Larger a.and smaller sizes availiable

C13 DATA MULT PLE DATA CHANNEL

1 channel
2 channels $25,000
3 channels $39,000
4 channels $35,000

Each channel either7. contains a controller forro1 to 3
disk adrves (see below) or emulates an IBM "Block

Channel" (for cennection of any IBM
compatible device controller).

ac

GOO

$20,000

For more than 4 channels, several C1B's can be used,

Did:
orice fron mfr orice Foonly ne.

about $7,000 $11,000
about as12,000 $35,000

neDrives channel no controller aa ced.

ceennolosy. Made

by CEC, Calcomp, Ampex, and pverhars cvners.
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TAPE DRIVES

from STCPrice Price from Foonly
$25,000

about $16,0000

work; availableystem will
and others.ty

$19,000

an)
CaN

]

ed

beCan customized.

ar printersCoa

aw7 about $20,9006(for i to @ )

3speed
O $20,000
:3 Dle tave s+4

C, 2

4

D

wea $5,000
Can be mod ms ad orinter. Printers ccst

rom $10,060 uo (about $25,900 for r

an OR DE CES QUOTED ON REQUEST

BE vosDT CAN
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The hes 2 purpcse interface called the F Bus,which allows very and efficient connection lone
of custom

[one ail kinds. The F Bus provides access tothe processor anc memory. Foonly Ine. will provide
services for the design and/or construction of

special or adapters for connecting the
customer's own devices.

:

devices oz3
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If the customer has available some other monitor, the F2 can
be delivered running that mmonitor, after appropriate changesare made to the disk and tave control secticns of the code.Inc. will provide quotations for making suen
changes.

Conversion of User Programs and Custom Monitor Features--
Foonly Inc. provides a consulting service for making the
changes which are sometimes neeced to convert a user program
from one syst em use on another, A typical conversion
costs aroun $19 oc,
Custom extensions to the timesharing monitor will also be
made om @ oasis, example mignt be menitor
coce tc support a I/O device of some kind; for most
cevices this would to two weeks.ay? w



-17 August 1978F2 PRICE A at tT 1

F2 CPU 255k men $68 , 288
512% men $99,303

mem $243,928

-comeatioie with any model of the POP1a
-delivareg sunning tha system of your cncica
"compiave disk criva controller and channel,for 1 to 6 drivas of the 'storaga module'
family -- total stcrace 33 to 2432 42

-tape drive controiler and channel
"console terminal

-built of standard T7L ogic, packaged on plug-in cards
~housec in one 19 inch cabinet (except for disk drives)

no : cocling ar power wiring
"memory is MOS, with error-correcting coda

DISK GRIVES

capacity price from price from Foonly
83 KB about S7eee $1186

3138 HB apous Sizees $16236

These drives (also avaiYable from COC and others) reo-resent tne latest removaDie-media technology. The
F2 can supnert i 9 3 Grives wi tn its standard controller;additional contre? Years are available for §$15683,

TAPE DRIVES

price from Ka:
aocut $3003

These are 382 of av by bo
format. They are mocera,
intended (in na F2 system) mainly for disk file backup and
jaformatioA excnange with other Systems.
provice gto icas on controllers for higher performance drives
on request.

D1, 9 track, 45 ips,

price from Foonly
$5988

industry standard
reliable drives of modest perfermance,

Foonly Inc. will]

SCANNER )CALA

164

CoN OLLee)LINE

$4393$ifor Data or a line printers
CUSTOM aed ALES : QUES]:



Software Availabie on reonly Fl and F2 Computers

The Foonly, Inc., Fi and F2 comouters will (1) emulate a Oigital Equipment
Corporation PDP-13 (KA arocessor) and 'a Bolt, Beranek, and Newman, Inc.,
pager and (2) run the TENEX operating system. TENEX has the largest
repertoire of software for interactive timesharing of any operating system
ever written. It cen rua software written for the TOPS-18 and TOPS-28
operating systems for tha P0P-13, as well as programs written expresslyfor TENEX.

Below is a partial list of the software systems available, by type of
Software. Most ara free; those few requiring a licensing agreement with
some third party are so specifiad.

