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ABSTRACT 

'I • 
The m Sf" 0 r y ~m a P pIn 9 Q r rei 0 Qat e pro tee t s c hem e pro p 0 sed for the 
11/42' I S $ SSe n t I a II y a ... g me" tat , 0 n S C hem e • I tis des ,I g" e i I n 
such a way that It fs upward. oompatlble with the ~;/~0 Sc1eme 
and does not Presume or dictate ~ partlo~lar use. 

The scheme provides for a phr s lea1 address space of 2!1~ bytes 
and a maximum aotlve virtual address spaoe of 2'~~ byt~$. The 
total vlrtu.' ~ddrels space (I,a, the length of the segnent 
table) Is determined under software control, 

The aotlve vJrtual addreSs aQaoe can be divIded into ~ seg~ents. 
The ~sfle ~, eaoh segment oan vary from 1 to 1~ Pages (1 
pagel: 256 words), P~Qt.~tJon and relocation are provIded on the 
segment leVI', 

An Implementatl6n of the relooate/protect oDtlon Is pro~oSed. It 
wI I I fit on two QU~O board •• 16 ACTIVE SEGMENT registers and 4 
STATUS registers wi I I be pr~vlded; A hardw.re aid Is oroposed to 
hel~ recover from NON-R£$IOENT faults, AppendIces contain 
suggested reOOver~ ~outln.l,w . 

... ~ 
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PREFACE 

Th J s document lsI ntended to Prov I de a da'ta I I ad descr I pt I on of 
the ralocate/proteot Baham$ belMQ designed ~or the PD~1il/40. It 
further fa belnQ used as a "working" set of eng)neerfng 
speclflcatJ~nsf AS suoh It wi I I ultlmat81~ bQcom' th~ text for 
the "EnQlneering SPtolffcatfons" and the "Maintenanoe M.n~al~. 

New In Revision Care: 

1. Segment Length riald and ~egment Address FJeld deScriPtIons. 

2 . SeQ t Ion 1. 2 ~'S, 9 m $ n t f. a Lli t Act ,I (, n 

3. Use of &SRO bit 7 to enable/disable MemOry Management 
T r:a t:) pin g • ; 

4, Storing o~ Tra~ V&cto~s tn SSR2 

5. Section 7,2 Addr.iss bJt. ~6 and 17 

6 , S eo t Ion s 9. 1 4 an d 9. 1 ~ Cd" sol 8 e 0 m m un Ie$; t I 0 '" 

7. Section 1,3 Add~ess Ass·fgnmen'ts 

1, 

-t" 
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'.~ INTRODUCTION 

This memo 1s Irltanded to be a preiimlnary descriptIon. Many 
deta I I s haVe Yet to be worked out. It is our (ntent Ion to reV 15e 
this dooumel"lt from tIme to tl'!'e with the additional detal.!. 

BecaUse thfe fa a 1·lvlng document, It Is extremelY Important that 
We k n 0 \~ abo ute r ro r $ I n W r I tin 9 Ide t a ii, 0 r m 0 s tIm p 0 r tali t Iy , I n 
p I an. ~l e e ~ pee t t h af e IN I I I be Q ~ e 5 t Ion San d con ten"'.:; Ion s r a I $ e d 
by thIs teohnlcal ~escrlptJon., We rema.ln alwaYs ready to I lstan 
and tr)' to ·ynderstand questlons you may ra.lse. If wo are going a 
wrong dirQ~tlQnl NOW Is the time to change. We earnestly request 
your cr ItlolsIfIs and suggestlon, all" deServe an ho~es"e rep.ly_ 

The addreaS9! Qen.rated b~ the PDP~11/~r. are l~·Olt b~te 
addresses. On the 11/~0 with segmentatIon these addresses are 
considered Virtual AddresS ~VA's". A VA Is considered to be a 
two dlmenslQnal address as shO~nln Figure 1. It consists of= 

1. The Active segment rleld "ASF", Tnls 3.blt field determines 
whIch of B Active Segment·Reglsters "ASR'sP has to Ce used to 
form the Physical Address "PAn. 

2. The Displacement Field "Of". This Is a 13~blt ft~ld which 
contaIns an address r.latlve to the beginning of ~ Segme"t. 
Th·, ss .. t I owe. for s.gmen't 1.1 zel of 2'13=~k b~tes. 

TheformatlQn of a oh~$leal addr"ss "PAn is shown In ~l~u~. 2. 
The A Q t I v e S e g m .. nt. f, Ie I d " AS f' " Q f the V t r t, lJ a I A 0 d res S " V A " I s 
used to address one ·of th~ ~Ight Active Segment Regtsters 
" AS R ' s ,. • T has e g me" t ~ d dr, II S F' t .. I d " S A F' ft i 0 f the add res Sed A SR I s 
used together with ,he DIsptaQement Field "OF''' to fQrm th~ PAt 

The A S R 's C 8, n b €I I o. d e d w;1 t h SeQ men t Des c rio tor ~J 0 r d $ ,. S 0 ~~ , s" 
under progr$m control. 

i.i THE SEGMENT DESCRIPTOR WORD "~OW" 

A SOW 15 a 16~bit word oontalnlng Information relev~nt to a 
particular Segment, A SOW co~sists of 3 fields, seeFJgur e 3, 
whlch'are described below. 

