X@G/ 055Qe$6/05016 . BEH/ud¥PHi816
ER ORDER LANGUAGE- DI RECTED COMPUTER BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention. The invertt-on relates to a digital conputer, and
mor & parti cul agl i eRO oR oleRN QUGS AN § S5L 88 FOIPULRE 25 Prior Art. A di 9“6(\
conput er generaﬁly executes one or nore sequences ®f =fnstructions which .
repr eSepACKXGRQUNNCIOPPTEEr ARBENTI®Se | nstructions, by way of exanple, perform
mani pulattons of data stored rnm nenory devices of the conputer. Often, the
conputer prograns are originally witten in a high-1evel progranmm ng

| anguage and then undergo a transl ati on process which causes the prograns

to be represented in a forminterpreted by the conputer. The architecture

of the conputer de ;N i,n.which these prograns are represented
to the computer. I?Qgggi??oﬁggt{éyéﬂﬁﬁ%"fecture defines the representation

of data in the rQMRHVERt 88K Fdw QLT 120RS g1k £he Ssu AR |3l fiok@ name and
mani pul ate that data. In nost conputers ang conput er sys'tens, €re is an
ext r enepaditifcarlamd g , bed Wweelad i gediidecitedWBbeputled 2 and al gorithms are
represented in the | anguages used to wite conputer prograns and the form
into which these itens nust be transformed for execution on the conputer
Thi s differenc% ispgggpﬁgrthe semanti c gap between the WO 86/ 05016

PCT/ US85/ 01516 “-2- )

A digital computer generally executes one or more sequences

-

uﬂj of instructions which represent computer programs. These
instructions, by way of éxample. perform manipulations of data
stored in memory devices of the computér. Often, the computer
programs are originally written in a ﬁigh-level programming language
and then undergo a translation process which causeé the programs to
be represented in a form 1nferpreted by the éomputer. The
architecture of the computer determines the form in which these
programs are represented to the computér. In addition, the
architecture defines the representation of data in the computer and
the operations which are available to name and manipulate that data.

“i In most computers and'computer systems, there is an extreme (-
difference between the manner in which data and algorithms are
represented in the languages used to write computer programs and the
form into which these items must be transformed for execution on the

computer. This difference is termed the semantic gap between the



| anguages and the architecture. In a | anguage-directed conput s >
semant i ¢ W&p86/8541éduced, that is, the representation and mni%ﬁé{%ﬁm&“
.objects in the source programmi ng | anguage and by the architecture of the
cQ ter are simlar. Object oriented computer architectures which directly
sy rt data abstraction, information hidi nq, nmodul arity, etc., are known.
A obj ed®P8RRENT APL IRSURELDE ELGEERS | hlP ian lBnBuagRTEREQISD £0BPYLEDOthe

“be seen.,the ‘?oreser;'ltduicggen{ié) Fo! ovj. des new fo?ut er with novel

il
\;Mrchiteéfﬁf‘gfif)aﬁ AR &ePyeader the Y 6t° a oeurrteﬁrﬁﬁﬁ'é 3t11%h "é‘cﬁlnfput er |anguage
such as mé‘gi‘?ulatfong_'otsuM%BYSCfn THke | QNENE Woér&ﬂrﬂgx‘x’?gf(}n%fa"g“et ‘iﬂddb?' tal
) nct ude

conput er operating on a program which programi s a plurality of
nodul es the dreki tscthreAotottiengomputdre axrecsdmti lanventi on there is provi ded
a digital conputer for operating upon a programwhich includes a plurality
of program uni t SbjemidATdSptedonpPPLteR) arohdigcyures whigh rirecdlyeach of

id dul es; trol t tai ni I t d
7 opr cooRUPRBEE A4k A HAaR SR BBKs LR ARt IR0 R LASRBr BSPHIA i o 28 Cangere
| ocal | ar eg  obi : ' 0 cphtpidni [
descri %tkg(rgg\&,ﬁi cﬁni% nt |ﬁ‘si°§§a&s‘g?g gét'{ri@rfeﬁ%? g%aw%ggflgtp e'lcﬁn':atri%égggj! ggt’ s as
bel ongi ng 3k8,ope.of a plurality Qf obj ect cl asses; a code segnent

As will be seen, the present invention provides a new
computer with'novel architecture, particular19 useful for a fourth

generation computer language such as Ada.



cMfent containing data; a type segnent containing type descriptors for

es declared in said nodule, said type descriptors defining constraints +
of objects of said type; a processing neans coupled to said nenory for = ,—
creating franes in said control seggent for activation of subprograms d\

wthin said np LN ' ctivation records, said frames conprising”
a plurality ofg lga&_ech_lg words for each of said subpr ogr ans’

par ﬁrret er sdand | ocalal yar@aagamdecfﬂejde@igitahmd@were&ﬁcBﬁéﬂ&gxﬁéloﬁ subpr ogr SWB
Wi thin said no \ [ t S ode, segnment, sai
I nstructions rg?ég"éﬁc"’%%%w&g%‘ér@% dé% b‘r? XI?@“&%@F&&% obj ect s

within the curdéstlosedne for conputation, constraint checking and privacy
checking, a portion of said control segnent words directly representing a
val ue of said objects or.indirectly representjng a value of said objects by
ref erenci ng data i nASCRTIiRG(ER S'?.ﬁgﬂ?ﬁ?ﬁe“tswvﬁné’eﬂﬁ‘t Fmreségrﬂé’ﬁvldﬁdr ds of said

current frame deg ﬁa@l‘@dﬂw:éﬂﬁﬁrldﬁe%ﬁﬁﬁ n|£.' progfant WRECH $4¢RIAks for said
ec

constraint checkl rivac In the r esently preferred
enbodi nent, twd Bﬁ%ﬁ?&?’ngf e ﬁaé’th 8 &E‘Pﬂq"é # MY eue segment

cont ai ni ng quedongtoeigggfer kach ofnsaid hodudesy naheamtivahiseghedtet ween nodul es
[CPeSeM 110 | 83kt BT BGF URA) (SR ALELATL L Loall OBl £ELS
PCT/ US8S/ 01516blocks, activation records, parameters and locally declared e
objects, said control segment words containing a kind descnptor L4
which identifies said parameters and locally declared objects as
belonging to one of a plurality of object classes; a code segment
containing instructions for saidcomputér relating to said module;
a data segment containing data; a type segment containing type
descriptors for types declared in said module, said type

ai ning instructions for saidconputer relating to said nodule; a data
9

descriptors defining constraints of objects of said type; a

- processing means coupled to said memory for creating frames in
said control s'égment for activation of subprograms within said
module based on said activation records, said frames comprising
a plurality of said control segment words for each of said
subprograms' parameters and locally'déclared objects, and for
executing said subprograms within said module by obtaining
instructions from said code segment, said instructions referencing
said parameters and locally declared objects within the current
frame for computation, constraint checking and privacy checking,
a portion of said control segment words directly representing
a value of said objects or indirectly representing a value of
said objects by referencing data in said data segment, said
control segment words of said current frame referencing type
information in said type segments for said constraint checking
and said privacy checking

In the presently preferred embodiment, two additional

segments are used specifically, a queue segment containing
queuing messages for controlling synchronization between modules
representing tasks, and an import segment containing lists of
objects outside a module which are accessible within the module.



-4- BRIEF“HE§§§5F CN OF THE DRAWNGS FIGURE 1 is a bl ock dia%

illustrati us conponents of the present invention in r&CH-88S/L516 J—{-@ |
vary ous system obj ects stored in menory; FIGURE 2 is a block diagramof as__-~
mul rocessing systemin which the conpt er of the present invention may

@0 El i ai l ed bl ock di agram of the ’
mcrose%ﬁm %m 5 is-a detail ed bl ock di agram of
the val ue | ogic shown in Flgure 2; FIGURE 6 is a detailed block di agram of
the type logic shown in Figure 2; FIGURE 7 is a detai |l ed bl ock di agram of
the privacy cheskGUREiL iporat bApcBf didgerdigy pe lofseckednghvarious FRonposedts
FIGURE 8 is a detail ed block diagramof the class check |ogic portion of
the typefcitbekeresepintaveotignr dnrea tied & (VaTa048t EVFERm R t® agr am of
the field isal atl on WO 8605016
'PCT/ USSH*OF 8861 BnPE2HI U) shown in Figure 2; FIGURE 10 is a flowchart of a
typi cal user program FIGURES 11-18 are a series of drawings illustrating
the state of various systemobjects in nmenory during execution of the
instructions shewsnrRp &i(8iIre tidckaddagFa®URE &l Sniltiprbbeski sy agystram Hawi ng

the i nvented conputer
which the computer of the present inveantion may be used;

: \4 FIGURES 3 and 4 comprise a detailed block diagram of the

microsequencer shown in Figure 2;

FIGURE 5 is a detalled block diagram of the value logic

shown in Figure 2;

FIGURE 6 is a detailed block diagram of the type logic shown
in Figure 2;

FIGURE 7 is a detailed block diagram of the privacy check

logic portion of the type checker shown in Figure 6;

FIGURE 8 is a detailed block diagram of the class check

" logic portion of the type checker shown in Figure 6;

FIGURE 9 is a detailed block diagram of the field isolation



-'n its currently preferred hardware realization. WO 863Q§ﬂ£§35 1516
T/ US8Q/ 8b)65086 - 6- TABLE OF CONTENTS Background of the In ion 49 d of ,
| nvention Description of the Prior Art Brief Summary of the Inventlon.
Brief Description of the EXamnngs Ta™e of Contents Introduction PART I,
ARC}ﬂggazTQ@Eu; shyed ald PligaweoR ;Architecture 2. Definitions 3. Basic e
Runtime Structure A Code Segrrent or Stack B. Control Segnent Stack C. Type
Segnment or Stack D. Data Segnent E. Queue Segnent F. Inport Segnent G
Segnent 'Word _Formatting Menory Structure and Addressing 5. Creation and
Del etion of WBHHURES®. 135&b|5r18§F5ﬁ§t of a typlcal user program;

FIGURES 11~18 are a series of drawings illustrating the
state of various system objects in memory d{xring execution of the

1hstructions shown in Pigure 10; and,

FIGURE 19 is a block diagram showing the invented computer

in its currently preferred hardware reallzation.
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A hi gher order | anguage-directed conputer architecture and apparatus is
escribed. In the follow ng description, nunerous specific details are set,
<§§2”th to provide a thorough understandi ng of the present invention. It
ill be obvious to one skilled in the art, however, that the present g;}
i nvention may be practiced without these speC|f|c details. In other ' ,
i nstances, well-known circuits and progranmm ng techni ques are not described
i-n-detail in order not to unnecessarily obscure the present invention. The
conputer of the present invention is_particularly useful in connection with
fourth generation conputer |anguagss’ Such as Ada. It, in effect, executes.
t hese hi-gher order | anguage prograns nore in the manner in which they are
witten than in the manner executed by a typical conputer. In the presently
preferred epbodpv@rviewdasi Bapd@sreas a source | anguage, although the
invention is not limted to this particular |anguage. The Ada programin
the presentRy pMeérsseguendesdi nent is converted to an internediate
| anguage, nanely DI ANA, using known front-end processing for use in the
i nvented conput#&s. RésoltwepOieecubt the present Invention may be used to
execute the higher order |anguage prograns as part of a system (e:.g.,
control sys8en)VabueaBoardobbgie devel oping prograns initially WO
86/ 05016 PCT/ US85/ 01516
witten in 4.hi @npe Board Logycage for operation on other conputers, in
addition to other uses. PART |I. ARCH TECTURE

5. Field Isolation Unit ' '\)'
PART III. TYPICAL COMPUTER OPERATION
1. ADA Program Fragment
2. Microsequencer Operation
A; load 1, 14
B. load 0, 1
C. Execute Package Field_Eiecute, 16
D. Load 2, -1 |
E. Execute Record, Field-Read
E. Exit_ﬁnbprokram 1, With Result
G. Store 1, 15
Timing Charts



1. Overview of Archltecture Comput er architectures are trad|
char act ewpzwoftw their instruction set However, the archi te%{"girlzédgmts GS(U'
canmputer of the present invention is best under st ood by exam ning the

i me representation of a program and nore particularly, program
pdyl es. Thus, nuch enphasis wll be pI’&%‘éd in the foll ow ng description on
3 runtdmrmgrgggéﬁﬁsym o'ﬁhqﬂgugﬁq,f@rf@present ation for each nodul e of
t he programrrncl Tdes—a prur ai ty of—segmemnmt s which are stored in nmenory.
These segnents are sometinmes refer IRPRODUGEIONSt acks” because of their
organi zation in nmenory. A control segnent, code segnent, data segnent, type
segnent, queue segnment and inport segnent are stored within the menory. The

control segnent  contains |.ocal ressions, variabl es; paranmeters,
activation recoPd®*8HF [958 ﬁén 48P e %’E‘?ﬁt@d fﬁ@“’&gﬁf gﬁ' @etgerféﬁt’ e, 28

I ncl ude S t teat The
code segr?@%'trggg%]tgﬂgﬁﬁ%&gecu?gbﬁgco e for tﬁgsg ‘Qggo%%’ m%%%@gul es.

The dat speedtbat déetailledrteo set:oterthetmwmwi@cphexhdab@glstundﬁmeadsugh as

records and arrays. The t eg nt contains descriptors for ty
decl ar e®%i FhEnBT A8RAY ein“P)r‘/i‘é?P Rpor £ * s¥hhkrhe (?&YF'&PHS nPRR n%{‘tﬁlo‘r?dc&ﬂt EBe1 i ng

cl osed pi t 4 I h p@ﬂ: |
associ atggg Htgﬁekgg an Pé g? X dﬁ angu bg srf'fl é%?@.tﬂ%%
86/ 0501@hese specific details. In other instances, well-kEKHHlﬁiﬁ@ﬁ@iﬁlﬁndlo-

segnent contains lists of objects outsides the nodule which are
&ﬁ programming techniques are not described in detail in order not to

unnecessarily obscure the present ianvention.

