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ABSTRACT

The memor&’mabcing or relocate protect scheme propocseg for the
11/40 1Is essgntlajly a segmentation scheme. [t Is designei In
such a way that It [s upwards compatible with the 11/68 scieme
and does not Presume or dictate a particular use,

The scheme provides for a physi¢al address space of 2t18  bytes
and a maximum eactive virtyal address space of 2¢16 bytes, The
total virtual address space (!,a, the length o©of The segnent
table) s determined under software control,

The active virtual address space can be divided into 8 segments,
The {size of each segment oan vary from 1 tC 10 Pages (1
page:= 256 words), Protection and relocatian are provided on the
segment level, '

An Implementation of the relocate/protect option Is propoSed, It
will f#it on two QUAD boards., 16 ACTIVE SEGMENT registers and 4
STATUS realsters wil| be providad. A hardware ald |s pfoPosaed to
help recover from NON=RESIDENT faults, Appencdices contain
suggested recovery routines,

COpnngﬁml pnhﬂﬂnrhq]A'
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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

This memo Is irtended to be a preiiminary description, Many
detalis have Yet to be worked out, It is our fntention to revise
this document from time to time with the additional detail,

gecause this 1s a Jlving document, 1t Is extremely important that

wWe Kknow about errors in Writlng, detail, or most Importantjy, In

plan. e expect thare wll| pe questions and contentions raised
by thls technlcat -description,, We remain aiwWays ready t0 |isten
and try to understand questjions you may raise. |[f we¢ are gojng a
wrong direetlion, NOW Is the time to change} We earnestiy request
your criticlsms and suggestion, all deserve an momest reply.

BASIC SOLUTION

The addressaes generatsd by the PDP~11/2p are 16=-pit byte
addressas, On the 11742 w!th segmentation these addresSses are
consldered Virtual Address “yA's". A VA Is considered t0 be a
two dimenslena| address as shewn In Flgure 1. It consists of!

1. The Active segment Field "ASF", Tnis Jebit fleld delermines
which of B Active Segment Reglsters "ASR’S? has tO be used %o
form the Physlical| Address "PA",

2, The Dlsplacement Fleld "DF", This is a 13=pit field which
contalns an address rejative to the beginning of a Segment.

This allows for segment sizes of 2+13=8k bytes,

The formatien of a physical address "PA" is shown in Figure 2.

The Active Segment Field "ASF" of the Virtual Agdress "VA" Is

used to address one of the elght Active Seament Reglisters
""ASR’s", The Ssgment Address Flelg "SAF"iof Lhe adceressed ASR Is

used together with the DISplacement Field "DF" to form the PA.

The ASR’S can be icadéd with Segment Descrinter Words "SpQW's"

under program contrel.
THE SEGMENT DESCRIPTOR WORD "SDW"

A SDW 15 a 16-bit word ocontaining information relevant to a
partigular segment, A SDW consists of 3 flelds, see Figure 3,
which are described below.

1.. The Access Control Fleld "ACF"., Tnhis 3-blt field contalins
the accass rights, called KEYS, of a process witn reSpect to
a partieular sgpement. The followlng keys mave peen assjgned

already, :

a. Non Resident "NR™ (ke¥z@). ANy access to such a segment
will causse &an abort, The reasans why a Ssgment is
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nonmresident can be many fold, 2.9, not swapped In vet,
segment does not exlst, etc,

b, Resldent Read Onrmly and Trap YRROT" (key=%). This Is
essentially a read only segment, a trap unpon read could
be desired to gather Statistics about the use of the
segment, sile,

¢. Resldent Read Only "RRQ" (key=5). An attempt to Wrlte In
ar RRQ segmant_éijl cause an abort,

d. Resldent Remd Write and Trap "RRWT" (key=l). In this
segment essentially Read and Write operations are
allowed, the trap upon a read or a write acceSs could re
deslireg for stautistlos gathering (see b abovel,

e. Resldent Read Write and Trap when Write "RRWIW" (key=2).
This 1|s a segment where essentlally read and write
operations are aliowed, When a write operation IS done,
a trap wi|l occur, This couid be used to indicate that
no valid bpaskup copy exists any more,

f, Resldent Read Write and Written [Into "RkWW"™ (key=3),
Thisz |s a segment In which read and write operations are
allowed. The "written Into" coujd Indicate 1That no
backup copy I!s avaljable,

SEGMENT LENGTH FIELD (SLF)

This four bit fleld spepiflies the number of 256 word PagesS in
the seament, From 1 %o 16 pages may be sprecified Im this
fleld. : '