1.· The Acoess control FJeld ~ACF", This 3~blt fIeld cOMtai"s 
the access rlg~ts, cal lId KEyS, of a process witn reSpect to 
a' part I eu I ar ."m'tnt. The fa I I ow I ng keys I"iav~ LH3~n ass I qned 
a. ·1 r~ a. d!f' ~ 

a. Non Resident "NR" (keY~~). Ant accesS to suen a segme"t 
w I II caUle an abort, . The reasons why a $8~ment is 
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non-reSident can be many fold, e.9, not SwapPe~ In Yet, 
segment doeJ not exist, etc. 

b • Res 1 den t Rea. d 0 r'I I Y an d Trap " R ROT" ( key:: 1 ~ · I his t s 
essential I~ a read only segment, -a trap upon re~d could 
be desired to gather statistics about the ~se of the 
segment, ei;o. 

c. Resldant Read On
i
1Y "RHO" (keY=5). An attemPt to wrIte tn 

an RRQ segment. W';t .1 I cause an abo r t. 

d , Res , d e r'I t Re$, d W r i t e 11\ n d T rap " R R W T 't ( keY;: 1. j , 1. nth I s 
segment esse'ntially Read and Write operatiOns are 

e. 

f • 

al19wed, the trap IJPon a read or a. write access cOU'd r;e 
deslr9d for st~tlst'os gathering (~ee b above), 

Res I dent Read Wr I te and Trap wt-len Wr i te "RRWTW n (keY=2). 
Th I sIs a segment wher e essent f a I I y read and wr f te 
operations are allowed. When a write operation IS done, 
a trap wi I I occur. This could be used to indicate that 
no va I I d baokup cop~ ex J sts an~ mo r e. . 

Resident Read Write and Written fnto "RkWW n 'key=3). 
ThIs Is a segment '" which read and write operat)ons are 
a I ! owed. Tne "wr i ttln Into" cou I d f nd I c;a te that no 
be,okup copy's ava I I,b Ie. . 

2. SEGMENT' LENGTH 'IE~P ~S~F~ 

This four bit fTeld ,peol",. the number of 256 word Pages in 
the seament, From 1 to 16 ~ages may be speclfl~d I~ this 
f t'e I d. 

No. t e t h Ii, t " 0 " I n ~ h e S. l..F' J p .. 0 1ft e s 1. P a g a a n cj 1 ? I nth e S L F 
speolfles 16 p.ge'~ 

The four bIts of the SLF are compared with tMe fo~r high 
order address bIts In the DISPLACEMENT FIE.LO from the 
Processor .to detect SEGM£NT LENGTH errors. A SE~MENT ~ENGTH 
error .. X J s t s 1 f t h .S L. F' I. sma I I e r t h ~n the 1 0 ~ r "i 9 h order 
bits of the OlSPLACEM~NT EIELD, 

3. SEGMENT ADORESS FIELD (SA[) 

This fIeld of 9 bits In comblnatlQn 
DISPLACEMENT FIELD from the processor 
physical address, This process Is shown 
Fi91Jre 3. 

with the 13 bit 
form the 18 bIt 
sChematically In 

S i· n cat h e 11/4" s • gmtn tat Ion soh em e a I loW sSe 9 men t s 0 f 
different sizes (2~6· Word to 409~ wordS In 2'6 word 
Increments), a method must be provl~ed for creatlnQ '~egment 
boUMdrles at a~6 word InterVals rather than at 4K Intervals 

... 
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If i1'\ernOf"''Y is to befull'::l used. This Is lmpie men t 6 d by adding 
tha 4 high crda~ address'bfts In the DISPLACEMENT fl~~C Into 
the SA F as s t, 0 w n- In F , g ~ r e 3 ~ T h , S tee h t"I I que -a i low S a 
VIRTUA~ address 0 of a 256 to 4K word se~ment to be 
physicallY locatad at an)l'256 word bo~ncjry In tr,e memory 
sY$ tem. Th I Sa' ,ows segments 0 f var.Y i ng I eng ths to b~ P I aced 
In ohysfcal oore wfth no "9lPS" between them. 

1.2 SEGMENTATION FAU~T ~CTION 

If the prooessOr S9Mds an address that Is: non-resident, e~ceeds 
segment length or violates "read only" restrictions, the 
operatl6n Is aborted before the memory operation occurs. No 
me~ory reference Qccyrs and an ABORT signal Is sent to the 
processor, No further memor~ referencei oan occur ~nt' I the 
processor aoknowledles the AeORT signal with a segmentation fault 
acknowledge (SEGACK) slgMal. This orocess is handled 
automa"tlcat.IIY in thfJ 1:1./40 hardware, 

" 

If a seament acca~s is made that requ1res a memory ~anagement 
t rap, t hap roc ass 0 r I S it'l 0 t , f Jed b y 2l S I 9 n a I ( M E ~1 ~1 GMT F L., A ~ ) • The 
processor a.cknowle~QeS thIs flag onl¥' ,t the end of a,n 
.I nst r t.lot j on. The aoknQw I ~dg,ment Iss I gna I SEG :ACK. See sect I on 
6 t" for a f ~A I I d I so ~ s s 10 n 0 f t his 0 pe rat.i 0 n , 