Operating systen
TENEX POP TEN EXecutive, Version 1.34, developad by BBN, with extensions

by SRI International and USC Information Sciences Institute
PA1253 Simu atas she 1358 monitorToPs-18

User execusiva
EXEC va, Version 1.54, provides commands for runningUser

programs, manipulating files, and monitoring status

Assembiers
NACRO-18
FAIL Fast one-pass assembler from Stanford Artificial Intelligence

standard multi-pass MACRO assembler for the POP-18

Laboratory
TNXFAIL TENEX L
MIDAS MIT assembier with extensive string and macro capabilities
MACNIL Cress essemd 4 er for thea
PALL1 Cross assembier for the PDP-11
PALX Cross assendler for the POP-8
MIX For Knuth's pseudo-computer, from Stanferd

Programming language compilers and interpreters
Research Canter

CLISP CAS casabilities within INTERLISP, from SRI
MACLSP MIT Project MAC LISP

MLiSP LIS? from Stanford which uses an ALGOL-}ike notation
MLIS®2 Extension to MLISP with pattern matching, backtracking, and

extensibility
sLISP LisSP frem Rutgers University
MICROPLANNES AL janguage based on PLANNER, from MIT
STRIPS Stanford Research institute Problem Solver
SAIL Stanford Artificial Inteliigance Language, a superset of ALGOL
MAINSAIL MAchine iNdependent SAIL
PASCAL POP-13 PASTAL

BASC Beginner's All-purpose Symbolic Instruction Code

SNCBCL StriNg-Criented SymBOLie Language, from Bel] Telephone Laboratories
FASSOL FASt SNOSCL, compiler for SNOSOL-4
SITSOL Stevens institute of Technology SNOBOL [license required]

SITGO Fast icad-and-go FORTRAN from Stevens Institute of Technology
{license required]

RATFOR RATional FORTRAN, from Bell Labs
FLECS FORTRAN axsension preprocessor

INTERLIS?P INTERactive LISP, developed at BBN and Xerox Palo Alto

UCT-LISP University of California at Irvine LISP

L-15 ALSOL for NLS, from SRI and Tymshare

F43 FORTRAN 4.2

BLISS System imprestmentation language, from Carnegie Hellion University



BLISS-13 DEC version of BLISS for the PDP-18
BLISS-11 BLISS for the POP-11
BCPL ALGOL-like system implementation language, from MIT Lincoln Labs
LIBCPL POP-11 BCPL
PPL Polymorphic Programming Language, extensible, from Harvard
ECL Extensible programming system, including EL-1 language, from Harvard
RPG Report Program Generator
LOGO Programming language for children
SIMULA SIMULAtion language [license required]
PCOMAS SIMULA-like language written in BLISS, from CHU
REDUCE Symbolic manipulation of algebraic formulas, from Stanford and

University of Utah
RLISP REDUCE LISP
AID Algebraic Interpretive Dialog

Symbolic debuggers
DOT Dynamic Debugging Technique, many versions
RAID Display debugger, from Stanford

Text editors
TECO Text Editor and COrrector, from 88N and MIT
SOS Son Of Stopgap, from Stanford
xOS Variant of SOS
TV Editor for Datamedia TV displays and other terminals, from Stanford
EMACS Display editor developed at MIT
NLS ONLine System, a tree structured document editor from SRI and

Tymshare

POET Page Oriented Editor for TENEX
DED Diminutive EDitor

DNLS Display NLS
XED Line-oriented text EDitor

NETED ARPA NETwork Common EDitor
SPELL SPELLing checker and corrector from Stanford

Document compilers
RUNOFF Program to RUN OFF simply formatted documents
XOFF XGP RUNOFF
POX Program to Output to the XGP, from Stanford
TEX Provides book quality typesetting eatures, from Stanford
PUB Formats documents for online viewing, line printer, or XGP, from

Stanford

Message handlers
SNDMSG SeND MeSsaGea
MSG MeSsaGe reading, filing, and answering

HERMES orscrietary successor to MS& [licensa recuired]MM Message Munger, from MIT

ARPAnet software
NC? Network Control Program, from 88N
NETSER TELNET SERver, from B8N
FTPSRV FTP SeRVer, from BBN
icLNET Connecting to foreign host, from BBN
FTP File Transfer Protocol, from BBN
DFTP Datacomputer Fila Transfer Protocol
RScXEC Resource Sharing ExECutive, from BBN
TIPCOPY Send data files to a TIP port, from B8N
TIPSTAT Check TIP STATus of ports, from BN