Note that oW |n tha‘$LF specifles 1 page and 15 In the SLF
specifles 15 pages,

The four blts of the SLF are compared witnh the foUr high
order address bits im the DISPLACEMENT FlELD from the
processor to detect SEGMENT LENGTH errors. A SEGMENT LENGTH
error ex!sts 1f the SLF I8 Smaller than the four Nnigh orger
bits of the DISPLACEMENT FIELD,

SEGMENT ADDRESS FIELD (SAF)

This fleld of 9 bits n combination with The 13 b
DISFRLACEMENT FIIELD from the oprocesser form the 18 b
physical address, This process 1Is shown schematlicajly
Figure 3, ,

Simce the 11/47 segmentation scheme =a|lows Segmeénts of
different sizes (256 Word to 4996 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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If memory ls to be fully used, This is impiemaented by adding
the 4 hich order address blts In tha DISFLACEMENT FIELD into
the SAF as shown: In Flgure 3, This techniaue allows a
VIRTUAL, 2ddress 2 of a 256 to 4K word Segment to be
physically located at any 256 word bouyndry [n tne memory
System, This allows Segments of varying legngths tg b8 placed
In chyslca| core with no “gaps" betwaen them,

SEGMENTATION FAULT ACTION

If the processor sends anh address that Is: non=rasident, axXceedsg

segment length er violates "read only" restrictions, the
operation Is aborted before the memory operaticm Occurs, No
memory reference aqccurs and an ABORT signal |s sent to the
processor, No further memory references can occur wuntil the
processor acknow|egges the ABORY signal With & seumentation faylt
acknowlerdoe {SEGACK) Signal, This process is handled

automatically In the 11/4@ hardware,

If o sagment access is made that requires a memary management
trap, the processor is motified by a signal (MEM MGMT FLAG). The
processor acknowledges this flag only at the eng of an
Instruetion, The asknowl/edgement |s signal SEG .ACK. See section
6.8 for a full disgussion of this operation,

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

When a segment fau|t 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 sccyr within
Instructions, some means of elther restarting the fnstruction In
the middle or backing the instruction up and restafting at +the
beginnirg must 58 providod,

Restarting the instruction In the mlddle is rejected as there are
a numpber af Internal Inaccessible registers whose value ecgn be
nelther saved nor restored for "middie of Ipstruct|on” reStarts.

An Investigation of backing yp the oeffects of a partially
exeoutad InstructTon Shows that eniy auyto=-fncrement and
auto-decrement operations effect the registers and that to
restart, It Is syfficlent to reverse the effects of any auto

-decrement/incremantlng done by the partlaily completegd

instructicn before restarting at the "instruction address."”
Further 1t has baen determined that a maximym of Two reglsters
are changed during a glven Ins8tryuction,
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The next decision must determina the cecree of hely orGvlded
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the segmentatlon hardware In correcting reglster values, Clearly

z range of help Is possible~from fully automatic cofrection
merely Indlcating how far the fnstructlaon got
SOURCE/NESTINATION galcyiations,

to
in

Prevlous experlence with the KT11 (11/22 Paging optign) C[which

merely provided the EXEC with a blt Inofcating whethaer
SRC/DST had Gceen completed.] Indicated atditignatl  heln
needed,

A fully autematic sgheme was rejected because |t wasS redarded
"overk!!l|® and the intimate connsction to the processSoP hQM
woul|d have peen required Was not thougnt desjrable,

the
was

ae

trhat

The proposed Soheme i Implemented in Segment Status Redister
"SSR #1". it allows the EXEC to correct ali reglsters modiflec
in less than 47 memery references, It’s hardware |mPjementation
's straight forward and does not control the procesSor R(OM,
Appendix A |s a sample recovely routine, Basically 1% Provides
the EXEC with the register number changed and a deScription of

how much and In whagt direction |t was changed.

