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. We again request that you
0of these memos,

‘with any other receipients of

‘This:

tﬁe 636. Several instruction:

- of Bob Graham's coding of the

simplifying the housekeeping.

Since this is the final

be for purposes. of clarificat: o
,,flng holes uncovered by Pro-; z

covered, or- rarely we hope, Pt
gramming. |
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Yet to be covered is the

l
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| except that yo.
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Segmentation in the 636 | o , 3 bl 1.
\ . i
. . oy . N | i . l\ i
The subject of segmentation aad 1ts beneflts ‘have been ’ ; {
i Lo . !
t W
discussed elsewhere. The.- purpose of this. .memo .is to. descrlbexh . ﬁ_‘}
SR A
the modlflcatlons to be made to Lne standard 635 processor to;f AU
facilitate manlpulatlon.of segme“:s.f-' S - % ' | my
s o - S l oy L
% . S 1 ' , !1
H . . l l! : l ;: i
To start, some definitions © in order. These deflntlons‘ o
. o . i ol H
may or may not carry the full c: ons ‘as ‘'when used elsé ;
v i
i } . H
where, but will at least minim: aantlc difficulties ?n- 2 R
I | i
countered when readlng this me: ; i : T
Lo i
‘ § HE C ‘
g ¢ ", | L '
A segm nt'ls a collectlon 'Arormatlon of suff1c1ent size A
{ \ '
to warrant giving it a name. I~ ::ent termlnology it mlght;Le 0
a subroutin;e, a collection of suv.. \_:Lnes,‘ a program or a col-.-:{ L
lection of programs. - Addressinc :snln a segment ‘is conSecutlve,‘ﬁ'ﬁ
! 1 : ca
starting withuzero. A segment his aﬁdefrged“ ize, whlch may be| e o
i . : ) - ;‘ ’ ' :\‘ ";‘H
altered durhng execution. aE T ‘?.’ @ o
- i R, .--' o - 14:;, it i USRS TERVITRRLI VU NE T §
A procedure segmenﬁ 1s a sc at whlch ‘consists prlmarlly of
instructlons.' A procedure segmt.c_ls con81dered Mpure" ?f it is
unaltered by executlon.w;" ST { I
e b Wl i
I }: ;4 P
A process is a sequence of pﬂOCedures; The sequence may ‘or
may not be altered durlng execut ST PRIt f_‘-:r:!f S ! Lo
: - - " N .
Tereot Jw e th Lo P R :s , '
A data“Seqment‘isha;Segment'va1ch conslsts prlmarlly of data.'
CTA T wandn ! i P ‘ 4| o AT
o : : - ! e P
A page is'a‘fixed'subdivisixg of addresses within’ axsegment. :
‘ . o i
For convenlence, the page s1ze L be an 1nteger power of 2 (the
addre551ng number base" 1n the €. 'and ‘a page always Starts at'an
‘address whlch-;sNan'lnteger‘mu:;. of the page 51ze. E
Lo . 1 u ) [ G ,:
)
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A block is a subdivision o memory locations. For con-.
: . [ :

-venience, |blocks in core memory

_A base register is a register used to point to a descriptor

. word which defines the location

in core memory. The descriptc:

'size and any other restrictic: .

.A base used to point to a desc. .
an "external'base. Base regis.v. -
e ———t T B

locations w1th1n segments in b

{

==

. §
. to as "intern bases. ]
‘ | : 1

For ¢onvenience in discus:

base register to an address will
" vation of|a ‘core memory locatic: from the contents of the

specified|{base register. The we;haniSm:of appending may

O ; ‘:% i
‘ -
i
-, the term "appending" a
- : 1
. De used to infer the deri—y
i
b
i

; o [
| ‘ o
,

will be the same sizes |as pades.

"

h

—~
A 4

ajsegment (or its pdge table)

ufd'also defines the segment‘

access to that segment
LoT word in this manner 1sf' o
also may be used to’deflne-ﬁ'

- case they w1ll be r ferred

then be defined'separately. The cerm appendlng also 1§fers

a simultaneous Verlflcatlon tho

and that other access criteria
: VRS R A 5

'
i

The toncepts are complex.

complex1ty is required to elimi .
for a segment to embed*an abso. . 2.

segment. In any multlprogrammwhg

it becomes necessary to move o
always poss1b1e to replace the
Accordlngly, the only ba51s for
the use of 1nvar1ant names, anc

assoc1atlon, after moves, of rr

‘functlon of the operatlng sys

the address is w1th1n§11m1ts

ave. been met. ? : -

_arflce it'to say that 'the

e the means and necessity

memory address within the:'

l

or time sharing environmeﬁt

remove segments - and 1t is not

i '

:,tment 1n the same locatlon. |-

rerence between segments 1s
The assoc1atlon and re—

23 and‘addresses becomes a
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i {isolating his data from that- of o Setch o users. Agaln, the second

i
§
H
l

It is hlghly desirable to disussociate the variant and
invariant portions of programs, oxr more specifically, the s
procedure (instruction) and constt“t; from the data;h So doing
allows the s%multaneous execution T several users of a common

y |
use of memory in a. |

procedure segment, greatly improv:i:og

multiprogramming enironment. (Sirwltaneous compilation by;

}

'sav1ngs). In addition, the sepai i n of variant and invariant ¥

information can’greatly improve -’

since.invariant(data need never
z -‘j . ' Q‘fa le sé‘
Lo A :

Lo :
Meeting the requirements oI ation of programs re‘

quires at least one base registe. . .2 contents of whlch modlfy
MW_N

all memory aJcesses. It is desiu

it
) 1

- to contain in the baSe %#l

several users can give an exampl: cne possible memory space's ﬂ‘

iciency of time sharing %k; Y
”itten in bulk storac 3 L

'reglster an upper boundary to inhi ..o access to unused portions
of the memory, thereby protecting ;:icr users from accidental :i
or deliberate interference. 'By‘r 8 v_ng (and protecting) the q;.
. base from the usersﬂdirect_influchki, h1s program can be moved é
and isolated during execution w1t;ﬂ”- hlS knowledge or concern‘

and without alteration of any portions of hls 1nformat10n.i: S ER

|
?
§ !

Separation of procedure andi ta requlres at least one

additional base, the contents of»m;
references to variable data. A ¢l 7erent base setting 'is %

established for ‘each user of the w Limon - procedure, thereby'¥~:

i

base must be isolated from the wg. and contain an upper : 'ﬁf

)

boundary. It should be noted thc: ‘he dual base also permits

¥ .- . p ¢ LA che .- . ‘- . PR &
i . ST h o el By et LI S N T S|
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ich are appended to all“ : gf
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x separate procedures to use common data~with-complete protection.

" The advantages  of segregatlon of variable. data;classes

A
UAE
makeS' L

‘»Ef:_' additional- bases deSLrable, but the exactsnumber,as subject for
' ;}debate..

' addressabie., gy ...,Lg pf ~"-;;4 Ca e ,;“.:I TR X

'fThe‘Instructlon Cycle ,:

|
|

tl_v

REIBERER! :} Foar bt oo :-‘! IR

'-the selected index and 1nternal base values.

