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 ABSTRACT

The memery mabPping ar relocate protect scheme proposeg for the
11/40 |s essantlajly & segmemtation scheme. 1t Is desigrei In
such a way that It [s upwards compatible with the ;;/90 Scieme
‘and does no% Presume or dictate a partiocular use,

The scheme provides for a physical address space of 2t18 bytes
and a maxlmum active virtyal address space of 2¢16 bytes, The
total virtual address space (! ,a, the length of the segnent
‘table) Is determined under software control,

The active virtual address space can be divided into 8 segments.
The ;size of each segment can vary frem 1 tc¢ 10 Pages (1
pager= 256 werds), Protection and relocatian are provided on the
segment !evet, ‘

An Implementation of the retocates/protect option Is propoSed, It
Will f#1t on two QUAD poards, 16 ACTIVE SEGMENT registers and 4
STATUS reaglsters wil| be Providaed. A hardware ald |s proPosed to
help recover from NON=RESIDENT faults, Appendices contain
suggested recovery routines,

CONID[! !\‘\/ {\f\l\!!"l!'\l'NTl[\'
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PREFACE

This document Is Intended to Provide a detailed dsscription of
the rejocata/protect scheme peing designed for the POP=l1/42, It
further 18 being ussd a8 a "working" set of anglineering
speclfications, A8 sych It will uitimate|y become the text for
the "Englinaering Specifications® and the "Maintenance Manwal™,
New In Revision C are:!

1. Segmanit Longth Field and Segment Address Fleld desgriptions.
2. Seotion 1,2 "Segment Fault Action

3. Use of SSR) bit 7 to enabjesdisable Memofy MaNagement
Trapping.. » o »

4, Storing of Trap Vectors |n SSR2
5. Section 7,2,Addrass hits 16 and 17 ‘ “

6, Serctlions 9,14 and 9.15 Console communication

7. Section 7,3 Address ASsignments
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1,8 INTRODUCTION

i1

This mgmo Is intanded Yo be a Dpreiiminary description, Many
detalls have Yet to be worked out, It i8s our [ntention %0 revise
this document from timeg to timg with the additional detall,

Because this |s a J1ving document, It Is extremely important that
We Kknow about errors In Writlng, detajl, or most Importantjy, In
plan, We expect thare wil| be questione and contentions raised
by thls teghnicat -descriptjon,, We remain aiways ready to |isten
and try to understand questlons you may ralse. |[f we¢ are going a
wrong direetlon, NOW Is the Time to change} We earnsstiy request
your criticisms ang suggestion, all deserve an hore$t reply,

BASIC SOLUTION

The addresses generatsed by the PDP~11/2f are 16-pit byte
addressss, On  the 11/42 with segmentation these addreSses are

conslidered virtual Address "yA’s", A YA [s considered t0 be a
two dimenslena| adgress as shown In Figure 1, [t consists of:

1. The Active Segment Field "ASF", Tnis 3=bit fleld delermines
which 0f 8 Active Segment Reglsters "ASR’sS"™ has t0 be used to
form the Physical| Address "PA",

2. The Dlsplacament Fleld "DF", This is a 13~pit fleld which
contalns an address rejative to the beginning of a Segment,
This allows for segment sizes of 2+13=28k bytes,

‘The'formatlan'of a physical address "PA"™ s shown In Figure 2.

The Active Segment Field "ASF" of the VirTtual Address "VA" Is

‘used to address one of the elght Active Seament Registers
"MASR‘’s", The Segment Address Flelg "SAF" of ine mddressed ASR Is

used together with the Displacement Fleld "DF" to form the PaA,

'The ASR’s can be lgaded with Segment Descriptor wWords "SpuW’'s"

under program contrel.
THE SEGMENT DESCRIPTOR WORD "Spw"

A SDW is a 1é~bit word containing Information relevant to a
particular segment, A 8DW consists of 3 fleids, see Flgure 3,
which are descriped below,