The computer of the present invention is particularly useful
in connection with fourth generation computer languages such as Ada.
It, in effect, executes these higher order language programs more in
the manner in which they aré w:itten than in the mznnef executed by
a typical computer.  In the presently preferred embodiment, Ada 1is
used as a source language, although ;he invention is not limited to
this particular language. The Ada program in the presently
preferred embodiment is converted to an intermediate language,.
namely DIANA, using known froat-end processing for use in'the
invented computer. _

The computer of the present invention may be used to execute
the higher order language programs as part of a4 system (e.g.,

control system), or as a tool in developing programs initially



cessible within the nodul e. The queue segnment, which is .- tas
Gg;%g[uléﬁl)%ﬂﬂﬁﬂéls synchroni zation betyeen task nodules. T é§§Q§%Sk%%r

provide other functions which are de§¢7|bed in nore detail in the 4
appl ivditit@R. 14N I ordle® 108EHES | QIS JpRirakiEn CORl G GRATRRMpLRELYdeES
I nformati on used to access the control segnent. The control segnent k

i ncl udesddathot staithedatuseser a pointer to data in the data segment. The
control segment al so includ a nentian%g a pointer to a type descriptor

es
in the type segment. 2. DEFEARTIEns ABEHIZECTURE (he definitions used in the

i ndust rng?giéﬁu‘;@qrychfiqrecqg?grn fourth generation conputer |anguages, are
appl i'cabl’e to the present applrcation. The specific definitions found in

the Referencgodfitesd ofr@hiddatlresr #7811 11k di3Naa g8y L f£k 13RS ipepar t ment
of Defense, February 17, 1983, ANSI/ML-STD 1815A-1983 may be used. O her

t er nehesedinsttie slapEetcatiosaver| | the aethited tuker ef atips Ganipaiter SOnNe
definitions and concepts useful in understanding this application are:
"Modithe' presanpr byrenhion dsshent aundgr vieed vk g5anpningisthe mangimeNbdul e”

refers th I eclari a d [ h reation of ul es and
he CePresenEr ERRE T 3 BrRRERE. PaBF AR e s B 81 B mpB s
nenbemaii, Pnbh&h dedplad1is &4 15 BB/ hl&@éd ofn aMeCIQNNBF1P§ S 1YY1GR BhE
recogni zed and nmani pul ated by the W86/ 05016

PCT/ U8@5r02516e representation. :

The runtime representation for each module of the program ';;
includes a plurality of segments which are stored in memory. These
segments are sometimes referred to as '"stacks" because of their
organization in memory. A control segment, code segment, data

'segment. type segment, queue segment and import segment are stored
within the memory . The control segment cont;ins local expressions,
variables. parameters, activation records and also the module sta€e.
The control segment also includes pointers which point to type
descriptors in the type segment. The code segment contains the
executable code for the bodies of the modules. The data segment is
used to store the more complex data structures such as ;ecords and ;;
arrays. The type segment contains descriptors for types declared in
the module. The import segment contains inforﬁation controlling
¢closed scoping, that is, it enables limitations on the open scoping

associated with Ada and other higher order languages. The iﬁport




conputer. The tag of a control segnment word indicates nmenbership _in one /ﬂb‘?\
more cl aé‘s@§§/05¢lf£ cl ass of an object determines its r.epreser?t%/ﬁéﬁsmhsm o
mefory, thus specifying the primtive qﬁ%ﬂ§ for interpreting the object. ™~
Nhg§afnstructions are represented in such a way that the specification of a

cl 1 Ofeggtit cdbithihy 1Ssextofawibddcdsr buys tbe dieg modhl amehi ¢lefexes to a

- grdOR of objects which are declared and are naneable within the

i nst r uck¢eResidder #ipbha the txedidee r dgPoRUSHe FeEmeGtanwhiph gls used for

bl ock- st ructured |.anguage, each activation of a .sybprogram or . b]ock,

it r odutis o Br S LR o T T &5 paP ERefEr Bl Rakeee o h Bk, BIIRF 1 he

obj ect I a | 4 1. u l g, | duces
o tramT S meRER R R LAY (¥R tRGRLERE S B, B L TDU L e

| exi cal gdssel 1@f thlei appl betign.al ways one. A frame associated with the
_activation of a subprogramhas a | ex |evel one greater than the lex |evel
of the frane idonigeoRrahe thépginsgractiondetonrthe dddeceegmént Sabludeg ami s
declared directly within a package or task, it will have lex level 2. There
can be kefrmytiep nged iR a4eRss eafeBtrobysegnant .3. ThecRoREROl segment

di stinggl | t\a o GRi cg' Ls U to indicate
a syst e‘L'nlglL a resg)séaglgt géiéﬁf ﬂ]ae%e)otro% S'f Sglﬁgér Fg‘%/g{a/ eﬁtnak:;ﬁﬁ gﬁp‘l nstruction.
"LOQi Coge MEHASS The0B86A 661 OfegheiRMRN¥oKL A udeETE ad Geqkisgéd, "D i Rer
refers to the list of franme |ogical addresses WO 86/ 05016

PCT/ US8t¢ (n type descriptor in the type segment. :

N\ 2. DEPINITIONS

In general, the definitions used in the industry,
particularly for modern fourth generation domputer languages, are
applicable to the present application. The specific definitions

found in the Reference Manual for Ada Programming Language, United

States Department of Defense, February 17, 1983,
ANSTI/MIL-STD-1815A~1983 may be used. Other terms used in this
application will be defined where appropriate.
Some definitions and concepts useful in understanding this
application are: "Module" is a program unit such ;s an Ada package or task
. "Parent Module” refers to the module declaring a new module
in the creation of modules and the term "child module" refers to
this new module.
“Ciass" refers to membership in a relatively small set of

categories of data which are recognized and manipulated by the



£12- which are accessible at a given point in the execution of a program
@Executwomsmsom onment", when used in connection with an i REILEEBM16neans
| objects which are currently accessible through the display. 3. BASIC 7
RUNTI ME STRUCTURE Each nodul e (packagel®r task) has a uni que nanme. (As 1

Previ Osshpt 81! | @880t 368 DicddieoI0dUkhen £ NI %‘%%b@ag%%rgé%grbﬁin?ﬁgdu[ e

or stacks.) The nodul e nane contains an 8-bit "VPI _

| D'. Eomd drogrorel clessey. adlrecd agSNpLi sesSobfedy ideteknthes Nctaides t he

32-bit nmodul e name. Three bits of the nmenory address are used to identify

t he sefffRIRSepIaGARAL 1R DPenqRsivithiusgsBechiYEnQfthehpriadtises mesnsrtaf f set

whi ch define 3q elggentagr'ynr W thin a gﬁgpent. El enents can be a single
bit withi RRS 18R AP E ittt METVARBEFRE § &P FERAPSPRERDSKHBUY &The
VPI D a}d pVihalth@nB0dpeE5e { &b i%mP!AC 80 ch PES aiffatﬁﬁ%&bmeg% Cex {1l oS OUT CE
allocations. In the case of nmultiprocessors a nmapping table is used to

al | ow aasdiggieebdingdi ff erent processors. |In one enbodi nent of the present

i nvention, up to four conputers (referred to as processors) are used in a

singl e system"FrRABeUPTEfeEH 1 &0 850uRsed ehisatmbdedsare declarnd sad
for file transfers or coupli to renote

i ghtl | f j ,
o Hibisibue BHeb{R A ingleRuckipls | EXiaaanadns 2 BOTE ARG 08, 1 s
al | ocaf gokdgGalml® 1YPh Db BOEk LG R ulrdC 30n 8 § €21 da22 0891 PELYEE L4 NiESE tWO

identifiers as
subprogram, or block, introduces a frame comprising the parameters ;:

to the subprogram and the objects locally declared in the subprogram
or block. EFach module introduces a frame which includes locally
declared objects which are visible, the lexical level of this frame
is always one. A frame associated with the activation of a
subprogram has a lex level one greater than the lex level of the
frame in which the subprogram is declared. Henc;, if a subprogram
is declared directly within a package or task, it will have lex
level 2. There can be several objects at, tbr instance, lex 1eve1 3
which are distinguished by an offset or delta.
"Object Reference™ is used to indicate a systeﬁ address -

either in the form of a lex level/delta in an instruction.

"Logical Address” consists of a memory kind, name and

offset.

“Display" refers to the list of frame logical iddrgsses



WO 86/ 05016 J13- PCT/ US85/ 01516 @
required. wlmsqostﬂﬁcases a nodul e may have several el aborat edPCHAISRS¢EHS]
Th&se nodul es share a common code segnennz-The control segment or stack 18,
e stack 32, and a_ dat tack 3ar in Figure 1. A 'CODE SEGQVENT
@EA&‘L - STSArSERESTS R S3E8cPal Lot g RFsEl Thest dr iR en-
wotf d of the code segnent contains version, extent and two speci al
instructions, one for exception handling, the other for termnation. The
remai nder of the"EZBRUEERMEHRVITONGLHENI 2D ke ds dat connec Then ¥4t agect i on
cont ai ns h l.g b ectlons ontain e for any
subprograﬁr‘s%qgggﬁg?éde'rn aeu %%E&Eacﬁ{sec 5o rﬁ@f‘ﬁggs %%T’T%Si dl
exceptlonﬂththmgelmigﬁreyJon f ol | owed by the instructions (8 per mord)
and literals for the declarative part, statement part and exception :
handl ers, in order. The excef. orBABandRUNrgmmfmwritmn' i ncl udes the nunber
of declared locals and the boundaries between declarative, statenent and
exception handl i ﬁgcbo@@“%i@aicmwnari tasin) [hnves at meiquepodme. t o et er mi ne

whet her an _exception shoul d. be o] ted i Mmedi at el i f the exception
occurred 87FY QEECF%\? HPsd 'ef&gbt ngg‘ﬁ%rfb‘fq"ﬁ@sc(‘}aé’?)éi(ﬁ?smheﬂiﬁ'ralliltg‘ys R&ul d
be handl ly.a Pl Rardiall evalua e i ons
Thi s excgstjétélmggﬁ'1 aéﬂl %{nagéklér:lﬁor n@%l (@%dgﬁ(ec | ve%n%éﬁgsaﬁp trﬁ%t xwa%?ofnt’hé
first threepigsthogil ®nNeD'of Eaeh 308LEHD. bt Sy Iaaa¥e§sseaﬁ§r£§1=.rs fg7®its

instructions in the first word of a section.
L which includes the 32-bit module name. Three bits of the memory

address are used to identify the segment (segment ID). Remaining 32

bits of the address are an offset which define an element or word
within a segment. Elements can be a single bit within the data
segment. |
The VPID refers to virtual processor ID. The VPID ﬁllows

the modules to be placed into different categories for resource
allocations. In the case of multiprocessors a mapping table is used
to allow assignment to differentlprocessors. In one embodiment of
the present invention, up to four computers (referred to as

&vf processors) are used in a single system. . The VPID can also be used
where processors are not so tightly coupled, for insthnce, for file
transfers or coupling to remote processors. Particularly in these
lﬁtter applications, the number of bits allocated to the VPID and

module ID can be reallocated between these two identifiers as



14- A code segnent address uses a 15-bit offset. Each ingt L 1.S

%6 bi M60i86/058Hyt h, therefore eacn nmesmyy access of 128-bi ?%ﬁéhgﬁm%es 8
i nstructions. Relative code- segnent addresses are included in the junp an
| ong reiguerad.i nstructions (since literals are stored in the code segnen

B. CONTROL SEGMENT OR STACK The control segnent or stack 18 of Figure 1 ¥
t he pr| mary FUNE9PR caSeSct dr BofBte Radhdwve. SAVErabrekrkaraitied cont r ol stack

are tagged. The ke nniny of ch control i ncl udes a task-control
bl ocR2 ggf’f’ﬁv\%d &%esemrl gslegf ggﬁﬁ v%t7°m°Pe8§HEssegm%fe‘ t ask-control bl ock
i ncl udes i nfmémédmcﬂn selifentabf ©{adi1QdPdUkGpECSLINICSR T ToliSa data |
schedul i ng, debuggi ng, context information, mcrostate save areas, etc.
Each szatkvaBi ore rssownd iooFégureol. a t wo- Word mar k fol |l owed WCBG/ 05016

- 15- PCT/ US85/ 01516 by one word for each object in the
frame. The mark words i nd-udEOPESEGMENT QR STASRJ outer-frane pointer

(formng an bbr evi nam ¢ lLink, lex |evel t ur n_addr ess,
and ot her i f%t?a‘ﬁ' efhg'agaﬂ!&‘%’ageﬁ‘iemﬁstcPﬂEt FoFRen S, e T gﬁdvteégtore
framg $i3t eéransiz i YT sBEEBRE LSWAl1dPREYRENSCHRI £ udd® 9o Ada) foOT
special instructions, one for exception handling, the other for
termination. The remainder of the code segment is organized into
sections. The first section contains code for the module body, the \;
other sections contain code for any subprograms declared-in the
module. Each section ineludes some exception-handling information
followed by the_instructions (8 per word) and literals for the
declarative part, statement part and exception handlers, in order.
The exception-handling information includes the number of
declared locals and the boundaries between declarative, statement
and exception handllng code. This information allows the computer
to determine whether an exception should be propagated immediately
(if the exception occurred in the declared or exception-handling
code), or whether it should be handled locally after completing any ;;i-
partially evaluated expressions. This exception-handling
information effectively takes up the space of the first three
instructioﬁs of each section. This leaves space for five

instructions in the first word of a section.



