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. We again r~quest that yo-..: -. ,3erve the ·pro~r ietary J:?.atur~~ 
·of these m~mos, except that y:~. ~ay feel free to discus~ the· . 1 

636 (we ha;ve given it a new we· . __ ag name to avoid confusion) . j 
with any other receipients of .. ~:' memo. · I · .. · 

This jis revision v· and r• _ · .. .::;ents the final versioh of '; j 
I . :1 .J• 

the 636. 'Several instruction;;: · -... ve been. added as a resp.lt ; 1 . 

of Bob Grapam' s coding of the ·.· • .. l and Entry Macros, th~reby.' 
simplifyi~g the housekeeping. I • lt 

Since this is the final · · ::; ion, all future change~s wil1J 

,, 

be for purposes. of clarificat:'.~~.:. o defintion of portionsl not. ·: · , I ' 

covered, or ·rarely we -hope; p:.'-',:>:~ing holes uncovered bY, pro.L: : · · .i 
gramming. :

1
·. . ._' .. _ .· . . _. ~ · 1 

• • . 'II lj ·! ~ q l j 

' ' ' ' ! .. !' iJ 
Yet to bt~ covered is the .:~·stem interconnection, manipu · · 

lation of the faql_t ____ (;lnd. j~terr·c-:;?t vectgrs_; ___ ai1¢( t!_le . .!Il~:tl\2§. ..... e>f. ~~:J, 1.~ , 
e ; • · ',:. • ' 't . I •• ~'; automatJ.ng 1_ "FaJ.l Soft ... -· · · . - •- .---.. - -- - __ . · · · ·.: _ .. ' : .. 
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Segmentation ih the 636 .3 •' I ' ; ' 
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The subject of segme~·tation icnd its benefit~ 'have been 

discussed e+sew;hE!;re. Th~·:·-purpos.e lof this ... memo .is to ;des~ribe)i. 
the modificJti~ns to be fuad~ to the st~ridard 635 process~r to~~ 

I . ; t :· 
facilitate rpanip\ilation;_ .of segments. ·. ' · ! :' 

1 

! . , .. ' . l 'I 
! . j I! 

' , I 
To start, some definitions in order. These defintions 

may or may ~ot. cariy the· .·full cc catioD.s as 'when :used ·tls<iJ :; 

where, but till at least .minim:.. :;caahtic difficulties en-

countered wl;ien' reading this me~·: t i r i· , , it 

j ~ 
jcl 
~l 
·I 
l1 

' \ :·, 
' ' ~; 

' ~i\ 
I 

' I I 
' 

'1 
I 

•' 

A segm :nti is a collection .. .-,formation of su1ffici~nt s~t~~ , 
to warrant ~iJing it a name. :~ · .. :::cent -t-erminology it xhight · ei ·: ;., 

~ I . :. • • .L ·: ' .. •,,, 
a subroutine, a collection of s-;.:. .. :~ .: __ tines·, a program or a. col~ ·, 

' ! . :, . . . ~ ~ ., • , . r: , 
lection of i;>rograms. ~ Addressing .'.:.:.hin a· segment ·is conse¢utiye, l, •,:\ 

r I\ 
~ II l :I 
It 

I i 
:j. 

' 
il .. r 
r 

; 
\ 

I starting wi~_ h :~?:e.r9. A :.s~gmeri_i:~. h: :; -~·.:-~.· e-_f~~E::.~-~ .. ;.~~ ~.~.~~~ .. ?.?.. 4a~ .~~~ _;; , '._; .. ' 
·~ '! l 

altered dur~ng:· execution~···.·.·· .. · .·.. · .':[. ·. -····· ·; .· -1 r · ·.~· j. _· ~ 1 ·.:; : ._.~ .... ;r · 
. l 

.. ~ .. -. _j ____ , ........ ~. . . .. ~: . ·I"·· . ·._:)_·_ . ··-=·H· .. · ...... ···---·r·· .t: ---~~- · , ~~L~ .. L~ .. ~-· 
A procedure seqment'-·is ·a ·~e~ ·--··'"rit<·jwhJch ·consists 'pri~arily ~f 

instructions. ··A procedure ·se~mc:·.c is·;fconsidered "pure" ~f it;ls ' 
. . . ' : . . i ; . ~-. :_·i_:, .I I' 

unaltered by execution:~,-.:._.:_''· . . .· :: ~ . a i ... 
. , . I 

. ·. : ·.· l ~ 
. i ~ . ;, 

A process:- is a s_~q_·~_-_en·ce of ~Y::-oce¢.~res·.· .. The. sequenc~ may;! ~~. 
. ' ~' 

may not be :alter¢d: dUrfrl~' execdt::.~ln'.:,.'_J: -~.-· .. ,; . 1 ., •. I t 1 

... -,.: : ·, '• ·. . ;,\._. ~~ ·u. ··~ ! · ... 1•--~· .-.\>)_"~.-::_. ·. _:.·: ... '.· ~)~-- ': :_.~;- ~ )"·~· ···-; .. - ·-~ ·:·. · ·· 
' ·,' ::1 

,, 
·.; 

I 

; . 

' ' 

l. 

• 1 ~ dat~::~~i~~~~t ~s··" .~~9ine~~ '"hiCh consists· ptiinarHf cif 1['a~~- · ~. 
~ I •, : '· 

A page is· a. fixed .,_subdivis::.-~,:-, of add~esses within· a; segm~l t. .,·. f 

For Cotweni<lnce/ the J?a:ge· s izS ! ' .. ~ be : ari: I fnteg'.ir· powe:C' :~f '':! .(/the .; 

addressing ;rttim~er'·-~ase .. in' tl-1e I~:-,. arid;. a page :alwaYs st~rts at ·an 

addres~ «h~t!~' ;~·· ... ~ in~~~9e~ m~·~ .e'' bi! \he PagE. 'S'i~~ ·l ;i 

' . ·. ·.;. :·_. : '· .. ,· . ; . . . 11 :. . -~ il 

• • ' • • 0 • • ··-·.· •• !.·_ .. ~ :·- . •'. . :·:· ~- , . . , -~·~:_ . -,: ~ .r . : 1,_. • • ~ .-.:.. • .. . • )_\!. :~ ·e .L : • f 
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A bldck is a subdivision o:::: "·nemory locations.' Fo 
····· ! : ' ' 

Venience 1 jblOCkS in COr,e memory Will' be the Same Sizes 

I 
I 

r i · 
' ' 
·,I 
• I 
. I 

. 'I I i 

, I 
I 

,; 

. con-:J· I : .. 
as pa es. , 

I 
i ,'' 

• I 

. A base register is a registe:c used to point to a escriptor t I . ' . I ~ I . . I, 
word which defines the locatior: c;:: a segment (or its p ge ta~le) ~ l 

JO:d also defines the J.egme~.···1l i ·I.J. 
access to that segment. i: ; · 

~:l::r:a~n b:h::e:::J:e~:n,~ : ' ~j ~ 

in .core memm:::Y.•. . The d~scr iptc:::: 

size and any ?~~er restrictic:: .. 

.A base us~d to point to a desc. 

an "exter al"base. 

locations within segments in 
I 

to as "in er " ·bases. 

~~· .. · 
l 

I 

case t,hey will be r (erre
1
4 

I 'I 

For onvenience in discus;:;~. "''-' the term 11 appendinJ" ~ \ 

base regi ter to an address wil: De used to infer the Jeri-i1 

vation of a ·core memory locatio;. fro~ the contents ofmJhye ii 
specified base register.. The :;;<:..:c:1anism of appending ~ , • 

then be d fined separately. T?>:: ·::erm appending also iAfers :~ 
! . ; 

,! 

j 
" 

a simulta eous verification tha·:: ·che address is within j ltmi~:s : 1 
and that · ther access criteria :;,(,~ve been me·t. : i i : [ f 

The Lce~ts are i~~plex. .~ffi~~:. to. say,~ha~ ;the ': '.l 
_____ ,1._ ' .......... ~ ·-------~-----. ···----~-'ll-~.............__ . ..... ~ ... _..::.ll.__-: 

complexity is required to elirn: .. :.::e the means and nece~sity 

for a segment to embed an abso: .... e memory address within the ·. 

segment. In any multiprogrammi .. ; or time sharing envi~onmeJt 
' I 

it becomes necessary to move o::- ~:·c::move segments· and it lis no:t. · 
I ' 

always possible to replace the ::::;;gment in t~e same ~ocation.· I· 
Accordingly 1 the only basis fo:c :~:eference between segm~nts is 

; ·-/ I : 

the use of invariant names, anc ~~e association and re~ 

rl.ssociC~;tion 1 after moves, of n.: .. :,3 

i 

function -of th~ operating sy_st::. 
·.' .. :k:'.:'' ", .'J.;'. 

. 'l 

......... ' 

i;_ 
and addres_ses becomes a 

' • ·' • : t_-' . . '. ;'. • ~ ... •.• ; ':. .: 

·., 
\ \ • • • .:. 1 ••. : 

. '. 

• .. ; :: ·;:_ i i ·::: ~··. t~; -~ 'J' .' . < .. ~-:: ~-~ . 
. \ 

·, .·. -.·· 

' ! . 
' : 

' 

1-
! 

' I 



I' 'I' 

. l ' ! ' 

It is h~ghly·desirable to dis~ssociate the variant and 

invariant porti~ns of programs, o:,::: more specifically, the : 

procedure ( i~struct.ion) an¢1 ,constvrc.-:: .:: from j:)1e data • , So. d9ing .,:.; 
'' 

allows the simultaneous execution several users of a common · 
! , I 

procedure seg'ment, ·greatly, improv:.~-~s use of·memory in a. 
' 

multiprogranurling enJironrnent. 
I . 

• I I 

(S faneous ·compilation by;. 

several user~ can' give an exarnpL 
I 

' memory SJ?ace · 1 <:hy !>OSS ible 

savings). IJ addi~ion, the sep2. · ;;. 6f Variant and invariant' i. 
. I . 

information c'an: greatly improve 
i. i 

since invariant data need.never 

' 
~ . 

Meeting ,the requirements o: 
quires at le~st · one base reg istc. 

all memory adce~ses. It is desL. 

( 

:.:'ficiency of time sha~ing 
(i 

rcltten in bulk stora13'_e e •• 
, 4~ ~wfwe-.l 
: !.! 
i. { 

cation of programs ref 
. . I 

I. 

