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The following is a formal description of the hardware proposed for
the sugmenter portion of the'MAC 635 systew. It {s beyond the scope of these
notes to explieitly deseribe the use of each hardware function. The infent,
in most cases, will be apparent te those familiar with modern goftwara systems,
These notes will gtil]l have to be enlavged before a complete record specifica-
tion can be produced. Howevar, thay do form the foundation for such a specifi-
cation. It ig assumed that additional sugmentation will already have taken
place to the 635 gystem., These additions ineclude such things asg 1. quick and
total gafa store of the processor state by means of 2 single instructien including
packed index regigters and the like, 2. G<bit character mode as controlled by a

single bit in the indirect word coctrolling the characters, 3. A 9=~bit charactey

option on the store character instruction.

In the following discuszion certain oversiwmplyfing assumptions will be
made originally to clarify the explanation. Where these sssumptions are not
truly valid but only an aid in explanation, they will be so noted. The current

state bit in the machine used to determine master or slave, will have i3 wmcanings




redefined. Its rrue piate will vepvesent sbaolute addrezsing or velaniv:
addressing. This i3 simflar fo its prasent definition, however, the additional
function of lock-ou: of certzin comasnds in these velocatable or relatlve modes
will no longer be pavt of fte fusction The naster slave state of the michine

is determined by ancther {ndisator o be discusssd lzter. Ubea in the alsolute
wode, it is assumed that the master state is forveed. The master slave irdicator
is only effective In relative mode. In relative mode, velscation takes rlace in
a way somewhat different from tha currant methed of operation. In this rode tue
registere need te be spoken ¢f, the fivst of which we wili call the D register

or déacziptive regieter, the second we will call the P fegistﬁx or proceduve
register. (The procedure register does not exist im the form wa will nowv describe,
however it aids in explanaticn}. At the beginuing of inaﬁrgcﬁiom in the relative
mode, bit 29, which iz now an extension: of the teg fleld of the instruction, is

A smmm— .
ezaminedC If this bit is equal to zerc, the operation proceeds in the following
gense. 1 asgumes that the full 18 bitg of the sddress are to be wsed in a
normal way and the "segment™ to be addressed is that one in which the currently
oparating procedure is found. This parcicular mode of opatatiﬁﬁ ig aleo used
with those instructions where the addresg partlon does not vefer £o memory.

e
(For a detailed description of aegmanf’EjMAC mamo TR 11 by
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rofessor J. B Dennis}.
If bit 29, however, {3 equal to uae then the descriptor mechanism is ernvelopad.
The six high orxder blts of thz dddrees ave placaed in a new 6-bLit register we

will call the effective name reglister cor EN. The remaining 12 bits of the
address ave trzated as though they were a full 18-bit address with & 6 high

order position equal to zero. Address cowputation, that is, indexing 1f
required, is appiied. However, prior to the addresssing of memory, the effec~

tive vame register i3 used fo address oue of the 64 descriptors logated o
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table whose base is pointed te by vhe D veglster. The D regiszter contslis

an absolute addressz which indicates the location of this descriptor table,
The descriptor obtained from this table i{g what g ealled a segment desevip~
to; and ccntaing the origin of the segment desired. As a consaquence, i:
supplies the base addrvess for the wralecaticn of this particular segment.

{In poiat of fact, it points to a set of page descripteors. lUowevaer, paging
can be handled as a separate mechanizm and will be discussed latavr). At
prasant we will consider each segment o be in consacutive locations snd will
only be zelocatable as a unit. If indirxection is called for and the fors of
1§d1rection is either I, IR, cr RI, then bit 2¢ in the indirest word has the
same function as in the case of the command word, Thus, in any of these cases,
the entire 18-~biz address can be uscd as specific addréss or a new name can
be defined. Asg a fundsmental rule of the system, an effective name remains
in force until a new name is definsd. At the begianing of esch command
execution the effective name vegistar contalng the name of the segment in
which the program being executed is stored.