subprogramcalls and exits. Addressing is relative to the currently visi i
activation records. The conputer maintains the abbreviated display and"
pekforns address conputations (converting lexical. level and delta into a
co ol -stack address). Parameters are pushed on the segnent before

[ ing a subprogram and are addresddd-wi th negative offsets fromthe mark
wofds. All types and statically named variables are allocated one word in
the control segnent. Most objects on the control stack consist of a 64-bit
val ue part and a 64-bit y"f?é’jep%q&“e“qzéfl deessypresop) it wisseral ukadbart i s

unused. The type RasérudBid it M&-BoEsd ih NEhgees tﬂei&gr@‘babﬂdrleﬁléﬂ ng the
class (package, task, di Sfo‘ﬁt' fl oaqt Pﬁarra r.ecor |1nf ormation 26

on visibility and BFERSSCP d“"’clr doi ﬂ?re"r“cf’cf’“é fuIRF

descriptor in the tyﬂn?seggﬁmnaddrleésesheré ypeluckeddacltheeﬂmprmtdheongarre nodul e
as the object, then: t i i t tMResshd i t he
nodul e. Ghervm seh§ eltégsgr{"éaé Cqsﬁ'!{.ée tlgtéaa??/p%%dsescr?g or |n anot her
nodul.e. The contentssgl%ﬁntfhe val ue part of a control word 16 depends upon
the class of object. For discrete, float, access, heap access, package and
task objects, the value is repregent [T Ly i he control wor d. For
records and arrays, the val ue pait iﬁﬁ‘ %/& '

PCT/ US85/ 01516 -16- data segnent reference, pointi ng to the location of the

data structure in the dac.gt?ét ;gﬁ&%@ts%mﬁé‘%r”?&%kem AESH; ntr‘gz)l1 %aﬁ,‘k addr ess

uses a 20-bit offset.
(. primary runtime structure for a module. All words on the

control stack are tagged. The beginning of each control
segment includes a task-control block followed by a series
of activation records. The task-control block includes

information on the state of the module resource limits,
scheduling, debugging, context information, microstate save
areas, etc.

Each activation record consist of a two—word mark
followed



.o_lresses are generated by instructions which include a | ex_| evel and delta
#r Om WO 86Ms8l&egnent of the nodul e. -B6+ express eval uati & AhdEpefet er
transm ssion inplicitly uses the togeof the control stack. All objects aré&

| oadeR¥ et METHOSCBT St He YfCtolt 2Bt KITAAYY ¢ THEi AGT KaMPTAS ottt udSeven hith

of t Y. r rd.,nclu 8-hit .kind descriptor ("of

Ki nd'l})%é ﬁgsf'g@?&ﬁ%sgﬁgﬁ%rmﬁggﬁgrg?ﬁ%?%l-%}ijot"\}é’lguénpﬁﬁ?“’r‘gjﬁrteesdent s a

val uegidplalyly, @yniSi@ PGIN Qlext QebbE d?éﬁar%e%'}tess'?‘naggd%%&nal S bits

al so provide intormati on-on the visi bili ty of the object I ch indicates

if itidformatibe.vi Théle danndokxatnbast B)ct idosy,agy venhied NPdd 182X inet he

obj ect indicating whether the object is public (representation available in
packdfetes maf {Rphendnt Sigheronprel langrage&emangicsafe. g acokim Blow only

e, barperanges R sed (M lsar AfERes{aY A Fegasire ter Hea sumaniag on

cont QG 14 LRkDcAPESE Rd¥rdS.i STRE LoEheads %h%fn;&/ﬂgt gﬁé ;mﬁg&% s

based on another that was private (derives privacy nd an I n ation of

whet hitrspilay abdepérsrmoraidraissedompu tLusess WoaneerBenplidbkicanl lrepart i s

a pointer to a data structure in the data segnent (e.g., array, variant

recorghdrdeddecdstoari cddtrol ~stavd 8840&9dH. Parameters are pushed on

PCT/ U&gﬂg/OlSlG -%7- C. 1'I'YP j_SEGNENT':’The t npe seqgnent or stack 36 contains

type EPFEFBFS gﬁore nvoking a subprogr and are addressed with
negative offsets from the mark words. - W

All fypes and statically named variables are allocated one

word in the control segment. Most objects on the control stack
consist of a 64-bit value part and a 64-bit type part. For a type
object, the value part is unused. The type part 22 of the word
includes a tag 24 indicating the class (package, task, discrete,
float, array, record, etc.), information 26 on visibility and
protection, and a link 28 pointer to a full type descriptor in the
type segment. If the type is declared in the same module as the
object, then the type link points to the type segment within the
module. Otherwise, the type link points to a type descriptor in
another module. The contents o0f the value part of a control word 16
depeunds updn the class of object. For discrete, float, access, heap

access, package and task objects, the value is represented directly

in the control word. For records and arrays, the value part is a



for the types declared in the nodule. A single type descriptaqr_is.shared @;;}:
al | inst amO8$/0801an obj ect. Type descriptors include infor matf O LSEeq 1316

t he bounds O a scal ar type, index bounds and addressing constants for an

ar type, field type and location for a record field, etc. Type
.ddsctiptors provide support for address=t@mputations, dynani c constraint
ctveCki ng, protection, type conversions, and inplenenting various

attri butdsta selgaentiereberemie sapimntipgt he typelaadtont ofsthegdataed i nto
frames corresponding to the outer package and any subprogram activati ons.
Ther e ar¥tans tefek 1fofe dmta Heemgps e€ghkhtmoHbMever, top and frane .

oLt N Lot BEn b8P SAIPNiatal Neb 0% 0 R68L, MEaf O pace
child l'a.sédﬂ’%yg&g bigt e bRy QhshPEcEDAS Y & Q%EQQdeaaléfaf?v 1

Children 1 nc e any nodul es, collections, or 1nport spaces declared In
that fraddy dBatacalrby, thdli Sodé delgmehitsbroth@dibdfle . spaces whi ch nust be
recl ai med when exiting a frame. For the outer frame of a package, one of
t he nodul e- cont Adil- ekprésswogvsl yadilonsahd pareanie text -tohainsdisstidn i tmphiaditly
frame. For subprogram activations, the first_ word of the type-stack frane

i s reserVRRF fioe tRE PFr e INATTF Mo SF2CKr nchll IRPIRFHIcATST 1endedreh tha ng
declaregﬁ¥%cﬂp%ngngg@tpg{|étégynyéqggeebgpgéa*&&qbdyat%gq-frane, the child

WD 86/ 0 PCT/ US85/ 01516
-18- words are sevehebetls et VRN tiybe bypPe E£Seddivdrd A0d1846s CONNEBird
S kind descriptor ("of_kind"). These 7 bits define whether the 64-bit
valﬁe part represents a value itself, or is a pointer to the data
segment. An additional 5 bits also provide information on the
visibility of the object (which indicates if it is in the visible
part of a module). Privacy information about the object indicating
whether the object_is public (representation available in packages
other than where the object is defined), private (accessible only
thfough abstract operations), or local (available only in the
package where the object 1s defined), is determined by these 5 bits.
Other information contained within these S bits is an indication of
&ﬁé whether the object is based on another that was private (derives
privacy) and an indication of whether the object 1is constrained for
cases where the 64-bit value part is a pointer to a data structure
in the data segment (e.g., array, variant record or access

va:iable).



INa |inked list. Thus each child word includes a link, a t_.of

@‘oer“@%ﬁﬁmﬂren inthis word (0. . . 3) and the nanes of%stsglotlkp e
ildren. A type segnent address uses a 20-bit offset which selects a 4 :

128-bit word or element fromnenory. The type segnment is of fixed for (.

and word aligned to allow direct hardware support. Segnent addresses neves '

appear explicitly in instructions, bul7are generated inplicitly as

requi red. Whenever an instruction perforns an action on an object, the type

of the object is checked for conpatibility with the object being perforned.

Unaccept abl e types cause corrpu?er- 2 éti‘iéfﬂﬁptions. The exact function

performed by jhe operation will depend on the type of the operands. For
exanpl e, AEI)%&?Itiéﬁdsﬁﬁﬁﬁg¥g°5fsﬁﬁﬁ§ %@%°P9b%§?gpE*R%nqﬁsﬁgiPﬁerapﬁ?opriate

oper Ak, on. Pasebol T4 26hUBL {WP%odll1S | YRCEhERk B PRTLL 0B Ve

detectron o consistencres in the conputer progra

decr egagred wehiigoitngthaiBsast HDvdrety | wﬁeve&éﬁlzd:%@s' ith¥1ule DATA
SEGVENT The segment stack is organized as a zero to 2**32 m nus one bhits
and i $ntompd etagl \sushc@est dhacbburds diataa scalact typs, (Ymiex douadd andays) are
stored on the data stack and are accessed throggh vari abl es and expression

t enpofdfTeES11B (IR SEAREPF OS etfretiT s TWPRvi Sheld WRmRdslpgatlprR Saris
'nterggg%gﬁ%ﬁl?f%%ﬁQr%%gge *&EQ desé@?&%@g@5glgvide support for address _

PCT/ U
computations, dynimic constraint checking, protection, type

conversions, and implementing various attributes.

Like the control segment, the type segment is organized into
frames corresponding to the outer package and.any subprogram
activations. There are no mark words on tﬁe type segment; however,
top and fr;me information for tﬁe.type segment are in the mark ﬁords
of the eontrol segment. '

In addition to holding type descriptors, the type stack
holds the child list which lists the names of the children created
by a frame. Children include any modules, collections, or import
spaces declared in that frame. Basically, this is the list of =
address spaces which must be reclaimed when exiting a frame. For the et
outer frame of a package, one of the module-control=-block words
points to the first-child word in that frame. For subprogram
activations, the first word of the type-siack frame is reserved for

~the first-child word. Since the number of children being declared

is not known until complete elaboration of the frame, the child



-19- the appropriate type descriptor 32. Sizes and internedi ate addresig.
are conpwiesb/g8026 t he type descriptor is el aborated, based
comstraints. The sizes represent the m ni num nunber of bits reqU|red to
re sent the object, and the object is stored in this mnima

sentation in the data stack. A dardﬁsegnent address 'uses a 32-bit
offset Sel.ecti on_of word i.s possi | nst ance, through t he

field i ¥8F4Fi e u?ﬁattt(elflee) H’ﬁ?’?ﬁ“ JER& 5B dfﬁf’é;’pt?ﬁ? e?"’sde@’ﬁ@nfmaﬂﬁ BeSes
never agwgwgﬁgﬁ&@ LESLLUEt NS Wodth 2081980872 MR LELELYoRS

require gueue segment I s assoclate mnth every nodul e

which i$ha hasker B d&!&ﬁ?eﬁegﬁrefﬁié Sed¥agq0i.zed i Q%Ou?d Séld @aimeb bl nksd
lists of nessages and free space. Each entry variable of the control

segnent tpothoee tdtel lalxtem.segnent if it is a nmenber of an entry famly)
contains a pointer to the head of the corresponding free list, and pointers
to the head andAtByRe Gfeemestcaidraghitiary 2n@dshie P#%ﬁet'ﬂﬂéchlﬁ§ﬁeﬂé$daln

t he que €SS, SRACE 1S L €S rved for res LCe, mana i nf

(cur rond 28568k asd e 1 aReRECFEGR et it o STER SRRt b s, PhERd)
queue addrRgt USPUrcr2Q1Righedl t56i110dF YR cRULLPEFESe d&ﬂyatnappea&ment
explicitly in instructions, but are generated inplicitly as required. Each

gueue mnudresséémmeys&uapsegneetp1snfmmy'Umtanumdectfbnéhﬁﬂﬂ?TaSEGHEhEriﬂe@one

hi gher order | anguages each nodule is an open scope;
implicitly as required.

&gf Whenever an instruction performs an action on an object, the
type of the object is checked for compatibility with the object
being performed. Unecceptable types cause computer-raised
exceptions. The exact function performed by the operation will
depend on the type o# the operands. For example, ADD will add
numbers o?f various typés. performing the appropriate operation based
on the actual type.