Binary file manipulaters
LOADER BBN modification of DEC LOADER
LINK18 LINKing loader for the POP-13

aeLINK11 LINKing loader for the POP-11



BEDIT Binary file EDITor
FUDSE2 File Update Gtnerator for relocatable binary programs
BINCOM Binary File COMparison

ther systems software
BATCON BATCH job submission and Control
MULTI MULTIfork job manager
DELVER OELete VERsions of unwanted files
DIRED OlRectory EDitor, from Stanford
CIPHER Eneryot files

Command Control Language
DO DO a parameterized list of EXEC commands
RUNFIL Take commands froma file
SORT File SORTer
FAILSAFE Tape copying program
BSYS Backup disk fila SYStam on magnetic tape
DUMPER Obsoiete alternative to BSYS
SOUP Merge and update source files
CREF Cross-rREFerence listing generator
SRCCOM SoukCe File COMparison
EBCOIC ESCDIC » ASCII converter
LCWCASE Converts a text file to LOWer CASE
UPCASE Converts a text file to UPoer CASE
FINGER Gives information about current system users, from Stanford
PLAN Provide a personal schedula to FINGER
LD Gives Loa0 average and other information about current jobs
GRPSTS Gives machine utilization by pie-slice GRouP STatuS
FLOW FLOWcharts FORTRAN programs
LICOPY Converts files from POP-18 to POP-11 format
TAPCNV TAPe CoNVerter which converts IBM formatted card {mage tapes to

TENEX format

CCL

Statistical analysis programs
BMDP SioMeDical Computing Statistics Package, from UCLA
SPSS Statistical Package for the Social Sciences
STP STATPAK interactive statistical analysis program
DATA=TEXT Interactive statistical analysis for the social sciences
MLAB Modeling LABoratory for curve fitting and solving differsntiai

equations

Computer aided design programs
suds Stanford University Orawing Systen
AUG3 Produces a wirelist for AUGat and other PC boards, from CHU

ISPL Instruction Set Processor Language compiler, from CMU

ISPSIM ISP SiMulator, from CMU

Games, experimentai research systems, ets.
CHESS Greenblatt CHESS Program from MIT
TECH Carnegie Institute of TECHnology Chess Program
TECH II Alan Baisley's chess program from MIT
CHECKERS CHECKERS gama developed at IBM and Stanford
BKG BacKGammon
60

From MITJOTTO
KALAd From Stanford
AOVENT AOVENTure game from Xerox and Stanford
LIFE Game from Sciantific American
MASTER The codebreaking game of MASTERmind
COCTOR Simulated Rocgerian psychiatrist, from MIT
MYCIN Physicians' consultant on bacterial infections, from Stanford
PARRY Simulated paranociac, from Stanford and UCLA
MAXIM TeNeX user quotations



Pa
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Other user programs
a ECAP Electranic Circuit Analysis Program, from IBM

CMNIGRAPH Grachics subroutines callabla from SAIL or FORTRAN
SUDGET Prepares a
CALENDAR Keeps a personal CALENDAR of evants
LESCAL Generatas custom-made CALendar, from Stanford



SPECIFICATIONS

GENERAL

Eech channel of the Cl simulates an IBM Block Mulitplexor
Channel fer the attachment of iSt-compatible cevice controllers to
the memory and /0 busses of a KLIS. Performance is sufficient to
allow the simultaneous operation (by three channels) of three 3338
-II type disk controliers. The Cl provides the IBM "Bus Extension"
Option, which aliows the connection of high-speed devices, and the
"Command Retry" feature, which automatically retries operations
experiencing certain errors.

The Cl cameS in two models. The programming for the standard
im the attached manual. The model C1-K is program

next paragraph).

modei is Gesctribe
campatibie with he System Concepts SA-18B except for diagnostic
functions, which are as in the Standard madel, and the addition of
the NRT commana (see

HRT Command

In addition to supporting the normal type of channe? programs
or GiSkKS which requirg many commands to read or write each record

Cl provides a special single cormand which reads or
more records, automatically performing the necessary

SéARCH functions. This 'MRT' (Multiple Record Transfer)
command can reduce by a factor of 28 the amount of channel program
which must be compiled to write a page of memory on the disk.

