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1,1, The Dolphin Systen

) Dolphin is an advanced computer system based on a new generation CPU
ingorporating Macro Cell Array technology, It is tnhe logical sugcessor to

the KL»19 based PDP»13/20 system), and may well become the highmend VAX system,
From a dlagnostic point of view, the Dolphin system will be capable of more
complete: detection and resolytion of faults than any previoys DEC: computer
system, From an avallability point of view, Dolphin hasS more puilte=if error
correcting and recovery harpdware than any previous system, These two: agpects.
of the system should make it possible for DE[ to penetrate new areas 0f the
conmercial market place and set¢ new standards of system reliability,
avalilability and malntainability,

142, Tne Dolpnhnin Diagnostice Product

The Dolphin Diagnostic Product consists of a comprehensive set of
tésts and suppoOrt software to allow complete dlagnoses 0f faglts anywhere
in the Dolpnhin: system, The package inclydes software which runs in the
PpDPe11 pased console processor and software which 1is executed py the polphin
processor, Part of the prodyct Is intended to run In an operating time
sharing systew environment (the: On=line component), Part is ysed to fing
problems when: the system is "down" (the Stande=alone gomponent), Some: of.
the testing is aimed at resolving fanlts to tne falling MCA chip, other
tests the system fuynctionally, and, at the highest level, some testing is
aimed at forecing system interaction problems by exercising the system busses,

nsole support software, This software will provide £0r system starteup:

cading of all relevant microcode and pootStrap codey conflguragion Of
MCA’s, busses, controllers, and memories), system power control, operator
interface and control, run=time support and display, as. well as complete
sypport for the the diagnostios which execute out of the console progessor
and centralized error handling for diagnostics which run on the 17 side,

’D An important part of tne Diagnostic Product £or Dolphin is the
4



Executive Summary Continued page 2
1,3, Product Audience

‘lk The Dolpnin Diagnostic Product has really three audienges, Initially,
‘e tests will be used by Large System Hardware Engineering to establish the
working design Of the system, It is anticipated that this will require
eonsideraple interaction: and flexibility in using preliminary versgioas of
the software, Next the prodyct will pe used by Large Systea Manufacturing
to bring up the first Dodphins for internal use in Design Maturity Testing
and for pse as Qpick Verify stations = also a process involving considerable
interaction and support between the two groups, Then the Diagnostic
Product must provide for volume production of Dolphins in the most cost
effeptive manner possiples AS Systems are shipped to the field, Pield
Service becomes the key aydienge = poth as onesite users and via the Remote.
Dlagnostic 14nk builtein to the Dolphin system, It is always a goal Of ‘
Large: Systems Diagnostics to sypport these three aydientes and make ingelligent
compromises which 4o not facdlitate one user at the expense 0f the others,

144, Success Criteria

. It is a primary goal of the DOlphin plagnostic Project to make £yll
use of the advanced dlagnostic hardware featyres of polphin to achnieve the
highest RAMP perforance possible, We will know we have sycceeded {f3 1) the
system comes up smoothly in the: Engineering environment, 2) systems can: be
built to meet Manufacturing standard cost goals, and 3) systems are maintainable
in the fleld al realistic warranty costs, To aid in early evaluation of our
success, we intend to make use: 0f hardware and software fault simylation: to
the maximum extent possible, Unlike the KL=1% environment, much of the

1lpnin logic: is buried in tne MCA chips, making physical faylt insertion
little use in the CPU area, We iIntend to use VOTE (Verification 0f
est Effectiveness)s a statesofethesart software fault sintulation system
being developed py Diagnostic Support Englneering in Maynard, to verify
test coverage and resolution when the simulator software ls avallable,
In addition, we will work to maintain the tightest possiple feedback
from our customers to assur® that problems are solved and ¢corrections
impleaented in the miniaum possible time,



Executive Summary Concluded page 3
145, RisKks

‘l! There are several factors that are key to the success of the
2lphin Diagnostic effort, They are (in no particular order):

a, The IIL diagnostic logic on: the MCA chips,. 1£ tnils loglec: is:
too slow or too difficyly to uyse, the: execution rimes of gnhe nigh=
resolution diagnostics will become unacceptable (in terms of tne:
Manufacturing QV tinmes and Fieild Service MTTD goals),

by, The Fe11 console, In deciding to do our own console design
without Corporate pUsy we have mnade the successful operation of:
the console a prerequisite to any further systen debug, Should
the console not worki or come: up late, the whole project myst
walt,