The fype checking permits early detection of inconsistencies
in the computer program and contributes to the decrease in debugging
time and obviously improves reliabiiity.

b . D. DATA SEGMENT

The segment stack is organized as a zero to 2**32 minus one

bits and is completely uncontainerized. Data structures (records
and arrays) are stored on the data stack and are accessed through
variables and expression temporaries in the control segment as

mentioned. A data structure 31 is interpreted in accordance with



£30- that is, all objects declared in an outer nodul e bef

C| arWO 840%916an i nner nodule, are visible within that %@F%&(ﬂ‘é“ For
[nproved security and efficiency, the present invention treats modul es as®
cl osed scope. Fromthe point of view of the instruction set, the basic
addr essi ng nechani sminvolves referrt¥yrto objects i'n the control segnen
by a static lexical level (0. 15) and rel ative offset or delta. Lexical
| evelth® @gPreRpbhte YXP%I%?SGH#EF°¥r§%E ot zesngad| éntesmedinticoned. Lexi cal
|l evel O refers to the i segnent associated with the nodul e type. Thus

the i%H95PESERaRES CHIPRIY «3 § hRetupe daFSdPEPRuif fHARaTNtadag®RALYf r ane
f d d b t th
Or Y 490 el ﬁa&%t%ypemme&% RAHke !eLee(,g)dg Rt ngmoele

decl ar at e VI Si art P3t places

obj eaits vitgpesqaired atd aklpeeksend thé asu‘&crtql andgRBat obj’é@@eisotat%ba are

I nported by the child nodule, and are.therefore placed in an inport segnent
cr eatiad thds Pha¥m$&xﬂﬁnfeﬁh9ﬁﬂﬁépﬂihpo?h% deetyn I86apkevi ded when el aborating

t he declaration of the nod roach glves t he parent epr|C|t

body. Thi
control over 4t a3 FRERHRE &F%Fﬁgsglﬁ??%ln’f %ﬁ'&irxoﬁfré etohi Stendon &t dble to
h h h h
t e CLJE,_Q wI?Htsié od Y %B@C?ngi‘{‘né‘égqrbl ; “ghfset ?f e fd €5C°C1§‘§re“ ghts

seg rrent address uses a SSes are

'genenﬁﬁ&d (lr}wl) ns&rwtdwﬁ-ﬂb@amhbercod&ﬁem&bn%ha&rwé@é devdrexi cal
| evel 0. G SEGQVENT WORD FORMATTI NG.Speci fic segnent word (or word

def i mippean) explicitly in instructions, but are generated implicitly as
required. '

E. QUEUE SEGMENT

A queue segment is associated with every module which is a
task. The queue segment is organized into a series of linked lists
of messages and free space. Each entry variable of the control
segment (or on the data.segment if it is a member of an entry
family) contains a pointer to the head of the corresponding free
list, and pointers to the head and tail of the corresﬁonding message
list. The first word in the queue address space is reserved for
resource management information (current extent of the address
space, maximum extent permissible. etc.)._

A queue address used a 20-bit offset. Queue addresses do
not appear explicitly in instructions, but are generated implicitly
as required. Each queue word in the-queue segment is 128 bits wide.

F. IMPORT SEGMENT

In some higher order languages eaéh module is an open scope;



- 21 - 4. MEMORY STRUCTURE AND ADDRESSI NG The nenory 118 shown in Figure
and 19 is a typed segnent-nenory system The nenory is divided into a
nutvber of vari abl e-si zed segnents, each of which has a sort. The sorts are:
co ol segnment or stack (CS), program segnent (PS), data segnent or stack
(0S)} type segnent or stack (TS), queue segnment (QS), and inport segment
(). Inthe presently preferred enbodi nent of the invention,

data/i nformati on/ messages are containerized in the CS, TS, and PS, neaning
that objects are of fixed size and ali &gd. The data segnent is not

contai neri zed, allow ng optimal storage packaging (e.g., single bit packing

I s possipl hr qygh e FIU .. CObjects are first brqught to the control
segnent ltg%forse’ Bglgnﬁg'g °et!‘sa?é81?ﬁf‘i S?‘I‘l’i _g'na?'f%%'s m&ﬂ“?ﬂp ! it g’t’?on t hat
opti m Zgge PAIt3bhOB2 Ok fiinh@E- Sodifih ,CREECHEs1 1Y wdbhtn gl sRgeked
structures are extracted and replaced in their nenory segnents and

convert mddale f i Porl- tamexredbpecis tiyr imad éf ixdlenaly, Utlte pHesenpr Mvebtion
advanta%es of both fast qgperation on fixed-size objects and excell ent

packi ng tABHES mpdlilen &bjcdoped phcope pCEromate) PotBt \@3 Jdewset cthe)-
arbitra§¥s§}@§%f%gds§£fl“ﬂi“%?gic addressing mechanism involves referring
to objects in the control segment by a static lexical level (0. «

15) and relative offset or delta. Lexical level 1 corresponds to

\.< the outer frame of a module, tq.mentioned. Lexical level O refers
' to the import segment associated witb the module type. Thus the
import space dan be viewed as a shared outermost control segment
frame for all modules of the same type. '

When & parent module elaboratés the declaration of a module.
vigible part, it first places (pushes) a list of objects (tfpes and
variables) in its controi segment. These objects are imported by
the child module, and are therefore placed in an import segment
created for that module. Further imports may be provided when
elaborating the declaration of the module body. This approach gives
the parent explicit control over the portions of the curreat '
environment which are available to the child. Thus the import space
can also be viewed as an access-rights list.

An import-segment address uses a 9-bit offset. Import
addresses are generated by instructions from the code segment which
‘refer to lexical level O.

G. SEGMENT WORD PORMATTING

Specific segment word (or word definition)



s (e.g. arrays, records of data segnents) are used. The follow ng table
ari zes the addressi ng nodes: Nane : Par anet er s *

~se CS (bj ect Lex Level, Delta Accessi ng any -
statically nanmed object PS Rel ative O f set Q
Branches within a program segnent. PS Absolute . Segnent | D,

O fset Program segnent brgnches Array

Subscri pts Array el enent access. Record Field

Fi el d nunmber : 0, L cMge Field

Fi el d nunber 4. gﬁ&ieé&p‘jadéghgeﬂg% Es§t ta or subprogram

WO 86/ 05016 The memory 118 shown in Pigures 2 and 19 is a typed PCI/ US85/ 01516
.-23- The follow ng table sumarizes nmenory reference structures. Nunbers by

t hens cdegaent rrnoryesystemuniibe ngmariyt 4sidivldedf intal.a Awmgber boticket s encl ose

ref erenc ructur,es with substructuge. de segnent reference REFERENCE:
V\ORD: "é‘?‘f’ STHRGeH ERF“’%"QS' IR C’Eg“’b%‘sﬁ 2\ ss:'{“see{m!"zo; V\ORD:

9; | N%Lﬂgiq\&gm%nt or stack (Csﬁ,?’?pr@ki'ﬁﬁ JJM%F%L d]ﬂ:a( §é&&ﬁf9 or

stack (DS), type segment or stack (TS), queue'segment (QS), and

import segment (IS8). !

In the presently preferred émbodiment of the invention,
data/information/messages are containerized in the CS, TS, aﬁd PS,
meaning that objects are of fized size and alignéd. Tﬁe data
segment is not containerized, allowing optimal storage packaging
(e.g.,'single bit packing is possibie through the FIU). Objects are
first brought to the control segﬁeni before being operated on. This
allows an implementation that'optimizés.operation on fixed-sized
objecfs; variable sized packed structures are extracted and replaced
in their memory segments and converted to fixed-sized objects prior
to actual use. This provides advantages of both fast operation on

fixed-size obJedts and excellent packing density with objects of



CASEIVAXI MUM 9 Segnent reference (of any class) ID 24 MODULEI D. 24 (w/ bi t
23, - %gﬁgdg\w 24 (wbit 23 - 1) NAVE: PROCESSOR  8PCRILES501516)

(32 blts segnent reference OBJECTREFRENCE: LEXLEVEL: 4; T'ga
9 (signed) (13 bits) CONTROLREFERENCE: STACK: NAME; OF 20
(32 pits) Type segnent reference TYPEDI SPLACEMENT: 20 TYPEREFERENCE:

SSACK:  NAME; OFFSET: TYPEDI SPLACEMENT 852 bits) Data segnent reference

WD 86/ 05016 -22- ' PCT/ LS85/0 1516
-24- DATAREFERENCE: STACK: NAME; OFFSET: 32 (64

bits) - ER. : DI SPLACEMENT; 2 (22

bits) | :gﬁﬁﬁ@%r?} NBER. 24 5. CREATI ON AND DELETI ON OF

MODULES New moduyldagedkeng 'sédel isterd riiBaoughdds 1gddd HoeP aBEeESESg Jiipdadesand
packages are instantiated in nuch the sane way except for a few differences

near theoenshraficularprepess(e.ide araagyst, e:eoudesoﬂ daf@l AlEghAR A\BlLire
instruction to declare the child. This causes a "decl are” nmessage to be
sent to. usedsyshemf@iilenirgstale symmazizea thenddressingpmrdes: segnent s
for the child.

Name Parameters Use
g‘; CS Object Lex level, Delta Accessing any
o statically named
object
PS Relative Offset ' Branches within a
. program segment.
PS Absolute Segment ID, Offset Program segment
branches
_ Array _ . Subscripts _ Array element
x“é access.
Record Field Field number Record field access.
" Package Fiéld Field number Inter~package access

to data or subprogram.



The child then begins execution by executing the code to el aborate its
Vi Si blweomrasmél'he child executes an ACTI ON ACCEPT ACTI VATIRGN/L885/0d$ at e
the el aboration of its visible part is conplete. This causes a

¢l ared"” nessage to be sent back to the parent which then continues ;:}

ggutlng. The parent executes an ACTI ON ACTI VATETASKS if the child is a=_.
task, or an Execute Mdule, Activate if the child is a package. This
results in an "activate" nessage being sent to the child. The child then
el aborates its body and, if it is a package, executes its body. Next it
sends a "signal -activated" nessage back to the parent. If the child is a
task, concurrent execution begins at tdpss- WO 86/ 05016
PCT/ US85/ 01516 -25 point. The parent continues sequential execution when
it receives the ' ?nal activated" nmessage. If the child is a task, it
conti nues exeéﬁﬁlﬁg &@'M&$It3b1°\ﬂ5m96F656§6mem°’Y reference structures.

PSRBT S e 8 e T HERARE R " L5, DS

”DdU|Eb§JE¥é%@C%nclose reference structures_with substructure.

L

Code segment reference

REFERENCE: WORD: 9; INSTRUCTION: 3 (12 bits) Q;
ADDRESS: SEGMENT: 20; WORD: 9; INSTRUCTION: 3 (32 bits)
JUMPOFFSET: 1l (signed)

CASEMAXIMUM: 9

Segment reterence~(of any class)
ID: 24
MODULEID: 24 (w/bit 23 = 0)
COLLECTIONID: 24 (w/bit 23 = 1)

NAME: PROCESSOR: 8; NUMBER: ID (32 bits)

Control segment reference

OBJECTREFRENCE: LEXLEVEL: 4; OFFSET: 9 (signed) © (13 bits)
CONTROLREFERENCE: STACK: NAME; OFFSET: 20 (52 bits)

Type segment reference

~ TYPEDISPLACEMENT: 20

TYPEREFERENCE: STACK: NAME; OFFSET: TYPEDISPLACEMENT (52 bits)

Data segment reference



CUTE P d field of a nodul e FI ELDREAD - 516 _
(Ei(rEom [ tgﬁc‘é@gg‘?l& part) F?ELDaV\R: TE Wite into anci—rg'gssc!?la

“moéule (fromits visible part) FIELD EXECUTE - - Invoke a visible

fi of a nodul e EXECUTE MODULE, El aborate a nodul e pointed to
AGT1 YATE ' by an access vari abl e ACTI ON ACCEPT _ _

| if orm parent that ACTI VATI ON el aboration of visible part is
conpl et e - ACTI ON ACTI VATE Tell a child task to begin TASK ACTI ON

SI GNAL I nform parent that ACTIVATED el abor ati on of
body is conpl ete EXECUTE MODULE, Construct a nodul e variable for
GET NAME the current nodul€24- WO 86/ 05016

PCT/ US8S/ 01516 -27- 6. SUBPROGRAMS Subprogram invocations allocate a new
fram in (eroavseice aokRle! WKl Ise T 3,11 ame contalns a gRrker,

having the follow ng I nformat 1 on: - programTeturn address
segnent frame pointer
CHILDPOINTER: OFFSET: TYPEDISPLACEMENT; 2 ' (22 bits)

IMPORTNAME: PROCESSOR: 8; NUMBER: 24

Nt 5. CREATION AND DELETION OF MODULES

New modules are instantiated through a multistep prodess.
Tasks and packages are instantiated in much the same way except for
a few differences near the end of the process.

The parent executes a DECLAREVARIABLE instruction to declare
the child. This causes a "deciare" message to be sent to the system
which results in the creation of appropriate segments for the child.
The child then begins exécution by executing the code to elaborate
its visible part. The child executes an ACTION ACCEPT_ACTIVATION to
indicate that the elaboration of its visible part is complete. This

&h; causes a "declared" message to be sent back to the parent which then
continues executing.