To,fetch the pair of instructions, the procedire Hase

register s appended to the address from ‘the instruction

iThe 1636 contains - ll, elght of'whlch are, dlrectly..(h

i
i
i .
i,
SR
i by

e Ve L

The three most significant bits'constitute‘the segment

-tag spec1fy1ng the address base reglster to be used for

address preparatlon. The remalnlng 15 bltS are 1nterpreted

‘as a szgned 14 ‘bit quantlty to be addltlvely combined Wlth

The s:.gned

~address fﬁeld prov1des, in' effect, a pos1t1ve and negatlv

offset of“lGK about the 1ndex value.
address- is appended to’ the base reglster SpeCIfled by fhe

segment -tag and the operand brought from memory. o
]“"l'ﬂg‘k"” ;o :: ‘ . . : i R
ik (; E&t (,h Lx H
t t,
sior §o p»ﬂu * e SRR
L ?‘:c;.‘,'-'uﬁ‘d fL:l‘m ' : RN
") Lo l'hc"'.‘.a; TS RN i
Ll hu) ' {.1[(} ‘~ q l‘ .:"..,.':1 -
. . 1

éi counter and the two 1nstructlons brought from memory. |(If y;.ﬁi %i

= .E 'blt #29 of the 1nstruct10n is zero (mandatory on 625/635 fi' i?

o b pnograms) the effective address, i. e., after indexing, jis ﬂ%.’ ?@
v:j Ev'appended to the procedure base and the operand fetched j;f;jfi.,fﬁ
o If b:l.t. 29 is one, the address field of the instruction W L
?;: :Efjlnterpreted as follows‘.d <f" 3__~?.::_ T "!"f”i':L;
=3 I P Sy yo 3 T o A S A RIREY
= T i T — . §_@ﬁ
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Should ipdirection be specified, the indirect word will ' '

be fetched in the same ‘manner as the operand Normally; the '

‘Pfull 18 blt address w111 be used, and the base reglster whlch f‘

was used to. flnd the indirect word will be appended to the =3f

‘effective address.. However, the-modlfler (tag) field may

Y T e e S e e e

specify 1nd1rectlon to other segments in a manner to be ; ;jf@
s described later. ..{; | b o TR . ﬂ
_ ‘ Z.@
If the instruction is a transfer, the next instruction'} ﬁ
will be fetched in the same manner as an operand. In additionﬁf
l’if bit 29 is-.a one,»the’Procedure Base register will be| set 2;?

from the base 1nd1cated by the segment tag in the address fieldh

‘; . of the transfer 1nstruct10n, or by an 1nd1reotlon whlch“locates

e, A

U M gt s m e ST

s Ty -

e

it Yo

IR e

e

:  the final address. Indlrectlon transfer to another segment ma"y!l

.:.he accomplished by the Speo;atplndlreot modlfler,, b !fé é'é

S PERN TR e e e e st e g DT

: f”glpAddress Appending , J-“y{ffﬂﬁ'jtél?fr "‘~“‘ o f" {}5
%5;;335_ Two modes~ef~address appendlng are~prev&ded—andweontrol194;

h pgfby the segment descriptor. .. : '

i

HW W Gecos. ML“

SR The non page/m;de is used when. an entlre segment 1s stored‘ g
oy B | N
in contiguous memory locatlons. The functlon of this mode 1% L

B

to ellmlnate p0831b1e paglng overhead, at the expense of mbv1ngf.

~ other segments to make space avallable. An’ example %heLe Bt

f
. paging overhead mlght be prohlbltlve 1s in’ llst processlng ':'}-
ot o - .
: "programs.? Non paged segments are located modulo 64" or 3024 5 o
in memory and tested for exceedlng boundary 11mitat10 sﬁf *3“
' ' ..( ‘L G fv . \. Y .x i, ‘ ST .1-‘;:.'. .r;_r '-‘_“' R ff‘m.!‘ R «f };-i“s% o ';f ' .
bl R .““» 2 y
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'and memory to be subd1V1ded into equlvalent blocks. Appilcatlonv
ak

‘of a stored transform (page table) ‘then. permlts the cont guously

]
{
! s
P
b

The paged mode causes segments to be subdivided 1nto pages,‘

~addressed segments to be located in non contlguous blocks of memort

. ,‘4 =
-

e e wet =

o ——

making possible the expansion and contraotlon of segments without

,!" o

moving the remaining contents of memory.

i

To implement'paging).a segment page table w1ll be r ferenced

which will contain the block location for each page of the segment'

e e
ot e, =

Page 51zes w111 be 64 or 1024 woxds, . and for practical reasons a. ';
. 31
I&

| !

segment must be entlrely of one ox the oth size. _ > d! .!
l I
C‘W W Ltj = : t

0 ) { : I
Descriptlon o | - 3"' L

“are groupwa as. follows..,m‘.”
i %

ERXEAT o P AU RARMEE IR CHb BRI R R

1 - Descriptor basehEegister divided into three ficlds.

'Bits 0-17, the address modulo 64; bits 19-26, the
: 'boundary; and‘bits‘27,28, the‘descfiptor field..
. 3 L [ i

8 = Address Base Registers,wnumbefedvov7;"containing two
~ fields. Bits 0-17 the address ‘field; bits 18 23 the . |

: ,.r-

control field. ~ ' i{_-. 'fL'u" fﬂf‘

1~ Procedure Base reglster cons1st1ng of" one 18 blt addﬁess

i field. o ,g*a SRR 'ﬂ'“.‘ S AR “*‘ﬁf T”““”J
1w Temporary Base reglster contalnlng an 18 bit effectlvé‘" o
base pointer. " . "”7‘“£?"7_f* IA”%”7'§'EL?;°Vﬂ d
i : : ’ . : ! 5 coo
The Descrlptor Base Reglster locates the base. of the ‘i o
Descriptor - segment if non paged, or the descrlptor segment'“"”3
’ cad ‘:'\".;_s"_'.iii,;t T k3 ', gl i( 3 B R SO L SR I et ",'C' Y |'9' ,.:L-‘;':
CEU T ‘ EEER ST -
4o L 4 i o R
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’ ‘ g | { oo ‘
| page table, if paged, and defines the size of the descrlptor% :' B
segment. The base may not be,altered by an object program, no£> Ef

_ may the contents of the' descr%ptor segment be altered by an é! : j
object program. o 1 ‘ : " "f | sl

Yoot e ' ) . o ‘-j‘ I |

The Descrlptor Segment contains 36 bit descrlptor words

?§ o which locate, in ‘core memory, a segment to be ‘addressed durlng{l ?
the process, “or ‘its page table. The descrlptor word also deflnes A

&uw@‘%& and designates whethiaxr it may be altered, executed as &_
process, and whether it is prosaently in core. Adjacent to the; :

Descriptor segment, maintained by the control program, are ' : ° !

stored segment names (in any form) to be used during execution !

of the process (sequence of sezgments). No fixed addressingfd |

relationship between names and descriptor words is maintained P

by the hardware, but the descriptor segment maintenance routine

.must be able to accept an address from an object program, .;“

.

. correlate it w1th a name, and place in the address in the

T et et ot 0 -

i s e e

descriptor segment a related_descrlptor'word. " Vo

s W %

The address base reglsters contaln address 1nformatlon 1n L
one of two forms. If a base rererences an address w1th1n a seg-

o gt x:l_-"..- . i
ment, this address becomes part of the effectlve address and: the

EER
) E:H_;.,_ s

base is called 1nternal If the address base’ reglster references

a descrlptor word within a descr 1ptor segment, it is called d

external. The control. fleld de51gnates a base as internal or‘?y

external, and if internal, »speclfles another base as external.g

) b
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to these words, the object px rocram cannot alter descrlptor words

"efﬁgctlve addriess and a p01nter to a descriptor word in the :if

descriptor segment which provmdes (dlrectly or 1nd1rectly) a|lfﬁ

' crlptor segment where they may be retalned as long as useful,"

may be readily removed ‘when tnc need arises to remove the :

AT

user, and may be re-assoc1ated Wlth segment locations when : ﬂ%?

i

the user returns to the machlne.‘ P01nters to descrlptor words
|

may also be held in- 1nd1rect word palrs, permlttlng 1nd1rectlon S

to segments.'' o L,:f.., P R o fi' {_ﬁ‘

= . R : - : o ol [
. ) ; : PR
S S RS

In summary, a complete address 1n the 636 cons1sts of anl

vk
base address. The pointer may be obtalned elther from'an 'i
. 3 .
. et ‘
external base or from a specil ly tagged 1nd1rect word.:"-f o
' T N ‘ R SRR . ' IR t < L ;
LA e R
R HES i
: : - i i
. ‘ . !