¢, The Mercury subsystem, We are plaging a lot of faith in the:
success pf the Tewksbury design = both hardware and diaZnostit
software, Whereas we are doing a UBA as "packup”, realistic
schedules do not permit us to go very far down the two pronged
path,

ds The DIAG JSYS, We are counting heavily on the Monitor people
to give ys a Dolphin: version of this call, Without this "hook",
the USER mode peripheral diagnostics will not work properiy,

e, VOTE, We are planning on using the pilagnostic fault sinmulator
to pulld "known good machine® data, as well as verifying test
coverage, If this project slips mugh more, it may not be avallable
in time for Dolphin, ‘ ,

£, GR test, There are no plans to do any GR testiny of modules:
for Dolphin, Manufagturing has: pointed out that, should the Nighw
resolution dlagnostics fall behind schedule or fall to meet thedr
isolation goals, there would be over a Vear necessary to start up
a backyp GR strategy, Diagnostics feels that this is an extrenely
low risk, as the "goodness® of the diagnostics depends solely on:
the new MCA technology and not = as was the case: for KL = on:
projrammer talent,

1e6, Scope of the Prodect and of this Dogument

The polphin Dlagnostic effort pegan over a year ago and will
gontinye well into the 1988%s, This dogument focuses on the perisd
extending from the present to about mid 1981 (all references: to dates
in this document are calendar not fiscall)



2, Description of Diagnostic: Product page 4
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The diagnostic: praduvz for Dolphin may be broken into three major
preas; console subsystem software, CPU cluster dlagnostics and ga:iphzra;
subsystem diagnostics,

The console softwara«rasides in the front=end processor’s memory,
The portion of the code needed for dealing with an absolutely "dead” systenm
will be cast in ROM and the balance (majﬁtinyz will pe in RAM, Tnis
software provides for bootstrapping the systemy, configuring meaory, reals
time display, bus monitoringy KLINIK remote diagnostic supporty, manufacturing
APT system support, standardized diagnostic error reporting, system pdwer
eontrol, and support for the dlagnostics which execute 1in: the front=end
processor,

The CPU cluster diagnostics detect and lsolate faults in the JPU
itself, the cansole protessor and the varlous bus interfaces: assee&ateﬁ
with the CPU, They consist 0f the highwresolution frontwend resident
diagnostics which make: yge of the IIL logic designed into the: Macpo Zell
Arrays and a stored data base of "khown good" machine states to diagndse
to a faplty MCA chip, the 1i=pbased console diagnostigs, the functional
tests which verify overall JfU and bus adapter operation, and exergiser
programs whigh attempt to provoke bus conflicts 1o resolye system 1nteracaicn
problems,

The peripheral subsystem dlagnostics detect and isolate fagl;s in
parts of the bus adapters, the peripheral controllers, and the peripneral
devices themselves, As in tne past, they will have two modes of operations

Preliapility” and "device”, Reliability mode is aimed at exercising tne
Lubsystam thoroughly and datec@ing any' falluresy device mode provides: higher
resolution with troublesghooting aides: sugch as "scope: loops" and operator=
controlled special testing, To the maximym extent poOssiple sithin hardware
and nonitor software constraints, these diagnostics will run as: USER node:
programs: ynder timesharing,
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3,1, Functionality Goals
3,1,1, MCA Supbwt

To assist Hardware gngineeriny in verifying uCA designs by providing
funetional test patterns for use with the SAGE ¢hip simulatlions,.

3,1,2, Console: Processor Bootstraps

To supply console processor bootstraps which allow the console to ne
loaded from the following medial

Ra TU=38 )

bs System disk

¢y Magtape: ‘

4, Communications line

3.,1,3, Console Software
To supply console sdpftware to 4o the followings

a, Control seguencing of system power

be Monitor the hardware environment and protect
the system from cooling or power supply
malfunctions

€a BOOtstrap the system from a "cold" startc ingluding
loading negessary microcodes, configuring MCA’s. and
bysses, configuring memory, and loading and starting
the appropriate monitor pootstrap

d, Monitor tne:-Dolphin bus

ey Provide realtime displays (if required)

£, Support remote diagnosis: via the: KLINIK port

I« Support APT

ne Handle error reporting for all d&agnnstiqs

i, Serve as the common interface to the: hardware for
those diagnostics which run in tne gconsole:

j» Support dliagnosticc and hardware development b
providing debugging aildes such as brea&pminﬁinq;
and program and machine state tracing

ke Provide for operator control and visibiliﬁy of znn
hardware

1, Support use of the JTY as the operatiny system’s
controlling terminal during timesgharing,.