The M E M ['1 G M i F' ~ A G h It, S P rio r 't~ 0 v e r " T bit" t rap s • 

2,~ DEGREE OF HARDWARE AIDS ON SEiM£NTATION FAY~TS 

W hen a s e 9 men t f a. u Ito 0 cur s , ,'f I tIs a',' non· res ide n t '.' fay It, the 
system must bring the mlssfnq segment into cor~ then restart the 
task. SInce such "non"f.sJden t " faults can occur withIn 
lnstruetlon~, some meanS of ~Ither restartIng the Instruction In 
the middle Qr backr~g the InstructIon UP and restartjn~ at the 
beglnnl"g must be provldo d , 

Restarting the instructlon"n the mIddle is rejected as there are 
a number of fnte~nal Inaccessible registers ~hose value can be 
n e I the r s a V e d nor r o. tor. d for "m I d die 0 f ,I" stY' bI c t I Q n '.' reS tar t s • 

An Invef.Jtfgatfon o¥ backing yp the affocts of a partial 'y 
exeouted "nstructTon SMOWS that on I'~ ayto"', ncretm~nt and 
auto-decrem.nt operatronl effeot the r~glster! and that to 
restart, It Is syf"crent to reverse the efflcts of any auto 
,decremeMt/i"oreme~tlng done bY the ~artlai iY c6mpletea 
Instruction before restarting at the "Instruction address." 
Further It has been determlned that a maximum of two r~gJsters 
are changed durIng a gIven 'nstryctfon, 
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The next decision must determine the degree of help provided by 
the segmentation hardware In correcting regIster values, Clearly 
s. range of help Is ~osslb!eMfrom fUlly automatic correcti"n to 
merely lndlcatinQ hOw far the lnstruotlon got in 
SOURCE/DESTINATION oalculat'o~s. . 

Previous experience wtth the KT11 (11/2~ 
merely proylded the EXEC with a blt 

Paging oPtion) Cwhlch 
lndlca t lng w"ether the 

SRC/OST had bean como!eted.J indicated 
needed. 

addItional he" was 

A f u I I Y a lJ tom t~ tiC soh a meW a s r e J e c ted bee a use i t If: a s reg a r d e d a ~ 
" 0 v e r k I I I ,~ and the i n tim ate 0 0 n l'l a et ion tot h e pro c e s s 0 r K 0 t"'l t hat 
would have bean rSQuired Was not thought desIrable, -

The proposea soheme is Im~lemented in Segment Status ~egister 
"SSR #1". It allOwS the EX~C to correct al i regIsters modlfleo 
in less than 40 ~emery references, It's hardware Implem~ntatlon 
Is straight forward and dOes nDt control th0 proc~s~or ROM. 
A p pen d i x A 1 s ,j, s a. !'!'\ DIe r e CO'll' r '¥ r 0 uti n e • 8 a sic a i I ':I i t Pro v Ide s 
the EXEC with the register number changed and a desoriPtlon of 
how much and In ~hat direotlon It WaS Changed. 

3. PI SEGMEN1' 5T A TUS REG I STER #0 (5egmenta t i 01"1 status and 
Indica.tors) 

error 

S S R 0 't4 I I leo n t a i n err 0 r f I a gsa", d the ,. v , r t u a I S e 9 men t n Y m b e r It 
causIng the error as wei I as other status flags, - lhe register 
wJ11 be orQa'1tzedas In Figure 4. 

Gits 1'-12 are the error flags, They may be consIdered to be In 
a "priorlt~ Queue" fn that "flags to the rlgr1t" are i\i1nor~dl That 
is a "npn resIdant" f~u!t serVice routine ~OUld l$nOr~ sagrnerlt 
I engt.h, access, af'ld memor~ management flags. A nsgment i enqtr1 n 

service routine would Ignore access and memorY manage~e~t f.ults. 
etc. Note tn~t the word format Is conventent for; "ROTATE" and 
"BRANCH" brGakout sIQuenoes. .. .. 

Bits 11-8 are Presently spares, They may be assigned uses in a 
"Debugging OptIon" allowing "hardware brea~poir;ts.tt 

., 
Bit 7 enables MEMORV\MANAGEMENT trapping. If bit 7 Is ~, Segment 
Status Regfster 3 ·W'~ I keep track of which segment referane~s 
r e Que s ted me m 0 r y man age men t t r a I:> s, but t h a '" t raP S I g n a I ( M G ~! T 
TRAP FLAG) Is "ot sent to the prooessor. When bit ~ Is made 1, 
the next tfme a segment whose ACF' ca.11 s for is. r~t.f" ~GMT tra.p Is 

\, , 

,'j;i; 
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referenced, MGMT TRAP FLAG Is sent to the processor. 

Bit 6 Iceclfies ~ MAINTENANCE mode In which only the DtSl1NATION 
fetch/store Is relocated and protected. It IS expeet~d to be 
useful for dlagnost'c program development. 