1. The Access Control Fleld "ACF", This 3~blt field contains

the accesSs rights, called KEYS, of a process with reSpect to
a partieular sgpement, The followlng keys have Deen assigned

already, ‘

a. Non Resident "NR™ (keyx@), Any access to such a segment
will causse ean abort, The reasons why a ssgment is

g T T -
T S T e S S K
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nonmresSident can be many fold, 2.9, not SwappPed In vet.
segment dogs not ex|st, etc,

b, Resldent Read Only and Trap YRROT" ({key=4). This Is
essentially a reéad onily segment, a trap ypon read could
be deslired to gather Statistics about the use of the
segment, ete,

¢. Resident Read Only "RRQ" (key=5). An attempt %o write In
ar RRO segment will| cause an abort,

d, Resldent Remd Write and Trap "RRWT"™ (key=l). In this
segment essentially Read and Wrlite operations are
allowed, the trap upoh g read or a write acceSs could te
deglreg for statistlios gathering (see b above),

e. Reslident Read Write and Trap when Write "RRWTWM" (key=2).
This s a segment where essentlaliy read and wrijte
operations are allowed, When a write cperation IS done,
a trap wi|l occur, This couid be used to indicate that
no valid baekup copy exists any more,

f, Resldent Read Write and Written Inte "RRWW" (key=3),
This |s a segment In which read and write eperations are
allowed., The "written Into" could Indicate 1that no
backup copy Is avaljable, '

SEGMENT LENGTH FIELD (SLF)

This four bit fleld spegifles the number of 256 word Pages in
the seament, From 1 %o 16 pages may be speciftiad In this
fleld. : :

Note that "g" |n the SLF 8pecifles 1 page and 12 In the SLF
specifles 15 pages,

The four blts of the SLF are compared wlth the folWr high
order address bhits In the DISPLACEMENT FIELD from the
processar to detect SEGMENT (ENGTH errors. A SEGMENT LENGTH
error ex!sts 1f the SLF is Smaller than the four nigh order
bita of the DISPLACEMENTY FIELD,

SEGMENT ADDRESS FIELD (SAF)

This fleld of 9 bits n combination with the 13 b
DISFLACEMENT FIELD from the oprocesser form the 18 b
physical address, Thig process Is shown scpematically
Figure 3, ,

Since the 11747 seamentation scheme =a|lows Segments of
different sizes (256 Word to 4p96 words In 226 wWord
increments), a method must be provided for creating segment
boundries at 256 word intervals rather than at 4K intervals
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1.2

{f memory Is to be fully Used, This is Iimpiemaented by adding
the 4 hich creget address blts In the DISPLACEMENT FIELD Into
the SAF as shown: In Flgure 3, This technijgue aljiows a
VIRTUAL, =address 2 of a 256 to 4K word segment to be
physically located at any 256 word boyndry [n tne memory
system, This allows Segments of varying lengths te be pjlaced
In chyslca] core with no "geapa" between them,

SEGMENTATION FAULT ACTION

If the nrocessor sends anh addrfess that is® nonwresident, eaxceeds

segment Isength or viojlates "read only" restprictions, the
operatiaon Is aborted before the memory operaticn Occurs, NoO
memory reference gqcclurs and an ABORT signal |s sent to the
processor, No further memory references can occur udntil the
processor acknowl|egges the ABORY signa| with = segmentation faylt
ackmnowledge (SEGACK) sigmnel, This progess is handled

automatically in the 11/48 hardware,

If a sagment access is made that requires a memory maNagemant
traps, the processor (s .notified by a signal (MEM MGMT FLAG). The
processor acknowledges this flag only at the end of an
Instruction, The acknowledgement Is signal SEG ACK, See section

6.6 for a ful!l disgusslon of this operation,

The MEM MGMT FLAG has priority over "T bit" traps,
DEGREE 0OF HARDWARE AIDS ON SEGMENTATION FAULTS

Whem a segment fault occurs, If It Is a "non=-resident” fault, the
system must bring the missing segment into core then restart the
task., Since such "pon-resident" faults can occur within
instrucgtions, some means of @fther restart[ng the Instructlion In
the middie or backing the instruction up and restarting at the
beginnirg myst »e provided,