I i • 
i'' 
1\ <~ . 

.e contents of which modi1:y · · 
~ ,, 

to contain in the ba§e; , . 
. ' i ·:' 

register an upper boundary to inh . access to unused ,porti~ms .· 

. ~ . ' . 

! . 
i I ! 

of the memory, thereby pro~~cting cer : users fr()m "fc.~~~.nfat, :.,1 : 1; 

or deliberate interference. By :-.:·. ·ling (and protecting) 'fhe · ·;·. , 
\ . R I, i' l . I 

ba;:.;e from the us~_r_s __ <:l_irec~_in_~lue~., .... , _ _:_~-~-~-"-:l?.r~9.~~~-·"c;~n ~,:;.~~,V:~?... 1......._;_ .. ..._ • ..-!d~:;· ··-f-
and isolated during execution wie~,:;;:_t his knowledge or conbern r 

and without alteration of any por·c:Lcns of his inform~tion.J i . ' i 
~ ! 
~ i 

Separation of p;rocedure and <: . .--:a requires at least on7 

additional base~ the contents of ., ich are appended to allf 
,. 

references to variable data~ A c:.. __ ferent base· setting· is 1. 

f 

established for:. each user of the ...:;~;~:· .. .--non procedure, thereby~· i 1r · \ 
isolating . his' data'. from that of. 0 .:::.er users. Again, . the s~cond .'I' 

X base must be isolated from the USc .•. ' and cbntairi ari upper 
~ 

.It shOU'ld· be noted thi;:c .. : _:he dual base. also permits boundary. 
i 

l ·_:·,. 
; . l ·, ~ ' . : •' I 

: •j .. 
. , 

-:-' 

t 
! 
i 

·, '.' 

' ! 

. i' i 
! . 
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• I 

separate .pro~edures to use conunon da~a ·With._complet~ prf~~on. l: 
·The advantag~s ,of segregation of varJ.able. data ,classes1rila.kes~' · 

addi tiona~ ba.s'f~ des ir i.ble, but the exact;·:numbeJ;, .;.~, B)l,j e~t . ~o~ : ' 

, d~bate •. ~~he 163.6 contains· 111 eight of tWhJ.ch. are, ;PJ.:t;ec ly i 1_; \~: ' t,·. 
,..· I · j : I ;• i · 
· ·adp~essab.+~·~i 1. i 1 1 ·., ·!:: ,. ,. 1 ., 11 i.: 1 I.• , ,,,. J .. , 

.1·1 

'li. ': ,·j• I . "·· ·~ 1 ~.1 -~" , ·r ·" 1 ' 
I l: 

The Instruct ion eye le 1 • ·· · 

'.'I 

To fktch the pair 'of instructions, the procediire ase "!I I· 
register ts appended to the address from the instructidn . ): :. 

( counter a~d. the two instructions brought from memory. Jif 1 
:. ' .. 

. f' I 'I· 

I I 
: f 

bit #29 or t.he instruction is zero (mandatory on 625/615 . ·~: : .: 

pl2ograms) ·the e'ffective -addres.s, i.e. , .. ·a. fter indexing, iis. :.:· 1, 
• ~ I ; f 

, append~d ~0 the procedure base. and the . Operand fetched j 'I : i I ), f 

. If bit! 29 is one, the address'.·field of· the instruction i~. r. j ::, 

. i 

! 

: I . -. ·. ·'"· . i 1; I (! 

··· interp~eteld as follows:_ . . . ·1· :i,: T I.IJL .. 
I 3 ··· Hi .:~· -~· •1 .·., • "~,-~ .1:~:~.: :;:;.t 1 __ --f:t..,'I"~. -,-;;-r-.;.;._-.__.;.·:o;.;· ';.,· :;;.;_!r_;;;<-:-;;:,:-r.;;,·=r;,;,;··.::-_~~·..;,··-~~ .. ,·,:·;,tn .• ~ .. ;1:,::!.1;~.·.~·o"' · ... " , ~.J~( \.l; ., .. 
i ·~ ST ~' . ~ y ' ' ' :I ·l 't!. 

o 2 n 4 1.7 i, i ·;· 1 I· I· i I · 

____ .. _ - --~- .. ___ -_. -~~./~ L.·~-- _· 
I i . ! ; 

I ·• 1 i', · 
I 1. ·, •. :.I I . 

. , I : ' 

>· 

The three most significant bits constitute· the segment · 1: 1
· 

i. ! 

;.·I ... 
•· 'I 

·tag specifying the address base register.to.be used fo~ 
l 

address preparation. The remaining 15. bits are _i~terpl~ted .. '· rl!.' f ·j 11 ~.· 
·as a signed 14 bit quantity to be additively combJ.ned ~J.th ·;: · !:: i l 1. : 

.... l 

I ~· . I ' . • ' I . . ' . 
·the selec~ed index and internal' base values., The sign7d ·····•;!: ·:: 1 J jj j · 

addr·ess 1 'fi~'ld provides; in' effect, a positiv~ and negative'·· 'f~::~r ' !1 1 • 
I ' . ..:-. • _· ·.• • ·• - ··- . . ' ' I . I . : ; :: • I . I J ' 

offs:et o:i~'-1l6K about the index value .• · · Th~' 262K.max' .ef£·~ .. · tiv~~· 1; l ' .. 
address . .'i{s· appended to· the base register ~pecifi~d by ~he · l. · :1 i ·. 
segment ·-t~g and the operand: brough.t· f~6m ,~emor_ Y·.· ·· ;·: 1 :; ! 

~ I , ' ! 

. t.!l~:~r~-~·,:.t~k"·\ ·: · 1 · ·· · .... / · _, .;j :11 
' . l'i_' .• . '., .J: . . . ' i' ·. . . . • . . !j 

. 'l'u .t:r·::ch i:.h , 11;~:·: ·i ., '1, .·: 1 ,.~ ~ . · ~~n-,· •• _, ..... · ... 1 .... ! ·:~:!.1 I 
• · -~ .-. . ...... l •. -~_ .. :~·.·.·.~-! .... ' ...... : -·: ·· ... ·. ·;_ .· . ·..... · ,-_i1.1 ·.·,'·. :.· ••. r .... ~-: : .;!l';L;t ·t-~: 2~j?:·:;-_:,. ~:.·. N ' 

c ~:~y ufd .tl'<• · •.· : .. : :;, ', · ' · · ··· '• ' ( ·• • .... <Y ' ' 1 .j ~~~~~ ,
1

1 

·j·'-'9 r)1::··l:1·l,\:·.!< _i~.~-.-4-·····(:'. '.•.··.:· -~~:::.l <. :·· ., .t :1' ·! ···:·· :; , L· ... ~--~.- .~ .... ; . 
.... ,,.~ .... )~ tL9.· "'··· .I.. . ! .. ~;·:·l~ , ., . . i<:.l. ·'··· ; .. LJ -..-:i../lCi I i.d I tJ. u 1 

' ' I' 
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I 
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specify indirection to other segments in a manner to be 1 

described :later. 
·.' 

... 1., ••• ~ • : • •J . 
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I ' ' t ~ 
The paged mode causes segments to b~· subdivided intp pages, l, _J 

and memory to be subdivided into equivalent blocks. Appliication ~~ 
·of a stored transform (page table) ·then. p~rmits the· cont!iguou~ 1ly- J 

. · l I 1" 

addressed s~gments to be located· in non contiguous bl;ock~ of memorf(.) 
; I : .. I 

making possible the expansion and ~o~traction of segments withou~ _·_ \ 

if ~I : I' \ 
~ : I l . \ , . 

1;. ~~ j . i -~~--- .i ~. I :~ ·: 
r ferenpe~ f- i : 

I I I 'J I I the segment J .1 • 

r~ason~!- a 
1 t··\1 ~-. 

l _, 1 • I 
. I t ' M ··i . I>; I 

: li. ~~~ ' ,t_·!.\ 
: I ':I l 0 ~ • J·. 'i ; t; ,~_. ' : 

1 -I ~- ., , • 

\ Eleven base registers, and an associative memory ofi 16. w~rds t. ;I ' .. ~ 

:.·minimum ~ill be,added t~: the ·stankard:.63S: The base·rkg~ster~ ·.' f~-~t----h 
:/.-. - . • • . . 1 . - - - • r .· ~~~ · -~~ . :- J · . - , 

I· 

moving the remaining 9ontents of memory. 

To implement paging, a segment page table will be . ' . 

which will contain the block location· for each page of 

Page sizes will be 64 or,. 1024 words, and -for practical 
i . . . . 

segment must ~e entirely of one or the otjlfJJstze. ~ ,? 

. . . c~~~-k~~r-~· 
Description 

I I 

·'!:; are igr~up·:d as. ~o.l.lows : .... :1i ___ •t -
1 . __ - -_:··-.\-i~:I1:Z;.:';;'f:.:.:~:::.:!l·;,1 ·; •• ·;:-'{:.;~:; •. •;.~iic.·~·-~-1_'_._-_· ,~.;. :·J __ i;

1
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· · --. , --~~-... . ·- 1 :-.~~scr }:p~o:_~a~~g is te1 d i V.i<J~'!Z.?.,.!;l;!_ree _.fi<1}2e.: J! ~~\i j: 
· Bits 0-17, the address IT(odulo 64: bits 19-26, the -· _ 1 __ ...... ; .• , - . I . . . .. , 
1 boundary: and bits 27, 28!, the descriptor field.: , I _I 

Address Base Regi~~~~s;·:lnunili~:r.ed -o--7,-·containid~ two!' ': _-

fields. Bits. 0-~i 7 ·the· address_ •field: bits lB-2,3 _the i 
. ·" . . .· .. · !. 

control ·field.-. ' · ·.:,;·--. ·. ,_:_ ; .: ;· ;-,: .: 

8 

.. 
! 

. t. ;-· 



' ' i 
I 

page table, if paged, and defines the size of the descriptor: 
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;. 