which are located in the write trotected descrlptor segment,, ??
thereby preserv1ng the 1ntegrity of the protectlon provided by {'
’:the descriptor word. In addition, the only region wheﬁe segmentﬂ&

) ‘(,'.\..‘»-- - ! i o : : ‘.u
. . t }.
‘iu-z«ul',nl'. o ' !.
A referenced external address base locates a segmént by ‘ g;
L
"~ pointing to a descrlptor ‘'word in the descrlptor segment that : £
contains elther the base address of the ségment desired, or the ;f
" base addreéss''Of the page “table Whlch in turn 10cates the approp— f{
riate page of the segnient. ' o ’“'”ﬂ"' [r P' 'fi‘_';iﬁ
The procedure base -registex contains' the pointer to the . !
| : : . g ¥
procedure segment descriptor and the temporary base reglster ;
-contalns the descrmptor po:.ntw assoc1ated ‘with the 1mmediate- i
' . <o R : i ) a1
effective address. . S SR R R
. ‘ : . " L . ; ' ‘ ‘ ,‘
Since object procedures dc not store descriptor words but Ef
.instead manipulate pointers (as the contents of external bases) ?f
!

,locatlng absolute addresses are contalned is within the des- ”,1 H -
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N To avoid accessing the descrlptor segment and then the page ki ‘
e . . . ' St '
v; table during an instruction or operand fetch, an assoc1at1ve 4 by
) : i [ i
memory 1is provided which accepts as a reference either the pointer, .
8
B TS
and produces the page table locatlon (1 e., the descrlptor word), £ A
or the pointer and page number, and produces the block locatlonﬁof:, i
i oo '-
the page. A usage algorithm assures that ‘the preceding N o &
‘ R Ly ‘
descrlptor word and/or page references are retalned in the ’ 4¢‘3f ; !
v R |
] ¢ , 1}
assocxatlve memory for fast refcrence. 3 R A
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Detailed Descrlptlon : o
' : Y N i
This Sectlon outllnes the features to be embodled in the ' ,ﬁ
o i
636 to 1mplement the functlons descrlbed in the precedlng sectlon. hh
In conjunctlon w1th the addltlon or the . eleven bases and the i; ,_{?
| D e
assoc1at1ve memory, the present Gub repert01re w1ll be modlfled Vi
to include: Slxteen new;, faults; Jnlrty-srx hew lnstructlons”to Af?
‘manipulate bases- two new IT adorﬁua modlzler tagS° and addltlonal ?%‘
! i ' i | \l [ ' | { ‘.’1‘:
1nstructlons to fac111tate handr““; rnterrupts. i, ﬁﬁ i &'
Base Registers and Descriptors i DT
; . i ,: )
The format for each base res noter type is given in the -i %@
accompanylng figure. DescrlptOLs ear both exp11c1t1y,and | .
implicitly in the Descriptor and ~:io cedure Base reglsters. o LAV
Descrlptors held in the base and 2age table memory entrles are 3'!§
combined logically (logical AND, Lo produce the actual desérlpfor ‘ ff
I Y N
information that applles to th ~pa belng referenced N T ; Lo
. | T T SR 1 PR IR ¥
| - ) . PN NN ',‘, R VI a [ 4 i
: The Descrlptor Bits and the rocatlons are as follows. -*'Qiiﬁ
Ry . i ik i Lo i '
A, Descrlptor (segment/page) ‘ HE *“ﬂ
.27, Page (block) 51ze.- Ir'o, the page (block) 51ze is f
N |
1024 words. If 1, the ‘uge (block) size is 64 words.! v
- 28. _Paging. If O, the segwnnt 1s paged. If 1, the segment ff.
is- not paged If the segment 1s non paged, the segmentg{* ;
Cis tested for boundary ondltlons as 1f 1t were pagedif '? f
. 30.. Write'permit. CIf 1 wrrtlng is permltted in thls L B
. segment (page) CIf 0,'ur1t1ng permltted 'only - HE i in’ IR
.~ Master mode. :;:?\ T N T TR R PR, TR R'e twﬁu{ ¥
31. _Master Access.: Ifll access is. permltted to this Q.fg
L segment (page) in Siave Aode.,,ff‘~k'A;f- D A [
. B R : : o :
. ' SR
. . o .i ; i
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~'33,34,35. Class T o I
A. Directed Fault;ﬂbits 30,31,32 specify fault tybe.

i

preted as follows: Directed faul: 0-7. The like numbered i.e

B. Data (may not be cxecuted) ’h |
C. Procedure, Executc Only (may be executed’qnly &Qdih%
' not accessed as data by‘other proceduresé Selé »E‘
access is_permittedﬁ..e , ! | ; %f

D. Procedure, Slave iy contain data). | ‘ I ?;",é (1' .

E. Procedure, Mastcr lsay conhtain data) . ’g ‘?! %éi
] : | |
If Segment Type is direct:w fault{ bits 30,31,32 are 1nter- ﬁﬂ
t?

directed fault will be generatcd. Two directed faults dlll be o

4
2,
;ﬂ

1
I
!
1
|
]
|
1
l

';gggg%g% to denote the absencc 0 2 page or descrlptoré o J

- In a page table word, bitu I35 and 26 are 1nterpreted as’

i
O ke ok SWC-T—

e,

follows: : - . .i{l. = ] x i

T ! R i 'qu. '¢. R RPN 11 s '.'\.,,‘4;‘1 "

25 Ufysed. i+ {If. 1, this page ‘has 'beeri referenced.\t

i
{.
}
1
!

i

' &

S A

26 Written. If 1, in‘ormation has been.entered 1n‘th1éﬁ,';
. ‘ ' . - [ T .»-.A' i . RIRERE A T L i idar oo Vs onie ik baesd s eatbbirh | 1. 1.4 8 Wtibisab. RSB

Lo omage.
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o
.B. Address Base Register Control Field R §
. 18, 19, 20. Specify the external base address if the base Lo
' is internal. ’_" o if :

21. Internal/Exterhal._-If 0, the base id an éi ‘

’ internal base and an external base must be- %

specified. o N iE f

22. Lock base. I% O,:thé base may be reloaded

..+ in Slave mo.c. If 1,  the base is locked ||

.against cher- in;Sléve'mode.

! 23. Unassigned. ‘t‘fxﬁ

vc; Descriptor Segment Base Rcﬁther"ff . - o e BE

1 o

27. Page size. _:-_1,:":1/;0'24_:_;_; |

.
. PR

i

28, Paging. ON/C¥d

| emare A

A . R 4 P DR R i 1?'. e 1"“ e ;_.-.A.r. i 3.§
D. Procedure Base Register I o o 5 Lol
. ; ) B - : h e C {‘ . ' 5 ; xl i‘ ’-5 A’
, External/Internal and Lock Zase bits are implied. :The '} ;+; - |
‘base is always External and Alterable. . S I R
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Segment‘Descriptor Word

Addfess Mod 64
0 17

Boundary

Descriptor

27

3

Address Base Register

~

Address (pointer)

" C t:i”;
iq1g" 0

Descriptor Segment Base Rég.. -

Address Mod 64

17 |19

26

Sy
i

'
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Procedure Base Register

AddreSs

H

E. Page Téble Word
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-Descriptq% :

T meen

1
t
]
v
L
o
i
:

i

&%
!

- Tewnporary Base Register |
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Address Formation

boe e

The effective -address, Y'

1 “" '

[
+

B
and the offset address from a del-

. ' scriptor word or. page table word are the pr1nc1pal constltuents

‘-~ 0f the 24 bit memory address.