\ 

8 I t 5 I r" die ate S t hat" the·; In! t rue t I !1 n has c 0 ~ pie ted. 1 t w 1 I I b e 
set when non_, rtstr:uctlon (traPS) memory references are made. 
This provldes the error handl Ing routln~ a waY of fl~ding that 
the last Instf uct10M wi I j n~t have to be repeated on re§t~rt. 

Bits 4-1 gIve the vIrtual S,gment number of th~ referenoe oeusi"9 
a fault. alt 4 on. "1" 'ndlQates USER segments. Nota that this 
field is positioned for oonvenlent relative address1nQ OM the 
segment number, 

Bit 0 t~ls bIt controls w~ether vIrtual addresses are operated 
Upon bY the segmentation hardware. This bit wi I I be Ol~ared by 
the processor signal INIT. 

SSR0 bits 0~5,6,12~15 can be written into as a word, other b1ts 
(1-4) wll\ not contain val1a Information after writing Into SSR0 
u n ttl the n ext T r tl P .. o C C IJ r s • 

~'~. . 

3.5 DESTINATION ON~y SEGMENTATION 

Experience with debuggIng KT11 dlagnosttcs has shown that a 
DESTINATION MODE ONLY relocation & protection is desirable, It 
is proposed that SSRl bit 6 be used for that p~rpose, and that 
s e 9 m e r'I ''C a t f 0 !"I be con 1; r 0 I \ • db>, the f Q I I 0 \<IIi n g 80 0 I e a n e qua t.1 0" : 

segmentatlon:SSR1<0>(1~+SSR1<6>(1)~DSi 

The amount of logle regUIred to im~lement destlnatio~ only 
segmentatioM 15 estlmated tQ be one 14 pin ohlp. 

4,0 SEGMENT STATUS ~eGlSTER *~ 

This reglst9r K$~PS track of any AUTO INCREMENTING/9E~R~MENTING 
oft h e 9 en. r a I rag I • t. r s , t t" PUS ~E San d t'J 0 P S • Tn e r ~ g;1 s t e r I 5 

cleared at the beginnIng of .achlnstruction fetch. wnenever a 
general regfster t$ either p~sh.d or popped, t~e ragls~er ~umber 
and the 2'5 comolem_nt number of bytes the register got ~odlfied 
are wr1tten Into SSR1. The lOw order byte ls written first. See 

":'~ 
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Figure 4. 

When the Instruction 1$ comDletad, there Is no need to restart 
the Instruotlon even tf there ma~. be ,segment faults before next 
instruotion fetch. The reglster SSRl Is cleared and anY stack 
mOdlflcati~n from that time ~I I I next !nstr~ction tetch Is 
recordEtt'J. 

,. 

Register numbers wi! I be reoorded "MOO 8". It wi I I be Up to the 
recoVery service routine to determine which sat of registers was 
modified b~ the state of the Processor status Word at t"e tIme of 
trapping, 

lhe existence of SSRl wi i I speed up the recoverY from a non~fatal 
segment fault bY 2-3 tImes (a saving 100-200 uS) anq reQuires 
only 1/5 to 1/10 of cora (75 Words) of the eaSe Wh~re tne only 
i n for mit Ion a v a. j I a b I" tot he; )( E: Car e .t h e ~ R C/O S T bit s , ~ I tho ugh 
non-resfdent segment faults are not expected to ooc~r ~t a rate 
more than one per, two mlill-seoonds, thus making 'the ~0~"?0"'US 
saving In overhead ~erhaps 'eem l"signlflcant; the ImPiQmentatlon 
of S S R 1 can P" 0 b, a b I ':I be J"U s t.1 f , • d 1 n t e r m 13 0 f the am 0 u ri t . 0 f C o'r e 
saved (500 words) and the 8mall amount, of hardware that ha.s to be 
added. !t now S81ms that the 4*256 ROM is reQuired 1" any case 
to 81 Imtnate S~m. of the loolo "~eded to decode the rele~a"t CP 
states, The regtster 'ttse)f reQulr$s nothing extra and the 
control logfc Is esttmated to be ftve 14·16 pin Chlo s • A read 
only memor~ (ROM) wI I I be u,.d to detect ~rocessor states during 
which AUTO INCREMENTING or O~CREMENTING oecur, The R~M wi I I 
"traok" the PrOCe$sor Con;,OI Memory ROM. That 1$, t"e address 
belMQ sent to the prooessOr ROM wt I I be bussed to the 
segmentatIon modules, whe,. It wi I I be used to 501 eo' th. same 
numbered looatlon i" a ROM IOQated In the segmentation option. 
One b l t Q f t f, e ROM w I I I , n die e. t e t hat a 1"1 ., AUT 0" . c nan gel s 
occurl~g. Another bit wi' I '~dloate the dl~ectlo" . (~NQ/~EC) of 
the change. 