" Restarting the instpuction In the mlddle is rejected as there are

a numpber af internal Inaccessibie registers whose value can be
nelther saved nor restored for "middie of Iimstructjon” resStarts,

An investligation of backing up the effacts of & partially
exeouUted Instruction Shows that only auto-|jncrement and
auto-decrement operations effect 1the registers and That to
restart, |t Is syfficient to reverse the effects of any auto

- decrement/incremsnting done by the partiaily coOmpleted

instructicn before restarting at the "instruction address."”
Further 1t has baen determined that a maximum of Two reglsters
are changed during a given Instruction,
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The next decision myust determine the cdecree of help opravided by
the segmentatlon hardware in correcting reglster values, Clearly
z range of help | possiblesfrom fully avtematic correction to
merely Indicating how  far the fnstructlon got in
SOURCE/DESTINATION oalcyiations,

Previous experlience wlth the KTi1l (11/22 Paging option) Cwhich
merely provided the EXEC with a blt Indjeatine wnetlher the
SRC/0ST Mhad bkaen completed.] Indicated additignatl heln was
needed,

A fully automatis seheme was rejected because |t vwaS regarded ac
"overk!lil* ang the i(ntimate connsction to the procesSoP hQM that
Wwoul|d nave bean reqQuired was not thougnt desirable, ,

The proposed Soheme is ImPlemented in Segment Status Register
"SSR O #1". It aliows the EXEC to correct ali reglsters modifleo
in tess than 47 memery references, Iit’s hardware I|mPpjementation
is straioht forward and does not conterol the procesSor R(M,
Appendix A IS 3 sample recovery routine, Basicaily 1t Provides
the EXEC witn the register number changed and a deSe¢ription of
how much and In whgt direction |t was changed.

3.7 SEGMENT STATUS REGISTER #@ (Segmentation status and error
indicaters) '

SSRE will contain error flags and the "virtua| Segment nymber"

causing the error as wel| as other status flags, 1The register
Will ke organized as in Flgure 4,

Hits 15=12 are the error flags, They may bs consldgered tOo bhe In
a "priority queue® In that "flags tc the right" are ignored! That
is a "nen residgnt” fault sepvice routine woujd |(gnore saegmant
length, access, and memory management flags. A "sgment jenatn”
service routine woyld ignorae access ang memery management faults,
stec. Note that the word format Is convenlent fori "ROTATE"™ and
"BRANCH" breakout sequences,

Bits 11~8 are presently sparas, They may be assigned usesS in a
"NDebugging Optlon" allowlng "hardware preakpoints.®

<

Bit 7 enables MEMORY{MANAGEMENT trapplng. If bit 7 Is ¥, Segment
Status Reglster 3 will keep track of which seemen® refersnces
requested memory management trans, but the "itrap signal (MGMT
TRAP FLAG) i3 not sent to the processor., wWhen bjt /7 |Is made I,
the next time a segment whose ACF calls for & MEM MGMY Trap s
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4,2

refarenced, MGMT TRAP FLAG |8 ssnt to the processor,

NATION

Bit 6 specifies o MAINTENANCE mode In which onjy the [DESTI
egteg to be

fetech/store 1Is ralocated and bprotected, 1t 13 exp
useful for dlegnastlc program development,

Bit % Indicates that the: lnstfyuctlion has completed, 1t will be
set when noneinstpuction (%raps) memory references alfe made,
This prevides the error handling routine a way of finding that
the last Instruction will not have to be repeated on restart,

Bits 4=1 glve the vIrtual sagment number of the referenge gausing
a fault, BIt 4 on g "1" Indicates USER segments, ~Notle that tnis
fleld is positioned for oconvenient refative addressing on the
segment numher,

Bit @ this blt comntrols whether virtua| addresses are Operated
upon by the segmentation hardware, This bit wil| be cieared by
the processor signal INIT.