-paged, or, absolute, establlshes the manner 1n ‘which they

To’ descrlbe the address manlpulatlon requlred, a symbologyyh
1rwill'be establlshed.;v'u__

+ C Y.

Five '

:tﬁe'effedtive'address'

v

" the page number of'an address paged to 64 word pagas}

- "’, R

(y+i+b)'” '

I

‘i.e., bits 4711 of the address

1024

464

w1024

i

: .’,.

RN

U

x |

[

ot

.

.the page number of an address paged to 1024

the word number of an address'paged to 1024 word p

the 18 bit address‘contalned 1n the descrlptor

[P

the. number of pages/boundary

the address generated to enter the ‘page tabl

ﬁl.e., the locatlon where the‘block ‘number wi|

found. ;

. JOK

uB(N(M)) base pair.

. (Y
' .

A oo

B

|

|

[0}

H
N

The addre531ng mode, non—paged.

T

S

|
L ’ i
fords: "

the word number of an address;paged to 64 word pages

'l'

B

e e oY

u

combine.:

the address‘of_the'pagefwdrd:

the address,to‘the le
places to the r1ght (

ft of the arrow is shlfted N

left)

-,Q

iFleld J 1s left concatenated w1th fleld K.

Internal

"”,-“,~wn;u W spec1f1ed by the cont
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The effectmve address Y! is formed by addlng the final: "1
T I
address (y+1) and the contents (b) of the lnternal base if ::,{
ST

speexfmed¢: In the paged mode this 18 blt address 1s 1ﬂter-w'

< U

preted to be a’ page number and word number and as a normalllﬁ':
address fleld otherw1se. ' h o E
N TR i - ' SN
1 Page No. 11 [1%°79 94 64 word pagdes :
0 g 48 Word No. 17‘ 1024 word pages.l|
| e

|-
i

In the non-paged mode the 24 bit core location address is ’

. e

§
!

e g

h

(Y' + A eg- ) i.e., the descrlptor address field, 1eft justlfléd“.§~

with the most 51gn1f1cant bit of the 24 bit address fleld 1§
added to the effective address. The Boundary test forms the.

. difference of the numbér of blocks allowed (N ) as’ Speélfleal'

in the boundary field of,theldescrlptor and the block ddress A %
(éffﬁﬁtiVﬁ“Eﬂﬂf@ggmbiﬁg”o—7"for 1024'Wﬁfﬁ"ﬁTbCkgrf““rﬁﬁwtéSt““““lﬁﬁ

1024

A
s

is satlsfled by a positive resuLt,3 Spe01f1cally, NB-P; . 33? 'l

or N, - p® -§> = 1, where Nj is assumed right justiféed. jf-
? a
In the paged node, the page number fleld and the offset

address from the descrlptor comblne to form the address of a

word 1n the page table, the contents of whlch prov1de the page

. core locatlon.: ThlS page word address is concatenated wlth
E O L
the word number fleld of the effectlve address to produce a
~ core locatlon., ‘ ’?" vf"ii f.f,/hjbgg:, Tvp ,?
i‘ f i o T L e I DL T TUNTIY NIPRCIRE  I
Mo o A L R R L AR I
. b | ‘ T
1 - t Sl
) 4 . . | .
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i E
If paging mode is selected, - } ) {fg7
04 ‘ 64 : e : 'l’}“
YP ‘= -.(AB "é" + P ?) L
ABoundar dTest N_ - P64 1 o o Lo
: NN | < 64 B
- The final address = (A_ <= © W ') D
© 1024 1024 _ o o ‘ S ;
. = Bpgrr o) |
1024 e : :'.;'{
Boundary Test'NB P 19> 2 l»;--'rj‘- . | o a
Final address = (AP <€--0 W 024)“ . . . oty ;
3 ; i §
Transferring ; .

.The Temporary Base register contalnsfthe immediate éffectlvei
1base pointer. Its contents always c01n01de w1th ‘those of the L‘

external.address.base. reg;ster dictated. by.the_currentrmnstructlon

TheaTBR.ls therefore the source of the base information necessary
. for memory addressing. Conversely TBR is the register from whlch
all address base reglsters (1nclud1ng PBR) ‘are set. For example,
'durlng a procedure 1nstruct10n fetch TBR 1s set from PB if: Ine
"bit 29 is set to O. If blt 29 is set to 1, TBR is set £ om'ther;

l
i;'
1
]
t

external address.base reglsters spec1f1ed in the selected 1nterPal

base. A transfer causes “the Procedure base reglster to be set %
from TBR. COnsequently,fa transfer w1th blt 29 set to 1 loads }
 PBR from the selected external base via TBR.... {i‘ﬂfr£ [fw‘”J %1
‘ Foroudoaddes s o 0 " LTI ‘f"
i t ! i . ! ! -~ ‘4 ' i
[SaESS i . l W ’
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Modifications to_the present 600 Repertoire i E
Slxteen new faults will be added.. They are: % a “‘f
MME 's: 2 3,4 7(To preserve 635+ compatablllty,;the‘7;h
present 600 MME is not to be used ’;? .j.
for 636 Software). | § A
Directed Faults O- 7 ‘ i i 3
Trouble ' _; .ﬂ
Spares 1-6 _;_; !L
i ;

Sixty-one new instructiQnSﬁtbtééﬁigulate the bases‘will;!
be added. ' '__ e O

Load Base Register (n) LBR(n) (elght 1nstructlons) L ’;-

c(y)o 23:;»c(BR(n)) only if the procedure is e:aeubi=iiéyf' ,;

. {?,::gp ma ter or the block base ﬁontrol| o

lh'blt ( n the Base Address Reglster)'
. .tl
B A imo is 04 otherWLSe ;a fault willy occurl

. _ i‘The 1bck base bit will not bé altered
: ) ' in slave mode. .
e —SkoOre Base~Reg1sten~(n) SBR(n)~-4~19ht~4n5tru"*’“”°\

P

T e o UG 7w\ RS W = o e

oo

Elther an 1nternal base or an external

c(nR(n))z-;gc(Y)o 23

) base may.be spec1f1ed
0=>C(Y¥),,_35

<

" ‘E*f_" .

i ! poanns

Load Descrlptor Base Reglster LDBR :

.+ A A A A . o e

Nt

N C(Y)0 3§%>'DBR :;1‘. Thls 1nstructlon may be executed only
B o b

"g'ln the AMastern mode.- The op code

|- ; L [
| ; TR W1ll not be J.dent:l.cal vJ:.th the 635|
R 'W B }. LBAR instructlon. ol ; N
SRRUR S RS L ; s i B E
[ ‘ 8 ) ; . . : !
B ui)-}j ‘ i
; g ! ; :
‘.'i'.u \ . 3 3
i 4 e
' I
i n RN R N B
% - 3 el ol
\tl».: S o S | . 1- ii B
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" e SR B D Y
S
e § ' ! b I? ij
Store Descrlptor Base Register SDBR - " -! i il
C(DBR)::;»C(Y)0 35 ; This 1nstructlon may be execubed'ohl§ﬁf§iffa
PRI b din the AMastetc .Mode. ,: The op codé‘ Eljéj '
- 3 will not be identical with. the;6354“5§;
' SBAR 1nstrnctlon.u'~ | ; ‘E.;:?f .
- Store Bases STB '“f B ,ﬂé f._,:-i S -_t‘,,i"ﬂg’éj
UL ‘: The elght address bases are stored Ain sequence in double,i* ﬁ
iiﬁ;; ‘word stores as in SBR(n). The addreSs of this ‘instruction E‘iéi;%
must be modulo 8. The lock base blt w1ll not be altered in Q;Vé;f
Slave mode..i- ;A_,, _ f'ﬁ; %?%
'Load Bases LDB é f“ . f ‘ 'Fff,%;
i‘ " The. elght bases are loaded in. sequence in double word g.ﬂ.-f%'
*oads as in LBR(n). Ig the requlrements on ‘the lock base é E 'i?
b1t are not met, the base contents w111 not change, ' an the % E' &Y
sequence Wlll go on to: Fhe next base w1thout generatln a figjiﬂ ﬁ
A | ' e _.“Wk_m-:‘:@%rmj?v
Effective Addresslto Pair EAP(n) B (eight instruC€ions)bl§ |
| ::?959)0;17't }“;;.C(m)o 17° | The effective add%ess Y'_f' B
‘ i*: : 5 ;g,, replaces the contents. of the specmfied's«
B e | f@V;}lnternal base and the effective o x
RN %%ﬂfp01nter replaces the contenté of the Coh
é-f_coupled external base. If the base : -f 3
; _‘df'5fspec1f1ed by the 1nstruct10n§1s ex— ';{:

A' ‘ternal,’ the effectlve p01ntef replaces o

o f?' .the contents of that base. .»§ |
Effective Addrestho Base EAB(n) (eight 1nstruct10ns)

| "Y'=$>C1n)o;i7:‘ .[' The effectlve address Y' (y+mod+1nt base) -

| cod ;"'15 put into (n) .Annassociated external
‘ ST r.p base is not changed.,gv4 S R
) Lol : 'ﬁ R R L T SN URMEE SURPR SRR I
o IR

1 -e- o | R

‘ o g P . - ‘.‘ {,




et

';ff..Add to Base ADB(n) _(eight 1nstruct10ns)

ﬂéy be |

gt e 28

+ g !
C(Y )0-17 C(Bn) ,f:?CNBn?O 17 The base (n) peczf%ed g
[ A ~; i elther external or | !
1 P ' i ... internal. : The usuai 35‘ ?
ol P ; f ‘ ;1ocksbase conventlo s y"'j l
: ti i =3PP}YJ%I '¢§ N ﬁ"‘ ‘71
- T - S S e o ; : - i ‘!i 4,
P r o g ‘ . R PO ‘4"’ui Hh‘ﬁ'?'; S
Lo _ . | R
Tt Transfer and Set Base TSB N(m)) . (eight instructi ons)i ] gj;
‘ o . L ‘ i 1 (R 1] . ;
: C(PBR)% c(B )0 1.7. : 8 '?
Y':)C(IC), | |
' | Lol
p':f;c(pBR) Ol : ,;‘f‘
‘ ‘where N is.an 1nterna1 base and M ‘is, the ‘external |base !§~
. : R
spec1f1ed by N, If the spec1f1ed base is external, the transfer iifi
e Cob
of C(IC)+1 is 1nh1b1ted . ﬁ s
T B Y A
; SRR
Load Control Field IDCF ‘ , . "\Q;i’: v
This instruction permlts alteratlon of the lankage betw en R b
.an internal base and the a55001ated external base.- The addr ss .ﬁf
(- if'.. -
field of the word specmfled by the effectlve address 1s inte -“ AL
- 'preted as three 6 bit characters. Two 3 bit fields 1nlcharacter _i
.0 designate the bases to be affected A‘Characterslfand 2 con?aln i{f
"the new control field ‘information. In slave mode, thellock  ;{ i?e
base bits in the designated base address reglsterSgw1llibe.uL1pL’- SR
- . ' - Lo o : O T
altered. The format is ' R o ;qu;‘ I )
. ° ‘ . N 1 "-!:.:‘ i
Ch 0 Ch 1 Ch 2 i totein e qesdidolls f
A B FleiéoRe?' 1eE£ &eg. . %' Blank. ok -
0 213 5 12 17 18 - 35 o
- ; o ) o . .
Co PRPRIE S . oyt
- E o Lo : : Sl !
, ; , ’l , ‘ .‘ ‘ \.“l’. - i . fj “ i
o TERETS SRR T- T AN
U ' 1 ; .I ‘ . ! .o : ;"‘ i K v"": . !
B i e
v, o X Floepoe 1
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Store Pair STP(N) (eight instructions)

‘ i
This 1nstruct10n stores the contents of an 1nternal base .

N a

- (N) and the specified external base (M) as an ITS modlfled ;
§o

word pair. The format is ' A

. : ;-' [i !

] . ) . n 1
(N) I Blank (M) fslanﬁ ITS {
‘Lo 1718 35ifo 17018 m30 3| + D
Y+1 " .. .Y XEVEN) . R I
I
If an external base 1s de51gnated by the lnstructlon, a

blank odd word w111 be stored

s

oy

The following neW?instructionstill_beladded to fac111t;te'

N Ea

handling interrupts. ' ‘ E ' ey !

Store Control Unlt SCU . o ) %

The 1nstruct10n palr belng ‘held in the control un it, the

instruction counter, the indicators, the Procedure Base reglster,

effective address, the! Temporary Base Reglster, the Segment Tag
Reglsters, and the state flip-flops are stored 1n three double
words (6 words). The address of this 1nstructlon must - contaln
zeros in bits ;5, 16 and 17. " This 1nstructlon must be used '

B I

when a fault or interrﬁpt occurs on ‘an.operand fetch. $The "
{ . .
ed in

index registervand theiinternaldbase,’if any, is inclu

(
?
!
i ‘ ‘v o
VX ‘
' }

BN

O U E———

ot
|
h

T
-

the effective address. The active (faulting) instruction may| |

be determined from theistored'status}information. The format;;'

in storage will be ; L T T _ I Q'gf:

e R T ey

v + 1 |E&Sgstive | omr | STATUS
_ . =) . erj/8 . 35fjo . 35

-

G
V+ -
W

.+
N

TR o Counter/ris Base Reqgiste

SATIU Pads i

+
N

0dd 5] e Ev en 25

Y
i
| . o
Y +5 o, Instruction - X Instructlon _?
| |
i

—20— ! A

. . o 1 3 ¢ .:. : .
InStrUCﬁIOIIndlcatoEE Procedure-yra- Bl ovoa2
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If Y0=0 (status word sign bit) the fault occurred during

the instruction address preparation (between instruction ?
executlons) and C(IC)is the address of the last successfully
executed 1nstruct10n, 'Otherw1se, the fault occurred dLringi
instruction execution. The active.inetruction (ODD or EVENﬂ
may be determined from the least significant bit of IC,
(Y-ij3)l7. ; B | - h

-

Restore Control Unit RCU

This instruction restores the control unit to relnltlate

an interrupted instruction. If the 1nstructlon was 1nterrupted

on an instruction fetch (between 1nstructlons) it will |re-

initiate the 1nstruct10n fetch. If. 1nterrupted on an operand .

(or 1nd1rect) fetch, 1t will relnltlate the operand fetch, ﬁ

using the stored faultlng 1nstruct10n. It is perm1351ble to

h;alter ‘the™ ﬁaultlng instruCtlon word prlor t0'execut1ng RCU.w‘ﬁ

Ao ¢ ——~—§f~8€U~ts*the~f1rst*1nstruct1on executed*foilowrng“a“~wm“““ﬁ

fault and RCU the 1ast 1nstructlon prlor to return to the

Sl

H

‘
KER

breakpoint, the processor will restore to 1ts_former condltionEJ

and continue the instructioniasethough the fault had never &

‘ Lo . o . i
occurred. f AT REP

A
-

'Should a m1551ng page fault be generated by the SCU

) instruction,” the procedure (prOgram) w1ll be aborted by OVer"
A .
rldlng all faults w1th the Trouble Fault 4 ;
he aetlimin. R . P ,
) .,,."rl - B :l'
1) 7 : ) o 5
W ‘ Ea .,
P . :z . ‘;
Bhid o =21 '
i '._ i il [ 3.’,\.]. ' v { ¥ [ N
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Store Control Double STCD

~ Stores C(IC) + 2, the Indlcator reglsters and the

Procedure
i

Base Reglster in an even-odd palr, w1th the follow1ng formatJ vl

o \(,ICOHQ 17;I81 ’)‘\L\.a.f a
| H s Y“i )

. Return Control Double RTD

PBR

124

) AIWES]
‘ Yv(EVen)’

; Restones,the Insﬁruction Couﬂter, ihdicators and -

.j: gquedure”Base”Register from an even-odd pair.