As was indicaced parenthetically above, the segment descriptor does
not point to the base of the seguwent but rather to a “page table.” There
exists a page table for each segment. The descriptor points o the base of
this tsble and there {s an entry in this table correspondiag to zach page in
the segment. A page is defined as a set of words vo be handled as 2 block,
The function of the page table £{s to form a remapping index so thai the
varicus pages of the segment can be placed inte any bdock of storape that
is sufficient to handle it. The pages are located module 1024 in memory
The page index itself, may be either a part of the first page of the segment,

a separate page belonging to that sagment, or all page indexes may chemzalvee



be pages attached o specific users or linked in other wave. The minimuw

size of a page index ig 44 worde and 2 page index wmay be locatad module &%
within a segment thus, 6 1§ sueh indices may be carvied within one page. Tiwe
particular doetrine applied is lerft as & choice for the software systems
desigrer., The specific entry of the index is defined by the § hiph

ovder bits of the address. The entry found in this position of the page

index supplies a mew 8 bits vi:lch become concatenatad to the ten low oxder
bits of the effective a2ddress to produce the sbsclute zddress in menory.

In review then, a 6-bit name, either the zame of the procedures segment baing
executed or 2 naxe defined ss 2 & high order bit of the address of instruistion,
are placed in the effective same register. This name plicks a segment des=-
criptor. The contents of the segment deseriptor defines a base location ‘ot

& page index as an absolute addresg, This portion of the address is concatenated
with the high order portion of the effective addrass from the ifastruction to
reference the page index. The entry obtained from the page index 1s now
concatenated to form the high ovder portion of the final absolute address,

the low ordexr portion being defined by the original effective address. Thus,
an access to memory,if descriptors are involved, requiree two indircctions
even though no indirect tapg wae present in the iastrustion. To avold this
indirection, we employ a device czlled sticky vegisters (sometimez cslled »
look~aside}. These ragisters are effectively invisible to the programer

and their number is determined strietly by a guestion of econmomies and thair
efficacy in terms of program speadup. These registers act as a small associative
storg of a few worde so that sftem used addresses are available directly in
these regiesters. Fach sticky repglster contains sufficient informatiom to

defins the ovigin of a spacific page in memory along with a segment iduntifior
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refereneing this page aand other contyal sits. A simple wived-in algorithm
is emploved to determine which one of thess regisiers shall be used {f a new
one is needed. Since descriptors are belng used for accessing programx as
well as data, sticky registers can be usad for ascecessing comands as well
as data, As a consequence the P register is in point of fact a specifie
location in memory -~ PLOC =« which econtains the segment descriptor of the
program currently being executad.

Beth segment and page desexiptors carry additional informatiom, namely,
the contxol bits., In addition, segment descripters carry the iaformatrion
az to tue number of pages that ars preseat ian thie particular segment. This
ig used as a simple bound check te deternine that an attempt is not made to
address beyond the end of a segmant. If this takes place, then a Specific
¢lass of fault occurs which wa shall caliwithin instruction incerrupts or
traps.” Thig ¢trap mechanism permite the . aterruption while pariz of the way
through the execution of an instwuction. It is applicable 1u this caxe anc
several others,as will become obvious. This specific mechanism,as to how this
trapping is to be accomplighed,will be discuased in & subsequent paragraph.

The pagé count information Ls not carried within page deascriptors ac
each descriptor refére‘to only one page of 2 epecific segment. The control
bits however, are present in page deseripteors as well as segmant descriptors,
The philosophy followad here can be described as the cleariang of a bit to rero
defining & restrietion on the use of 2 particular sesment or page. A page
descriptor can add a restriction but it cannot take one away, Thus, if a
particular bit 1s cleared to zzro fn ihe segment descripter, then it is
effective regardless of the presence or absence of this bit in the page

descriptor. Thus, the effective contvol bits are fovmed by the oreing of



the compliments of wvespective bits of all descriptors.effective on 3 givwm
access to memory. Niane comtrol bits are apostulated, of which two sve s:i11
defined as spares. The remaining saven ave in orderjwrite permit; slave
access, procedure, master, table name, multi-page, and directed trap. I
should be pointed cut here that these szre basiec functious. It may be that
some of the gombinationz tha: are poasible here wmay not be found. However,
at this point in time,it appesrs te be easier ¢o define each fumction as a
geparate bit. The meaning of most »f these bits may be falrly obvious but
we will yreview them pow in any event.