1 ~ I 
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! 
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segment. The base may 'not be ,altered by an object ·program, n r 
I 

may the contents of the'descriptor segment be altered by an 

I object program. 
'·1 • I 

•· l; 

The Desc:r::iptorSeg!Uent contains 36 bit descriptor Words 

l 
,I 

I 

l. 
I .. 
l 
• 

\ 
which locate'," iri 'core .merilory, a segment to 'be 'addre;ssed dutin13 · 1 J · 

. I 

I 
I 
I ,, 

I 

the proces~·,- or' 'it's page table. The desctiptdr· word also 'det'ines ~ 

~~~~ and designates whetL·2:.: it may be altered, executed :a~· 4:
1
1 '· 

process, and whether it is pr.-.:_.-::;ltly in core. Adjacent to the , 1 

. . ' !· ' 

\ . 

• T 

Descriptor segment, maintained by the control program, are ! 
; 

i 
' ' ' 

stored segment names (in any :form) to be used during execu,tion. 

of the procei?S (sequence of sesments) • . No fixed addressing.· · : 

relationship between names and descriptor words is maintained 

by the hardware, but the descriptor segment maintenance routine 
I . ; ::. 

. ! ' 

.must be able to accept an address from an object 'program, .J'. :_. l .. 
·-!: 

. correlate it with a name, and plac'e in the address in the. 

descriptor segment a related_descriptor·word. 
i I 

. I 
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The address base registers contain address· information ··in 

one of two forms. If ~.base references an'address within a seg-
.. ' ... \· ... '. . ·t~l: 

ment, this address becomes part of the effective address and· the ; .... ·· 

base is called internal~ If the address base. register references ... i 
; 

a descriptor word within a descriptor segment,. it is called ,, 
. l 

The control field designates a base-as internal or external. 

external,· and if internal,·· specifies· another base as ext~rnal~·,, 1 , 
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A referenced external address base ·.lo1cate~ a ·segme'nt oy ' 
pointing to . a descript'or. word in the descriptor. segment' :that . 

contains eithet the base address of the 'segmsnt 'desired!. or the 

~-.' . 
~ .. 

' ~ i ' . 
~ . 
' ' •• 

base address. 'of the page. table which 

riate p~g~ · o#·· the segment. 

in" turil' 'lo'cate~ the app~'op- . 
, . . , • ; • ; . i . . . I 

The procedure base ··register contains· the pointer to the. 

procedure segment descriptor and the temporary base ·:rEilg'ister, 

··contains the descript-or_ pointer 

. 'effective. adqress. 

. . ; . . 

associated :~.r:i.th the :irmrled:late 
j. ; I It . ; 

. :j ·. 

. . . ' I • I !' j 
Since object procedures do not store ·descriptor w~rds but- !' (, 

. instea'd manipulate pointers {as the contents of externcil ~ases) ~~ r 
, I ~ ~ 

to these words, the object program cannot. alter descri.P,tor words ; 
, , I, . ! 

which are located in the write protected descriptor segment, ! • 
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thereby preserving the ·integrity of ·the. protection provided by· 1 

the descrl,Ptor word. In addition, the ~r);r.y region whe~e se~~ent U / 
_locating absolute ad~r_e~~es are cont._cdr::_d is within th~ de~.:,~.~·--·~·-·~ 
criptor segment where they may be retained as long as useful, :I: 

may be' readily removedwhen'the need arises to remove the 

user, and may be re-associated with segment locations when 
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the user returns to the machine.· Pointers to. descriptor words ! 
. . : . I 

may· a;Lso be held· in: indirect ·word p·a:irs, \permitting in~irect,ionj. 
· · -· · · ·. : · I I ·.:: .. . 
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to segments.··· 

In Elununary I a complete address in" the' 636 'consist~. of. an',; 

efEfctive · addr:e·ss ·and a pointer to a descriptor word in the · 

descriptor segment which prbvides. (directly or irid1rectly) a!: •' i 
base addr.ess·~· ,.The pointer may be' obtafned' either ·from:' an'·, ._!1 :i 

external base or· from_ ·a· speciaily' tagged:·· indirebt 
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To avoid accessing the descript·ot segment and then the pare . j 

table during an instruction or operand fetch, an associai:ive · ·: f.::) 
memory is provided which accepts as a reference either the pointerr. · 

and produces the. page table location · (i.e·. 1 the descript~r wor~) , t .'! · 
. j ,.' I! . . :· 

or. the po;inter and page number, ·and ptoduces the block locatl.O ··of 
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the page. .A usage algorithm assure~ ~hat 'the preceding 

.. 
descriptor word and/or page references are retained in 

associative memory for fast. reference~ .. 
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This Section outlines the features to be embodied in the. I 

636 to implement :the functions descr~bed i~ th~ p~e~·eding s;ection. 

In conjunction ~i_.th the addition of the. eleven' ba:ses and the ·' J 

i i I 

associative :m~.mor1y '· the pr~sent Gqo repert~i~:~ ~i,ll, b~, ~9~~fi~~ 
to include: Sixt,eel'?- new; faults; ~h:i..rty~sj,x ~e~ ,in~truptiopsl ~'\=O 

·manipulate bas'es; two new IT addrJss modifier tags; and ··addit;:lcinal 
., . . i ,,; . I . • : f i' I ll I . ' ! l 

instructions to facilitate handlLt'J 'interrupts. j:' 1 ·I · 
' ' i' ., \ ,. ' .I :_·1,: 

•i I 

Base Registers and Descriptors ~ 1, ~ i 
I 'I! 
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I' r ' ,:·:, 
; ': •• ~l 

~~- t·' l \. 
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;i, 
I r , 
i·f The format for each base re;ister type .is given in the :1 . ·. I 

accomp~nying figure. Descriptot·:::: ;:;:.:')pear ~oth explicitly land j 

I : I 

implicitly in the Descriptor and ::::·ocedure _Base registers. , . 1 

Descriptors held in the base and l'Y3:9e tab_le· .. memor~ e~triJs.:ar~~ 
combined logical,ly (logical AND) ".:o produce the actual ,descriptor ' ·.: 

informat.ion ;that appl:ies I to the ;_:;age being referenced'. l ~ i :l : ;~: 
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I ; ' ' . ~-.-.- ,' ··.:: ' ··~::.-~-::~:· .. : '' ·.···: ~~:·'·.:A . :·:;I; .• 1'.1':' 
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The Des,criptor Bits· a_nd_ t_h_., eir lo~~tions .are as follbws: 1., · l.i1 · 
. ; ii·,J: 

A. . nes6r1pt'or-(se9ment/i>'a9e>:: ·-' :.-...: ............ ........... ____ , . ...--.,·h............ ~~.!· 

. 27. Page (block) size. ·If o, :the page (block1
) siz~· is f 

.1024 words. If 1 ~ 'the page ('block) size is 64 l words 
,I 

28 •... Paging. If O,·:the ·segment is _paged~ If .1, th~· segment , 

i. 
J 
J, 

· l · ' \ · I 

is ·not paged. If the segmert.t'·is non paged, t.h~ ."segrn~nt.~:·.:j 
.. , ',~ .' . : . . ' 1-'<. : -~. ~· . .; ;-.. < · ,··.: . ' : ~ ' ' ,: • 1 J" ,· ' · . I ~ i . } 

is tested for boundai:y conditions as 1£ it wers page 'l : ... 
i,' ,, .\ .: . i ; ' ' . ' : ·.·.· .,f: ' . .;:.! ' ';: ,: ,·' :. 
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~. 29 •. · Spare_.;-.: :·, <-.l. i· ·. ,-,, i: il !• 

' ' .... ,,,. '1_-' : · .. ' '' . ! l '' 1:: I .J II I 

. 30.. Write permit. If 1,·· writing is permitted in this I···· ,. ·~ 1 :' · ! 
Segment (page) .• ' .. {f ~ 1. \.rr;iting ·ii>etrni1:ted ·jortly .:~£' ln·; : j . : 
Master mode , .:···_;, .··.·".!·.·. • :.· .. ;,._· · •. •, •· . ,·. · .••. • i.e-.·_.·'---~ 1; •. l'. '1 

• • I,, r .. .:, !\ t;'f\..i+.l t L ,_i 1 ' t'1 . •I 

·· ·31. _Master Access.: If 1; access ·is. :permitted to this ,., 

' ' seg~~~t. (page) i~· s·{~v~ modf·· :: ,, j 11: 
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I 
A. Directed Fault; bi·ts 30,31,32 specify fa11t ty~e., 

B. Data (may not be executed) • · I · · · t\ 
c. Procedure, Execute. Only·· (inay· be executedl1· 1~nly ~nd! ''I 

,• I ' i;. 
not accessed as data by other procedures~ S~lf t 1 

l i ' ~· .'. 

'. 

. . ~ ' . ! j ; ' .. 1 ;: ! ' 
. ' . I 

access is permitted) •. · 

· I , .; \1.\ 
,, i ;:,: : j 

; l I ' ' }~/. 

1\ " ·{:·1 
If Segment Type is ·direct::_ ~.:ault, bits 30,31,32 are inter-, ·I 

D. Procedure~ Slave (2~y 6britain data). 

E. contain data). Procedure, 
i , 
{ 

prete~ as follows: Directed f.:::.L::U:: ,.. 0-7 ~ Th#o. lJ.'ke number~·.1/ed ·,1 , : ·,1·~.:.'1! 
directed fault will be generate<:.. Two directed. faults J,ill ·be , :1 

. I 

-~-to denote the _absence '< " page or descriptorj l: \ j. ·: l i:l 
In· a page table word, .bib:.; "'"' attd ·26·'are interpretJd,ias' . ' I ; ' 

follows: ; ·.: ;:~ :;:::;.-:,; .. 

.. 25 U.,sed·. . ,,. 
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B. 

c. 

D. 

Address Base Register Control Field I . 
Specify the external base address if ~he base 

I 
18, 19, 20. 

21. 

22. 

23. 

is internal. I ; I 