The parent executes an ACTION ACTIVATE_TASKS if the child is
a task, or an Execute Module, Activate if the child is a package.
This results in an "activate" message being sent to the child. The
child then elaborates its body and, if it is a package, executes its
body. Next it sends a "signal-activated" message back to the

parent. 1If the child is a task, concurrent execution begins at this-



- Type segnent frame pointer - Package-level frame pointer (outer block
scope ﬁ{}ﬁbg@ ng frame pointer (nost recent |exical - IeveFIQT/(.'SSS/aMtG
) rent |exical level - Previous franme pointer ("dynamc.link") .

general approach is to create a new stack environnment (frane) that il

el i'mi nated when the subprogramreturns, restoring the current ‘
envi ronnent. Subprograns nay have | ocal package or task objects declared
within them Restoration of the pre-invocation environment requires the
term nation and deal | ocation of any | agal. nodules. Al resources allocated
must be accounted for. This is done by recording allocations on what is
called the "child list", which lists resources that nust be freed on
subprogoamtteturn. The child list is kept on the type segnment, this being a
conveni ent space for this listing. The specific resources accounted for on
the child |istThe cParent\oogtinges sequential execution when it receives
PCT/ US85/ 01516 g -, Local, tasks - Local packages - Collections associated
with | &85l aéé’é% “3qfgated’ IHﬁﬁ??g%eQantté‘ea§§6gFaf%d"vﬁaﬁ‘\"I d¢al nodul es

types.cggeigﬁggug;ééukf& LESQUYEes creat ed and deal | ocati on on



subprogramreturn are perfornmed by the instructions that create tg es and

obj ects (RggbmE@i16TyPe and Declare Variable) and that handl e SEEpEE8F/A516

refurn (Exit Subprogram End Rendezvous). W 086/ 05016

PCI/ US85/ 01516 -29- The followi ng instructions are used to handl e -

S -' ogranms. Decl are Subprogram Decl are a subprogram vari ab _QC<LL

| m7O0ke a subprogram (possi bly waiting for.ggtendezvous) Execute Any,

Run-Utility Invoke a utility subprogram Execute Package, _ | nvoke

a subprogram in afpd hed) fgwilnd EXEFPEEtions dea) witn"REMH Fedxit Subprogram

Return froma procedure or a function Eoncf Rendezvous Ret urn

froma rendezvous subprogevDafgt T9PEPOP Bl OCK peclare a mddlild |58

procedure return Action Pop Bl oTk Mul tilevel function return Wth

Resul t -30- PART || DEOQUABEERARMNIELVRRE | . OPeetei 2vamafu Haridwsaaacéhe

I f ' f.th f F

pre_sent y preferred enbOdéxrﬁ%rﬁtraopAtt:xfcé:?rmUt ®Read a field of a module
FIELD_READ (from its visible part)
FIELD_WRITE Write into a field of a

module (from its visible part)

FIELD;EXECUTE : Invoke a visible field of ﬁ
\o ' . module

EXECUTE MODULE, Elaborate a module pointed to

ACTIVATE by an access variable

ACTION ACCEPt_ Inform parent that

ACTIVATION elaboration of visible part

is complete

ACTION ACTIVATE_ - "Tell a child task to begin

TASK _

ACTION SIGNAL_ Inform parent that

ACTIVATED elaboration of body is complete
(. - ' EXECUTE MODULE, ‘Construct a module variablg_for

GET NAME ' the current module



6?)1,}5 shown in Figure 19 in block diagramform (The conputer is sonetines

r.ef er ra® 86)0sR6a processor in this application, particul arPGTHRESD1516
plurality of the conputers are sinultaneously used in a "multiprocessor” *
configuration.) Each of the conputers may be coupled in a nulti processog
configuration through a system bus int g?ggce circuit-100 shown in Figuré& ‘t'f
19. The system bus enployed in this configuration is also used to couple a
conputer to input/output devices. This systembus along with its '
distributed arbitrati on means is glesgusbrOGrRAMEOpendi ng application, Serial
No. 602,154, filed April 19, 1984 and entrtTed "Conputer Bus Apparatus Wth
Di stributed AriSubpabgout. infeeatdossyalldcd e addrews Sedmé ht wuthe tdom taddr €ss

bus 107 Addresses are generated within the sequencer 110, VAL board 114 and
type botiafki P thRolprefect i hid Iaape pReRbalnh & @apkeychaving B8 bus 104

is coup tQ.th . 110, VAL board 114, field isol-ation unit 116
and sys °21(r:1i1°53'§8i§ 2§?§%€f§4'rcuit 100. The other bus, type bus 102, is

coupl ed to the sgyuppregrad ItbturaPadaeasd 112, field isolation unit 116 and
system bus interface circuit 100. In the currently preferred enbodi nent,

menory 118 has -aDaapasegment f¥Amecgabutes where 256K RAM chips are used. A
constant predeterm ned cycle time is used. The nenory along with the field
i solation unit = TYp® segmenk frame pointer

CST 55351 D191 - eS0T AR R RRRR R IR e
- Enclosing frame pointer (most recent lexical level) A
("static link")
- current lexical level
- Previous frame pointer ("dynamic .link")
The general approach is to create a new stack environment
(framef that will be eliminated when the subprogram returns,
restoring the current environment. Subbrograms may have local
package or task objects declafed within them. Restoration of the
pre-invocation environment requires the termination and deallocation
of any local modules.
All resources aliocated must be accounted for. This is done ;;
by recording allocations on what is called the "child list", which
lists resources that must be freed on sﬁbprogram return. The child
list is kept on the type segment, this being a convenient space for
this listing.

The specific resources accounted for on the child list are:



Both the VAL board 114 and type board 112 are in thensel ves %%@R@% ﬂﬁ

means WRy e gdp¥ost s si nul taneous mani pul ations of data underP G

control signal's fromthe sequencer 110. The VAL board is described in QIS/’

application in conjunction with Figure 5 and the type board in conjunction

ggib Figure 6. The sequencer, or mcrosequencer 110 is described in this
ication in conjunction with Figures 3 and 4. The sequencer provides

m croaddress signals on bus 117 which are gQupled to boards 112 and 114,

unit 116 and circuit 100. Witable control stores are used on each of these

units which are addressed fromthe m croaddress bus 172. This distributed

m crocode arrangen®elali $aggscri bed in copending application, Serial No.

624,142, filed June 25, 1984, and entitled DI STRIBUTED M CROCODE ADDRESS

APPARATUS FOR CGVROEER. prReksgesng to Figure 2, a nunber of identica

processors as described éProcessor C>Processor 3) are connected by neans of
the system bus tD @MHEGHAPLB! 28525 Ltk FLED( frer Amqreans GYPFS'Adapt er 3) as

described in detai]_in th e i,cation. Processor
0 is shown in det aﬁp“t ﬁm?ﬁé ﬁ{] °&% ﬁ 9QE’rg &&f"%@lﬁﬁdt?ﬁ% bt her
processors each TW':%%uﬂtQHﬁt@fn%dx@eﬁr Eas&é&)%mmmeﬂ@fsasoﬁ he

system bus with an internal -type bus 102, an internal-value bus 104, and an

i nt er nal sabpiregradbueth@s. afscpeyssrmed by itheclistructisnscahaeceseste
system di agnostic bus with an WO 86/ 05016
PCT/ US85tpnées cand objects (Declare Type and Declare_Variable) and that

g\‘/ - handle subprogram retura (Exit_Subprogran, End_Rendezvous).



i nternal CPU-diagnostic bus 108. 2. M CROSEQUENCER The order of execution
AN m croi ns Eﬁmti ons in the conputer is deternined by thd®GH/EF8%8MSncer
f ovvrwpﬁﬁﬁsé es 3 and 4. Referring to Figure 3, the m crosequencer ’
ncl udes an instruction buffer 150 for buffering the current 128-bit Q '%,
instruction word which contains eight_§g;bit instructions. An instructiORe"
mux 152 determ nes which instruction i§°to be executed next and passes it
on to a current-instruction register 156, which stores the current 16-bit
i nstruction. THdefolsmingt LosatMEtithE areaksed otd tsodile shbprogesmes i on
decoder 10. The instruction decoder 10 and the current-instruction buffer
156 are ouPgrisRe, Swbpregss@enci ng cibecdarey® SHIRIPETAD YAZ42Bl%i crost ack
158, addregsy,select circuitry 160 ngdi - hr i 162, 164.
The addreséggélect logic is coup|e§&§§%%egnéﬁgﬁgéﬂﬁfgg§ua??§£ s 170 to a
m croaddress bus 172. A RESOLVE ClWdQdihgReberd i rghdeavous)Fi gure 4, the
val ue bus 104 and the type bus 102 are both coupled by data-drive circuitry
174 and byEzecute dagi,v8usj Ptility 1Inxokeoat htlliterswdprogeassequencer bus
180. The nicrosequencer bus 180 is coupled to the resolve circuit 182, the

pur pose of EXPRFEYP PRCKBEEencrate cortVokesPafRPRIRETAR AL 2#RLDEESo| ve

circuit inglu adeep RAM for stanigng 16 | ex-level addresses. The
resol ve ci?%%ﬁﬁﬁﬁgg%gfxteen 52-bit regﬁ?ters, correspondi ng to each of the

16 | ex |eV§*§t_SWp’rb¥ri&0 ' Return from a procedure or a
function _ v
End_Rendezvous Return from a rendezvous sﬁbprogram
Action Pop_Block | Multilevel procedure return
Action Pop_Block Multilevel function return
11th_ﬁesu1£



WO 86/ 05016 _ PCT/ US85/ 01516 \
-33- bits of the register are stack-nane bits (segnent nunber and virtudl & '

precessor ID), and 20 bits are an offset. There are also 16 validity bits;
ong—~corresponding to each lex |evel, each of which indicates if the

co nts of the corresponding register is valid. The resolve circuit al so
coritains a current lex-level register. The Ilex level O register is. ...
"inmports", the lex level 1 register is the outer frane. The register
pointed to by the current Iex level is the inner frame. The register at the
current lex level minus 1 is the enclosing frame. Unless the lex level is
1, then the inner frane and enclosing franme are the sane. During the .
di spatch of a macroinstruction that requires the resolution of a |lex |evel
delta, the resolve circuit will calcul aB@-the control -stack address it the
lex level is valid. If the lex level is invalid, a macroevent wll be
generated. The control - st aclpartid ES6 COSPBTERS HARDWARBE portion of the

regi ster specified by the.lex Tevel  (bits 3.6) of the decoding instruction.
The offset is tHe sGuenviemetolsrdwangorti on of the specified register and

bits (7:15) of the decodi I nsjructjon | gn .extended). The m grosequencer
Cogi c can_both rBRAPEREFREIT, Brpbead, BBboTleths” FICERS ammidar  of THHE,

| evel adqr £5Seifdwal dnOF1dde ToCiRWIGekS ALEELdPLRAY { Pfhd %ﬂkﬂ@ef ey sters
are addressed. The sources for the address are current |ex [evel register,

I ncom ngsbeetimescirefertexd 124as2% mfocelssosctpicthdsr appbicativs,1), | oop

cogg;er, zero, one. The address can be used for either reading or witing.
d particularly where a plurality of the computers are simultaneously

used in a "multiprocessor" configuration.) Each of the computers
may be coupled in a multiprocessor configuration through a system

bus interface circuit 100 shown ih Figure 19. The system bus

employed in this configuration 1s also used to couple a computer to
input/output devices. This system bus along with its distributed
arbitration means is described in copending application, Serial No.
602,154, filed April 19, 1984 and entitled "Computer Bus Apparatus
With Distributed Arbitration”.
. The memory 118 is addressed'through the address bus 107

\ Addresses are generated within the sequencer 110, VAL board 114 and
type board 112. Two bidirectipnal data buses are employed. The VAL
bus 104 is goupled to the sequencer 110, VAL board 114, field
isolation unit 116 and system bus 1ntert£ce circuit 100. The other
bus, type bus 102, is coqpled to the sequencer 110, type board 112,
field isolation unit 116 and system bus interface ciréuit 100. In
the currently preferred embodiment, memory 118 has a capacity of 32
megabytes where 256K RAM chips are used. A constant predetermined

cycle time is used. The memory along with the field 1solatiop unit



86/ 05016 PCT/ US85/ 01516

7734- Thep ggEmseduencer | ogic can also change the vali di t yPOT{SS85/GS16 |

“~“general, validity bits are addressed at the sane tinme as resolve registers.
During any cycle the addressed validity_bit can be set, cleared, renaing;l,
unchanged, or all the validity bits at -3 greater lex level can be cl ear &

The val 'gsiétaeé)éxtﬁbéaaqnalcseehai&&e@gﬁqcaltlioat, 90F a1 INulenRades ofiidie | ex
| evel address. The resdblve circuit is also used to calculate the control or

type adduses2s, 1883, hadmectbsked ciMemoryt Syssedtivr i ng sone di spatches. The
TOS latch 175 is used to latch 84 bits of the sequencer bus 180. If, during
the execution ofot ider JAksPPuEdi bhd t3fd f¥ReTEeRTd hbl T After dp $BBBRILYSS on

the VAL and TYPE b 102_and, 104, 1t | ue. i d onto th
bus_ andeFED CRERFITRLT & MBSRECTRATR rPorRkdoT SARRAFERE TS PP AL ASE8CoL oa

yalidit§ﬁpitun dh t334N 03 UEEEES 1 51 ﬁ%tonﬁh€h$ﬂée4ﬁ%dﬁkgaﬁf6; THe DI t
is set ) W

[
_ en. the latch is loaded. Sone I nstructions cause a nmcroevent
if the vaLi 6béyd bis descrdbedetln this cappldeatioh iecdifadcatioh withsed
during the calculation of some of the nmenory operations that the sequencer
starts 8deung Sheantl Sher SHPEf badnd Imasinoetieni ohth Heureadh executing
macr o

restartabl e macroi nstruction, the, m croseguenc slor S tg orregé
PC. If a nicroe htSAFNTICEF + cRECRLCTIROUS, §thgpe Rt %F@ré?a bt ext
switch, ,p0e; 2P 19 dhdhfctioh PEOISFR-RS 32KRd §2N B rEe’&)h'ngxEEQ- (The

restartable state is testable as conditions on the sequencer. ere are .-
t wo provides microaddress signals on bus 117 which are coupled to boards ‘w
112 and 114, unit 116 and circuit 100. W:itéb;e control stores are
used on each of these units which are addressed from the
microaddress bus 172. This distributed microcode arrangement is
described in copending application, Serial No. 624,142, filed June
25, 1984, and entitled DISTRIBUTED MICROCODE ADDRESS APPARATUS FOR
COMPUTER.
Referring to Figure 2, a number of identical processors as
described (Processor O-Processor 3) are connected by means of the
system bus to a number of I/0 adapters (I/0 Adapter 0~I/0 Adapter 3)  -
as described in deiail in the above-mentioned copending application. Qd
Processor 0 is shown in detail within the dotted lines. Processor 0
and the other processors each include a system-bus interface 100,
which connects the system bus with an internal-type bus 102, an
internal-value bus 104, and an internal-address bus 106. The

system-bus interface also connects a system-diagnostié bus with an



..
bits of restartable state. The restartable bit (first bit) . 6 -
PCT/ US85Mf184/850185_ | ndicates if the.macroinstruction is res?gfﬁg%ﬁﬁggag 0
restartable. If the instruction is restartable, the address bit (second

bi indicates if the instruction should bgrestarted at the current nmacre

PA og at the current macro PC minus 1. During the dispatch of each

macr oi nst daderoal CPRU-dizgnaxsttabl bubi 108s set restartable. During a dispatch
that causes a macroevent, the second bit is set at macro PC. During any
microinstruction the microcode caf:sc¥lCROIEQUENCER-h state bit

i ndependent | y. (E>fﬁgp+fdexi foé\*%ﬁe‘éé%?&”& a8 ar}%‘g%%ggggﬁﬁn%[‘ﬁ %%;%08‘;“%2{?56

bits, it can detect the case €re a cac

nmacroeventys §B€ePhi ded 'y Qh@?m§€?o§£hﬁéﬁ%é¥téﬂ@iﬁz1ﬁtPf§§;é§“37§yargéPC' By

detecting this case, the saving of unnecessary ncCros e 1's avol ded.) The
m cr osequ@ederring ntaiFigurel 3,Wwohe- dberoddquentiezc knol udes randdisaraeibs

m crostack 158. M croaddresses are automatically pushed and popped as a
~resul t of PYSHBT 0} 5@ hEehronidieedngchhe cyrtteantn)l 28rdigutasty ustdoms woTdewhich

m cr ocode 0 Fl . DATA 4?: é% ont tge tack, clear the stack

read the t°§§@??lé%eo¢§€olpé gr%[gi e £1c') ?? _“i'he%_& BE.%rEﬁ’é’r?/“t?ﬁﬁs itemis

pushed onidetkb@iféfCknidanlstrabedosOfdli {d Yo lexedlitOd PASHEL N A s5BE $E 35K