SSRE blts B,5.,6,12~45 can be Written into as & words QOther blts
(1=4) wil] not contain valld Information after writing Into SSR{Y
until the next Trap occurs,

DESTINATION ONLY SEGMENTATION

Experiance witnh depuggling KT1i1 dlagnostics has shown that a
DESTINATICN MODE ONLY rejocation & protection is desjrabjle, It
is propased that SSR1 bit 6 be ysed for that opurpose., and that
segmentatian be controlied by the folliowing Boolean equation:

segmentatlon=8SRICPY> (1) +8SR1ICE> (1) »DST

The amount of |oglc reguired to implemaent destination only
segmentation Is estimated to be one 14 pin ghip.

SEGMENT STATUS REGISTER #1

This register Keaqps track of any AUTO INCREMENTING/UEGREMENTING
of the general reglesters, |,8» PUSHES and POFS. Tne register Is
cleared at the beginning of each Instruction fateh, WheNever a
genera| reglster |3 elther pushed or popped, the register numper
and the 2's complement number of bytes tnhne reglster got modified
are written Into SSRi. The |ow order byte |s writtan first, See

e

B SR R A T S

St S

S B B E C T  e
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Flgure 4,

Whern tme instruction 1S compieted, there 18 no need to restart
the instruct!cn even {f there may be segment fau|ts before next
instrugtion fetch, The reglister SSRY Is cleared and any stack

modification from <that time tI1|] next Instruction taetch Is
recorded, ‘ %
Register nrumbers wili be recorded "MOD 8", It wil{ be {p toa the

recaovery Sefvice routine to determine which Set of registars was
modified by the gtate of the Processor Statys wWard at the time of
trapping. '

The existenge of SSR1 wiil speed up the receavery from a non-fatal
segment faylt by 2«3 TIimeS (a saving 10d-202 uS) and requirses

only 1/% to 1717 of core (75 words) of the case where the only
information avaljable to the EXEC are the SRC/0ST blts, Ajthough
non-regident segment faults are not expected to occur a%t a rate ;
more than one per twe mil||=seconds, thus making the 1p¥~2gd uS i
saving In overhead perhaps seem insignificant; the |mpjementation r
of SSRL can Probably be Justifled In terms of the amount of core
saved (500 words) and the gmall amount of hardware that has to be
added. It now seems that the 4#256 ROM I8 regulired |n any case
to gliminate some of the loglic needed to decocde the rslevant CP
states, The reglister Itself reaqulires nothing extra and the
contro| logic |s estimated to be five 14~16 pin cniDS, A read
oniy memory (ROM) wlll be used to detect processor stateS during
whieh AUTO INCREMENTING or DECREMENTING oeccur, The RUM will .
"track” the processor Control Memory ROM, That |8, the address bt
belng sent to the processer ROM wlll be DpusSed to the %
segmentation modules, wWhere |t will be used to salect The same »
numbered loecation Iim a ROM |ocated In the segmentation ortlon, f
One bit of the ROM wlll Indlicate that an "AYTO" change Is
ocecurimg., Another bit will {ndicate the dlrection (INC/UEC) of

the changs,

SSR1 1s READ ONLY, It cannot be written intoc,

5,8 STATUS REGISTER #2

SSRQlwlll‘oﬁﬂtainAthe 16 bit virtugl Instructlion addresSs, 1t

will bas loaded at the beginning of sach [nstruction felch, It
wWwill be loaded wlth the Trap Vector (Ty) address at the beginning

of an jmterrupt or a "T bItY trap,

SSR2 18 READ ONLY. It cannot be wrltten Into.
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8,7 MEMORY MANAGEMENT AND SSR #3

Thres of the ACF keys caUSe g trap under the condition thgt the
segment was referenced, This wij| be used for swapP|ng contro|
and other memory management functlons, Singe theSe are not
"error® fgults, there 18 no reason to "“abort" the eperatlion when
a MEMORY MANAGEMENT trap ogcurs, 1t I1s auffliclent %o merely
"note" that tha frap Occufed, A convenlent "unit Sampiing
period" Is the "Instrugtion," puring a single [nstruction several
(5 max In an indlrect BINARY instruction) different Segments may
cayse STATISTICAL traps. Each of these must be retajned until
the trap Is servijced. In addition since the move t¢ User anc
move frem user instructions operate in both USER and tXEC virtyal
address space, soms combination of 16 different segments can be
at fault. A MEMODRY MANAGEMENT t%rap causes a bjt In the BSSRI to
be set, EXEC Segment 2 wlll set bit &, USER segment 7 Wil| set
bit 15 of the registep, See Flgure 4,
Y _