MOOULSRITY

A Ci consists of a Bus Interface unit and from one to four
Channel units, interconnected by cables. Channel units can be moved
from one Cl to another, and a spare can be kept on hand for rapid
sulustitution in case of a hardware failure. Channel units cost
35399.

jhe PoP-10 cen access over 286 bits of registers and contro}
signals from each channel the Cl; the same information is
accessible through the indicator pane). The POP-13 can start, stop,
and single-step the controi microprocessor, and can test
tho microccocesser's memory. Secause this memory is writeable, the
POP-18 can 2.80 breakpoints in the microprogram or load special
diagnostic preagrams.

ae

4of Wea, v te
writes one er
SEEK and

DI ans ovr

cnennei



A very important diagnostic aid isa facility for the POP-18
to simulate the actions of a device controller, thus allowing the
channel to be thoroughly tested independently of any attached
Gevices; this is a great help in localizing failures. In this mode,
the PDP-18 (via the I/O Bus) can read directiy all the signals going
out of the channel to the controllers, and can directly control the

1 which mally come from aSignais controller to the channel

The diagnostic software supplied with the Cl runs either
Stand-alone or uncer timesharing, so if one channel is down, it is
not aiways necessary to take the system down to fix it (if, for
instance, al} controllers can be switched or re-plugged to the

_ Working channel). The diagnostic provides both automatic testing of
the channel and interactive (keyboard controlled) features. The
latter inciuce DDT-like functions, using the hardware capabilities
mentioned above.

DOCUMENTATION

In eddition to the programming manual, there is an extensive
theory of operations manual designed for efficient use during
maintenence. As a further aid to maintenance there are physical
layout drawings and two types of wire lists (sorted by signal name
and by pin location), with a signal index that locates all the logic
drawings relevant to the signal.

Sources are provided for the diagnostic programs, and sources
and an assembier are provided for the inicroprogram.

PHYSICAL

one equipment bay with doors and skins

POWER

427 volts ac, less than 1KW (3-prong twist-lock plug)

INTERFACES

KLIS compatible memory bus, DEC Cajolet type plugs (in and out)
(This interface may be connected directly to KLIG type

memories, and provides 22 bits of addressing; it does
Mot utilize other special KL or KI type features.)

KL16 compatible I/O bus, DEC Cajolet type plugs (in and out)
(This interface may be connected to a KL I/O bus, but the

channel does not utilize any non-KA features)

IBM compatible bus and tag connectors

PERFORMANCE (assuming average memory access time of $ 1888 ns)

Byte rate per channel 2 1.25 MB per second.

Total word rate for all channels 2 per second.

Delay between chained commands $ 25 microseconds
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LARGE SYSTEMS MANUFACTURING

RESPONSIBILITIES/ACTIVITIES

1, TO COMMIT FOR ALL OF DIGITAL MANUFACTURING TO ALL OF

DIGITAL FOR OUR DOMAIN,

2, TO MANAGE ACROSS THE INTERFACES WITH PRODUCT MARKET

GROUPS, DESIGN AND

MANUFACTURING TO

FOR LARGE SYSTEMS,

THE

3,. TO ASSURE THAT THE PROPER PORTION OF MANUFACTURING'S
RESOURCES SUFFICIENT TO ACHIEVE THE ALLOCATED REVENUE

ARE COMMITTED TO THIS BUSINESS REGARDLESS OF WhO

"OWNS" THE RESOURCES,

4, TO MANAGE AND ASSURE THAT THE REQUIRED MANUFACTURING

RESOURCES WILL BE AVAILABLE TO SUPPORT THE PRODUCT

GROUPS LONG RANGE PLAN RELATIVE [9 LARGE SYSTEMS,

5. TO MANAGE AND COMMUNICATE THE SHORT TERM PERFORMANCE

OF LARGE SYSTEMS BY PRODUCT GROUPS.