P
v

.Sixteen new arithmetic instructions will be added.

Load iﬁdex From Lower (n) LXL(n)

) g 35"-'-> clxy) 4
- Store Index in Bower (nj  SXL(n’£#i@§ ‘
e, ):; C(Y)18 35 B

Four new IT address modifiere_Willfbe added.

" The flrst, if recognlzed whether an ‘an 1nstructlon

!
B ' : N -
- modifier or 1nd1rect word modlfrer, w111 _cause -an 1nstfuct10Ti‘

executlon 1nstead of the operand fetch

.Execute Palr

The functlon of thls modlf

an 1nd1rect word-palr to cause

routine).

'BLANK{s®™| = "4

The modlfler is:

S B At S

Ler 1s to permlt the usé of

Both 1nd1rect word aid procedure are under control

trap to -some proceduré (sub+s |

of the programmer (Compller) and the operatlng system need not

be called to establlsh ‘the trap, remove the trap, or p
the 11nkage to the procedure B :
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The: modifier will appear in the tag field of an even ﬂ'f‘ i
indirect word.. Recognition of this modifier will cause the; |

;address field"of the word in whlch it appears to be 1nter— af

‘ preted as the effective,. p01nter.' The adjacent higher odd ' i:°
word specifies the effective address of two 1nstruct10ns tov :f :

fbe executed. Unless the pair of instructions so addressed o ﬁ
are SCU and transfer, with an eventual RCU,‘executlon of the H

original instruction will not be completed; The format is 5

-

+ L Y (EVerm)

The second modifier to be added is: SERNEE ¥
. > : |
Indirect to Segment ITS
Recognition of this modifier, in an_even indirect word :'f .
will cause the address field of the word to be 1nterpreted as ;,
' the effective base address p01nter. The adjacent hlgher odd l. ,f
SRR
word w111 be: treated as ‘a normal 1nd1rect~word, relatlve to;;~,' ii
that p01nter. The format for the pair is o ‘ _ ‘ }ﬂﬁ:i'ijl
e : . RIS
* ¥ . | ¥ ! i.nm
o IT \
oY 17t k€ 3o Pointer | 571755 Lo
y ++1 Y (Even) 3 . T
_ i f,
The third modifier to be added 1s-' ; : o
Indirect to Base ITB : % ; »

Recognition of this modlfler 1n an venflndlrect word |
- . will cause the most 51gn1f1cant three blts of the address

field of that word to be 1nterpreted as a segment tag spec1fy1ng

the base address reglster that contalnsinhe effect1Ve p01nter.

. The adjacent higher odd word will be treated as a normal 1n—

i P

direct word, relative to that-p01nter;--The format forgthe é i'
pairis: ST o L e ] RIS
A L P R v

T T S

. . TED \){A
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A fourth IT modlfler, FAULT 2 will be added to dlstlngu%sh
the IT fault in the 6363 from that occurrlng in, the 635 programs, .

1
!
B

. (O s e e+ ; - i !
Faults and Interrupts S AR
The present Master/Slave indicator will no longer (Lefinei x 5# !
. ] ! ll
the Master state since thls is a function of the segmen% . poo y.
S S
descriptor. It'will, however, continue to denote that | . e
procedure is executed ih absolute address. It w1ll over ‘? }u
: ’ o o | (A
ride the Temporary Base Register|to declare, if 1, that: N EEEE
? : i oL - I R
1. All procedure is executed in ‘absolute address- y i H
unless bit 29 is 1, in Which case the bases aré L ad
. appended. | ; foi
2. Access to memory is unb:unded.tt" ' L (4
B La emes . w . " ‘ o
3. Procedure is 1n Master. f p
4. The interrupt inhibit bit is Stlll effective. - é 1 ,751;
3 | [
5. Tlmer run-out 1s inhibited. o §\,£y o
. ‘ ) SEYTTTTO0 T :f' o g:
This mode w1ll be referred to’ as Absolute Mode. All~ ’  ?'
il BRIt ¥ L
interrupts and faults w1ll be answered in. absolute mode. o *{
- Bit 29 w1ll permit dlrect reference to the segments - acces51ble‘ %
to the 1nterrupted user. | | i an ]
g ! .
Unlike the 635, certain faults can 'o'ccuf”-dﬁring e'xé'cutiohf; | '
of instructions, and on the 636, prov131on has been made for || .|
saving and restoring the Control Unlt when thlS occurs. ';'
Accordlngly, the fac111ty will be prov1ded for acceptlng !
external ‘interrupts and tlmer run out at the end of'a memory i
ycle 1nstead of at the completlon of an odd 1ocat10n 1hstruction.5 ;
IR “ P Lo ,?h Lo ’.l L ‘3,:_. .. B |_~sgj }; , 4l '.
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'relatlve frequency of use and th

I :
'§

.! i

' i

i !

- To permit uniform‘interpretation'of 635 programs, é

635 instruction codes that have nq'6365meaning, functiof

- NOP in 635 slave mode, or'trap iuu635lslave mode will cé

‘a trap to the operating system when encountered in Slav

(TS§ a&r equivalent is needed to get”out5cf the absolute
LBAR RMFP,
The function of the inteérrupt inhibit b1t (28) will be

The 635 1nstructlons 1nvolved are..

altered to permit inhibiting tlmer;lutexrupt when operat

in slave mode.

Associative Memory; ,;,fj;,f}ﬂﬁ

A mlnlmum of 16 words of rapld access associative 1

§
is provided to capture the segment descrlptor and page iable'“
E

words when flrst used 1n the executlon of a process.
word is then avallable for a per od determlned by its

1nterva1 between use.

The associative ‘memory, normally berforms a look-aside functlon

except during Absolute mode operat‘on when it is quaescént.
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Memory Management

]
i

In the course of address preparation, several references

to the associative memory may be made. The first reference ﬂs

-

. by the pointer. value held in the effective address base reglster.j
The base bit and the descriptor 1nformatlon will be read out 1f ft

present for subsequent process1ng.' Failure to match indicates 5

' :the absence 6f both the page desired'and its segment descriptor-

and‘resultsgln a reference to the Descrlptor Segment fOr theg
~ descriptor. The second reference is by the p01nter value held f'

- in the effectlve address base reglster and page number,to determlne:

the presence of the page word. If present, address pr paratlon

i

Co0
proceeds. If the page word is absent, a reference by 01nter ; ?.
&

and base bit determines the presence of the approprlate page

!

table base address. If present the base is used to fetch the

—m—— - - -

de51red page table word. Otherwise, the approprlate descrlptor

is accessed in the descriptor. segment ‘The first entry of a| ‘E

7.3 e e e
.
:

*.jpage table word into the associative: memory w1ll causelthe , @

s e el e -

Nz

USED bit in the related descrlptor fleld to be set in maln

'memory. In a 11ke fashlon, the flrSt tlme a page is wrltten

‘into by a store command _the wrltten b1t 1n the descrlptor w1ll,;§i

L T

,Abe set to one in both the assoc1at1ve memory and maln memory ﬁ;a

page table word. ‘ :_,:f' ",rf‘ ‘ IR

Word Format :“ ','" :JQ"‘ : B

Ba‘se :', T 4‘ o f

-Use P01nter Bound/Page Address Modl DeSdriptOr

o 345 22023 24 _31{32 % a9lso0 5

:aEﬁbty/Eullv*;- I . SRR

'\v.;,..:. ...... !5= ASSOClatlve Inpu*f: v .':-“-,p‘.!\' o - "';‘,ﬁ- ‘n

,.‘4 - ‘1.‘5 Informatlon Output—————-b4 o
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| | » T RO
Use Contains, integer usage value. R o f | P
! i Yo
{ i X
.Empty/Full’ If sét to 1 1ndlcates valid 1nformat10n contalned: .
‘in ‘word. s : e S f nEr .%ﬁ
P01nter An 18 Blt address which refers to a word W1th1n the i i 'f
descriptor segmeént. b if
Base If set to 1, the information field contains a segment :
,vdescriptor: if set to 0, the information field contains ' .

a page table word. :

Boundary Coéntains a boundary for the segment descriptor|or a‘
page number for a page table word.