Onca 2 bit 13 set in SSR3 slghal MEMORY MANAGEMENT TRAP wll| send
MEM MGMT TRAP to the processer. Thls wi|l cause a trabP at the
eng of the curraent Tnstruction, The request wW|l|| be signlfled by
bit #12 In SSRZ becoming a "1, Durimg the servige routine the
bits In the SSR3 must be reset, (Note additional bits may be set
during the service routine,) At the end of tne service roytine,
SSR# blt 12 muUst be cleared, ThIis "rearms" the MEMORY MANGEMENT
error Jeglc and enabjes The "T" bits to be zet again, An "ABORT"Y
arror oscuring on a fetch or the liocation being a regjister that
is internal to the segmentation option wi|| pprevent a Mgmory
Managemant blt from being set, even if the access key calls for a
MEM, MGMT, TRAP, SSR3 ocan be written Into as a word,

Note that |f blt 7 In SSRP 1Is "g" L[ENABLE MEMORY MANAGEMENT
TRAPS], no flag |8 sent to the processor when the MEM MGMI access

keys ara tdatected. The proper bit In SSR3I [s set however, This
allows ™perjodic" EXEC meméry use checking at EXEC discression
rather %than checking forced hy hardware,

9,0 DETAILED SYSTEM SPECIFICATIONS
7,1 CLEARING SEGMENT STATUS REGISTERS FOLLOWING TRAP

At the end of the segmentation fault service roytine certaim bits
in 8SRY% must be cleared %0 "rearm" the segmentation trap logic,

Bits 12«15 and 1-5 must be cleared to resume segmaentation werror
checking, on the next memory reference followlng glearing these
bits the other SSR‘’s wWil|l c¢ontinue monltoring the Computer
operatian, 35R2 will be Jloaded with the next [Instryctijon
address, SSRY will get register Information, If a new
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statistvicel ftrap were detected, SSRI will be icaded,
7.2 ADDRESS BITS 16 aAND 17

7,3

a. SEGMENTEU=nits 16 and 17 are speclified by the contents of the
Active Segment Reglster, (Max Memory=128K)

. UNZZGMENTEO-y

-slte
1, then blts 16 and 17 are aytomatically made 1,

= 32k}

c. CONSOLE AGCESS-when conps@le ADDRESS SELERT
sition, bits 16 and 17 are controjjed expilcitly
by swlitehes 16 and 17 respectively, (examines

"PRYSICAL" po
onijy.)

REGISTER ADDRESS ASSIGNMENTS

77763 S3Rp

777632 SSR1

777634 SSR2

777634 SSR3

777644 USER ASR @
777542 USER ASR 1
7774844 USER ASR 2
777646 USER ASR 3
777852 USER ASR 4
77746582 USER ASR 5
777554 USER ASR 6
77756585 USER ASR 7
777462 EXEC ASR @
777662 EXEC ABR 1
777664 EXEC ASR 2
777866 EXEC ASR 3
777847 EXEC ASR 4
777672 EXEC ASR 5
777674 EXEC ASR 6
777676 EXEC ASR 7