Functionality Goals Centinued page 6
3,1,4, Consolempased Dlagnostics

To provide higheresolution diagnostics which execute in the
PDP~11 console to check out the: following:

a8y, The console subsystem with its associated RAM

memory and: Dolphin: bus interface ’
b, The system 2lock sontrol logic

ca The system bys and bus sonitoring logie

de Tne Diagnostic memory buffer

ey, As Much as possible of the MBA (that is, the:
portion of the Mass Bys Adapter visible from
the 11 side) ) ‘ « ‘

£, As nuch as possible of the IBA (the ICCS port
adapter) N ' -

g« As Tuch as possible of the UBA, (Since gurrent:
plans are to do a UBA only as a backmup to the
I2CSmbased Commynications and Unit Record
subsystem, these diagnostics may be preliminary
and not up: to usyal release standards,)

hs The Dolpnin CPU

1. The Dolpnhin memory,

3.1,5, Dolphinmbased CPU Diagnostics,

To provide functional tests wnich execute in the Dolphin 2PU
to verify corregt operation of the followingi

a, Tnhe Dolphin QPU

(This effartf1nmaudas=gonvsrsian'aawnare‘aeeess§§Yfﬂ
9f the. famous "DF" series, conversion of any relavent
"KL instruction” tests, and the creation of a new test:
ta;verity"thh«nzW‘caﬁaaaspzaifxc.1n3truet1aas;b§¢ng;
inplemented for Dolphin,) '

be Dolbnin nemory

s  MBA

d, I8A .

es UBA (See nonte ynder point g of 3,1,4),
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3,1,6, Dolphinmbased Peripheral Diagnostics,
To provide reliability and device diagnostics which execute

in the Dolphin 2PU in: poth EXECL: and USER mode 0 check out:
the following devices:?

a, RpPoS6
ne. RPB7
ty RPO7+

dy TM23/TUTY

e, TMT7B/TUT7R

£, DX22/TU7%

ge HBCSD

h, The Mergyry communications and unit record subsysted,
(It {s anticdipated that much Of this work wil) consist
of adapting tests written for Mercury VAX in: Tewksbury,)

3¢1,7, System Exercisepr

To supply a system exerciser package to test all hardware
essential to basic monitor aperation in a fashion which
provides a nhigh confidence of systenm operabl&itva

3,1.8, Quick=verify Support

To provide a capablility whereby boardelevel diagnostics
may be. easily supported as a suybset of the systemslevel
tests in order to provide excellent £ault goverage for
Manufacturing quickeverify in the ninimum time,



3;2;

Performance Goals
3,2,1, Fault Detection:

To provide hardware ﬁiagnasticrpxogramn to detect in excess
of 9B% of solid hardware faults in the following logies

a, Console subsystenm

pe System clock: control

ce System dus and bus: monitoring logic
4, Dilagnostic memory buffer

es Bus adapters

£. Dolphin JPU

ge Dolohin nemory

To provide peripheral device diagnostics to degect the

highest percentage: 2f solld hardware faylts pernitted by the

vendor hardware, (Jurrent practice is in the 82% rangel,

3.2:2, Fault Resolution

The overall goal is to isolate any solid system fault to the
field replaceable ynit for better than 90% of all detectaple

faults,

In the CPU where MCA’S are used, the goal is to isolate to
a single MCA for better than 95% of all detectabdle faults,

For other lower density loglics the goal is to isolate to the

board level,
3an3Q Runtimes.