Internal/Ex-ternal •. ·If 0, the base iJ an ; 1 

! internal base fu1d·an external base must be 
I 
l ;r 
} ·I 

0, the base may be reioadedi 
I 

specified. 

Lock base. 

in Slave m·:.. If 1, · the ba:se is locked H. 

. against chc:.:- ~· .. · :~n. Slave mode. 
j I 

Unassigned. 
(1. 
'·l 
I ~ . 

. I 

Descriptor Segment Base 

27. 

28. 

Page size. 

Paging. 

Procedure Base Register 
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·base.is always E;xternalar:.d Alterable. 
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A. Segment.Descriptor Word 
I I· ' 

· ·~ lo __ A_d_d:-r_e_s_s_M_o_d-:--6-4---=l:...:.w ~~t.:1:.::9_B_o_u_n_a_c.._r_y~2~6~2w~ 7LD_e_s_c_r_i_p_t_o_r---=3~~:U 

B. Address Base Regist~r 
> 

Address (pointer) 

c. Descriptor Segment Base R~g~ 
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E. Page Table Word 

j :·· ' J ·r .I 

. ~-

" i 
~ 
j I 

! ! .. i 
I I 

J I 
I I , 

l 

·, 

Base Register ?ormats 

.. 
.· .. · . __ ! .L' \ , · J L',,it 

t 
!: I 

!' 
.. 

I 

.1 I 

f ·: : I I• 
I . '' 

';' 

,- • I l I .·1 

i 

f 
f. 



'. 

i 
,I ' 

. I,' ; . 1;' 
I . 

: :'! !! 
' '._ i. t'!_ 
~ .', I ' . J 

:1' i 
I . 
\' 
' 

l 
• I' f. f ! . ! t . I . :: 1 

The effective address. Y' and the ·offset address fro~ ,a ,del' , 1·1; : _i , 

Address Formation 

scriptor word or. page table word are the principal constituents i! 
.... of the 24 bii; ~~emory address. The addressing tnode~ rlon-paged, I :! j 

paged 1 or. absotute, establishes the manner _· i.n 'which they!/ combine., · i 

•• ,. I ··i··il·r :, !,.l i u. 
I t ' ' . I • I I ( 

To·describe·~the add ess manipulation~required,· a·s; ology:i:j ~·;· i• 

·,· I '· ; I ! '·i . I ' I I . ,. . ·ill' I i ~ I 
I l I ;;I· .. 

' ' . . : I~ I ~-' ' 

'tlie· effec'tive ·address' (y+i+b)' :' 1· · 1 " ' 1 1 1 11 '! : t, j I ' . 'i_l i_ .. j 
I . ; ' . : I . I : I • I' t, i 

the page number of an ·address· paged to 64 wo~d pag~s'' j r:\ 
·-i~e. 1 bits 4-11 of the apdress 1· 1

. -~~ :'
1 

p 1024 ·.the page number of an address paged "to 1024 1 orlls; I fi : , 
t . I I h' I . 

w64 the word number of an address· paged to 64 wo d pag~~ 1 [i_~_- i, 1 I 

1024 r' . , . !: I , 
w the word number of an address paged to 1024 ord -~- ge,.s n ' i 

I II• . ·' 

· , . will. be established. 

Y' 

. l .. 
AB the 18 bit address contained ·in the descriptor :, : t.l... I I i. 

·· .. ·---.. · · · ~ ~- · n '. · 1 : • 1 . : 

the number of pages/bouridary. .\ 1·. 1 · • : :1 ' 

I ~~ ; 
~ f~ I t''fl ,I f.· .. _ ,:l oi . ;( . . : 

1:: be1: 1 l! 
l• II .j · 
~·! i ~ 1 I . 

found. ' . ! 1 · ~.; • ' , 
; ~~ 

-A:::-p--! --tlie aodress"C5rthe p ge· word.,....__ ___ _....,_--"*"'--·-,·~~---~. ~ .... ~ 
! 

~· \ !; l 
N the address to the left· of· the arrow is shifted N 1 j_. _ . 

(~) places to the right (left)· ·. \:\ · -~- l;~l~ J 1 ! 

I . J 
._ J0K · :: 1 Field J is left conc~tenated with field K. t _ :jl : ' 

•!B(N(M):) base pair. , Interna ·base N and external,ba_se M_,; 

,. . . •" .. , " ./specified by' the cOn r<>;l ·:field ·of N • :. _ ·"·.I -1: · :' ifi( _ , . , i , 

_, . .; :·i"' C!•i l>i' ,,,.,' .·.' i . ... : _:. . . . ' . - ..... I .!; I ' 
,:' ..•. "1, •.:.r· .t1.--; .• ·!· -·· ·' 1 · ;; ,,. ~-··: .. /·. ~:/ 1 ':'·'' ''!• ·1 '.·1. 1 •f)~··. 

the address generated to enter the page 

. I 

.:1 

'•· ·~ ·>:.- ... •-•• -~·-"r""'" .... ~ • •• 
; 

'I j l !:• -, 
. . 

,, 
;J. ~;.yitb:i 1.6~;· . 

• • j 

I' 

! 
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The effective address Y 1 is formed by adding the inal: 1 I; I 1 • 

address (y.f.i) land the contents (b) of t~e ·i~t~rnal, ~as4 i~ ;, J J :.,' 

: .. ; . . . . li , ... i ·r I ~ 
sp~cified. In :the pag~d mode this 18 bit-·address ·is i~te~.:. ::· ;,i: ~ 
preted . to 'be a ·page number and word number and as a. no.!mal . J I f, i . 

,;d~~es,s;field, otherwi~L l ': I :. , • 

;{0 Page No. 11 ]i~ord N£?1 64 word pa~es :I I \ >i : 

1
1 

:. i I 
. ·• I ; 
l · I 

I ' ' 1 1024 word ~ages ! ~ ., l 
I . ; I ': i. I 
i I t . . 1 -~· I ·I· 
' I I 

In the non-paged mode the 24 bit core location addre9s is : · 
; . i; 

! I I i ; . I I • ! 

i. .. · ...... ' I 
:. I 

. ' 
Word No. 17 f 

(Y' + AB ~ ) i·.e., the descriptor address field, le~t ju~~ifi~d:;. 

with the most signific~nt bit of the 24 bit addrese; fiJld, ~~ · .. ~J 
added to the effective.address.l: The Bo~ndary .test ~~~r+s.;th~~ . 1 ~·t 
difference· of the number of blo ks allowecr (NB>: as spec±ified~ · .: (i ·:;~ 

in the boundary field 1>£ the, deocrip~or anq the block. !ddre~i. ... , \J. 
---·~ (enee~--~s-s-bi1!'s-D-7 ·for 1024- wor-er-tn"r5~:)··-~--""Tl'f~·~st·;~,11., ..... :,.~ 

. . f. . . . . . . 1 1024 ~ : 11 . ' 
J.S satJ.s J.ed by a posJ.tJ.ve resu t.. SpecJ.fJ.cal y, NB-P 1 . l9" ;::~ . . '· 

or NB - P64 ~ ;:: 1, where NB · s assumed right justifted. I;: ·' 
I 
! , I 
I . I 

In the paged mod~, the page number field and the offset; 

address from .the descriptor combine to f<?~ ~?~. :Cit:J..~res~ of ai 
word in the page table, the contents of which prov,ide ~he page 
i J -~ \. •• j • 

,· 

address. to produce a( 
. ~ 

core location., This page word addre$~ 
·' •. ,. •.. ..• .•.• - .•• · . ! .: 

the word n-umber field:of the'effecitive 
~ co~e ioc:~J i~n .·:: . · I 

'! : I i i ... . ; •. ' i 
q. ,. 'l '!. 

li '". 

I I ! I. 

I 

.. 
. I 

i 
.I 

.. 1 

.. 1· 

]_'.),' j.' i. 
f : ~ I. . ' ··.; 

I. ·.•. . I 

I i 

.. 

.. 

.·' ! . 

j ' .· 

.. I 

... j I• 
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.. _ ................ - ... 

If paging mode is selected, 

Boundary ~est NB ~ p 64 

The final address 

Boundary Test _NB 

Final address = 

•I• 

I l 
I . 

; ' 

; ~' ' . 
':: 

;·' 
· .. I 

I 
i 

·I 

' I ' .· ·: . . 

.I . ,,,.., 

ff • J 
I'" 

·r. H 
'I 

I 

' I 
I i 

·, . 

I . 

f' f 
I'J 
r:t 
1,1 
l ! 

: [1 
. r 1 

. i ~ ' 

· l I · ~~ 

Trans;::r~::porary Base register contains.,the .. inimediat!' !f~.ecj:ive f 
':base pointer. Its contents always coincide with 'those ~t the I, • ·r 

.~--external-address ·base-register dictated_hy: the curren.t.~truct~on . 
. ~ ' 

.. 

TheT:i3R is therefore the source of the base information necessary 
I 

. for memory addressing. Conversely TBR.is the register from which 
. : 

all address base registers (including PBR) are set. For example,' 
• • 'I I 

during a procedure instruction fetch, TBR is set from PBk if· I ': ! . . . . . ·.. I· . . I ; I 

bit 29 is set to 0. If bit 29 is set. to 1, TBR is set from the i 

external' _address,. base registers specified in the .selecteb inte~f~l 
' ' ' .. , I • , - i 

base. A transfer causes the Procedure base reg~ster to · e set 'i 
'h 

from TBR. Consequently~ia transfer.with bit 29 set to 1 loads j 
PBR from 'the s~lected. external1 base via 'l'BR. ' : 1

:; •. 1 ;: :i ! l : 
.; ' · ·' '·.·.· 1'<.·: 1: 11! I I 

. ! ' t :I ... j: .. I. , :1' · :0.1, ·; t· .. 

' ·I 

I. .. '. .. J 
\ . ) 
! • ' 

".· 

...... 

~ :::· I , • , , · ; -·~· ·,.I' ! 
I I I ' /I ... 

:I . ' ' : . ! I 
I . • . . .. I' . " ' I . 'I I 

! . .II 
_: !- t i 

I 
q 

- , ~ ~·I· 
I 

I 
i 

; ~ 

! ; 

!. ; 

I 1 ·. -16!.. !i : .. , 

. • · ·t . .... .· . i . . ( ' : . 

I ·,·. • 
....... 1.1; • 

; i 
I 

·t 
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\. 
I . I 

I, 
I I 
l j 

i I 
•l 

fl . ~I ,. 
l . i 

l 
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jl 
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1\ 
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I 

i 

I 

l: 

l 
~ 

r 
I 

!' 



J . 

.. 

. ! . ' • 

. I 

Modifications to the present 600 Repertoire 

: . 

I: 

' I 
i 
I 

I 
I 

Sixteen new faults will be added. I 
.. ' ' l I ' I I They are: 

• I ~ I I ' . .···MME's··2,3,4 :·.;(To preserve 635~:compatability,-~the' .~,·.··,:'!I 
present 600 MME is .!!.2.:!:. to be us~d ·1 

, for 636 Software); . . i i 1, I ,·_·. 
Directed Faults 0-7. 

Trouble 

Spares 1-6 

.. 
-~ 

j 
. ~ . 

" i. 

t\ . I 
·,j 

I . 

I I 
·J 

·!'I 
• 1 

.·I 
1 

I I 
' ! . i 

I 

Sixty-one ·.new instructions t'() )nan:i.pulate the bases will 1 •• 

' ' I 1\ I 

be added. . r ;_: .<·:· \:. . . i 'I ,. :, .. 
Load Base Register (n) LBR (n}_ ·(eight inst·ructions) I. 

C (Y) 0_23 9 C {BR (n)!) · .. :l:J:e]~!;f:::e;:::k i:a::! ~:::r:l7 ~: 
1 

: .. bit cln· the· Sase Address Register) I •i''' 

"I " ~:e 0 ~t::h::::•:,:: :::~ t n:~l~i o:::t:ed ,, .... 
. 1 d i ! t 

I . _.,;;:, ,'. . ~- ~. I 

• • 1.n s !=iVe mo e ~ . · • • . . t: , · 1 . · , ! 
---S.tor.e Ba.se-Regl.steJ:L{n) SBR{n} __ :.. •. (e.J.ght. J.ns.tructJ.Olls) .:...----··:~' ·-~ 

. . i l 

C (DR (n)) :::;> C (Y) 0-: 23 •. Either aB;:.}~~~rnal base 

base may ·);E:i<~sb~cified .• 
or an external 

i 
I 

O~ C(Y)24-35 