3.7 SEGMENT STATUS REGISTER  #0 (Segmentation status and arror

Indlicators)

SSRE wlll eontain arror flags and the "virtua| segment nymber™
causing the error as wel| as other status flags, 1Ihe register

Wwill be organized as in Flgure 4,

Gits 15-12 are the arror filags, Theay may be conslgered tO0 be
a "priority aueue" In that "flags tc the right" are ignored!

in

That

is a "nen resldgnt” fault service routine woujd lgnore saegment
iength, access, and memory management flags. A "sgment jenath”
sepvice routine would ignore access ang memery manadement faults,

stc. Note that the word fofmat |s convenlent fori "ROTATE"
"BRANCH" breaxkout saquences,

Bits 11-8 are presently sparaes, They may be assigned uSeS in

"Nebugging Optlon" allowling "hardware preakpoints,"

4

and

a

Bit 7 snables MEMORY{MANAGEMENT trapplng. If bit 7 is U, Segment
Status Reglster 3 wi!t keep track of which seement fefergnces
requested memory management %traps, but the "trap signal (MGMT

TRAP FLAG) I8 not sent to the processor. wWhen bjt / Is made

the next time a segment whose ACF calls for g MEM MGMT  Trap

1o

I's
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referenceds; MGMT TRAP FLAG 18 sent to the proceSsor,

Blt 6 specifies a MAINTENANCE mode In which onily the DESTINATION
fetchsstore 1s rejocated and protected, 1t 13 expegteg to be
useful for diagnastlc program development.

51t % indicates that the: Instfyctlion nas completed, 1t will be
set when noneinstpruction (%raps) memory references afle made.
This prevides the error handling routine a way of finding that
the last Ipstruction will net have to be repeated on restart,

Bits 4=1 glve the virtual sagment number of the refearenge causing :
a fault, BIt 4 on g "1" Indlcates USER segments, Note that thils i
fleld is positioned for oonvenient relative addressing on the
sagment numper,

Bit @ this blt contrcls whather virtua| addresses are Operated
upon by +the segmemtation harfdwarfe, This bit will be oieared by
the processor signal INIT.

SSRE blts B45:6,12=345 can be Written into as a words, QOther blts
(1=4) wii| not gontain valld Information after writing Into SSRg
unti! the next Trap occurs,

3.5 DESTINATION ONLY SEGMENTATION
Experiance wlth depugging KT11 dlagnostics has snown that a :
DESTINATION MODE ONLY rejecation & protection is desjrable, It :

is propased that SSR1 blt 6 be ysed for that opurpose. and that h
segmentatiaon bs controlled by the following Boolean equation: ;

gsegmentat]on=SSRLCP> (1) +SSR1ICE> (1) #DST

T T o A S ST

The amount of loglc reguired to implemant destination only
segmentation Is estimated to be one 14 pin chin.

L

4,2 SEGMENT STATUS REGISTER #1

This register Kagps track of any AUTO INCREMENTING/UEGREMENTING
of the ceneral ragisters. |8, PUSHES and POFS. Tne register Is
cleared at the beginning of each instruction fetch, WhenNever a
generna| reglster |8 elther pushed or popped, the reglster nmumber
and the 2's complement number of bytes tha reglster got modified
are written Into SSR1. The |Ow ofder byte |s written firSt, See

TS T D L e e SIS P PRI
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Flgure 4. ’

When tme Instructiom 1S completed, there 18 no need to restart
the Instruectlon even !f there may be segment falu|ts before next
instruction fetsn, The register SSRL Is clearec anNd A&anY stack
modificetion from thet time t1|| next Instruction taetch Is
recorded, ‘

.

»

Register numbers wili be recorded "MOD 8", It wil| be yp to the
recaovery service routine to determine which set of reglistars was
modified by the gtate of the Processor Statys Woard at the time of

trappling.

The ex|stenge of $SR1 will speed up the recevery from a non-fatal g
segment faylt by 2«3 timeS (a saving 108@2-202 uS) and requires :
onjy 1/5% to i/1i7 of core (7% words) of the case whare ths only
information avallable to the EXEC are the SRC/0ST blts, Ajthough
non~-resident segment faults are not expected to occur a% a rate :
mora than ona per two ml||I~seconds, thus making the 1@¥~2g0 us Y
saving in overhead perhaps seem Insignificant; the Impjementation E
of SSRL cam Probably be Justifled In terms of the amount of core
saved (530 words) and the small amount of hardware that has to be
added. It now seems that the 4#256 ROM is regulred |N any case
to gliminate some of the loglie needed to decode the Trslevant CP
states. The reglister Itself reaqulires nothling extra and the
contro| logic |s estimated to be five 14~16 pin chips, A read
onjy memory (ROM) wlll be uged to detect processor state$ during
whieh AUTO INCREMENTING or DECREMENTING oecur, The RUM will
"trpack®™ the processor Conteol Memory ROM, That |8, the address
belng sent to the processer ROM wlll be busSed to the
segmentation modules, where It will be used to salect the same ;
numbered laeatlion ip a ROM |ocated In the segmentation ortlon, i
One blt of the ROM wll] Indicate that an "AYTO" change Is
occyring, Anothaer blt will imdicate the dlirection (INC/UEC) of

the change,

SSR1 1 READ OMLY, It cannot be written into.