It is an overall goal to minimize the time required to
diagnose and resolve a fault anywhete in the Dolpnin: SyStem,
This goal will pe met py following good dlagnostic practice
with regard to test structuring and partitioning, efficient
use of hardware visidpility, and store data base.

page: 8



3.3,

Nonwgoals$
3.3,1, 32=bit Support

The Dolphin piagnostic Project does not include any funding
for support of a 32=pit Dolphin, This 1s not to say that
anvthing will inrentionally be done to preclude such work
being done at a future time (in fact, a reasonadle effort
is being made t2 be VAX compatible where possiblel, It
does mean that additional funding and planning will de
required should support of a VAX Dolphin become a goal,

3,3,2, Additional Console Peripherals

The only peripherals supported on the console processor will
pe the video terminal, TUe58, hard copy terminal, and APT/
KLINIK ports, The gonsole software will not be required to
have any knowledge of the operating system’s file structure
beyond the ability to start the basic: boot code,

3,3,3, MCA Inconing Inspection Tests

No integrated circult imspection tests are included in this
project = other than the design verification patterns of 3,1,1,

3,3,4, CPU Board Tests

No 2PU bpard tests oSthar than those provided for QV are planned,
It is assumed that pdards comppsed of macrowcell arrays will
require no testing other than the appropriate highwresolution:
diagnostics, singce ghip isolation will be provided,.

3,3,5, Systems with Bus Repeaters
There are no plans to support "expanded" systems which do not

have a complete console subsystem » including TU»58 and console
terninal = on each segaent of the bus,

page 9
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4;1; Hardware

The diagnostics will run with any of the system configurations
described in: the Dolphin Implementation Plan (issued 5 January 1979),
~ Since many alternate paths for loading diagnostics and for booting the:
system are provided, 1t is unlikely that the diagnostics would limit ~
other possible system configurations (e,g, sow=called "mini® DOIphins),.
The following components are required in: any supported systemt

a, Complete Console Supsystem includings
Fei1
BAK of Console: Memory
fonsole Terminal
TU=58 ; _
Dolphin: Bus Monitoring Logie:
Diagnostic Memory
be Dolphin LRI
e, 128K of Dolphin Memory
d, System Disk , ; ‘
e, System Magtape (standard diagnostig distribution medium)

4,2, Software

The USER mode peripneral diagnostics will run under botn the IOPSe1p
.and TOPS=20 pperating Systems done for Dolphiny provided only that tha:
equivalent functionallty of the "DIAG JSYS" is implemented in: both monitors,

The diagnostlﬁ'pacxaaeeﬁar-thg«bbxpnin:projeqt'w;;;.;nﬁinaersnanﬁmaicn@
monitors for tape and disk and all negessary utilities for puilding, loading,
running, and maintaining the diagnostics,
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521, Hardware

The polphin dlagnostic project is critically dependent on the: RAMP
hardware features being designed into the system, Diagnosticcvisipility and
execytion speed, for example, 15 almest entirely a fynction of the = cyrrently
unspecified (py Motorola) = IIL logiciallocated to each MCA, Another. Key
nardware area is the goasolec and its assoclated subsystem (including the
pus monitor memory), There 18 also a strong dependency On the "MAD»324
memory meing designed £or the preadboard system, It must function correctly
to be: able to load and run the fgnctional) tests needed to even start JPU
testing, o

The SChedules and manpower 1oading given in this: plan are: based on
the master scheduyle published in: the Dolphin System Proposal and pmplzamentation
Plan of 5 January 1979, Before a diagnostic can be designed, a Certain amount
of the hardware design must pe gomplete, Before a diagnostig can be depugged.
an at least "semimworking" hardware breadboard must exist, Therefores a
lag in any phase 0f the hardware development will almost surely invalidate
the estimates contained in this plan, ‘ ‘

There are obviously dependencies the other way around, If the
dlagnostics are not ready on time, getting the breadooard checked out. will
be extremely difficult,

5.2, Software

_ The gglvnin-usﬁa;moﬁaxaiagnostigﬁ,grsfdepandent,anftnaambnitnwigrﬂua'ﬂ
mplementation of the DIAG JSYS functionality, Also, there must pe ajgreement
on syeh items as error handling protocol, KLINIK supporty Iy protocol, and
"realwetime” displays (if implemented),