,· 
\. ,\.:i 

( 

.. ~· ~· 
l.,•. !\.I.: · .. 1,. 

j .f I I I ' •,. -~ 
i .· 

I 

t 
! 

. ·-· .. ; _: __ ._1./' ·;-::-. : .. 
:··. 

! 
I 

' l 
i i l-, 

'p.~ ..... 
~ .. ·,·· 

j 

. l 
; 
) 

J •. 

This instruction may·be exec~ted only 

in the l~Ma·~~:~~~~ mode. The Q~ codel •: 
.·/- . ·, -- · _:.~:_ .. ·J- _ _ . ~--~~-- :_· .. , i::, I 

will n6tbe·1dentical ~ith the 635 
,·, .... . . ... I ; ··"·,~" • I . 

LBAR. tnstru~t-ion.· !; 

'. 
~ : 

r· . 
.. ·.I.· 

I 
·l 

-17~.: ·.'_1'!1', :_:< 
_T:, ! . '·'. ,. . 

, ... \ 

I··· 

i: !1 . 

' ' 

' . ~ 

. I 

' 
I •. 

I 

lj 

.i .L~ ! I' 

I. · :11 i: 
··\ I. 

'! It 
I . ) 
l 

! 

I. 

I 
) 

I 
I 

.. 

I . 

i 
I 
I 

l 
I 
:! 
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I 
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~\~ 
. ,_ .... ~:·, 
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,. ' 

! I I 

I ) 

'· ' I 

•' I 1 I I 

.!. 
I 

·,' 

' I 

I 

L 
~ i 

I .. 

\ j 
I , 
I . 
l . ~ . 

. j 

. I 
I 

I , 

Store Descriptor Base Register SDBR 
j '. 

f • '·. 

This instruction may be ~xe<;:ufed .o:~ly . ~ \; 

in the :\Ma~tete£:. Mqde. 1 . ,The op1 code! I :: · : \ .. :\ 

I 

C(DBR)~ C(Y) 0735 
.. ···-· .... ,. .•.. . ·--·-~- -~· 
' .. l : ' ' • l • ' • • ~- ' ' ~ : ' ' " 

Will nOt b~ identical ';litb~thb,63511: I, ;: 

' I .. ·I 
I ' i,• l 

SBAR instructic;m, · · · 

! • 0 0 ' i ; ! ' I :: ;' ~' \ 

·• ·; • ·' . · .. I i! :,r: · ~! 
I . . . I I).·~ 
i . . . ' 

The eight address bases are storeq .in sequence in oubl . ~.i' · i'l 

!. I •·•• r 
' I 

·Store Bases STB 
~ ' : 1 

•,! 

. • I ; I 
'word stores ~s in SBR (n) • The address of this· ·instrucrort i : !\. . 
~~:~eb:~:~ulo 8. The lock base bit ~ill not be Uterelin' I: 

1
·,.,' ·~·,;:. 

Load Bases LDB il ~~ · The. eight bases ar.e loaded in sequence in · double I rd . ! . • 

~oads as in LBR (n) • Ifi the re'r'irements on the lock ~a,se: ' ! ·' • .'., 
bit are not met, the base contents will not change, I an the :; ; 11 

I ~ J . t t, ~ 
,I 

sequence wil~- go·· on to.··,the next bas~· .wi·thout :•.generatin 
, . I 

a ; !j . l;~ 
fault.. , j' 

'! 

.! " k• 

.1 '1 
--'·-'·-'"':..:' ... , ..... ~.. . ,...!:.. '· .JL 

. . 

·' l 

I I ' 
Effective Address to Pair EAP (n) (eight instruct;ions). ':: 

Y' =><?.C.f.l) o;;..;'j_jf ~··.~ C (rn) 0_17 •. The effective ·'add~ess ~· ' . 
. . . :· I ' . . .... 

· .. 
. I ·replaces. t~e contents of the !spec\ ~7d 

internal base .and the effective .: . ·;·. . t 
! .' . ~ .. ,, . ·: ! 

,-,· 

·.pointer 'replaces the contents of the 
~ I .. 

· 1 ... · coupled external base.· If the base 

specif~ed by.the ·inst~uction lis e~­
tetnal, ·• the effective pofnt~·~ replaces 

. , I 

. . ' . : • I : 

the· contents. bt ·that base. !. ·., 
' ' 

-:·.; 

(:. 

.~ 
. ' 

I 

Effective Addi:ess•to Base EAB(n) (eight instructions) · 

Y • ~ c' (n) · · · 
0-17 

. I 

The e;ffective ·address Y' ·(y+niod+int.base) · 
. · .. · ' l . 

'. 
I 

·is put into (n) 0_17 ~ An: associated· external 
base. is.not changed. ..... • ·' ·'. I · 

~ , : · ': ,; \ I "L '··; ' l I 

·-18,.;, .. ·. 

i 

• ! I ! .. • o I• 
I I j ·.i.:; 

: I 
.~ I. 

.i 

. I 
I. 

I 
i 
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. , ,.. 

. ' 

' .. 
I 

ll' 
I I 

!·\ 
l ~ 

i· 
, . ,Add to Base ADB (n) . (eight instructions) · 1 : · · : l 

c (Y' ) 0_17 + ~ (BD.) 0~ 17'=9c (Bn) o-l1 The base ( n) Jpecified: y 

i 

I : 
I 
I 
I 
\ 
i 
: 

j i 
I 

be 
: 

:·1 ·~·~·., 'J.· · 1 eitherexternll:or'; :. 1 ~-
' · '., . ·~ ·, • :: ··· '.· .. '.i.,· .. · .. ,. ... 11· n0tcke~. b~aasle., Th~ usuaJ ,, , '\'r· .. 

:··.! 
. . 

I ; . 
j ,l, • 

~ . 
l 

I 

apply.; !• co;v:e~tior. 
-. . l ll 

I : . . . : ... . ~ ~,. ;I· ': 
! ' 

... :"~:j.. ::-·- ' ':~ ' ~ 
j, 'I 

. I · I · ·' 
Transfer·and Set Base TSB N m 

.. ' 

. 'i 

I · ·1 

u 1<· . c (I c) :-1 .::>1c (BN) o-i 7 1 •· 

(eight instructions) ... 
1

. I· i. 

I · ,, ; . I : I ., · i 
! ... ,. i 
! !· 

.. 
' ' 

. , ' I 

C (PBR) =) C (Bm) O-l.; ,~ · '' 
, I 

Y 1 ~ C(IC) I 

.I 

l 
where N is. an intlernal base and M is. the external base I 
p I ::). co?sR > 

I' 

'· . 

specified by N 0!. If the specified base is 
. • "' I 

e~ternal, th tran 

of C(IC)+l! is inhibited.· 
I ... 
I 

·f 
j. 

I . ·-·~~~ . Load Control Field LDCF 
....... ~ --· ............. , .. ~···--~ 

fer· 

i 
) I·. 

\ I 

:. il, 
;: :" ; 

.. : I 
' . 

-~ j 

' . 

i: ! f . 
I 
. I. 

I l " 

.,1 

:I 
" .. 

This instruction permits· alteration of the l,inkage betwien '· 

. an internal base and the asso~iated external base.· Th~ addr ss' ~. ;;, · 

field of the word specified by the effective address ~i~ intet~. ::·.!: , .· 
·preted as three 6 bit characters •.. ~wo· 3 bit fields in~~hara<?ter· .. : . , 

.. 0 designate :the bases to be affected .• · · Characters !:..and: 2 cont~lin. :. ·I· 

. ·.the new control field ·information. -~In sl~ve ~ode,·, the ~lock:. I:, j .. : i 

base bits in the des.ignated base address registerS::Wili.i be .. U ~: ~:,! 
altered. The format is ! . . . . , · . . } · . 1 

• !i ' ... 
Ch ·o Ch 1 Ch 2 .. i . ' . . . . . . , .:·:r_· :.: ;,~: . :.1, 

• .... 1-' li.· .. f': 

A 2 3 B 5 ~6~~1ra0~eg. ~~ta0~eg. .. ·,: :blank. , 1: 

0 t.. 1 '12 B 17 18 35 , 
i 

J· .. ·.- ,. • • ;~ i. ... ·: • • 
. I. 

'!;; 

.. -. ( 

! .. 

I . 

t • '· 

', I 

I ( ~ 
I 

I:: I 

• \ ·•- • _; I t ' _l, I 

:' l Tr ) t 

... ,. 
-19-

f· 
.I 

. I 

I 
I 

· ... 
. ··. 

. '' 

' :·' . 

.. 
'1 

\; ; 

11· ' I 
' n •. ! 

1: .. 
r I! '· i ' 

. i 

i 
''i' 

:I 
I 
I 
' I 
I 

r l 

I 

I 
' ! 



. · .. ~ 

. ·- ·~--~····· ... -.... ~ .. , ...... ~ ............. . 

.. 
Store Pair STP (N). (eight instructions) 

·,, ' . ', 
I I 

' 

I ' 

il ~ I 
internal bas !' This instruction stores the contents of an . 

· {N) and the s~ecified externalibase (M) as an ITS 
t ·~ ', I 

modif~ie.d · . ~ 

r 
~ (. ' 

~ 1 word pair. The format is 

. .I 

(N) ; Blank {M) : Blan~ ITS 
0 1;hs I 35 0 : 17:18 ~'30 3' 

Y+l _y XEVEN) ' I -
If an e~ternal ba~e is designated by the instruct'on, 

' 1!1 i 

blank odd word will be stored. 

~: f i : : 
li I 

' lj 
L r i 
I.· j; 
t l· 

J· !• 
a. 
j. 
i 

t.·-t· . ., 
I ·.) . 

r' I. 
'' -r • 

~·r 
1-t ' 
I •' . I \ I " .q· 
I f 
i r ,.,,. 
;i 

·I 
I· 

'l. 
' 
~· . 

f ' t I I I ;~ • 

f11ciut 'te ii 
I 

. ~- ........ . ,, .. .. 
I 

.. .f ...... 

. I . ........ ' . 
I .r ' ' ~ 

The following new .:i,nstructions will .b~·· added tq 

handling interrupts. , I : ;l 

:::r:n~:::::~o:n~:ir s~:ing held in the control 'unit, tL ; l 
instruction counter, the indicators, the Pr~cedure Bas4 reg~~ter.~' j 
effective addr~ss, the ;Temporary Base Register, the Se~menb., Tag ·· 1; 

I 
' 

Registers, and the state flip-flops_are stored in three double 

" 

l' 
! 

I 
' . I 

I 
I 

\ 
.. r 
' I 

I 
. I 

J 
I 
t 
i 

j 
I , 

words {6 words). The address of this instruction must contain ~ ' 

zeros in bits 15 I 16 and 17. This instruction must be used ' .·' : : 

when a fault or interrupt occurs on an operand fetch. JThe [ .. ;J 
' I I I 

index :r:~_c;Jister and ~!?:.?~ternal ba~-~--' if ~ny, i~ ~.~clu ed ~~ __ J ... ~.. . 
the effective address.· The actiV1Er (faulting) instruction may 11: I I 

be determined from the: :stored status·· in format ion. 

in storage will be 

y + 1 

!' 

... Y +1, 3 . , Instructio Indicators 
, .. ' ·· · · oCounter1r t8 . M 

1.:. 

y + 5 

STATUS 
I I 

The., format 
I I 

I , 

1 i i 
I ', 

\; I ·:. 
' y .+: 211 ; :;: i 

\ I .. • , I ; I: 
t . ! '' : :!, 
I . r 
I . l 
y +·4 ''i 

0 Instructio~Odd InstructionE · . ven;! j t' I • 1 

·: t I i : 

! 
f . . I j; 

· • · · l . , :-.. J.l 1 2~ · 1 ·; 

. -~ l : 

i. ! ·, i: L ···;· ·.·: 

:; 

l 
. . I ·: .. 

•' ·. 1' 
' ' 

. ''. 
. ;_,,.1 I 

. ' .. ..i 
:.:.20-o'! '•' 

•, ' 

i . 
II 

I 

:,j' 

.• 

., 
fl 
11 
I! 

i rl 
~ 
I~ 
[! 

' I 
i 
' I 
! 
' I 
I 
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. I 

:j 
l, 

i . 

. . 
;' 

If Y0=0 (status word sign bit)· the fault occurred during 

the instruction address preparation (between instructi n 
I 

executions) and C{IC)is the a~dr~ss-of the last succes,f~11~ 
executed instruction.. OtherwJ.se, the fault occurred d~rJ.ng , 

instruction execution.. Th~ activ~ instruction {ODD or !EVEN): 1 

7;:3~:7~etermined from the least significant bit of.IC1 

I ,l 
This instruction restores the control unit to reiJitiat 

Restore Control Unit RCU 

; 
t ! 

an interrupted instruction. If the ;instruction was intierrupted 

on an instruction fetch (between instructions}· it wi11lre- _:I,· . 
l t· , .' 

initiate the instruction fetch. If :interrupted on an dperand 

(or indirect) fetch, it will rein:Lti.1ate the operand feJch, ;_: .. 