The write permit bit, if set to one, prohiibits writing in this sejment or
page. The slave access bit set to zero defines that this particular segrent
or page can only be accessed when in master mode. (If this applies to a
procedure descripter then it weans thaz wé can only enter this segment
while in master mode and any attempi to enter it from slave mode will foiece
an interrupt equivalent to an MME. This will be discussed under intexrupte).

Procedure defines that this iz a procedure segment and therefore may
be exceuted, Master if equal tc one defines thai this procedure segment or
page is in the master state as opposed to the slave gtate. - This {8 the
additional indicator referred to earlier in this memo. The control bit
called mslti=-page 18 only effective in 2 segment descriptor. This bit set
to zerc defines a single page segment and further, no page descriptor tatle
exists for it. It is meaningless cn a page deseriptor. Likewises the cortrol
bit or teble name is meaningful oniv in & sepment descriptor., If this bit
is equal %o oma the interpretation of ¢his descriptor is changed radically.
It is defined as pointing to a2 naw table of 64 segment descriptoxs. The
specific descriptor in this new table to be accessed i1s defined by the nexi
& bivs of the address prior to modification. If in turn, one of the wanvi -

in ¢thiis table is defined as a tsble name descriptor, then the final 4 birs



of the address eave used to access thiz daserintor snd 2 new 18-bit address

)
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muet be obtained frow the program stvesm. This 18-biy address i3 defined

as the high order haif of ¢he next word in the program streaw. {As a
consequence, table name deseriptors csn be used {n depth to sxpand the
equivalent addressing of the systes to any desired length. As goon as

one address has been exhaustad_euother 18 bits of sddreszing is supplied

from the program stream and this processing will continue until a descriptor
is found ihat is a true segment descriptor, at which point the function
reverts to a normal state. It may be that the new address of the instruc-
tion stream should be picked as scon as the table aame deseriptur is located
in the fivet level. Further, it msy be desirable to use the eatire word from
the progvam stream rather than the high order 18 bits. The method outiines
here, however, is adequate and the other possible modifications are subject
to economic and at timing considerationeg). The bit defining a2 directed trap,
if equal to one forces a trap that {s s within instruction interrupt. This
trapping can occur either on & segment or page descriptor. If presemt, it
terminates the operation at this peint and forces the trap. 3raﬁch£ng takes
place to that location which ig detined within the address portion of the
descriptor. In the case of a segment descriptor, the branch must take
place to a page contained within the segment. In the case of a page deseriptor,
the branch also must be within the sagment, however, it may be possible to
require that the branch even take place ¢n a location within the page. The

state of the machine, with respect ¢o the special trap procedure not entered,

is defined by the remaining contrel bits, that is, the master bit, write nermit

ete. If such a directed trap descriptor ig encountered during the execution

of & branch , which references what is thought to be a provedure descriptor,



the trap procedure is what 1z entered. This tachnique can be used as a
generalized "presence" control guaranteeing that access is denied to specific
pages or gsegments if these elements have not yet been brought into memorsy ox
if for some other reason, access must be denled.