This bit of the mcrostack is selectable as a condition. This facility can

be useful tenat herrent-instruction register 156, which stores the current

\%¢ 16-bit instruction. The instruction MUX 152 is also output to the

instruction decoder 10. The instruction decoder 10 and the
cu;rent-instruction buffer 156 are output to microsequencing
circuitry, which includes a microstack 158, address-select circuitry
160 and conditional-branch logic 162, 164. The address-select logic
is coupled by means of address drivers 170 to a microaddress bus

172.
A. RESOLVE CIRCUIT

Referring now to Figure 4, the value bus 104 and the type
bus i02 are both coupled by data-drive circuitry 174 and by
data-receive circuitry 176, to the internal microsequencer bus 180.
The microsequencer bus 180 is coupled to the resolve circuit 182;
the purpose of which is to generate controlQStack addresses.

The resolve circuit includes a l6-deep RAM for storing 16
lex-level addresses. The resolve_circuit has sixteen S52-bit

registers, corresponding to each of the 16 lex levelsf Thirty-two



pl | om ng circunstances. 1. If a mcroevent handl er uses the condition
/at ch i t86g89f6 not need to execute any nicrocode to save tRGET/pS8§/008K v
O 86/ 0501 PCT/ US85/ 01516
-36- latched condition. The condition js saved on the microstack. To g 3

4;!

/3

restore the condition, the return instTUcCti on should latch the conditior
"saved bit fromthe n1crostack ontext switch, the | atched

pondltléﬁscgﬁ Bee SIRAHF t6R £RE ﬁ?ié%xﬂ%ﬂﬂ<%gﬁﬁ ?ﬁgﬁﬂﬁiﬁi?Wqﬂﬁftﬁédnfﬁfﬁ%ﬁkck
Just agebBellse ANOYC AR Bed- afe UPRIALLATN CohLrd e USRS 1HC condi ti on

| at ch, "but s stroy Its value can also restore the condition.

(Many summanwamstw ldnen@orpesfoi din®Stdledchn2ekONEVE1 Orealchi @ WROBKT et urn.
I f a subprogram |l atches a condition, and does not restore the latch, it

act ual igdiestesisifa theolcoatentst 6f the |wmrredpondisg osegistereishaslide
conparat ors for checklnghfleld nunters duri.ng the executjon of the field

oper ati ons. SLIGHLE QSPRFR L |él8“ﬁﬁﬁ%%r1%§lkfﬁe The
var| angogkghg,cheﬁ}g 1% GRYREr 8Se éﬁiteéxﬁ(:ls )LPPLFEQ e% enelYs §0 bits

(7:15) current 1'nstruction. fixed conpares bits
(81: 88)eghistbp SLUMHNGUteRUIrhBeDi ' hd Gellstel bbfnséu rﬁﬂtw okl darreay 1N

ei ther case an unequal conparison generates the mcroevent. 3. VALUE BOARD
LOAd C lex level is the inner frame. The register at the current lex leyel
minus 1 is the encldsing frame., Unless the lex'level is 1, then the -
inner frame and enclosing frame are the s#me. . hd
During the dispatch of a macroinstruction that requires the
'resolution of a lex level delta, the resolve circuit will calculate
the control-stack address if the lex level is valid. If the lex
level is invalid, a macroevent'will be geﬁerated. 'The
control-stack-address name is the name portion of the register
specified by the lex level (bits 3:6) of thé decoding instruction.
The offset is the sum of the offset portion of the specified
register and bits (7:15) of the decoding instructioﬁ (sign
extended). '
The microsequencer logic can both read and write registers o/
in the resolve circuit. The léx level address field of the
microcode specifies how the resolve registers are addressed. The
sources for the address are current lex level register, incoming lex

level (bits 124:127 of the sequéncer bus minus 1), loop counter,

zero, one. The address can be used for either reading or writing.



Referring to Figure 5, the value logic 114, shown in Figure

2, will now be =<\
descri-bedvOB6S0B6 ue | ogic i s coupled to the val ue bus 104 arﬂf‘/ﬁéséﬂdf@ss';s

bus 106. The value logic is also coupled to the field-isolation unit 116 b
me of the FIU bus 107. The val ue dataﬁé&gn1the val ue bus 104 is
di buted by neans of wite driver 86/ 05016

PC¥/US85/ 01516 -3r3re'%@rh@e&@éééeiﬂ%g&&%Zn'aﬂﬂ'séhéﬁén‘d@&l%%ﬁgg%dg%%aits.

provi des a dual -port nechanismfor entry into an A-port

B- port RARA 39heraliclvaiadetiebi tonpve addrassedi 6t cthd idate thae A OFdsFAN
data is latched in A-latch 400 and the B-port data is latched in B-latch
402. The T™REiARersof DHEZiDStRY |eRaliecdher nddressed tvalllidityA04tactn ave set,

i'thnetic;| i it . (ALU 406).. Th f the ALU 406 i buf f d
DUt aobieatad; dBmbat Eneiangad. b5, 0015 bhe “n LSy Bidas ok oironter dax
RAM 396 af elitdat vay cTBaPsd Of i ddnaas tyusy 64 0c4 P -s%d%reeéiabyéé ghf”a?:

The output of B-port RAM 398 drives B-address nmux 414, which drive

B- addr essoix# f eindépendbn€- afldties Slduiflfeae1448dres®r ovi ded for deriving an
address from both the A-address nu 410 and the B-address nmu 414. The
register file is TheedeSolvet oifent tarks ndisoi ysedgtalatsal dulaitiee thal centoml mr
The register file has a three-address structure. Two | ocations, designated
A and B cHYPeAAATESSES: Shphethe MFO9SEIYELS D ST NIYTA08, SCRR he
independe(g%éﬁ/&-tacckc%r essed. These |ocations can be used either as operands to
the ALU 4 rrnJ%WpIier 404, or as sources to the value data bus 104, or

thi(Fl U The TOS latch 175 is used to latch 84 bits of the sequencer
‘bus 180. 1If, during the execution of a macroinstruction the new TOS
' (thé control stack) is on the VAL and TYPE buses 102 and 104, the
value is read onto the Sequencer bus and latched into the TOS latch.
The TOS latch also has an associated validity bit. During
each successful dispatch the bit is cleared. The bit is set when
the latch is loaded. Some instructions will cause a macroevent if
the validity bit is not set. The.contents of the TOS latch is used
during the calculation of some of the memory operations that the
sequencer starts during the dispatch of some macroinstructions.
\_ For each executing restartable macroinstruction, the
- microsequencer stores the correct macro PC. If a microevent handier
checks the restartable state before a context switch, the amount of
state that needs to be saved can be minimized. (The restaftable
state is testable as conditions om the sequencerz) There are two

bits of restartable state. The restartable bit (first bit)

.



~bus 107. On the sane cycle that the A address 412 and B address 416 are
(/ ead owiO 86/08416 register file, a third | ocation, pointed t%CBMﬂ#émélﬁ
gddress 418, can be witten into either to store the result of an ALU ,
operation or to store the data on the FB&~bus. The 64-bit ALU 406 has t .
i nputs, designated A input and B input. The register-file |ocation poi nte
to by tiiikaaddr a2sthée cbdbrbliAstirucheonti £ oMYA rtalbeeObt Pdt Ofedta@ table.
mul tiplier 404, the val ue W86/ 05016
PCT/ US8H! C:heldns88uctian cli inesthetable, dtherddres85pitin(sedmd alixd stored
in the | oop counégr 407, are all sources that can be A:ingut oper ands. The
r egi st dradlicadepodit Fog IATRUSELL Bhortd e FRRtasted; aF gthe ccuRTante
mcro a e t 104 S C t n be
B | nputtessg 26 eR e Akl WRCHE B LR 1207 0uBE B O kol 62

addr es SealehS mh@Po1 hOEFESk idH 0 thiee rbORr 48T &1 tf Ns0WER FoerShdE1TUX, oOr
| oaded into a register file-C address through the shift nmux 392, 394. The

shift muridg2a d94pisch tiat causkst assdrderents dhel setos® LA s0sedaka f or
storage into the lTocation of the register file pointed to by the C address.
The nulngeso C+40Rubing A% Bhsrohsstrnet oo khrs microgodet ¢23 88t ®re from

the A-port latch 400, and the other, fromthe B-port |atch 402, and produces
a 32- biTq#F i§ﬁ88 B?ﬁﬂﬁgkiﬁ:%ﬂ??€§ﬁdﬁggggéd as an Ainput to the ALU. The
zero detector 4@3.8p{%!orer tdhe QubRY! mPE-ddiu1ArUciRdks the state of

these bits, it can detect the case where a cache-miss is taken \uj

&

during a macroevent. The bits would be set to restartable, at
current macro PC. By detecting_thia_case. the saving of unnecessary
microstate is avoided.)

The microsequencer maintains a 15-word-deep LIFO stack of
microaddresses in microstack 158. Microaddresses are automatically
pushed and popped as a result of some of the branches (call, return)
and during events. The microcode can also push FIU DATA (48:63)
onto the stack, clear the stack, read the tdp item, or pop an 1£ém
off of the stack.

Every time any item is ﬁushed onto the stack, the latched ';;
condition is also pushed onto the stack. This bit of the microstack
is selectable as a condition. This facility can be useful in the
following circumstances. ‘

1. If a microevent handler uses the cbndition.latch. it

does not_need to execute any microcode to save the previously



generates testable conditions that indicate whether certain ranges of t S
- ALU out pWOS86O58Hual to zero. The loop counter 407 is a genePH W haBHOiy
10=bit counter that is used for two purpos¥s= First, a value inthe lo Ao

et

co@er can be used by the register file addressing logic to address any A,
B, b C | el i gi r Li The, | oop count I s, also used is as
an“oper an Q?tghtghebgm?%%u‘{ne'of s‘ih%ecgkkftﬁ‘?n ‘IjﬁDI:s"lgﬁaRﬂnLgf A¥eRastacky nd® to

Figure 6, rida®or¥pehé Oghnd {tidn,SREWNré 6
PCT/ USBS) 01516 30 Frgurs > will howis 48 e Osnour JaEeP5Pe i s
coupl ed t condétigpe"drred (i tatdomhehdst s thiek . #06. The type logic al so
couples to the field-isolation unit 116 by neans of the FIU bus 107. The
type data from thé*tyDFiRss 21690t ext sYitdhut ddehjatched einditiion danvee 190

to mux A n . LS. proyi des ual - port pechani smfor entr

into an A—ngfta g%%%%% sglgkpﬁg? FEORSs IFRR AhpoPicroadask.a Jnst| &?c%&d
in A-latchhdOfbevs éxmplelort data is latched in B-latch 202. The outputs
of these two |atches drive a type checker 204 and an. arithnetic-logic unit
(ALU-206). The ouBputA cfubinregaaly 2051 i thatifusesedhienchud { £1or 0% tWhi,CBudri ves
t he addresg b $ 106. ., The addresses fromthe A-port RAM 196 are output by

means of A 338 AR ARSTFAT L4SAYALYE cSAD RAS Testore THee ansiition .B- (¥any

T Rt R N T
| return. I: 8 subprogram latches a condition, an? does not restore
e the latch, it actually returns a boolean to the caller.

The microsequencer has two comparators for checking field
numbers during the execution of the field operations. Each cause
the same mictoevent--fieid number error. The variant-field check
157 compares bits (80:88) of the sequencer bus to bits (7:15) of the
.curren; instruction. The fixed-field check 159 compares bits
(81:88) of the sequencer bus to bits (8:15) of the current
instruction. 1In either case an unequal comparison generates the

microevent.