' : ; ·1 

using the stored faulting instruction·.. It is permissible to 
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store Control Double STCD 

RTD 

. ,, Iiesto~es.the Instruction counter, In4icators and 

~ljf?Fe,dure·Ba~e Register from an even-oddpair. , ·' 

. . ~ . .. . :, 
. ; 

.sixteen new arithritetic instructions will .be added 
I, Load Index From Lower (n) LXI:. (n) . >.- .. 

. C (Y) 18-357' C (Xj/_; .. 
' . 

·Store Index in Dower (n) · SXL(n)·.,~_·:: ... i' 
. : ..... . 

~. . .. 
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. I. · ri .:·· . · ... ·.: ;1·</<:.. . ..-.r~~f~ _t_~: 7'. -. 

C(Y)o-17 are not. altered·~ 
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The first,· if re·cognized ~ whether -an ·an instruct ion: 1 1 . . . . . . · .. · . l . 

modifier or indirect w¢rd modif'er, wili-':~ause ·an inst~ucti~~ :·, 

execution instead of "th~ ,operan iet~h·.··~ _.-The modifier ~s: }: I ·. : 
. ..... . . . . ~ ' . ! 

. . ' .. I !: ; 
Execute :Pair I · · :.! i 1 • · 

The function of this mod if er. is to· permit. th~ us~ of, ·ll i 

an indirect:.\.ro~d: pair.·t() cause; _·.trap t~.:some· p1ocedurf (subT 
1 

. 

routine}. : B6th indir~c·t word a d pro.cedure ;are 'under control -• 
. . . . . . . · .. ·· . . . . '• . l ·' : 

of the programmer '(Compiler)'. and the operating system need not·; 

. ·be called to :e·stab~ish ··the. trap, ·r.em~vei th~ ·t.rap~ ~r ~ p~ovidJ: 
the linka!ie' to 'i:he j)r0ce1lure~ ' " : · ; ·_> ::' _ ._ ... :. .. •.. I :f • 
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Four new IT address modifier's will. 'be added.. 
'I ':' . 

I I 

. ' , .... · : ... , ... 
' • 1,· .•. ·-~.i-. -~:; ...... ,:1 1_:\. i-.:· : .. -~· .\'"(~22. ~ . ..:.:.:.· .. :.·;_: .··:.·.·.·.' . . : ...... . ·. . ::f 
· • i r ~ '.:-:.· ··:.:.·: .... · . . . , . . . ... , · . . . . . · . ·· 

i 

\ 
,\ 

. .. 

' i 
I \. 

-· 

. , ! . 

'I• i; 

; 
. ' 

·' 

:,; " . 

li -I 

i 



'.· 

... 

•. 

I . 
\ 

' 
' ' 
' 

I I ·,._ 
'f. ,. ., 
.j 
;: 

l I n 1 
li ' 

I.' i 
. ' 

The· mod:i;,fier will· appear in· the tag field of an even . ! 
::1 ' i 

I 
. . 

indirect ,word. Recognition of this modifier will cause the 

address field·:of the word in which it appears to be inter-
i 

preted as the effective. pointer. · The adjacent higher odd ~, 

word spe'cifies the effective address of two instructions to 

be executed.; Unless the pair of instructions so addressed .. 

are .SCU and transfer, with an even:tual RCU, execution of the 

original instruction will not be completed~ The 

The second modifier to be added is: 

Indirect to Segment ITS 

' 
' i 
!I 
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Recognition of this modifier; in.an.even indirect .\1ord I 

will cause the address .field of the word to be interpr~~e'd Js ! :. 
I .. : i 

. ·. . . ·· . ·I > 0 i 1! 

the effective base address pointer. The adjacent, higheF 1odq .. , \ .I 

:::: :~~~:: • tr:::e:0 ::a: :::m:~e i::~:e::~ ~ord, . re lati vt (~~~~ \! .. 
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'rhe third modifier to be added is:· 

Indirect· to Base ITB 

Recognition of this modifier 
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will cause the· most significant three :b,its· ·of the address . '.. . . . . .. . ! 

field 'of that word to .l:>e interpreted .. as;(·k:i:·:segment. tag ·~pacifying · 

the base address register that contai.~·s::)~h~ .effective Jointe~ • 
. The adjacent higher oddword·will. be .treS:ted' as anormJl inJ..· 

.• • • • . . j. ! I 

• ; . ' • ~ · ..• -~ ·. ·. t • ' ·.·, . . . t 
direct word,: relative to that pointer·~·: .'The format· for f:the .\ 

·pa.ir·•is: :· · ·· · .. '·'·'.rk~.· :~ .i· 
r-------~------~------,-~--~-----------r~~ 
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A fourth·IT modifier, FAULT 2, will be added to di tinguish; 

, ; I 

I I i 
the IT fault ln the 6363 from that occurring in 1 the 635

1
! progrfms

1
• : 

Faults and Interrupts . I. l 1 . . ·J.·! 

The,present Master/Slave indicator will no longer ~efine 1 
the Master state since this is a function of the segmen~ . I 

\· 

descriptoF• It'will, however, c9ntinue to 

pro'cedure is executed i~ absolut~ ~ddress • 
denote that } 

I 

It will over-
' 

2. 

3. 

4. 

All procedure is execut 

unless bit 29 is 1, in 

. appended. 

Access t·o memory is 

Procedure is i~ Master. 

. . . I 
to declare, if 1, that~ 

d in 'absoiute address·· I 
hich case the bases arr 

unded. · ·' 
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The interrupt inhibit bit is still effecti"re~ 
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I i 5. Timer run-out is inhibited.· ·1 
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This mode will be referred to as ~~~:_~te ·~.:'de~,_ •. ...:.~h:.:.. :.··:.i, :4.1
: • 

interrupts and fault~ will be answered in .. absolute mode~ : I . · 
Bit 29 will permit direct reference to the segments·accessible 

to the interrupted user~ l 
f 
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Unlike the 635, certain faults can occur. during. execution: 
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i· I 
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of instruct'ions, and on the 636, provis1on ha~ been made for j ·: 1 

saving and restoring the Control Unit when this occurs.: 

Accor"dingly, :the facilit:y will be prbvided for accepting 
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. . . . . . i . 

external 'int:er'rupts ~nd 'timer ru~. ou~ ·~t._'th~ ~~-di <?f' a' m~mory t .: 
cyci~ · itis.tead .·.of :at· the;: compietioh o·~ i:ln ··odd loca·t.iori l.:thstrucrt:ion·. :. 
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To permit uniform interpretation of 635 programs, 111 
~ I 

i 635 instruction codes that have no 63.6 ·meaning, functio as 

i.· 
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NOP in 635.slave mode, or trap in 635 slave mode.will c use 

.·a trap to the operating system when encountered in Sla e Mode. 
I .· . t ' . 

(TSS or ~qui valent is needed to get ·out· of the absolute \mode) f:;· 

The 635 instructions involved are:· LBAR, RMFP, SMFP, JT, TS~.· 
The function of the interrupt inhibit bit (28) will be 1:.:· 

. \ 

altered to permit inhibiting timer inte~rupt when opera ling ~:· .•· 

in slave mode. 
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Associative Memory.: •. I ':' \ 
A-minimum of 16 wci~ds.of rapidaccess associative Jemory: J 

. . ' .. f ~~ • 

is provided to capture the segment descriptor' and page table 1 i 
words when first used ih the exe~uti:;n. o.f a process. Etch ;.; .. 1 
word is then available for a perto~- .de:t~rmined.by its . ~:'1 
relative frequency of u~e and thf in~erval between use.l· ~· '' 
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Memory Management : ' 

In the course of address preparation, several refe1 ence:s :!: · ' F I I. 
. . · ! !.i I 

to the associative memory may be' made. The f1rst reference :L.s 1.1 l .. I 

. by the pointer _yalue he.ld. in the. effecti_ve address b~se~ reg i~ter. f:. 
The base bit and the descriptor information will b.e read out if 1 

present for subsequent processing .. Failure·to match indicates 

the absence G5f both the page desired and its segment descriptor 

and results in a reference to the Descriptor Segment fd1r the ! 
. . . ~ I 

l: 
·i i 
, I• ... 
r 

descriptor.. The second reference is by the pointer .value held :. 

in the effective address base register and page number!'to determi~e 
the presence of the page word. If present, address prJpara:tl~n '·' 

proce~ds. If the page word is absent, a r~ference by JointeJ · . . L'. 
and base bit determines the presence of· the appropriatJ page 

1 
• l· 

!· : 
table base address. If present, the base is used. to fetch the :: l 

f: 
' . desired page table word. Otherwise, the appropriate descriptor, : · I . : 1:: 

The first entry of a i, ' r.; is accessed in the descriptor segment. 

·page table word into the· associative memory will cause :the 1 ·l l' 
i I ; ~k 

USED bit in the _related descriptor field to be set in main · I, : 
•.. I . 

memory. In a, ~~ke fasnion, the ~irs~ time a pa~e is w~i~ten j ·: 
into by a stqr~ .. comman.q'--: the written b_~_!:,_).n the descriptor "f~ll 

. ' : ... ' . ' . . . . . .. ' . • .. -~ .•.... •. . ' '. \ ., : .. ~ 

be set to one in both the assoc.iative. memory and main memory! 

page table word • 

i·· ! . 
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Word Format 

·Use Pointer Bound/Page Address 

0 3 5 22 24 31 32 64 

'· Empty /Full. · 

'~ t. :. ~~As soc iat i ve Inpu'li:·· --:~:·~~at· 
·l·[·,'. ) ... ; ·' . . .. ,: '. 