6. TO REPRESENT PRODUCT AVAILABILITY, QUALITY, COST,

CONTRIBUTION, FLEXIBILITY, ETC. TO THE PRODUCT

GROUPS,

7, TO ASSURE THAT ENGINEERING DESIGN PRODUCTS THAT PERMIT

MANUFACTURING TO ACHIEVE THE NEEDED COST AND QUALITY

(1.E., MERGEABILITY) GOALS, DELIVER DESIGNS ON TIME AND

DOCUMENTED SO AS TO MINIMIZE INTRODUCTION COST,

8, TO REPRESENT ADVANCED MANUFACTURING REQUIREMENTS TO

ENGINEERING.

y, TO ASSURE THAT MANUFACTURING COMMITS TO THE SYSTEM

QUALITY LEVELS AND COST REDUCTIONS VITAL Ih OUR

MARKETPLACE,



LARGE SYSTEMS MANUFACTURING

DOMAIN

THIS CHARTER ENCOMPASSES A MANUFACTURING MANAGEMENT

GROUP RESPONSIBLE FOR THE TOTAL MANUFACTURING

PROCESS OF LARGE SYSTEMS WITHIN DIGITAL.

THE CORE DEFINITION FOR LARGE SYSTEMS WILL BE THAT

WHICH IS SPECIFIED BY SYSTEMS PRODUCT MANAGEMENT IN

ITS' STRATEGIES. TODAY, THE DOMAIN OF THIS GROUP,

FROM AN ENGINEERING AND MANUFACTURING VIEWPOINT, IS:

1, ALL 36 BIT SYSTEMS;

2, 32 BIT SYSTEMS OF ENTRY LEVEL PRICE
BETWEEN $100-$250K SPECIFIED ON A

SYSTEMS PROJECT BASIS (VENUS) INCLUDING

ALL ASSOCIATED HARDWARE AND SOFTWARE.

THE DOMAIN DEFINED IN THIS WAY ACKNOWLEDGES THAT

THERE WILL BE OVERLAP AND COEXISTENCE AMONG THE

PRODUCT FAMILIES IN THE NEXT FEW YEARS. AS OLDER

PRODUCTS PHASE OUT, AND MIGRATION STRATEGIES BECOM:

CLEAR, THE CORPORATE STRATEGY DEFINITION BECOMES

DOMINANT, A PROJECT-BY-PROJECT BASIS ENSURES

CLEAR RESPONSIBILITIES IN THE NEAR TERM.



LARGE SYSTEMS MANUFACTURING

RATIONALE

REDUCTION IN MANUFACTURING COMPLEXITY BY MAINTAINING

VERTICAL INTEGRATION WILL RESULT IN INVENTORY REDUC-

TIONS, IMPROVED FLEXIBILITY AND LOWER DISTRIBUTION

AND INDIRECT LABOR COSTS.

POSITIVELY IMPACT EMPLOYEE SATISFACTION BY GIVING

PEOPLE AN OPPORTUNITY TO UNDERSTAND HOW THEY SUPPORT

THE WHOLE, AND BY IMPROVING CONTROL OF THE BUSINESS,

MAINTAINING AND ENHANCING EXISTING ENGINEERING

LINKS IN LARGE SYSTEMS MANUFACTURING BY HAVING AN

ORGANIZATION ARRANGED BY SIZE AND TYPE AND STRUCTURE

IN SUCH A WAY AS TO TAKE ADVANTAGE OF THE LEARNING

THAT ALREADY EXISTS IN THE PROCESSOR FACTORY.



LARGE SYSTEMS MANUFACTURING

TECHNOLOGY MANAGEMENT

THE ORGANIZATION AND RESPONSIBILITIES DESCRIBED BELOW

PROVIDES THE NECESSARY ENGINEERING LINKS TO THE LARGE SYSTEMS
MANUFACTURING WORLD AND FOCUSES ON THE SPECIFIC DISCIPLINES
AND COMMITMENTS TO BE MANAGED.