3. VALUE BOARD LOGIC

A : Referring to Figure 5, the value logic 114, shown in Figure
2, will now be described. The value logic is coupled to the value
lbus 104 and the address bus 106. The value logic is also coupled to
the field~-isolation unit 116 by means of the FIU bus 107. The value

data from tbe value bus 104 is distributed by means of write driver



t he A-address nux 210 énd t he B-address nux 214. The type Iy Ge ol Ll ar
tdyphewﬂaﬁéﬁwﬂlégic of Figure 5. Thus the conputer has the éé§¥9§55§§§h$1
<f§§§bit CPUs operating in parallel. The value logic has a . zero detector, a

tipl

gi c,
l ogic d

and a ¢

ier, and a shift nux, whereas tﬁé7fype | ogic does not. The type

h h i d cl ass- checki ircuitry, wh he vinefs

368 R sn i zois AR KRS SOLLETRNE, S o094 | nORKEcPr ATty dhy chocker ©
Fi 7). Whi i g s - .0k ty ands,
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@%fymhu@giceehnlﬁ Rebstol 6100 andathé oB+pwert AJaita- Leglatemédrimces,
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type logic is coupled to the t¥£e bus, not the val ue bus.

by drd vengwiut B RYSF det ai |

3¢ fod ag B510REE51 SRR um b RRMCHDES ) 0 SURRRR B2 BT

§66M L thitehed00n dbu ¥osr LD Fhechi BEUVES BV s¥AFe332bud NEOE: Duthe
fromB-latch 202 drives the conpare circuits 222 and 224. The

is arrangenent, the frame nane on the A-bus can be conHaéﬁg with the

qup4thSr Ashddrans Petien s TRecBnbRYE @ RportoBy

drives B-address mux 414, which drives B-address buffer 416. A
C~-address buffer 418 is provided for deriving an address from both
the A-address mux 410 and the B-address mux 414.

The register file is used for storing and retrieving d#ia'in
the value logic.' The register file has a thrée-address structure.
Two locations, designated‘A and B corresponding to the A_and B
inputs of the ALU 406, can be independently addressed. These

locations can be ‘used either as operands to the ALU 406 or

multiplier 404, or as sources to the value data bus 104, or the FIU '

bus 107. On the same cycle that the A address 412 and B address 416
are read out of the register file, a third location, poiaoted to by
the C address 418, can be written into either to store the result of
an ALU operation or to store the data on the FIU bus.

The 64-bit ALU 406 has two inputs, designated A input and B
input. The register-file location pointed to by the A address field
412 of the microword, the output of the multiplier 404, the value

o



oo

frame nane on the B-bus can be conpared with the contents of &ﬁﬁ‘b%fr "
regi st erwd486/660a6npare circuit 224, and the franme nanme on t h® é?ﬂgn
cogpared with the frane name on the B-bus in conpare circuit 224. |If an
Opﬁd in an instruction is private, or |limted-private, then the

I n ction nmust be executed wthin the sggpe of privacy, that is, in the
body™ of the nodul e where the type is defined. An instruction is executing
in the sceperéd o ithaCleeirb HBCesSEENBIUS, Rodf thhevoluerstfarade ipoithé etosp or ed
in the outer-frame regi ster 44, which points to the global level, is the

same as theustefredR? Iﬂmeoﬁ-ltlh§°tu]%5d'§’§&rlcﬁt“olbep6rh¥%‘l“ QRAFAnAS - an ThE put

228. Si I I th t t h
segnrent || PRB4tetTEkie JorR AR BRI hoRiLIE b, RESeSFE enl W8l tad "
86/ 05016 fr?ff ? ﬂ1e f?gevalue on the value data bus 104, aﬂDCEEE§§5§0€$¥h§

-41- segrren escriptor pointer, causing an output 230. This
nmeans thaga;,hgesmﬁgr Jpe2¥raYLI Ng is declar ed in the same nodul e as the

type. Absence of either of these two conditions will cause a capability
error. The 32-bit Thaitautputand- theeAkldgan @ither be| dativen e°ﬂl°b g £94res81)
of the B bus. This register nust be rel oaded frombits (0 of the B bus.

Thi s regi buer 1865t 19rded: |isQedheut PPR %SP’CGHFBRF“SW?CEFF e R some
i nstruct | d%g ?‘Pg‘? agfll 151334 6%k 1 0-d 0 stshemg.%hgﬁc a an?f{ u%hgggype

l.i nks of oper ands nus on t bus. The
check (issgﬁLvafﬁb shift mux 392, 394 is a device that selects one of four

St sources of data for storage into the location of the register file
pointed to by the C address.

The multiplier 404 operates on two, unsigned 16-bit
quantities, one from thé A-port latch 400 and the other from the
B-port latch 402, and produces a 32-bit unsigned product that can be
used as an A input to the ALU.: ' -

The zero detector 405 monitors the output of the ALU and
generates testable conditions that indicate wvhether certain ranges
of the ALU output are equal to zero. |

The loop counter 407 is a general-purpose, lo-bit_coun;er

&%’ that is used for two purposes. First, a Qalue in the loop counter
can be used by the register file addressing logic to address any A,

B, or C location in the register filé; The loop counter is also
used is as an operand to the A input of the ALU.
| 4. TYPE BOARD LOGIC

Referring now to Figure 6, the type logic 112, shown in



derives privacy) is selected fromthe privacy-check field of the

T ocQds 3 Bﬁﬁ. heck outputs fromthe privacy checker are RETjO$8S0E8161.

N\ EQ - prlvacy check for equality and assignnment. The operands on both the
"A’and B bus are checked. 2. BIN OP--pri MAc check for a binary operatiqc:}
The operands on both the A and B bus are€ checked. 3. A OP--privacy chec

for una&y E tion, the operand on the A bus is_checked. 4. B OP--privacy
check fdrtey g oﬁkﬁ¥uq9ﬁ1be ?ﬁé°f&kﬁ§nuj?5? FH8381%%§°|¥§(ﬂ%&?R88 tg the

R Sl Y s e B0 U TS TR Rl S SBBBLD e

prlvacy chec
out er - f kgmen@aFe IGASHIAL 164 GhOt EFLQ B‘soméaﬂfs bifetSe-Pi6 st Qb7f.ragge WO
86/ 05016 PCT/ US85/ 01516
-42- nangpe dihta ntwom pgdvet itypeobus ht02 df siietribhted sbbromagist oduwrdtet he A
bus. The rlvaq¥ i nformation 26 contained in _the control word 16 on the

control 95E¥EK 12 OAN¥ ﬁnlﬁpgﬁ?% @3‘i%jﬁﬂﬂougﬁ?iFnPEPY$§§§ Bc GuR1ZPBTL | f t he

obj ect pr, t ]t Yy (4 ect is
~ based ohggﬁg ﬁ%r éﬁe nf%g 1F¥§a§np$| ate)AﬁS%BE gﬁé és?%ft égﬁp beronlthe
OR circehb RZ&reru BalthUeki PRtéed X ar WI128chN2bb % §¢ e H-pBritVagyai{sthe
segnent | D of the outer-franme pointer (stored in register 44f I's the sane

as the latched in B-latch 202. The outputs of these two latches drive a

(

type checker 204 and an arithmetic-logic unit (ALU-206). The output
of the ALU 206 is buffered in buffer 208 which drives the address
bus 106. The addresses from the A-port RAM .196 are output by means
of A-address mux élo to A-address buffer 212. The output of B-port
RAM 198 drives B-address mux 214, which drives B-address buffer 216.
A C-address buffer 213 is provided for deriving an address from both
the A-address mux 210 and the B-address mux 21l4. _

The type logic 1s similar to the Qalue logic of Figure §.
Thus the computer has the resources of two 64-bit CPUs operating in
parallel. The value logic has = zero detector, a multiplier, and a
shift mux, whereas the type logic does pot. The type logic,
however, has privacy and class-checking circuitry, whereas the value \J.
logic does not. The type-checker circuitry 204 includes a privacy
checker (Figure 7) which does a first-level-privacy check on one or
two operands, and a c¢lass checker (Figuré_B). which does class
compatibility of one or two operands, and "of kind" conditions that

detect special~type conditions.



segment. | D of the type-descriptor pointer (B bus), causing an output 228.f =47
Sinilarl WOBEESdIEstruction i s executing i-n the scope of pri vggl‘i'g_sﬁ/ﬁ@“ 2
segment I D of a statically enclosing nodule (A bus) is the sane as the

se nt 1D of the type-descriptor pointerd408 bus), causing an out put 230.

T | ass-check circuitry is showm in Figure 8. The class checker is used

t o~ conpare the "dIb&ityde Bpgicointefages [aireksbmilde o hhe orlBeblegio® t he

ot her bus and/or to a literal. 1{95 check provides a parallel mechanismfor
ensuring tREETARASIQICAPE SHAT hERR GRS 08E s LTOURREY GO hepEEPS | Bus,

I nstructi S ecker is conprised of three variable-bit conpare
circuits ggb,aggiﬁgh f@%f The m crocode literal 255 is brought into the

conmpare circuits ff pidadydchdée Yodits withBhOyHst typd CraKed’ 204 L§UskSwn
252 and 254. Under m crocode control a class-error condition is tested for
by conpar ingnote detsiide ini Fheehe i crifcdasludesr She couteathd rBoei deghstér t he
m crocode literal. It is also possible to test that the A and B sides are

equal in 88npBRECRitT FilSO2820% NtR Fiqure d.aagdqthree \§3 RirtosoPRETe
PCT/ US85/ g%?%@%%%%d&ﬂ%z?hgpg' bshal Al LR bu?gﬂ?u% Az-qgtv‘%l gg?edriv s

obt ai ned. e are equal, an ou w T al ned.

Simlarlycompat@ecBsiidy 22d hhe 222 er amedBbagUahitpdd O W-14€8nWebe be
obtained. The outputs 256 and 258 are conbined in AND gate 261 to provide

an out put defes f thdecohprirée ciBesltie, 2221chnd 22dal e adter+framesrnamel a
class error occurs, a mcroevent is generated to an

U register 44 drives the two compare clircults 220 and 224. With this
arrangement, the frame name on the A-bus can be compared with the
contents of the frame-name register 44 in compare circuit 220, the
frame name on the B-bus can be compared with the contents of the
frame-name register 44 in compare circuit 224, and the frame name on
the A-bus can be compared with the frame name on the B-bus in
compare circuit 224.

Iflan operand in an instruction is private, or
limited-private, then the instruction must be executed within the
scope of privacy, thﬁt is, in the body of the module where the tyhe
is defined. An instruction is executing in the scope of privacy if
-the segment ID of the outer-frame pointer stored in the outer-frame
register 44, which points to the global level, is the same as the
segment ID of the type-descriptor pointer, causing an output 228.
Similarly, the instruction is executing in the scope of privacy it

the segment ID of a statically enclosing module is the. same as the



ent handl er which will raise an acception condition.

ss- W@86/080k6cuitry is capable of four different 7-bit cgﬁggﬁggﬁﬁflgA bus
als class literal. 2. B bus equals class literal. 3. A bus equals B
s. 4. A bus equals B bus equals cl asé¢ltiteral. 5. FIELD | SOLATI ON U

Referring now t o ﬁhgure 9, g field-isol tlon unlt éf s util] ed '
insert 2°FPERry 9 ﬁQQGEYBFf e??ﬁ%??%ﬁypﬁ 8FeT on 8138 BREPHL & and i
utilizegniQ geddGina fthel duesr&xt& @kelRultnfr 08 &eéa?.&em Y WRhg. s FI U
interfaces to the type data, value data, and FIU data buses. The extracted
data i smbidghe-#8 i greedype .t habserewe dialditaert be Hhésoutwauticoaddttams beill

sign-extended or O filled. The fields being inserted, or extracted, can be
def i nedeayse hej sar¥Fiddit vagare®ngt h.  For insert, offset is the bit posi tion

t“’_ﬂ?_ffetsﬁft ”"Stoﬁ?%‘g&% °|3?f§e LAPSERERET, A 17 BRapiE b e
SLant {16800 bhTofy, 4%l ' fubD LR UGS MR funy o) FAblaga, IRAHAEPLS

PCT/ US8 - cases ength1s en t e fle bérn

mani pul aped:) Jheuté ts- mugher mgscmmdxohuss B®Ste Fdatiddf Id@xamhgbetrexeﬂual s 0
and | east significant bit equal 27. Inserting a field of O |l ength does not.

~nodi fy theteestswitidlonndoddriagdsend rinstirng tions esuclofas) cadidgend exit.
To use the privacy checker, the type links of the control-stack
operands must be on the A bus and/or B bug. The check (is private Q’
or derives privacy) is selected from the privacy-check field of the
microcode.