SSR1 Is READ ONLY. It oann~t be written Into, 

5.0 STATUS REGISTER #2 

S S R 2 w I I I 0 Q n t it i nth e 16 b f t v I r' t~. I Ins t f u c t Ion Ii d d reS s • I t 
wi I I b. IQaded at the begl nnlng of each Instruction fetc~. It 
wI II be loaded with the Tra.D Vector (TV) address at tne b~gfnnlng 
of an Interruot or a "T bJt fl ~ra~. 

SSR2 18 READ ONLY. It cannot be written Into. 

, 

i 
>J 
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6,0 MEMORY MANAGEMENT AND SSR #3 

Three of the AC~ ke~s cause a traP under th$ co~dltion tnat the 
s e 9 men t ~*J a s r e ., ere no e d • T h ,I s w I I I b e use d for s WaD PI,., 9 COn t r " I 
and other memory management functIons, Since these are not 
"error" faults, there IS no reason to "abort" the QPeratlo" When 
a MEMORY MANAGEMENT trap OOQurs, It Is lufflolent 10' mereJy 
"n 0 t e" t hat t hat raP 00 cur e d • A con Ve n Ie" t ',' un Its am p lin 9 
period" Is the "Instruction." During a single 'nstr~ctlon several 
(5 maX 'n an Indlreot BINARY Instructlo~) different seqm~nts may 
cause STATISTICA~ traps. Each of these must be retained untl' 
the trRP Is servlced. In addition since the move to yser and 
moVe from user Instructions operate In both USER and ~X~C vlrtyal 
address space, soma oombJnatlQn of 16 different se~ments can be 
at fault. A MEMORy MANAGEMEN! trap causes a bJt In tne ~SR3 to 
b e $ e t . E X E C S e g m ~n.t" 0 w I 1.1 set b' t 0, USE R s e 9 men t 1 W f I I set 
bit 15 of the registe~. See ~J;~re 4,· . 

. \, 

One e a b j t 'I sse t I" S S R 3, ,1 g n a I ME M 0 R Y MAN AGE MEN T T RAP wI I I sen d 
MEM MGMT TRAP to the prQQ~s.er. ThIs wi I I oause a traP at the 
end of the current Tn~tryct1Qn. The reQye~t wI I I be slqn)fled by 
bit #12 in SSR0 beoomtn~ a ~1". DurlMQ t~e servloe rQUt'Me the 
bits In theSSR3 must be resst. CNo,te addItional bfts maY be set 
d uri n 9 the $ e r v Ice r 0 u t ,f ne.) lit t . the end 0 f t h $ S e r " i o. rOY tin e , 
SSR0 bIt 12 must be cleared. This "rearms" the MEMORY MANGEM[NT 
error logfc and enab,e~ Th' "!n bits to be·set ,gain, An·"ABORT" 
error oocurfng on a fetch or the looatlon being a re~l~t~r that 
I s I nterna I to the l$egmeniat f on opt I on ~41 II pr~vent a Memory 
Man age men t bit fro m t) e I n g set, eve n f f the ace e s s k e ~ c ~ I ,f s for a 
ME~1 ~ MGMT. TRAP. SSR3 oan be wr I tten ,I nto as a wQ r d, ' 

Note that If bit 7 In SSR~ Is "W" tENABLE MEMORY MA~AGEMENT 
TRAPS), no tlag Is lent to tne processor when the MEM M~MI access 
keys are detected, The proper bit In SSR3 Is set however, This 
a I lows "per'l ad f e" EXEC memOry use check I Mg at EXEC d I s~ress I on 
rather than checking forced b~ hardware. 

'.0 DETAILEd SYSTEM SPEClrlcATION~ 

7.1 CLEARING SEGMENT STATUS REGISTERS fOL~OW~Nq TRAP 

At' the $ n d Q f the s e 9 men tat' 0 n fay It s e r v , 0 e r 0 I,J tin e C e r t~ (M b, t s 
In SSR0 must be oleared to "rearm" the segmentation traP logic. 

81ts 12.15 and 1-5 must be cleared to resume segmentatIon errQr 
checking, OM the next me~or~ reference fol lowIng Qlearlng these 
bits the other SSR's wi I t continue monItoring ~rie ~omputer 
operation. SSR2 wi II be ,loaded with the next In.stryctlon 
address, SSRl wi I I get r~glster Infor~utl~n, If a new 
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s tat i s 1; I c ~ I t r a ;) yJ ere d e tee ted, S S R 3 H i I I b I!} I 0 -:.1. d e d w 

7.2 ADDRESS BITS 16 ,ND 17 

1.3 

8,0 

a. SEGMENTED-olts 16 and 17 are specified by the contents of the 
Active Seg~ent Register, (Max Memory=128K) 

b • U N S C G ~.: E ~ J T ~ D - :; Its 1 6 and 1. 7 a. r e e q L; a' t 0 V,! U n I e s s ~ 3 I 1 ~ , 1 5 are 
1., then bits 16 and 11 are a~tomatjcall~ made 1, (MaXMe!'nory 
= 32k) 

c. CONSOLE ACCESS-when console ADDRESS SELECT switCh Is in 
" P h Y S rCA i.... P 0 sit i on, bit s 16 and 1 7 a rae 0 r'j t r 0 I led e x P I I c I tl y 
by switches 16 ~nd 17 resPectivelY. (exa~lnes and deoosits 
only. ) 