FLOATING POINT PROCESSCOR

Severai oconsiderations regarding the Interactloﬂ

Filoating Polint Unit (FPU) remain unresolved,

Floating polnt {nstructions gause general rasgisters

Inc/Cac by 4 or 8 bytes, TheBe values wlll

be stored

> 16 and 17 are equal to & umiess 13:14,15 are

(Max Mgmory

switech Is 1In

ang denos;ts

With the

to be auto
In SSRi.
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9, INTERFACE SIGNAL SPECIFICATIQONS
| Introduction
The Intarnal rsglsters of the segmentation optien will [Nnterfacse
with the processor through the "fast pbus", In additicn a numper
of other signals will be passed hetween the two unlts, It Is
intended that aareements on the characteristics of theso
Interfacing slgnals wilil bes catglogued (n this ssction,
9,1 PROCESSOR/SEGMENTATION INIERFACE
9,1,1 Fast bus Interface
1, VIHTUAL ADDRESS LINES = [VA2 through VAL5](16 |Ines)
16 lines Sending the virtual address fram the proceSser or
flogting polnt processor to the segmentatjon oRtlon, A trye
signal wil| b2 ground, These signals wlil begln and end with
the leadinrg edge of "Ti", :
2. BUS START w» BUST (41 1ine) {

A pulse Indicating an address 1Is on the VA'S, A true
conglitien will be ground, This slgnal wl|| begin at the
lead!Ing 8dge of "T2". '

3, FAST (1 llne)

A slgnal coming from “memoOry" tmhat can respond [n 1»@nhs from
BUS START at processgr (258ns |m saegmented mode), The
segmentation wij| "pass" FAST from the sSemicondctor memory
and generate FAST wWhen one of the 2@ Interna| regiSters of
the segmentatliom option |8 gddressed by the PRrocessor, A
true condltion will be ground, The puise wilil Nhave a neminal
Width Qf NyS,

4. CONTROL (C1) (1 1ine) -
This will be used to differentlate READ and WR]JTE memory
cyclas, CNe byte operations will be allowed In registers

intermal to this option,

5., INTERNAL BUS CATA (16 |lines)
Data te be read from the 4 status reg!sters |In the
segmentation ‘option . wlll be placed on thess ||neS, True
valye 1s @round,

6, BBR DATA (16 |lines)

These are Usad by the proeessor to fransfer deta to one of
ths 23 Interns| reglsters, True value |s ground, Signals
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9,1|2
1.

Ui

are made valid at leading egge of "Ti",

BUS END = BEND (1 Ilne)

Withim 125ns (225ns wWwith segmentation) after BUST, This
teils to stop processing IThe address, No flag/erfor blts

shoyld be set when BEND |S decoded as |t indicated an ahorted
fetgh, True value IS ground, ~

PHYSICAL ADDRESS QUT (18 lines)

The physica| address gensrated by segmentation g¢ptjen,

BUST OUT | |

b delayed (188 ns) and enebled version of Bus Start recejved

from the nprogessor. This slignal 13 generated anly If ro
errar oeccured on the accass attempt. '

PROCESSOR SIGNALS NEEDED BY SEGMENTATION

ROM ADDRESS (8 |ines)
The 8 blt ROM AQDRESS will be needed by segmentatjon to

decode "pushes",+"popS" to registers for SSR 2, It wi|l aiso
be used to decode DESTINATJON FETCHM, INSTRUCTICN DONE, Al
signals will be true on a +3V logic level,

REGISTER NUMBER (3 Iines)

The 3 blt reglster number of the reglister belng PpuShed or
popped, : :

CONSTANT (4 |lnes)

A4 blt pos{tive number that Is %o be added or B&ubtractecd
from the raeglister.

USER/EXEC Address (I [ing)

Not Status Register bIt 15, but a sjgnal that indicates
whether the address on the fast bys [s a USER or EXEC
address, Required because pf INTERmode Instryctions!

CLOCK = {(several lirnes)

To be used for various ‘timing and syncronizing functlons
within the segmantation eption,

LOAD IR =~ signal Indlcating this Is an INSTRUCTION FEICH,
SEG ACK (1 1lne)

0302
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A pulse from the nrecessor that lowers the ABORT and MEM MEMT
trap flags, Oncs ARORT or MEM MGMT is true no furtner memory
references can occur uUnti! SEG ACK Is recelved,

8. INIT (1 Ilng)

A power clear slgnal that occurs during powerup and when the
console START switch 13 depressed,