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Contains. integer I Use usage value. ' ! I 
I. 

. Empty/Full· If s:et to 1 indicates valid information contained 1 

·in· word. 

Pointer An ·la }:)it address which refers to a word withinjthe 

descriptor segment. 

·Base 

l 
I 

I 
segment 

I 

I 

If s~t tb 1~ the information field contains a 

descriptor; if set to 0, the information field 

a page table word. 

contiliris ' I 

I . 
Boundary Contains a boundary for the segment 

page number for a page table word. 

Address Holds the 18 bit address (mo.d 64) for 

. I 
descriptor1or a 

. I . 
I 

the. page 1 

table or page. 
' . 

Descriptor 
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' j, i ·.·. 

Contains the 9 bit descriptor field (see segment j 
descriptor and page table word format descrif'tion). · 

Bit position 52 (normally blank in a ~egment desc .i~tor) 
t ' . 

. will contain! the page table .. W.:t;':i:tten bit.· j · :~ I 

I 

Usage Alogrithm 

The use field contains an integer.whose value reflects 

the both frequency and recency of use for the related memory 

word. A value of. 15 is assigned to the most recently used word. 

' . 

use value is modified according to the.following rules: •' ':. 

.,.New Entry. into A.M. . ,, 
a·. New .. word replaces contents of the word whose use 

. value is; zero: a new. use. value of 15. is. assigned '' 

. to this .word. 

j., j 

'·. · I I; ·1. ,~.C 

; .. L .. . . i 

b. ·The use value Of· all· other words· is 

' i l .. b¥ 1:.'. ;- .: ' 
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New Usage of Word 

a. 

b. 

The use value 

new use value 

of the 

of 15 

! 
sel~cted word is noted and a 

.I - . !t 
assigned~ • 

For all words having a greater·--:s~ value_ than r 
that noted for the selected word, decrement' thei 

···- -· .. ·-·-· .. ...; ..... _ ... ,;. .. 

1 
use value by 1. 

~ 

Associative Memory Instructions 1 

· t:rew instructions are provided for controlling the \ 

. associative memory. They may b~ executed only in ;JMase.et.e 
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CleaJT" Associative Memory-- 1- I t., 
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use __ value, . wi l l _be_,s.tored in cor~_ .. memor.y.....as.....a. woi<~ai..r •· -~---~-~~-

The '.successive word pairs will b~ ordered by increa~ing u ~- · 

value. The format-for the word pair is: 
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BELL TELEPHONE LABORATORIES 
INCORPORATED 

SUBJECTa Clarification or Appending Hardware DATE: June 14, 1965 

FROM: V. A .. Vyssotsky 

. TO THE SOFTWARE COMM;I:TTEE: 

During the first two weeks of June 1965, E. Glaser of 

MIT and V. A. Vyssotsky of ETL.discussed with Messrs. J. F. Couleur 

( ''; . and G. Oliver of GE a number of details of 636 hardware which are 
''-.._..>' 

•.' .. 

not clearly d~scrib~d, or are described with minor errors, in 

J. F. Couleur's memorandum of February 26, 1965 (software committee 

document 71). Th~s note is a summary of. design details gleaned by 
'. 

V.-A. Vyssotsky from-the discuss1ons. Further ~nformat;t.onwill be 

available on July 15. 

X . 636 Fault Traps 

\-...:..:.:.>'-

The 635 nas 16 distinct fault-trap locations; the636 

-_has 32. Although the detailed mapping of fault conditions into 

fault traps on the 636 is notfrozen, the general structure of 
.- . 

•636 ·rault traps is known, and.I shall detail its current-form 
. . 

·bel~w. ·Numerical fault code values should not be inferred from 

.this listing; :;r do not know numerical values of any of tl}e fault 

codes .. All -fault traps on tn,e 636 which were not on the 635, 

except the trouble fault, have priority IV. Priority of the 

-trouble rault has not been determined. 

1)·- Sl}utdown; one fault. This ;f'ault corresponds to the 

same condi tiona on the 636 as on the 635 ... 

i. 
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2) Memory; one fault. This fault occurs in all those cases 

which would cause it on a 635, and in addition occurs if the 

appending hardware detects a bounds violCl.tion. Whether a bounds 

violation resulted from testing against the descriptor base 

register or from testing against a descriptor in the descriptor 

segment can be determined from the contents of the safe-stored 

control unit, 

3) MME 1; one fault. Same as on 635. 

4) Fault tag 1; one fault. Same. as on 635. 

5) Timer runout; onf;! fault, Same as on 635. 

6) Command fault (compatibility fault); op.e fault. This 

fault replaces the command fault of the 635. It occurs if a 

slav~ mode procedure attempts to execute any of the instructions: 

CIOC, SMIC, RMCM, SMCM, LD~, TSS. 

7) Derail; one fault. Same as on 635. 

8) Lockup; one fault·. This fault nas changed slightly 

from the 635. The fault occurs if the processor is in a program 

lockup which inh;tbits recognizing an execute or timer runout 

fault or an interrupt for more than 16 milliseconds. ~xamples 

of this condition are: the inhibit 

bit in absolute or master mode; use of the inhibit to prevent 

timer runbut in slave mode. 

9) Connect; one fault. The processor has received a 

connect from anot~er processor via a system controller. 
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· 10) Parity j one raul t. Same as on 635 

11) Illegal op code; one fault. Same as. on 635. 

12) ' Operation not completed; one fault, Same as on 635. 

13) Startup; one fault, Same as on 635. 

;1.4) ·Overflow; one fault •... Same as on 935. 

15} Divide check; one fault. same as on 63!; •.. ·. 

l6)' Execute; one fl:l.ult. Same as or+ 635. 

·17 ... 24) Directed faults 0-7;' eight faults.· Whet:her tp.e fault 

· , was specified in a segment descriptor" in a paf??e. descriptor. for 

the qesor1ptor segment, or i.n a page descriptor. for some other . 
. . : . . 

·-~· eegment' ,can be determined f:rom the oonten,ops of. th~: sare-~tored 

. centro 1 \lni t. 

25~27) MM;E2,3,4; thre~ faults. 

28) .Fault tag g; one fault • 

. ~9) . 635 instruction deleted faultr one fault.· 'I'hl.e fault 

will occur :i.r any procedure attempts to perf,orm -~·· 635 1nstruct1on . 

·· meanl.ngJ.,.ess on tpe 636. These :1.nst(ruct1ons are: LBAft1 SBAR, 
.. ·. ~ 

. SMFP I RFMP. ' 

30} .Illegal procedu:r;-e fault; one fault. This fault will 

occur ifa slave procedure attempts to violate despr1:ptor 

. spec~fication of a segment or pa~e a1:1 

a) master access only 

b) ·.write protected 

c) · execute only procedure 

d) . Clata only ( 1. e., no execution peri!l1tt~d) 
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This fault will also occur if a slave procedure attempts to load 

or alter the contents of a locked base, unless the attempt occurs 

as part of an LDB instruction. An LDB instruction in slave 

mod~ loads all unlocked bases, leaves all locked bases unaltered; 

and the encountering of locked bases during execution of an LDB 

does not cause a fault. The· illegal procedure fault will also 

occur if a slave procedure attempts to perform any of the 

·.instructions LPBR, SDBR, CLAM, STAM, STAMZ, SOU. 

31) ·Invalid descriptor fault; one fault. This fault occurs 

if the class of a descriptor being decoded in tne appending 

ha'rdware is not any of the def.ined classes. 

32) Trouble fault; one fault, If, following acceptance 

. of any trap and before successful completion of the SCU, a second 

·. trap must be forced, the trouble fault occurs instead of the 

second trap. ·The trouble fault will occur, for e·xample, on a. 

·parity error in fetching the instruction pair from the fault 

vector, or on a directed fault durj,.ng operand addressing for 

·· the SCU. 

Bounds Test Erratum 

The boundary test is incorrectly described on page 15 

of the February 26 memorandum. A correct description is: 

Let NB be the contents of the boundary field of a 

descriptor. Let P1024 be the contents of 'bits Q;.,.7 of an 

address which is to be translated by the appending hardware using 
64 

1024 word paging. Let P be the contents of bits 4-11 of an 
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address to be translated by the appending ~ardware using 64 word 
64 

paging, and let H be the contents of bit~ 0-3 of tha~ address, 

Then the bounds test for 1024 word paging is satisfied 

if NB - P1024 ~ > 0. The bounds test for 64 word paging is 
19 - 64 . 64 

satisfied if H = 0 and NB • P ~ > 0. 
. 15 

Time of Generation of Appending Faults 

'rhe sequence of calculations and tests in tne appending 

hardware must be known in order that the software may handle 

faults correctly, I shall tnerefore specify in as much detail 

as I can the sequence of calculations and tests relevant to 

fault handling. 