REGlST[~ ADDRESS t., S S I G N ~l EN T S 

77763c:~ SSR0 
777632 SSRl 
7776;34 SSR2 
777636 SSR3 
77764;, USER ASR 0 
777'642 USER ASR 1 
777644 USER ASR 2 
777646 USER ASR 3 
777650 USER ASR 4 
777652 USER ASR 5 
77"1654 USER ASR 6 
777656 USER ASR 7 
7'l766 iJ EXEC ASR 0 
777662 EXEC ASR 1 
'777664 EXEC ASR 2 
777666 EXEC A$R 3 
77767C1 EXEC ASR 4 
777672 EXEC ASR 5 
777674 EXEC ASR 6 
777676 ~XEC ASR 7 

FLOA T I ;',lG POINT PROCESSOR 

Several oonslderatlons regarding the Interaction 
Floating PoInt unit (FPU) rema 1M unresolved. 

the 

F' loa tin '; pol n t f n s t rue t Ion S 0 a. U fJ • 9 e n e r 9. I r 8 9 i s t e r s too e aut 0 

Inc/dec b~ 4 or 8 bytes. The.e valueS wJ II be stored In ~SR1. 

, 
"', 
"'-,; 
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9,0 INTERFACE SIGNAL SP£CIrICATIONS 

Introduction 

The Internal registers of the $~gmentat'on option will Interface 
with the processor through the ~'a8t bUs". In addition ~ numb~r 
of other s(gnnls wi I I be Passed between the two unIts. It I~ 
Intend9d that agreement$ "o~ the char,c t erlstl6s of th.l~ 
Interfacing signalS wll I be catalogued In this sectIon, 

9,1 PROCESSOR/SEGMENTATION IN!ERFACe 

9,1.1 Fast BuS Int~rface 

1. VIRTUAL ADDRESS LINES ~ tVA0 through VA15J(16 I Inas~ 

16 ! j n til 5 sen Il J n g the \I f r t ~ a" I add res s fro m the prO 9 e S SO r 0 r 
flQltJng point prooes,Or to the segmentatlon option, A true 
sIgnal wi II be groynd. Theal sIgnals wI II begln anq ~nd with 
the leading edge of »T~". 

2. BUS START,., BUST (1 \Int> 

A pulse Indioatlng an address is 
condition wi I I be ~round, This 
leadIng sage of "T~". 

on the VA's, A true 
signal will oe~fn ~t the 

3. FAST (1 lIne) 

A slgnal coming from ~memor~~ that can re5p~nd In l~~ns from 
BUS START at DrOOe&Sor C25Bns In segmaMted mode~. The 
segMent,tlcn wl I I "~aSs" FASf frbm the semloondotQr memory 
and generate PAST when-one 01 the 20 Internal reQlstlr s of 
the segmentatJo~ option IS addressed by the prooesso~. A 
true conditIon will be grOund. The pulse wtll t~ave a nominal 
width of n.s. 

4. CONTROL eel) (1 line) 

Th's wi I I be used to dIfferentIate READ and W~IrE memory 
cycles, (NO byte operattons will be allowed In regIsters 
Internal to this option, ' ' 

5. INTERNA~ BUS DATA (16 tr~~.) 

Oat. to De read from the 
segmentat Ion 'opt i on ",' w III be 
val u e I $ 9 r 0 U n d " 

6, B8R DATA (16 I 'nas) 

4 statuI registers In 
p laoed' on these II Me S • 

the 
True 

These are used ~y the pr~o.ssor to tran~for data to o"e of 
the 20 fnternal re91't~r'. True value Is ground, SIgnals 

/' 
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are made Val lei at leading edge Of "T1". 

7. BUS END ~ BEND (1 I 'ne) 

Within 125ns (225"$ with segmentation) after 8U~Tt This 
tej Is to stop J'roo8sslng the address, No fla~/8rrO,. bIts 
shOU'ld be set when BEND 1$ decoded as Jt indicated ~n aborted 
fetoh. True valve Is gro~nd. 

8. PHYSICAL ADDRESS OUT.C18I in'S) 

The physical address qenerated by seQmentatlon option, 

9. BUST OUT 

A dela~ed (1~~ MS) and an_bled version of Bus start reoelved 
from the prooessor, Thfl sIgnal ls generated onJ~ If no 
error occured on the acceSs attempt. 

9,1,2 PROCE;SSORStGNAl..S NEEOED. aYS£~MENTATION 

1. ROM ADDRESS (8 lines) 

The. S bit ROM ADDRESS wi I I be needed by seqmen~atlo.n to 
decode "PUSh8S",+"popS" '0 registers for SSR 2. It wi I t also 
be used to dQoode DES!INAIION FETCH, INSTRUCTION OqN~. AI I 
sIgnals will be true on &. +3"1 logic level. 

2. REGIST~R NUMBER (3 tines) 

The 3 blt register numbe~ Of the regIster being pushed. or 
popped. 

3. CONSTANT (4 lInes) 

A 4 bIt post'IVI number that Is to be added Qr ~ubtract.d 
from the regtsttr. 