Address Holds the 18 bit address (mod.64) for the page

table or page.

Descriptor Contains the 9 bit descrlptor field (see segment |
descriptor and page table word format description).
Bit position 52 (normally blank in a segmentf

! ! ! .
~will contain, the page table written bit. z o
l

. Usage.Alogrithm . e

i e . - g e

The use fleld contalns an 1nteger 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 |
'A value of zero indicates the least recently used word. /The Vi
use value is modified accordlng to the follow1ng rules-»i ' ,?%f"
New Entry into A.M. é vg;fi
a. New word replaces contents of the word whose use .
finies  value 1s;zero;,a newvuse‘value of_lshls-ass;gneﬂ;,a ufﬁé
| to th_is_-,word_..;£ o L0 lf":»; s . E 'ZEAEj

. . v » ’ S R R IETI.
b, .The use value of all other words is decremented; ' . ||
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 New Usage of Word

Ae

El

3

'The use value of the selécted word is noted and a

new use value of 15 a551gned

{
!
J
e — L Cdemainte Ly e - P . R

For all WOrds having a greater use value than

that noted for the selected word decrement the!
. X ) .
use value by 1. :

' Assoc1at1ve Memory Instructions

New 1nstructlons are provided for controlling the

'l
1
: associative memory. They may be executed.only in cMastele

Clear Associative Memory-. o ST . .

The Empty/Full bit in each word Wlll be set to zero.
f

.Store Associative Memory | 'Tﬁwwrﬁv.;-;_qag;;rmy

The contents of each assoc1at1ve memory word- exclusive o
use.value,.will be.stored in core-memory_as_a wordlpalr.n.

The succes51ve word pairs will be ordered by 1ncrea51ng u

“|Pointer .
N

. value. The format- for the word palr i§:

PP,

Pa é.Nb.— v egmen
$3°""%d  3slio °

tandard ag%iggg%e oy

|
mode.
i

v

Ci “ . }mpty/Full - 5 EoL .‘i H';’-‘i:‘: )

T _Y (Even)

o

Store Assoc1at1ve Memory Zero

The contents of' the assoc1at1ve memory word hav1ng zero -

usage value ‘will be ‘store

- *\

format., :

RR IS RY i K
L JW”?Tl '»ﬁ;;;q-.;zs;;,r;gn ' &

in a. word palr with the above
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BELL TELEPHONE LABORATORIES | ——-—-
INCORPORATED ' -
3 susect: Clarification of Appending Hafdware / DATE: June 14, 1965

RIS

rRoM: V. A, .Vyssotsky

. TO THE SOFTWARE COMMITTEE‘

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

VFMIT and V. A, Vyssatsky of BTL discussed with Messrs. J. F. Couleur

and G. Oliver of GE a number of details of 636 hardware which are
nof clearly described, or are described wlth minor errors, in :

J. F. Couleur's memorandum of February 26, 1965t(software committee
document 71). fhis note is a‘SUmmary of deslgn detalls gleaned by
V. A, Vyésotsky from,thé discussions. 'Further infofmation will be
available on Jdly 15." | | |

636 Fault Traps

The 635 has 16 distinct fauit‘trap‘locations; the 636

has 32. Although the detailed mapping of fault conditions into

fault traps on the 636 is not frozen, the general structure of

636 fault traps 1s known, and I shall detail 1ts current form

'below, .Numerical fault code values should not be inferred from

;this listing; I do not know numerical values of any of the fault

codes. All fault traps on the 636 which were not on the 635,
except the troﬁble fault, have priority IV, Priority of the

trouble fault has not been determined.

1) Shutdown; one fault. This fault corresponds to the
same conditions on the 636 as on the 635.

1‘: "
W

Raits Dottt
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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 vioiation. 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 froﬁ 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; one fault. Same as on 635.

6) Command fault (compatibility fault); ope fault. This
fault replaces the command fault of the 635. It occurs if a
slave mode procedure attempts to execute any of the instructions:
CIOC, SMIC, RMCM, SMCM, LDT, TSS.

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

8) Lockup; one fault. This fault has changed slightly
from the 635. The fault occurs if the processor is in a program
iockup whiech inhibits recognizing an execute .or timer runout

fault or an interrupt for more than 16 milliseconds. Examples

of' this condition are: continuous use of the inhibit

bit in absolute or master mode; use of the inhibit to prevent
timer runout:in slave mode.
9) Connect; one fault. The processor has recelved a

connect from another processor via a system controller,



10) Parity; one fault, Same as on 635

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

12) Operation not completed; one fault, Same as on 635
‘13)_vStartup;'one'fault, Same as on 635, ‘

.lﬂ) 'Overflow;ione fault.  Same as en 635.

155, Divide check; one fault. Same as on 635,

16) Execute; one faulf. Same as on 635.

17-24) Directed faults O-T; elght faults. Whether the fault

: v.Waé'specified in a segment descriptor, in a pageldescriptor.for

"~ the descriptor segment, or in a page descriptor for same other .
~segment can be determined from the contents of the safe stored
1lcontrol unit. v ' .
25 27) MME2 3,4; three faults.

28) -Fault tag 2; one fault.( .

29) 635 instruetion deleted‘fault one fault. .This'fauit

;-jwill occur if any procedure attempts,to perform 8 635 instruction

meaningless on the 636. These 1nstructions are: vLBAR, SBAR,

swee, REMP. -

30) TIllegal procedure fault; one fault, This fault will

- bocur ifla slave procedure attempts to violate deépriptor
:specificétion of a segment or page as ' L

a) master access only

b) write'protected

¢) execute only procedure

_d) data bnly (1.e., no execution permitted)

A 31 3080 R I TR S ot S b e U R T £ R A A S iR » o soens R sy
R I RS e 25 SRRt by b L LTI E RO e B 0 SR, e i b T S SR o i L o S AR R PR s 3 :



This fault will also occur if a slave procedure attempts to load
‘or alter thé contents of a locked base, unless the attempt occurs
as part of an LDB instruction. An ILDB instruction in slave
mode loads all unlocked bases, leaves all locked bases unaltefed;
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 6f the
instructions LDBR, SDBR, CLAM, STAM, STAMZ, SCU.

31) 1Invalid descriptor fault; one fault. This fault occurs
if the class of a descriptor being decoded in the appending
hardware 1s not any of the defined classes, o

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 example, on a
'pariﬁy error in fetching the instruction pair from the fault
vector; or on a directed fault during opefand addressing for
the SCU. |

Bounds Test Erratum

The boundary test is incorrectly described on page 15
.of the February'26 memorandum, A correct description 1is:

Let NB be the contents of the boundary fileld of a
descriptor. Let P1024 be the contents of bits 0-7 of an
address which 1s to be translated by the appending.hardware‘using

64
1024 word paging. Let P be the contents of bits 4-11 of an




address to be translated by the appending hardware using 64 word
64 | ’ -
paging, and let H be the contents of blts 0-3 of that address,

Then the bounds test for 1024 word paging is satisfied

- if NB - Plogu'~»2_0. The bounds test for 64 word paging is
S 19 : . : .
satisfled 1f H6l4 =0 and NB - P614 - > 0.