Interrupts of the external type are answered in the present way, that
iy by a set of instruetions placed iz specific locations and are answerec in
absolute mode. Timer run—out, howewary, can interrupt a proceduvre while in the
master state, although not whils the machine is in the absolute state. A slight
modification of the interrupt mechanism is necessary in ovrder thst the irterrupt
can be switchad and so answered in the velative mode. 1In oxder to do thisg, the
execution of single instruction should effectively force picking of two new
interrupt instructions constituting a single interrupt cell froem a location
vhich is defined relative to the D register and a fiued distance from it. TFor
exzmple, locatfon 64 through 127 for the sxternal intervupts. IZquivslently,
master mode entrvy, while executed in slave, should force an entry into mester
node, howaver, in relative locatien. A further execution of master mode eantry
while in magter state but relative forces answering this in absclute state.

The handiing of traps wili be accomplished by means of storing the
atate of the control unit. The state is stored in words adjacent to the
2 word PLOC. A new PLOC ig now defined by a pointer register with 2 new set
of sdjaceat safe store locations. This peinter register is incre&ented once
by sach trap enteraed amd decremented upon execution of "reestablisgh,”

Reesteblish is a new instruction whose funetion is obvious. A minimum of

sixteen such nested safe gtores are fessible and automatie traps and a
fixed absolute location takes place when the safe store stack is full,

The D register, that is, descriptor register, will zppezr to be much
the same as the present relocation register. It will contazin a base address

which defines the bage of the descripitoy gegmeat with the number of pages 1la
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the descriptor segment. This déatcipﬁm? segment . as well as containing
the various segment descriptorz aad table descriptovas, will alse conisin
the descriptors relative imterrupt cells, and safe stove stack. I is
sufficient for rthe two addresses in the D register to each have & bius
loag. The descriptor szegment iteelf wmuse have a deseriptor 1f it &g o
contain any additionul program or data or if it is o have mamipulated
belnp a program in relative mode. This degcripécr is marely ene of the
&4 ia the table, Loading snd storing of 2he D vegieter ean only be
sccomplished in master mede either relative or abeolute. This is egually
true of storage of the rointer vegistar which ig part of the D regisﬁerc

Finally, one additionasl change f& neces:sary in the machine, nawmely,
that instruction that stores the contents of the Instruction counter plus
twe for subroutine entyy gnd'ita earresponding instyruction for retumn.

The form should be modified se that the program name f{s stored aleng with
the program counter. In the case of veturn, both the contents of the
prbgram counter and the PLOC must e rastored.

To facilitate the manipulatiog ofldiscriptors, each descriptor is
actually a double word. The ieft or even full word, is an arbitrary syobolie
name, while the right or €dd name is the segment éeacriptéwa In glave mode,
all accese to the odd words in the discriptoy table is prohibited eaven if
access to this table is granted by the deseriptor. To facilitate the mzni-
pulation of deaseriptors, each desariptor is actually & double word. The left
or even full word is an arbitrary symbolic name while the right or oddrname
is the segment descriptor. In slave mode all access to the odd words fn the
descriptor table is prohibited even if accesa to this table {s granted bty
the descriptor for the discriptor segment. Reading and writing in the even

locations, the symbolic names, is permizted. Writing fn the even locarion




in #slave wode autemutleaily clesys the bheyr odd locarion to mazo,

B
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s foreing the master accase’ only cowdiiien om this diseviptor aad
thus meking feasible the shavzing of dezeriptor contends through symbolic
nare manipslation In zleve wode. ALY loeostione beyvond 127 in the flrst
page of the discriptor gemeent ave Llocked ocut {rowm any access in 2lave ’
mide. The remaining pages of the dezeviptoy segnernt, L1f sny, are under
the normal eonmivol ity dnoivine.

Carz has been taken in ;hia proposed syetam to keep the vavious
elements of addrees manipulation wmd remapping separated so a3 to nske
it possible to perforr futurs havrdware wodification, 1f vthis is deemed
adeigable. Further, it iz hoped that there is sufficieny flemibility in
this desiga to permit wide Zaritude for future propramming systems experimen-
tation and implementation. Cowment ¢n Lhis svstem ig solocited and {8 necessary

if we are to have an sarly effective MAC svstam running on the CGE 633,