~ The manpower estimates in this plan f£or the Mercury (Hydra)
commynizations subsystem assyme that F»1l based diagnostics for the Fmil
{tself, its links, line units and, possibly, the card reader and line printer
unit record peripherals will pe  done by Tewskbury, we expect to: pe aple: to
use them with only minor moddification and the addition Of a program to:load
the F=i1 "downeline" from the: dolphin bus through the IJCS port, Alsoy in
the gommunication area, we expect Hardware Engineering to make: the "go: nosgot
degision on Mercyry in time: o allow us toO hold schedyle for girse customery
ship, There clearly is not enough manpower to go completely down pothl the
UBA and IBA paths, ‘ ‘
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piagnostic programs developed for Dolphin shall conform to: the: .
tandards currently in force  for KL18 and K512 diagnostics, A DEZQOC listing
ith a full cross=reference will be supplied on microfiche for all programs

developed, Command parsing shall be consistent £or all levels of command
decopding, Standards developed for PDPI! diagnostlcs shall not apply to: the:
console=based programs, as adherence to good progranming practices: is
essential,

7, Produgt Review Method
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The primary review opdy for this plan shall be the Dolphin Steering
Committee, In addition, copies of this plan and the fynctional specifications
which define the diagnostic product for Dolphin will be circylated for comment
to those whose names appear on the front page, AN effort will be made: to
circulate the dlagnostie plans and functional specifications to all those on
the project who have an interest in the prodyct, The component fynecgional
specifizations will be revieswed at polphin Committee me2tings: as appropriate,.

8, QJomponent Plans
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This plan presents an overview of the diagnostic produyct £or Dolphin,
The detalls of each component w#ill pe found in the fynctional specification
for the component, As fynctional specdfications are writteny, they will be
circylated to the people whose names appear pn the front page 0f this ‘
docunent, ' ” ‘
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Personae

Large Systenms Dlagnostics cost Jenter Managersd

Delphin piagnostic Project Mahager:
Dolohin Diagnestic Project Leader)
Dolphin Console Firawares

polphin Console Diagnosticss

Dolphin MCA Test Patternst

Dolphin simulation / Quality Assurancet
QalphintﬁemorY‘niaqnéstiea:

Dolphin MBA Diagnostics:

Dolphin UBA Diagnesticss?

Dolohin Mercury Subsystem Diagnosticst

Dick: Maliska
pale: Cook
Jin Jones
Bob. Petty

Steve peeman:

pave Tibbetts:

Ted Elking
Dave: pease
Jim Jones:
Tim Gawne:

Tim Gawne

page 13



9,2, Manpower [oadingy

Task

Hanpower.

. Begin:

End |

VCA'rest patterns

Basic Console:

Console Runtime Package
Console Utilities
¢onsole Diagnostics

CPU Functional Tests
CPU Diagnostics:

Memory Jonfigurator and
Diagnostic

MBA = Consolembased Diagnostiz

hea » Dolphinebased
UBA = Consolembased
UBA = Dolphin=based
IBA = Consolewbaged
IBA = Dolphinwbased

RP?6 Basic 4+ Reliabllity
TU77 Basic + Rellabllity
RP27 Basic + Reliability
TU78 Basic + Reliability

HSC52 Diagnostices

Systens ExarcASer

Q/A (Vote)

T
i

1/2
1/2

172
i

172

1172
1

172

172

172

sgarﬁgd”

started
Jan: 82

Jan 82

started

started

Apr 79

Jul 79
gag_sa
Apr 89
Jan 82

started

Jan 882
Jul 8@
Jul 81

started.

oct 79

started

oct 79

started

Jul 89
Apr 82
Apr 82
Jul 8
Jul 82

Jan 81
Apr 81

Jul 89

Jan 81

‘pee.

Dec.
Mar.

Dee:
Jun
&gxf
Mar:
Dec:
Mgr;

Dag:
Jun:

Dec:
Jun
Jan:
Dec:
Sep:
Jun:
Sep:

Jun:
Deg:
Mar:
Dec:
Sep:
Mar:
Mar:

Mar:
Sep:

Q:éﬂi:

Dec:
Jan

AR~
13 O



9.3, Funding Required page 15

The following is derived from the above manpower loadind and the
assumption that labor costs $12,200 per person quarter (all figures in
fhousands of dollars)i