1) The bounds test for the de13cr:i,ptor segment 1s performed. 

2) If the oescriptor segment is paged, the appropr~ate 

page taple entry is tested for C!irected fault, ·No other tests 

are made· on a page table entry for the descripto·:r segment, 

3) The segment descriptor word is retrieved. 

4) The class of the descriptor is decoded~ If the class 

is c;iirected f'ault 1 a direct fault:. ts taken. 

5) If the mode is slave,. the master ac-cess bit of the 

descriptor is tested. 

6) If the mode is slave, tests are made for attempted 

execution 9f data, illegal accessing of exeoute ... only procedure, 

and illegal access.ing of master prooeoure. 

7) The bounds check is performed, and if the mode is slave 

a check is made for write-protect violation. I do not know in 

which order these two te~ts are performed. 
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8) If the segment is paged, the page table entry is tested 

for d:lrected raul t. 

9) If the segment is paged and the mode ls sl~ve, the 

master access bit of the page table entry is tested, 

lO) If the segment ls paged and tne mode is slav~, the 

page table entry is tested for attempted execut~on of data, 

illega+ accessing of execute-only procedure, and illegal 

accessipg of master procedure. 

11) If the segment is paged and the mode is slave, the 

page table entry is checked for write-protect violation . 

.IJ:'his description corrects apo supersedes thedescription 

on pages 10 and 11 of the memorandum of Feoruary 26, 

Definition of Mas~er and Execute Onl~ Clas~e~ 

On page.'ll of the :February 26 memorandum, ~he classes 

"procedure, execute only" and, "procedure, master" are mentioned 

but; not preciselydefined. I shall now give what I unde;l:lstand to 

be the definition of these Qlasses. 

·I:(' a segment is of class 11procedure, execute only," 

then: 

a) If the current mode is slave and tf the procedure base 

register does ~ point to the descriptor of this "procedure, 

execute only" segment, any reference to this segment (whether 

instruction fetch~ operand fetch, operand store or indirect 

address) will. cause a fault unless the reference is as the final 
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effective address of a trapsfer-type :J.nstr"Uction transferring 

,--,, control of location 0 of the execute-only segment. 

'·-.......__:· 

b) If tbe procedure base register does point to the 
......,.._' 

descriptor of this "proc~dure, execute.only" seement 1 references 

to this segment will be tr~ated as if tne class of the segment 

were "procedure,. slave," The description of LBR(n) on page 17 

of the Febru~ry 26 memorandum is incorrect; th.e words "execute 

only 6r" should be deleted~ 

c) If. the current mode is master or absolut~, access to 

a "procedure, execute only" segment is unrestricted. 

, lf a segment iS Of. OlaSE;I 1'procedu;re, tnaster, 11 

:references to it Will be t:p;-eateq in exactly the Sall\e way as 

if the class of the segme11t were '1procedure, ,e~ec\lte oniy'I 

, except that in case 

o.) · If the procedure base reg;ister does poi,nt tq th~ 

descriptor of! this "procedure, master" segment, then reference 

to the segment is unrestr;tcted, because the mode :is master. 

Fault Vector Relocation 

The origin of a fault vectc;:>r or interrupt vector on 

the 636 will be d~term1ned 'by n1anual switch settings. For each 

fault or interrupt vector, the cor~esponding switches may bE) set 

·.either locally or :r:'emotely. 'rhe raul t vector origins will not 

be relocatable under program control.· 

Sa:f'estore Contents 

Deta:t.led.speoifications on wn.at control unit information 

is safe storeQ. at time of fault of interr\lpt are not known to me. 

They will be available abou,t Ju:)..y 15. 

1~'~'>' 
'~~...;.-<·" 
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Execute Pair 

'l'he m,echan1sm for the execute pair modifier agreed 

on by BTL, MIT and GE on Fe~ruary 101 and desqribed in.the 

February 26. memorandum, is inherently unusable. A replacement 

mechanism bas b.een designed, and .is described below. ~his 

nas not yet beer} frozenj however; tn:t.s'or some similar techniq-ue 

· will be frozen the week of July 6. 

The format of an EP is 

y '' ., f+l s I A l jEP ... · 
0 17 30 .. 3 o' ·17 

.. 

30 

Location Y must be a location congruent to .zero mod 8, · WhE;m 

the EP is.recognized, the contents ofthe control unit is safe­

stored directly into locations Y+2, •• ., Y+7 inclusive. Then 

Normal 

address modif~~ 

for the instruction in Y+l. 

erformed Quring operand accessing 

should be 

. a transfer or RET, or an XEC or XED with a nsfer or RET 

as a subj~ct instruction. hardware w;Ul .do if this 

condit1on is not know what will. 

happen if the ins true tton ~· 

-Appending in Absolute Mod~ 

has a 1 in bit 29. 

If the current mode is absolut~ and an instruct:l.on is. 

exec'\ltec;l with b:i,t 29 set to 1, appending will be c;lonethroughout 

the entire operand addressing comp-utation of the instruction in 

"1,'*;.·\'j 
.,.,...,..,~-

T 

35 

. ?. 
., 



.<·-~~~:.....~ ................. ; ............ · ........... :,.....-·.· ................ M,.,....., .. ,"'............... ........... ----~.:tii,;,s'""""~.....,--,W .... ~··, ________ ~L'~;_:~.; .. ~-~,· .__· ~ 
~~ 

" .. ~-~~[> ·:, 
. . . . 

. ~.--

- 9 -

·question. ·As.soon as that operano addressing chain has peen 

completed, appending will ceaf!e. TJ:u;s, for example, j.f' bit 29 

of an XEC instruction performed in absolute mode is l, the 

fetching of the.s~bJect instruction .will be oone with appending, 

b-qt the· operanoretch for tne subject instruction will be done 

without appending ~less the subject instruction also has bit 29 

<~- set to l. ·· 

.TheE}', ITS and·ITB modifiers always imply appending. 

Hence, i_f an· ITS or J;TB mooifier is encountered during an 

addreasingcomputation in absolute mode, theremainder of that 

. addressing computation will be perform.eo 'with appending wnether 

or .not apJ;>ending was in effect, wJ:le·n .the modifier was· encountered. 

If anEP modifier is epcquntered during an addressing com~utation 

in absolutemode, the f'etch of the subject ipstruct!Lons of tne 

·EP will be_perfo;r:>med with appending. :r; do nat -know in what 

'mode the subject instructions will be execut·ed. 
. ' . '' 

Miscellany··: 

l) ·!fa d~scriptor segment is paged ... use b:1,ts .in page 

· table entries for the descriptor segment are set just as are 

the· use bits it'l pa~e table ·entries for any other segment. 

2) When an ;tnternal base ts specified, either byb1t·29 

beil.ng 1 or by an ITB modifier, the contents of the ;tnternal base 

;ts.added to the effective address before appending begins. 

·Appending is thEm done using the associated e,xternal 'base. ·.Any 

subsequent addressing steps will use the external base but not 

the internal base. 
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3) There probably will not be an automatic bootstrap 

load procedure from the drum. 

4) The pictures of the EP, ITS and ITB modifiers on 

page 23 of the February 26 memorandum are erroneous, All tags 

occupy bits 30-35 of the word, Q2! _bits 27-35. EP~ ITS, and 

ITB are tags just like any other tags. 

5) EP, ITS, ITB, FTl and FT2 modifiers will be recognized 

after the start of IR indexing, although other IT modifiers are 

not. 

6) The effect of modifiers invalid in context (e.g., TRA 

A,DU) :i,.s unpredicab'l¢.~2. Hypotheses based on the assumption 

that the hardware is systematic are almost certainly incorrect. 

7) The effective address of a conditional transfer 

instruction is not computed unless the condition is satisfied. 

8) The operand fetch of an XEC or XED is treated as a 

data !etch. Hence in slave mode an XEC or XED can be used to 
~ 

execute an instruction from a segment whose class is "data." 
' Since XEC and XED are not transfer-type instructions, in slave 

mode XECand XED cannot be usec;l to execute any instructions from 

a segment whose class is "procedure, execute only" or "procedure, 

master." If the current mode is master, and if the subject 

instruction(s) of an XEC or XED are in a segment of class 

"procedure, slave," the subject instruction(s) will be 

performec;l in slave mode. 

} 
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9) The SD modifier causes the tally field or the indirect 

word to be incremented, not decremented. 

10) If a segment or page is write-protected, an attempt 

to modify a word ~n the segment by ID, DI, IDC, DIC, AD, .SD, 

or SC indexing will cause a r~ult, and the word whos.e 

modification was attempted is not retched from memory. 

MH-1373-VAV-AK 
·li!J--1/~ 

. V. A ... VYQsOTSKY \} 