5,8 STATUS REGISTER #2

SSR2 wll] contain the 16 bi% virtual Instructlon address, It

will bas l|oaded at the beginning of each [nstruction felch, It
wi|l be loaded wlth the Trap Vector (Ty) address at the beginning

of an imterrupt or a "7 bItY trap,

SSR2 i€ READ ONLY. It cannot he 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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statistice| trap were detected, SSR3 will| pe ioaded,

7.2 ADDRESS BITS 16 aNp 17

a. SEGMENTED=nits 16 and 17 arg speclfied by the contents of the
Active Segment Reglister, (Max Memory=128K)

and 17 are equal to ¥ unjegs £3114,15 are

O. UNSEZGMENTEO-5lts 16
v ang 17 are adtomatically made 1r (Max Mamory

1, then blts 16
= 32k)

C. CONSOLE ACCESS-=-when constie 'ADDRESS SELECT switeh Is In
"PRYSICAL" position, blts 16 and 17 are contro||ed exPilcitly
Ly switehes 16 znd 17 respectively, (examines and deposits
onjy.) : '

7.3 REGISTER ADDRESS ASSIGNMENTS

7778650 S3RP

777630 SSRY

777434 SSR2

7776%4 SSR3

77764 USER ASR g
777547 USER ASR 1
777844 USER ASR 2
777646 USER ASR 3
777852 USER ASR 4
777652 USER ASR 5
777554 USER ASR 6
777685 USER ASR 7
777460 EXEC ASR @
777662 EXEC ASR 1
777664 EXEC ASR 2
7776566 EXEC ASR 3
777670 EXEC ASR 4
777672 EXEC ASR 5
777674 EXEC ASR 6
777676 EXEC ASR 7

8,9 FLOATIMNG POINT PROCESSOR

Severa| considerations regarding the Interaction With the
Floating Point ynit (FPU) remainp Uunresolived,

Floatirng polnt [nstructions cause genera! ragisters to be auto
Inc/dec by 4 op § bytes, These valyes witl be stored |n SSR1.,

St

g

A

P XY U
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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.

afe made Valid at leading egge af "T1",

BUS END ~ BEND (1 |{ne)

Withim 125ns (225ns  wlth seamentation) after B8yYST, This
teils to stoep processing the address, No flag/erfor bjts

should be set when BEND is decoded as |t indicated an ahortegd
feteh, True value Is ground, :

PHYSICAL ADDRESS OUT (18 lines)

The physicai address gensrated by segmentation ¢ptjoen,

BUST oOUT | |

A delayed (102 ns) and enébled versjon of Bus Start recejved

from the progessor. This slgnal 1Is genergted only If ro
errar occUred on the access attempt. ‘

PROCESSOR SIGNALS NEEDED BY SEGMENTATION

ROM ADDRESS (8 |ines)

The 8 blt ROM AUDRESS will be needed by segmentation to
decode "pushes",+"pops" 0 registers for SSR 2, It wlll ailso
be used to decode DESTINATJON FETCH, INSTRUCTICN DONE, All
Signals wili be true on a +3V logic level,

REGISTER NUMBER (3 |ings)

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

CONSTANT (4 |Ines)

A 4 blt pos{tive number that Is to be addad or subtractec
from the register.

USER/EXEC Address (I ling)

Not Status Reglster bilt 5, byt a sighal that (ndlcates
Whether the address en the fast bys |s a USER or EXEC
address, Requfrad because of INTERmode Instryctions!

CLOCK = (several |ines)

To Se used for varjous timing and syncronlzing functloms
wWithin the segmantation option,

LOAD IR =~ signal Indlcating this Is an INSTRUCTION FEICH,

SEG ACK (1 Ine)
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A pulse from the processor that jowers the ABORT and MEM MGMT b
trap flagS, Oncs ABORT of MEM MGMT is true no furtner memory :
references can occur until SEG ACK Is recelved,

8, INIT (1 llne)

A power clegr slgnal that oceours during npowerup and wheﬁ the
console START switch 18 depreSsed,

9.1,2 SIGNALS NEEDED BY THE PROCESSOR
1. _ABORT (1 line)