NEW PRODUCTS INTRO/PROJECT MANAGEMENT CHARTERED WITH THE
RESPONSIBILITY FOR SUCCESSFUL NEW PRODUCT INTRODUCTION PROJECT
MANAGEMENT. THIS GROUP TO BE ORGANIZED AROUND THE 32 AND 36
BIT SYSTEM ARCHITECTURE WITH SPECIALIZATION IN LARGE SYSTEMS
MANUFACTURING PERIPHERALS AND PROGRAM MANAGEMENT. THEY WILL
ALSO BE THE PRIMARY LINK WITH THE LARGE SYSTEMS HARDWARE

DESIGN ENGINEERING FUNCTION,

PRODUCT ENGINEERING MANAGEMENT WILL HAVE "WOMB TO TOMB"

OWNERSHIP OF ALL PRODUCTS INCORPORATED INTO LARGE SYSTEMS

MANUFACTURING. THE PRIMARY VOLUME MANUFACTURING/ENGINEERING

INTERFACE, THE GROUP WILL BE STRUCTURED AROUND MASS STORAGE

DEVICES, TERMINALS, MEMORIES, PCB, FAB, LSI, ETC., THE

ACCOUNTABILITY FOR PHASE IN, MAINTENANCE OF SUPPLY AND PHASE

OUT AS WELL AS TECHNICAL DIRECTION TO THE PLANTS RESIDES
HERE,

PROCESS ENGINEERING MANAGEMENT WILL DEVELOP, DOCUMENT AND

INSTITUTE THE LARGE SYSTEMS MANUFACTURING PROCESSES REGARDLESS

OF WHERE BUILT TO ENSURE REPRODUCIBILITY. CHARTERED WITH

EFFECTING COST REDUCTION/AVOIDANCE IN THE MANUFACTURING

PROCESSES THEY WILL INFLUENCE DECISIONS AROUND PRODUCT DESIGN

AND WILL HAVE ONWERSHIP FOR ASSEMBLY AND TEST METHODS. THEIR

INVOLVEMENT IS VIEWED AS A KEY ELEMENT IN EVOLVING LARGE SYSTEMS

MANUFACTURING'S MERGE PROCESSES.



LARGE SYSTEMS MANUFACTURING

TECHNOLOGY MANAGEMENT

THE SOFTWARE ENGINEERING GROUP WILL ENSURE THAT THE LARGE

SYSTEMS MANUFACTURING GROUP MANAGES THE INTRODUCTION AND

COORDINATION OF SOFTWARE RELEASES INTO PRODUCTION. THE

PRIMARY INTERFACE TO THE SOFTWARE DEVELOPMENT ENGINEERING

GROUP, THEY COMPLIMENT THE NEW PRODUCTS INTRODUCTION

ORGANIZATION AND ARE A RESOURCE TO THE PRODUCT ENGINEERING

AND PROCESS ENGINEERING GROUPS.
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LARGE SYSTEMS MANUFACTURING

LARGE SYSTEMS MANUFACTURING MANAGER shawn)
* MARLBORO PLANT LARGE SYSTEMS VOLUME
* FRANKLIN PLANT - LARGE SYSTEMS FAgT, DISTRIBUTION
* LARGE SYSTEMS MANUFACTURING TECHNOLOGY MANAGER (M.E.)

@ NEW PRODUCTS
32, 36 BIT - PROGRAM MANAGEMENT

@ PRODUCT ENGINEERING MANAGER
MASS STORAGE
LS]
TERMINALS, ETC., ETC.

@ PROCESS ENGINEERING MANAGER

ASSEMBLY, TEST METHODS. -

PACKAGING, COST REDUCTION
e SOFTWARE ENGINEERING MANAGER

TOPS 10, 20, VMS

@ FUNCTIONAL MANAGER TO PLANTS
* LARGE SYSTEMS MANUFACTURING RESOURCE MANAGER

* LARGE SYSTEMS MANUFACTURING PLANNING
e "THE PLAN", MARKETING INTERFACE, LARGE SYSTEMS MANUFACTURING

BLUE BOOK, CAPACITY, MANAGEMENT PROCESS
* LARGE SYSTEMS MANUFACTURING FINANCE

@ MARLBORO FINANCE
FRANKLIN FINANCE

e LARGE SYSTEMS MANUFACTURING MIS
* LARGE SYSTEMS MANUFACTURING PERSONNEL

@ MARLBORO PERSONNEL
e FRANKLIN PERSONNEL

* LARGE SYSTEMS MANUFACTURING QUALITY ASSURANCE

e CUSTOMER INTERFACE
e FIELD SERVICE INTERFACE
@ PRODUCT LINE INTERFACE
@ FUNCTIONAL MANAGER TO PLANTS