9,1,% SIGNALS NEEDED BY THE PROCESSOR
1. ABCORT (1 Ilne)

Made trye when segmentation fault occurs, wWill be cleared by
SEG ACK,

2. MEM MGMT TRAP (4 Iine)

A jevel wll! be used Tor MEM MGMT traps, It w|ill ba c¢leared
by SEG ACK,

3. SEGMENTED/UNSEGMENTED

TRUE LEVEL SIGNAL WHEN SEGMENTATION OPTION 1S IN PLACE AND :
BIT @ OF SSR 1 Is & 1. |

9,1,4 CONSOLE SIGNALS REQUIRED BY SEGMENTATION
1. EX ADDRESE 16 and 17 (2 |Ines)
Those are the output of console swlthces 16 ang 17,

2. CONSOLE INHIBIT SEGMENTATION (1 |line)

Telis the segmentatSQn option to use the values of EX ADDRESS
16 and 17 to form the high erder physica| address bits,

3. VIRTUAL (1 ilne)

When True Sends the VIRTUAL address to the consoja ADDRESS >
lamps, When false sends the physlcal address, )

9,1.% SEGMENTATION SIGNALS REQUIRED BY CONSOLE
‘1. CONSOLE ADDRESS (18 lines)
Output of a myultiplexer whlch ‘provides the conSole Wiltn
elither the PY4YSICAL or VIRTUAL address,

10.2 LOGIC REQUIREMENTS FOR SEGMENTATION
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our estimate s that the RE|QCATION/PRQTECTION can flt on two
"QUAD"™ bogrds, The following ¢ghips are preSently planned to be

used:
DECH DEV. PINS  DESC . QUANTITY COST TOTAL
19-29938 74p5 14 Hex INVT OPEN COL 3 1 22
19-12155 7408 14 Quad AND 2
19-17p91 7437 14 Quad NAND Byf 1
19-2925¢ 7475 14 Quad D FLIP FLOP 4 1,08
19-05937 74153 16  Dual 4 to 31 Mux 8 77
19-79814 74154 16 4 to 16 1 1,94
74457 16  Quad 2 t0 1 Mux 3
74174 16 Hex D Filp Flop 2
74175 16 Quad D Flip Flop 3
: 74187 16  ROM 1
19-09356 74MB0 14 4 2IN NAND 4 24
19-£9931 74HD4 14 6 INVT 8 .28
19-¢9057 T74H1E 14 3 3IN NAND 2 24 -
19-09267 74H11 14 3 3IN AND 3 24
19-0%858 74121 14 2 4IN AND 1 24 :
19-95259 74H30 14 8 IN NAND i .24 ?
19~25586 74H4P 14 2 4IN NAND BUF 5 126 :
19-09263 74p55 14  AND OR NV 1 24 :
1909667 74n74 14 2D FLIP FLOPS 1 ,48 .
’ 74803 14 INVT OPER ¢OL 1 |
74584 14 INVT ' 8 :
74815 14 3 3 IN NAND OPER COL 1 “ i
74564 14 AND OR NVT 2 : :
7485158 16 Qusd 2 to 1 Mux 4 :
7481834 24  ALU 4 e
74182 16 LOOK AHEAD 1 &
19~19287 4@15 16 4 hit O With Set 9 87 ;
J12ilinte|)L6 35 ns Max 4 s

Tota| 84
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APPENDIX At EXAMPLE OF "NON-RESIDENT® RECOVERY PROGRAM

TRAPVECTOR:

tEXEC,REGSET=4, NONINTERRUPTIBLE

HERE * BIT
BEG
BIS

PUSHLDStIPLODM

MOV
AUTOCK: BIT

BEG .
MOVB

MOVE

ASL

BiC
ASH

ADD

ADD
CLRB
SWAB
- BR
ERRTYP: MOV
BIT
BEQ
JSR
BIT
BEQ
JSR
JSR

TBIT: BIT
BEQ
EMUL ® MOV
ADD
MOV
MOV
MOV

MOV

MOV
ADD
MTU
MTU

INST: MOV
ADD
MOV

#B814,2(8P)
PUSHLDS

#B814,STATUS

'Ré"R'—g

SSR2,R2

#B87,6,5,4,3,R2

DONE
R2,R1

R1,RZ
R1

#377741,R1
RO #3

Ré&:R1

Rds (R1)
R2

RE

AUTQCK
SSR@,Re
¥B15,R0
2
R7yNCONRES
#B14,RA2
2

R7:PROTECT

R7,ACCESS

#B5,R2
INST
#12,R5
R6:R5
'R5)+gR0
(R5)+,R4
®#16,~(R5)