4 • USE R / EXt CAd d rei S (I I' n.~ 
NotiStatus Register bfot 1', byt a sIgnal that !F'ld(cat •• 
whether the address' 0"- the fast bys fs ~ ~S~R O~ EXE.C 
add,. e s SIR a Q Y ire db. 0 au.. 0 fIN T E R mod e Ins t r U c 1:.J 0 n s ! 

5. CLOCK l1li (several ""'81) 

To be used for varloue tf~lng and sYnc~on"ln; fynctlo~s 
wlthtn the s,gm,nt.tl~" optfon, 

6 • I. 0 A D t R .. S I g n a I I net f ~" t., "g t h, S. I san 1 N S T Rue T 1. 0 NEE I C H • 

7. SEG ACK (1 lIne) 
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A P U I a e fro m the D r 0 oe S S Q r t hat low €I r s the ABO R r a. n d ME M M G l~ i 
trap flagS, OnQs ABORT Or MEM MGMT is true no furtne r memOry 
referenQes can occur ~ntl I SEG ACK Is receIved! 

8. INIT (1 line) 

A power clear slgnal that oco~rs during nowerup and when the 
co~sole START sWitch Is depressed. 

9.1.3 SIGNALS NEEDED BY THE PROCESSOR 

1. ASORT (:1. line) 

Made true when legmentatlon fa~lt occurs. wi I I be Qt~a~ed b~ 
SEG ACK. 

2. t~EM MGMT TRAP <1 It "'> 
A I eve I w t II be us,d for MEM MGMT traps. I tw II I b.. 01 eared 
b~ SEG ACK. 

3. SEGMENTED/UNSEGMENTED 

TRUE LEVE~ SIGNAL WHEN S£~MENTATION OPTION IS IN ~LACE AND 
BIT 0 or SSR 1 18 a 1., 

9.1,4 CONSOLE SIGNALS REQUIRED BY S£~MENTATION 

1. EX ADDRESS 16 a"d 17 ~2 lines) 

Tnose are the output Of oonlole swlthces 16 and ;~, 

2. CONSOLE INHISIT SEGMENTATION (1 I In~) 

Te II s tMe Se;mentat I on opt I on to use the Va I ues of t;x AODRESS 
~6 and 17 to form the high Qrder physlo.1 add~8s~ bits, 

3. VIRTUAl... (1 I Ina) 

When True sends the VIRTUAL address to the consolQ ADDRESS .~ 
I amQ S. When false sends tne Dh.YS I ea I add r e 55,' " 

9.1~3 SEGMENTATION SIGNALS REQUIREO BV CONSO~E 

1. CONSOLE ADDRESS (18 lin •• ' 

out~ut of a ~ultlplex.r which provides the 00n90le w,th 
either the PHYStCA~ or VIRTUAL address. 

10.0 LOGIC REQUIREMENTS rOR S£GM~NTATION 
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our estImate Is that the REL09ATION/PROTECTIoN can fJt on two 
" QUA 0 tt bOa" d S t T ;, e f 0 I lowing 0. h ,lp s. are pre S e Fl t I 'i P I ann ~ d to be 
used: 

OEC# DEV PINS DE.SC QUANTITY CO~T IaTAL 

19-09930 7405 14 Hex INVT OPEN COL 3 .~2 
19-10155 7408 14 QUld ANO 2 
19-10~91 7437 14 Ql.Is,d NANg Buf 1 
19-09050 7475 14 Quad 0 F'~IP fLOP 4 l,.~0 
19 ... 0 99 37 74153 16 Qual 4 to 1 M\.Jx 8 ,~7 
:(9 ... 09814 74154 16 4 to 16 1 1,.~1 

74157 16 Quad 2 to 1 Mux J 
74:t74 16 Hex 0 F' II p floo 2 
74175 16 Quad 0 F I I" flop 3 
74181 16 ROM 1 

19-09056 74H00 14 4 21N NAND 4 ,24 
19-09931 74H04 l.4 6 INVT 8 .?8 
19-09057 741-110 l.4 3 31N NANO 2 ,24 
19-09267 74Hl1 14 3 3IN AND 3 ,t!4 
19-09058 74H21 14 2 4IN AN~ 1 .Ci!4 
19-09~59 74H30 14 8 IN NANQ 1 ,24 
i9-1215586 74H40 14 2 41N NAND BUF 6 .?6 
19-09063 74H55 14 AND OR INV 1 .24 
19 ... 09667 741174 14 .2 D El.IP F"L.OPS ~. .~8 

14803 14 INVT OPER COL. 1. 
745"4 14 INVT 8 
74S15 14 3 3 IN NANO OPER COL. 1 
14S64 14 . AND OR INVT 2 
"lSl'S 16 Quad 2 to 1 Mux 4 
745181 24 AL.U 4 

74182 16 LOOK AHEAD 1 
19"10087 4015 16 -1 bit 0 with Set ~- ,87 ~ 

3101Clnt o l)16 35 nl HaM 4 --_ .. -.- .. 
Tot.1 84 

,~ 

'~ 
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APPENDIX A: EXAMP~E OF "NON~RESIOENT" RECOVERY PROGRAM 

i'RAPVECTOR: 
sEXEC,REGSET=0,NONINTEHRUPTIBLE 

HERE! BIT #814,2(SP) IWHICH REG WAS IN USE? 
BEQ PUSHLDS tWAS NORMAL 
9IS #B14,STATUS IWAS DEDICATED, ACTIVATE 

IO;CIOATED 
PUSHLOS,PLODM ,R6"R0 /PUT OLD REG ON STACK 

MOV 
AUTOCK: BIT 

BEC' 
MOVB 

MOV8 
ASL,. 