Quarter Beginning } ; Total Manpower: =~ Total Funding

- ol o o

.sgn{79 AL T - ‘“:,.‘.5v1/2:; — P O A A S S A S S *.565
Apr 79 6 1/2 , 78
Jul 79 8 96
oct 79 9 128
Jan 82 8 i 96
Apr 89 ' 9 172 ' 114
Jul 82 12 144
Oct 82 1 132
Jan 81 11 1/2 138
Apr 81 9 1/2 114
Jul 81 8 96
Pet 819 6 72
T o o S A

totals =zss=ad 184 172 1254
9,4, Hardware Requirements

‘The work descriped in: this plan is totally dependent on: hardware
avallapijity, It is assumed that the Diagnostic Timesharing System, 1029,
will pe maintained at its present level, or expanded 1f the load warrants
doiny so, It is also assumed that access to the Dolphin breadboard and
prototypes will be allowed during all phases of the project, Sinee it is
not possible to forecast the: exact usage of Dolphin nardware at this tine,

Large Systems Diagnostics must assume that system time will pe allocated by
Hardware Engineering in an equitable and timely manner,
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The sequence and rate of work on this project is largely gated py
ardware design, specificarion and availability, The first efforts involve
-he MCA chip support, console firmware and utilities, and the various: port

adapters, As the CPU design becomes. firm, work can proceed on the fynctional
tests and, somewhat later, on the high resolution QPyU diagnostics, Memory
work can begin as that nhardware: design: takes: shape, and finally the pgripheral
and system exerciser work can: start, Completion dates are gated oy nAardware:
power on dates and, ultimately, first customer ship date, A summary £ the
key schedyle milestones of tne project follawsa

(Note: Functional specifications for a given component should be: ayaila@ia
approxinrately one month after the "pegin” date given below,)

date  task

T resont TSI o e M i
Begin: console: ﬁirmuare, ut&&i:ies and diagﬂns:xzs
Begin: nmemory diagnostics

Begin MBA, UBA gnd IBA consolembased work

Rpri) 1979 Begin: JPU functional tests
July 1979 Begin nighmresolution CPU tests
Begin VOTE sinulator work
August 1979 Consple breadopard avajlable to start debyg of
prelininary console firnwagre & diagaasﬁias‘
Yctober 1979 5agin€1$»aidezﬁah.anﬁ UBa diagnostics:
Novenper 1979 Breadbdard available to start depug of prelim;ngry

functional tests

January 19832 MCA pattern: support conmplete
Cconsolempased pus adapter tests qﬂm@lete

April 1982 Begin: RPO6 and TU77 diagnostics
Bagic console firmygre and console: u:ilities complete
gconsole: diagnostics conplete
CPU funcelonal tests complete

July 1989 Begin: RP27, TU78B ang 19=sige IBA dilagnostics
Begin systenms exerciser
1%=side MBA and UBA diagnostics aomplete

Octoper 1982 TUT7 diagnostics romplete
January 1981 Begin: HSCS? diagnostics
RP26 dlagnostics complete
April 1981 RPB7, TU78 and 1@=side UBA diagnostics complete.
June 1981 Preliminary diagnostic package: availabie to: sappart

first customer ship
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Documentation relating to the Dolphin plagnostic Product will
e covered as a component of the Dolphin: Dogumentation Plan to be
\ssued py Technical Documentation,

12, Quality Assurance Plan
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. The primary means of: verifying diagnostic guality will be ths
VOTE simulator which allows £or the simulated execution of a diagnostic
against poth fault=free and faylty hardware models, There is: a risk
that the VOTE project will fall further behind and not be avallable in
the Dolphin timefranme, '

13, Distripution Plan

LA R L AR L L E L L 2 L 2 Ak ]

, All dlagnostic software shall pe distributed on magnetic: tapes.
Diagnostic: engineering shall supply software to transfer the tape toO
disk, All updates will be syoplied on magnetic tape for local transfer
to disk, The backup medium is expected to pe in the form 0f downline
loads: from tne DDTy A limited number of dlagnostics will be suppiied
for use wigh a local load devige, All lisgings shall be sypplied on:
microfiche, ‘

14, Training Plan
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Training of Field Service and customer personnel to use the
polpnin plagnostic package will be ecovered in the Product support
Plan,

15, Maintenance Plan
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‘ polohin dlagnostic maintenance will require 2 full=tinme
employees for at least one: year after fipst customer ship, 1In
addition, some time from the developers who designed the programs
will be required to cover Engineering Change Orders and AIDES
reported pugs,