@#L4,~(R3)

#190,R5
R6,R5

@=(R5)
@=(R%)

#.R5
R6,R5
SSR2, (R5)

/WHICH REG WAS IN USE?
/HAS NORMAL :
/WAS DEDICATED, ACTIVATE
/DECIDATED

/PUT OLD REG ON STACK

/TEST FOR A REGISTER
/AUTO INC/DEC

/NONE CHANGED

/WAS CHANGED, GET
/PARAMETERS

/SAVE ADDITIONAL COFY
/MOVE REG# TC WORD
/BOUNDRY |

/GLEAR OUT OTHER BITS 8,
/MOVE CONSTANT INTO
/PROPER PCSITION

/R1 GETS LOC IN STACK
/WITH REG, VALUE
/CORRECT DLU REG VALUE

/SETUP FOR SECOND TE?

/NONRESTDENT ROUTINE

/BOUNDRY ROUTINE
/WRITE ERROR ROUTINE

/ i
/INSTRUCTION COMPLETED
/TRARP DIDN'T COMPLETE,
JEMULATE, _
/0LD USER PC

/0L0 USER PS8

/PUT TRAP VECTOR
/MONITOR STACK

/L0C OF USER Ré

/ "

/PUSH PC TC USER STACK
/PUSH PS TO USER STACK

/INST TO COMPLETE

/SET PROPER STARTING
/ADDRESS IN STACK
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RESTRT: POPHM R#=R6 /MACRO REG RESTORE
BIS #970031,SSR /REARM SEG CHECKING
RT ]

+C

PAGE
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A 3 g 0307
\“—_\V}'W‘"—'/ N N o e ) W
Active Displacement The DF contains a

Segment Field "DF" 13-bit positive
Field "ASF" number.

FIGURE 1. Interpretation of a Virtual Address

ASF DF :
VA | 3 ] 13 B
. Ve — A : y) LY
\ h gl H
| | -
ACF SLF SAF
. ASRg 3 4 9
) ASR;
~
~
ASRg :
ASR7 g 5

—'\‘L | 1 5 DF
¢ ; _

ACF = Access Control Field . f"’\’_\ . 1€ ,
ASF = Active Segment Field . [5 40 SAF
ASR = Active Segment Register . '
DF = Displacement Field
PA = Physical Address ‘
SAF = Segment Address Field [ 5 4 9 | PA
VA = Virtual Address '
FIGURE 2. Formation of a Physical Address
SDW

o~ T . A ‘ '.'k

L —f—
ACF = Access Control Field .
SAF = Segment Address Field ‘
SDW = Segment Descripfor Word
SLF = Segment Length Field

FIGURE 3. Layout of a Segment



SSR¥0 .
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% \%, \e \9
'3 ‘:?60« ! 3% \‘\ N
o S
@ %
%
7 6 5 4 3 2 1 0
SSR¥1 T . s j ] 1
e e /"‘—’\/—‘—'—-“‘—‘“"\ ey D
'% ‘ T |
Reg. # b Reg. *
2's complement :
=> . .interestedin 1,2,4,8
15 14 13 12 11 10  9 8 7 6 5 4 3 2 1 0
SSR¥#2 ' ! j
) ¥ %
Virtual Instruction/Trap Vector Address
- M5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSRY3 ‘
K\WM‘Q‘W ‘—A ‘mvww-r-..t.,...‘.... e J
user segments 7 - 0 exec segments 7 - 0

FIGURE 4. Segment Status Register Formats