SIC 
ASH 

ADO 

ADD 
CL.RB 
SWAB 
8R 

e: R RT Y P: M 0 V • 

TeIT: 

[MUL: 

.INST: 

BIT 
SEQ 
JSR 
SIT 
BEQ 
JSR 
JSR 

BIT 
SEQ 
MOV 
ADD 
/1-10 V 
MOV 
MOV 
MOV ~ 

MOV 
ADO 
MTU 
MTU 

MOV 
AOD 
MOV 

SSR2,R2 
#B'7,6,5,4,3,R2 

#37'7741,~1 
R~,#3 

R0,(Rl) 
R2 
R2 
AUTOCK 
SSRrl',R0 
#815,R" 
.+2 
R7,NQNRES 
#814,R0 
,+2 
R7, PROT·EdT 
R7,ACCESS 

#85,n~ 
INST 
#12,R5 
R6,R5 
'R5)+,Rra 
(R5)+,R1 
@#16,.CR5) 
@)#14, .. CR5) 
#10,R5 
R6,R5 
Gt·CR5) 
''''(R5) 

#,R5 
R6,R5 
SSR2, (R5) 

IT~ST FOR A REGISTER 
IAUTO INC/DEC 
INONE CHANGED 
IWAS CHANGED, GET 
IPAHAMETERS 
ISAVE AOOITI0NA~ COrY 
IMovE REG# TO WORD 
IBOUNORY 
ICLEAR OUT otHER BITS 8, 
IMOVE CONSTANT INTO 
IP~OPER. POSITION 
IR; O£TS LOCIN STACK 
IWITH REG,' VALUE 
ICORRECT OLD REG VA~UE 

IS~TUP FOR SECOND T5? 

INONRESIDENT ROUTINE 

IBOUNORY ROUTINE 
IWRITE'ERROR ROUTINE 

I 
IINSTRUCTION COM~LETED 
ITRAP bIDN'T COMPLETE, 
lEMUL.ATE. 
101.0 USER PC 
IOLD USER PS 
IPUT TRAP VECTOR 
IMONITOR STACK 
IL.Oe or. USER R6 
I " 
IPUSH peTC USER STACK 
IPQSH PS TO USER STACK 

IINST TO COMPLETE 
15ET PROPER STARTING 
IA~CAESS IN stAC~ 

030~ 

15 
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F~ESTHT: POP~Jj 
8IS 
RTI 

R0"R6 
#0~'00"1, SSR21 

IMACRO REG R[STORE 
IR;AAM SEG CH~CKING 

.0306 
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Active 
Segment 
Field "ASF II 

Displacement 
Field "DF II 

"'f 

\ 

The OF contains a 
'13-bit positive 
number. 

FIGURE 1. Interpretation of a Virtual Address 

VA 
ASF OF 

I 3 13 r 
\ ...... v-----.... (------y-- I -' 

I 

ACF SLF SAF 
3 4 9 

ACF = Access Control Field 
ASF = Active Segment Field 
ASR = Active Segment Register 
DF = Displacement Field 
PA = Physical Address 
SAF = Segment Address Field 5 
VA = Virtual Address 

FIGURE 2. Formation of a Physical Address 

ACF 
SAF 
SOW 
SLF 

SOW 
____ .A.....------., ... 

I 3 

= Access Control Field 
= Segment Address Fie I d 
- Segment Descripfor Word 
= Segment Length Field 

FIGURE 3. Layout of a Segment 

'-

I 4: i 

4; , 

\ 

9 

9 
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SSR#O 

SSR#l 

l 

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

.! 
~~ __ ~~ __ ~~~-L __ ~-+ __ ~~~~ ___ ~~ __ ~ __ '~ 

\~ 
~ 
\~ 
\~ 
\~ 

\ 
\ 

15 14 13 12 11~O 9 8 7 6 5 4 3 2 0 

I, II ijJ_[L) ___ ~ 
Reg." ~ Reg. # 

2'scomplement 

. . interested in 1, 2, 4, 8 

lS 14 13 12 11. lC 9 8 7 6 5 4 3 2 0 

I I I I I r I I I I I I I I I ! I 
;YirtuQI Instruction/Trap Vector Address 

r • 

,\'15 14 13 12 11 10 ' 9 8 7 6 5 4 \ 3 2 0 

Q: I I I.I! I I 11,·/ I I I I 
.-~......- ... ---""'---.--... --.... -~ .•. ~--.. ···v·,·_· .. ···,· .. ······ .. " ".' .... ' ) 

user segments 7 - 0 exec segments 7 - 0 

FIGURE 4. Segment Status Register Formats 
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