Made trye when gsegmentation fault occurs, wil|l be cieared by

2. HEM MGMT TRAP (1 Iine)

A jevel wlll be used for MEM MGMT traps, [t will ba cleared
by SEG ACK,

3. SEGMENTED/UNSEGMENTED

TRUE LEVEL SIGNAL WHEN SEGMENTATION OPTION 1S [N PLACE AND :
BIT @ OF SSR 1 Is a 1. |

9,1,4 CONSOLE SIGNALS REQUIRED BY SEGMENTATION
1. EX ADDRESS 16 and 17 (2 |Ines)
Those are the ouwtput of gonsole SWIthceé 16 and 17,
2. CONSOLE INHIBIT SEGMENTATION (1 [Ine)

+

Telis the segmentation option to use the values of EX ADDRESS
16 and 37 to form the high erder physlica| address pits,

3. VIRTUAL (1 {lne)

When True Sends the VIRTUAL address to the consoje ADDRESS P
lamps, When false sends the physical address, b

37

9,1.3 SEGMENTAYXON SIGNALS REQUIRED BY CONSOLE
‘1. CONSOLE ADDRESS (18 |ines)
kOutﬁut of a myltiplexer whlch provides the conSole wWiltn
either the PHYSICAL or VIRTUAL address,

19.2 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

1EXEC,REGSET=4, NONINTERRUPTIBLE

TRAPVECTOR:
MERE * BIT
BEQ
RS

PUSHLDS1PLODM

MOV
AUTOCK: BIT

BEQ
MOVB

MOVE
ASL

glicC
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

#B14,2(SP)
PUSHLDS

#B14,STATUS

.Rénﬂﬁ
SSRe,R2

#B7,6,5,4,3,R2

DONE
R2,R1

R1.RZ
R1i

#377741,R1
RO #3

R6:R1

Rds (R1)
R2

RE

AUTOCK
SSR@,Re
¥B15,R0
2

R7 s NONRES
#B14,R2

¢ +2

R7:PROTECT

R7»ACCESS

#B5,na2
INST
#L2,R5
Ré6+R5
'R5)+;Rﬂ
(R5}+1R1
®#16,~(R5)

@Fl4,~(R3)

#19,R5
R6.:R5
@~ (R5)
@=(RS)

#,RB
R6,sR5
SSR2, (R5)

/WHICH REG WAS IN USE?
/HAS NORMAL

/WAS DEDICATED, ACTIVATE

/DECIDATED
/FUT 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 |

/CLEAR OUT OTHER BITS 8,
/MOVE CONSTANT INTO
/PROPER POSITION

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

/SETUP FOR SECOND TS?

/NONRESIDENT ROUTINE

/BOUNDRY ROUTINE
/WRITE ERROR ROUTINE

/ :
/INSTRUCTION COMPLETED

.....

/0LD USER PC
/0L0 USER PS
/PUT TRAP VECTOR
/MONITOR STACK
/L0C OF USER R6
/ "

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

/INST TO COMPLETE
/SET PROPER STARTING
/ADDRESS IN STACK

15

0305
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RE
’ o - » /MACRC REG RESTQ c
- ~RESTET: pup §950001, 550 /REARM SEG CHECKIN(
RT]
+C

ek o
LR



|3 | 13 :
— < Y .
Active Displacement The DF contains a
Segment Field "DF" 13-bit positive
Field "ASF" number.

FIGURE 1. Intferpretation of a Virtual Address

ASF DF o
VA | 3 | 13 |
. \-\\/,...,/ \N " 4 ‘é
| | '
ACF SLF SAF
ASR 3] 4 9
i ASR;
~
>
ASRg
ASR7
v
| ""'\‘] | T 9 ‘DF
¢ ; -
ACF = Access Control Field f"'"} T ],% '
ASF = Active Segment Field . [H L4 SAF
ASR = Active Segment Register : :
DF = Displacement Field
PA = Physical Address ,
SAF = Segment Address Field [ 5 T4 9 PA
VA = Virtual Address ‘
FIGURE 2. Formation of a Physical Address
SDW
o * T
N S A
ACF = Access Control Field .
SAF = Segment Address Field ;
SDW = Segment Descripfor Word
SLF = Segment Length Field

FIGURE 3. Layout of a Segment
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SSR¥0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ssRf1 T . ; ] | |
w N~ o A s o — ey D
?, : e ‘
Reg. # b Reg. #
2's complement
> . interested in 1,2,4,8
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
SSR¥#2 ' ] T T
Virtual Instruction/Trap Vector Address
| 95 14 13 12 11 100 9 8 7 6 5 4 3 2 1 0
SSR¥3 |
user segments 7 - 0 exec segments 7 - 0

FIGURE 4. Segment Status Register Formats