. 15
Time of Generatlon of Appending Faults

The sequence of calculations and tests in the appending

‘hardware must be knownpin’order that the software may'handle '
, fauits correctly, I shail_thereforeYSpecif&"1p_as ﬁuch,detail
as I can the sequenoe of celculations and testsprelevaot to
- fault handling, | | E |
1) The bounds test for the descriptor segment 1s performed
,2) If the desoriptor segment 1s paged, the appropriate :
 page table entry is tested for directed fault No other tests
‘are made -on a ‘page table entry for the descriptor segmeﬁt,'
' _;3) The segment deecriptor’word is retrieved;‘

- 4) The claés of the descriptor 1s decoded, If the class
1s directed fault, a direct fault.is taken. | -

5) If the mode is slave, the master access bit of the
descriptor 1s tested. '

6). If the mode is slave, tests are made for attempted
execution of data, 1llegal accessing of exeouteqonly procedure,
and,illegal accessing of master procedure. 4 _

7) The bounds check is performed, and if the mode is slave B
a check 1s made for write-protect violation. I»do not know in

which order these two tests are performed.




S

8) If the segment is paged, the page table entry is tested
for directed fault. |
| 9) If the segment is paged and the mode is slave, the
master access blt of the page table entry is tested,

10) If the segment 1s paged and the mode 1s slave, the
page'table entry is tested for attempted execution 6f data,
111ega1 accessing of execute-only procedure, and 1llega1
accessling of master pronedure

11) If the segment 1s paged and the~mode is slave, thé
. page table entry is checgked for write- proteot violation.

 This description corrects and supersedes the description
voﬁ pages 10 and 11 of the memorandum of February 26,

Definition of Master and Execute Only Classes

on page 11 of the February 26 memorandum, the classes
"procedure, execute only" and procedure, master” gre mentioned

~but not preciselyfdefined I shall now give what I understand to

~ be the definition of these classes.

- Ifa segment 1s of class _procedure,‘exeCute oﬁl&;“
then: | |
a) If the current mode is slave and.if the procedure base
reglster does not point to the descriptor‘of this "procedure,
eXecute'only" segment, any reference to this segment (whether
instructlon feteh, operand fetch, operand store or indirect

address) will cause a fault ‘unless the reference 1s as the final
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effective address of a transfer-type instruction transferring
control of location O of the execute-only segment.

b) If the procedure base register does point té the
descriptor of thils "procedure, execute only" segment, reférences
to this segment will be treated as if the class of the segment
 were "procedure, slavé," The description of LBR(n) on page 17
of the February 26 memorandum"is.incorrect;‘the‘words "execute
only or" should bé deleted. | -

¢c) If the current modé is master or absolﬁte, access to
a "procedure, execute only" segment is unrestricted. |

“ If a segment is of class "procedure, master,"
'referénées to 1t will be treated in exactly the same way as
1f the ciass of the segment were ﬁproceduré,.éxepute oniy"A
 except that in case o | ‘:p

| b) If the procedure base register-gggg point ta the
descriptor of this "procedure, master" segment, then reference
to the segment 1s unrestricted, because the mode 1s master.

, nglt Vector.Relocation

The origin of a fault vector or interrupt vector on

the 636 will be determined by manual switch settings. For each

fault or inbérrupt vector. the correspondiﬁg switches may be set
 elther locally or remotely, The fault vegtor orlgins will not
be relocatable under program control. '

Safestore Contents

Detalled specifications on what control unit information

is safe stored at time of fault of interrupt are not known to me.

They will be avallable about July 15.



Execute Pair

The mechahiém for the execute pair modifiéf}agreed
.on by BTL, MIT and GE on February 10, and described in the
February 26 memorandum, is inherently unusable. A répiacément
mechénism'nas been designed, and is described below. This
has not yet been frozen; however, this'or SOmef51m11ar technique
‘will be frozen the week of July 6.
v The format of an EP is

vy | v+1

s | dE | oA | g

o T 30 330 30

Location Y must be a location congruent to zero: mod 8, ‘Whén
. the EP is recognized, the contents of" the control unit 1s safe-~
stored directly into- locations Y+2 voe sy Y+7 1nc1usive - Then

w”_,ﬁxﬁ&ﬁxxou T the Inbbzuctlon ik o) 1ocation"Y+l 1s forceds: Normal

address modif{EQEISE“WIT%~beggg££ofned during operand accessing
for the instruction in Y+l. The instritetion in Y+i should be 5

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

as a subject instruction. hat the hardware will do if this .

condition is Violéted;is'unpredicta : I do not know what will
happen 1f the instruction wueni!} has a 1 in bit 29,

-Appending in Absolute Mode

If the current mode is absolute and an- 1nstruction is
executed with bit 29 set to 1, appending will be done throughout

the entire operand addressing computation of'the instruction in

35
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‘Question. As soon as that operand addressing chain has been

completed, appending will cease. Thus, for example, I1f bit 29
of an XEC instruction performed in absolute.modé is 1;'the
fetching of‘the.subject instruction will be done with appending,
but -the operand fetch for the subject instruction will be done
without apprending unless-fhe subject instruction also has bit 29
set to 1, ‘ S | | | | |

. The EP, ITS and ITB modifiers always imply appending,
Hence; 1f an ITS or ITB modifier is encountered during an
addressing'computatiqn in absolute mode,.the_remainder‘of that
addressing‘compﬁtation will be performed‘with abpending_whether
or not.appendihg was “in effeét‘wnén the modifier was encountered.
If an E? modifier 1is ehcountered during-an‘addressing computation
in abséiutermodé, the fetch of the subJedt,insbructiOns of the

EP wiil be;perférmed with appending, I do notrknbw in what

‘mode the subject instructions will be executed.

Miscellany ‘
1) If a‘déscriptor segment is paged,_uSe,bitslin'page -

table entries for the descriptor segment are set Just as are

the use bits in;pagertable‘entries for any other segment.: -

2) When an internal base is specified, either by bit 29
being 1 or by an ITB\modifier,hthe contents of the internal base
1s added to theieffectiva address before appending‘begins,
Appending 1s thén done using the éssociéted eiternal;baéé. -Any
subsequent addressing steps will use the external base‘but bot

the internal base.
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3) There probably will not be an autométic bootstrap
load procedure from éhe 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, not bits 27-35. Ep, ITS, and
ITB are tags Just iike any other tags.

5) EP, ITS, ITB, FT1 and FT2 modifiers will be recognized
after the start of IR 1ndexing, although other IT modifiers aré
not. o v

6) The effect of modifiers invalid in context (e;g.,‘TRA »v}
A,DU) is unpredicablez=. Hypotheses based on the assumption |
that the hardware is systematic are almost certainly incorrect.

7) The effective address of a conditional transfer
instruction 1s not computed unless the condition 1is satisfiéd.'»

8) The operand fetch of an XEC or XED is freated as a
data ;gggh. :Hence in slave mode an XEC or XED can be used toiv
‘execute an instruction from a segment whose class is "data."
Since»XEd an64XEDbare not transfer-type instructions,‘in slave
mode XEC and XED cannot be used to execute any instructions from
a segment whose class is "proce@ure, 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, sia&e," the subjJect instruction(s) will be

performed in slave mode.
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9) The SD modifier causes the tally field of the indirect
word to be lncremented, nét‘decremented.

10) If a segment of page 1is write—profeéted, an éttempt
to modify a word in the segment by ID, DI, IDC, DIC, AD, SD,
or SC indexing will cause a fault, and the word whose
modification was attempted is not fetched from memory.

V.A.V
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