The check outputs from the privacy checker are as follows:

1. BIN_EQ-~-privacy check for equality and assignment. The
operands on both the A and B bus are checked. |

2. BIN_OP--privacy check for a binary operations. Theh
operands on both ‘the A and B bus are checked.

3. A_OP--privacy check for unary operation, the operand on
the A bus is checked. |

4. B_OP--pri&acy check fdr unary oﬁgration. The operand on .;J
the B bus is checked. t

S. Paths~equal--b1nary check tor the same paths (name and
offset) on both the A and B bus. |

| A privacy check is accomplished as follows. The

outer~-frame-name register 44 stores a copy of the 32-bit outer-frame’




operatio | an be acconplished with a series of insert PET@LS85/0 516
operati o%?%g&]lr(’gt ator 500 is used for positioning bit fields for insert

returns all Gs. The FIU can al so be used for bl ock-copy-and-append f@
Nel's
orract- operation. Wien extracting a figld, it also outputs the nost '

Si g icant bit of the field being extracted for sign extending. The

128-Dit i t o pe N.Be kot at & agpu t
appropri a’?’% 4- bi’x'%gsﬁ@éea% tti%grogsa tQ .%?%u%u?ax%hgpng{%%atﬁgr gai g?%rA
502 is usefsf.or TReOprDgadPtiaimamdatian\WR6 Cdod ta finedbani BBEr é&th i1 GoR@OLBESHN
128-bit word, or for holding an internediate result to be stored in the

regi st er ftihee contepl hetackhe(amisheovhodncFiFizprle 3 droupkttime |QRgicdrecuit -
(Figure 6). The marge V mux 504 sel ects one of four sources of data to be

mer ged wi 13428 he IfotARoPPIMR DU BF PRECTEEY LhATLVdternaT ndegtes RTd YRG:

sources to . this e -dat a lsfe the at or - S1.an-hi.t

out put 50.6(,i ‘e :Igéugg‘?%%g ’tﬁ‘%ﬁ"ﬁ ghs‘ﬁﬁ%gﬁ'h%bj%rgé?ggog% SE%%_-)Ui tt.hﬁn
to 1 mul tigeseensWahChufRE Ofrdilta el DRMEIPEuLHI IR, Ofmbhensob@d onMiflsh dat a
comng fromthe type bus 102 on the type half, and the nmerge V-mux 504 on

t he val ue éexadutiAgnmtngehensdopes afepeizecy 1D UuntsegmentieIBedfcthe | nes of

L et 9 19 005 (M 10 00 PREL AU, 1Y LS Rt 316 10

- par anet el it 4! Qb%%fﬁgﬁ]e%c@i ©3F! pOl At A, { cilis £k TET fouthEe
begi nning and end of the Tield ere the output of the rotator
s 228. Similarly, the instruction 1s executing in the scope of
privacy if the segment ID of a statically enclosing module (A bus)
is the same as the segment ID of the type-descriptor pointer (B
bus), causing an output 230.
The class-check circuitry 1s shown in Figurg 8. The class

checker is used to compare the "of kind" bits of a type-link on the

A bus or B bus to the other bus and/or to a literal. This check

provides a parallel mechanism for ensuring that operands are of the

correct or same'typé for a specific instruction. The class checker
is comprised of three variable-bit compare circuits 250, 252 and
. 254. The microcodé literal 255 is brought into the compare circuits

S

250 and 254. The A bus is brought into compare circuits 252 and“

254, Under microcode control a class-error condition is tested for
by comparing the A side with the hicrbcode literal and the B side
with the microcode literal. It is also possible to test ;hat the A

and B sides are equal in compare circuit 252. Thus, if the A side



be sel ected on the nerger outputs. The type-assenbly and
e-‘e’i@s@mﬁo}ﬁregl ster 512 are used for storing |nterned|g(fe§t§§§/|9|l?§0and
g al so used when the timng does not_gllowthe results to be witten batk
out into the correspondi ng register file. The only data path restricted

timng | data belng driven fr th regi ster, fi

FI U dat¥ 43 aX%XBtf églgtgpt??ﬁéﬁ%% ﬁé E?Lf?ﬁﬁ§ °ﬂHe hgnggg A
momtoruél@ RiA¥ ges samr alalnzadtseatm +104i (Eef est&m& ol lsmﬁb@ynﬁ't@ry
118 shown in Figure 2. Each menory board in the nenory has capacity of

ei ght ma@alBystde anpl ererticdrald hpare@ssbDCisdl iouepusesd wf112ME8 pages. Each
board consists of a set associative-tag-store portion, where
associ ®btitadnaddr eTre tutRAtA 256 and 228 are combiopdi hr ok¥Ritdade i261stor ed,

and a paraIIel data_ary re dat ored Th board contaln
AR E RS SR o P AP M e LR S 2 R E

associ 643 mét S%S 'Fl@é’é A dRr ozlaﬁrﬁonirtﬁ’icxldwe‘i’t WEI gBnd Fa FHTRY 4g0 L he
menory boards, ocated in the nenory nonitor 516. ﬁe menory nonitor
conteﬂru&ehhehahateﬁodhiéaANalﬂomaube O N depdinokohd £t tlon cOpi es of vari ous
nmenory-state registers, and the menory-system control |ogic. The nenory

moni tor al so cdat &‘ilma-’tii#%uﬁthtey chABEncheal cifcquissiit L8| capakle afdfeyses to

det er m ne mhethei P oint to the control-stack WD 86/ 05016
PCT/ USSH4/Z3p5eat. jpbit "compares: |

1. A bus equals class literal.

o

2. B bus equals class literal.

3. A bus equals B bus.

4. A bus equals B bus equals class lite;al.

5. FIELD ISOLATION UNIT

Referring now to Figure 9, the field—isolation_un;t (FIU) is
utilized td insert a fleld of 0 to 64 bits into any position of a |
128-bit word, and is utilized to extract a field of O to 64 bits
from a 128-bit word. The FIU interfaces to the type data, value
data, and FIU data buses. The extracted data is right-aligned on
the value half of the FIU ocutput and éan be sign-extended or 0 ;)

£illed. The fields being inserted, or extracted, can be defined by
their offset and length. For insert, offset is the bit position
where the most significantabit of the source data is to be inserted
into the result. For'extract. offset is the bit position of the

most significant bit of the tield_in'the source data. In both



accelerator (CSA). If such a "CSA hit" occurs, the nmenory operation is

di r ect edwipgd/p16SA | ocated in the value |ogic and type | ogPCT/USER0US16 . -
TYPI CAL COVPUTER OPERATI ON 1. ADA PROGRAM FRAGMVENT The following is an -
exﬁe of an ADA program which illustrates how a programrer woul d program

thg gonputer in which the present invention is enbodi ed. ADA Program

Fra nt package PROGRAM FRAGMENT is end PROGRAM FRAGMVENT; package body
PROGRAM FRAGMVENT i s package SOVE DATA i s-taype ABSTRACT TYPE is private;
functi on EXTRACT VALUE (FROM OBJECT: ABSTRACT TYPE) return | NTEGER
function EXTRACTFLAG ( FROM OBJECT: ABSTRACT TYPE) return BOOLEAN; private
type ABSTEERSS.THeREtE igchhe lsmaydr ofNthecfield Amingz@aptpniated r B d;

o S R A R 2 M SRR Y s b P
significant bit equal 27. Inserting a field of O length does not
modify the destination word, and extfacting a field of 0 length
returns all Os. The FIU can also be used for biock-copy-and-append
operations which can be accomplished witn-i gseries of insert and
extract operations.

k%{ The rotator 500 is used for positioning bit fields for

) insert or extracf operation. When extracting a field, it also

outputs the most significant bit of the field being extracted for

sign extending. The 128-~bit input to the rotator can be rotated by
any amount and the appropriate 64-bit slice of the result is output.

The merge-data register 502 is used for storing rotated data
"which 1is to be inserted into another 128-bit word, or for holding an
intermediate result to be stored in the register file in either the
value logic (Figure S5) or the type logic (Figure 6).

The merge V mux 504 selects one of four sources of data to
be merged with the rotator output on the value half of the merger.
Tﬁe four sources to this mux are the merge-data register, the
rotator-sign-bit output 506, the I bus, and the FIU bus 107.

The merger 508 is a 128-=bit 2 to 1 mulfiplexer which merges
data from the output of the rotator with data coming from the type
bus 102 on the type half, ;nd the merge V-mux 504 on the value half.
A merge mask is generated to control the select lines of the merger,

using the offset, length, and operation parameters. These



begln WO 86/ 05016 )
-+ ST/ U 86185036~ 47 return FROM OBJECT VALUE; end EXTRACT RALUE35{UALY i on
é&yRACT FLAG ( FROM OBJECT: ABSTRACT TYPE) return BOOLEAN is begin return *
OBJECT FLAG end EXTRACT FLAG end SOME DATA; task body DATA USER |
USER OBJECT : SOME DATA. ABSTRACT TYPE: USER VALUE : |NTEGER begin USY
VALUE : - SOVE DATA. EXTRACT VALUE ( FROM EB3ECT->) USER OBJECT): end DATA
USER end PROG?AM FRAGVENT; 2. M CROSEQUENCER OPERATI ON The' fol | owi ng

st at emeg} o] n fart ve .is described in
det ai | 0 |§fﬁsPF§§eg§he op??g?|%n§g# {ckg %rgfﬂs o} h T Th R
present twvwgﬂmnlgs aqabedld esle ﬂ&ERiVAhUEne&]\ﬁ@%MpWBACIn YALLE {FROM
OBJECT=>USER OBJECT) ;
will be selected on the merger outputs.
The type-assembly register 510 and valﬁe-assembly register
512 are used for storing intermediate resulfs and.are also used when

the t;ming does. not allow the results to be written back out into
the corresponding register file. The only data path restriétéd by
timing in this way 1s data being driven from the.register file -
through the FIU data path and out to the register file on the FIU ~
bus.

The'memory monitor 516 provideé centralized-control logic
for controlling the memory 118 shown in Figure 2. E#ch mémorﬁ board
in the memory has capacity of eight megabytes, 1mp1emented'is four
issociative "sets" of 2048 pages. Each board consists of a set
associative-tag-store portion, where associative-address translation
and access-control information is stored, and a parallel data array,
where data is stored. The memory boards contain all the necessary
log;c_to access, update, and maintain up to 16 assocliative sets in .
parallel. s

The control logic, which is coﬁﬁon to the memory boards, is
located in the memory monitor 516. The memory moniior contains the
microcode RAMs for the memory-contocl field, copies of various
memory-state registers, and the memory-system control logic. The
memory monltor also contains c¢ircuitry which tests all control-stack

addresses to determine whether they point to the control-stack



The dynam c sequence of machine instructions which are execut @
t he oper aWO®6/0spt&i fied by this statenent is: (1) LOAD 1, p‘?%{{_@s?ﬁ'iéfkr

- - USER OBJECT (2) LOAD 0, 1 - - SOVE DATA (3) "
EXECUTE PACKAGE, Fl ELD- - - . EXTRA€36YALUE EXECUTE 16 WO 86/ 05016
c@g%/ 01516 -48- (4) LOAD 2, -1 - - FROMl OBJECT

(59 EXECUTE RECORD, FIELD READI VALUE ( 6) EXI T SUBPROGRAM 1,

-- WTH REZRgqlgrator (°§$®RE If quph a "CSA hit" occurs, thﬁ EBSER"X/A&;QE”M@

sequence of _o ratlo tr har ure 10

timng of ‘Fg c e klﬁi P a%er% 15 35 § fn hf%ﬂﬁhlﬁgpﬁ%e

contents of the relevantpngD&yIsegﬁgygéiua@bquQQReéﬁgﬁgfﬂaa this sequence

of machine instructions are shown in Figure 11 . A LOAD 1, 14 Refer to

Timng Diagram Chart 1. This | oal. i DA (RROGBAMt BRAGMENT Opy of the user
object at Iex level 1 offset 14 and noves it to the top of the control
stack so that it iThenfalllowissf b8 smRYANRIS 6F. aXhADE BRAZMAP Fhiche

L?gﬁygnEZ”?”Yugtre§£FQfs %TB%EGgéggg;IJth 'S%oggiargﬁé'éthdie%hQﬂ“thcn the

present invention is embodied..

ADA Program Fragment
package PROGRAM_FRAGMENT is |
end PROGRAM_FRAGMENT;
package body PROGRAM_FRAGMENT is
package SOME_DATA is
type ABSTRACT_TYPE is private;

function EfoAcr_VALUE (FROM_OBJECT: ABSTRACT_TYPE) return
INTEGER; ’

function EXTRACT_FLAG (FROM_OBJECT: ABSTRACT_TYPE) return
BOOLEAN; '

private

type ABSTRACT_?YPE-is
record *
VALUE: INTEGER;

L FLAG: BOOLEAN;
- end record;

end SOME_DATA;
task DATA_USER;
package body SOME_DATA is
| function EXTRACT VALUE (FROM_OBJECT: ABSTRACT_TYPE) return

INTEGER is
begin



The instruction decoding operations are pipelined so that
~~fper f orwO 86/88H6er of operations before the first ni crocycl [fL%?)ﬁrtl cul ar
hikcr oi nstruction. Operations that the sequencer perforns before the first”
icrocycle are referred to as Mcrocyle 0, while the first mcrocycle @
Mcrocycle 1. The load instruction does4net specify that anything is né®ed

fromthe control stack accelerator so this instruction does not require
PCT/ US85/ 01516 WO 86/ 05@d6urd! PROM OBSECTSVARUEQ! d the val ues that are on
the top of the conteed BXERACT IMALD®Ss, however, need one space free on the
top of the control stack because information is placed there. Wen the
sequencer decodé?%’ﬁé@ngﬂmwﬁﬁmi  FEQ¥ ORI EGhip ABSTRART YT YPE Y eRffadm t 0

t he nunbRYC ;er? that are free and the nunber that are valid and

" will cause an |nt er fu ,p@‘Bg T6§E§éltl ng the instruction if those
conditions are not ggyi ‘e_i gg;ﬁg]_q oa instruttion also starts a nenory
operation, a control read at &l ex | evel / del t a. M crocycle 0 of the | oad

i Nstructéfm:SOME HJA&IAQS aread to the logical-nenory |ocation at the |ex
level delta speCified in the instruction. This is acconplished by indexing
into theta#isfody PITAGUERR 1#x | evel . The display is organized fromO0 to 15

?SSEFSESZ an%ﬁﬁ%a%ger bttg%%iﬁ 2@5#%9& C|f|.es Level 1. Each |ex

begin \J
| USER_VALUE :=SOME_DATA.EXTRACT_VALUE (FROM_OBJECT=>)
USER_QBJECT):
end DATA_USER;

end PROGRAM_FRAGMENT;

‘2. 'MICROSEQUENCER OPERATION

The following statement from the ADA program fragment set
forth above is described in detail below to illustrate the operation
of the apparatus in which the present invention is ehbodied:

USER_VALUE :=SOME_DATA.EXTRACT_VALUE (FROM_OBJECT=>USER

OBJECT); | W,

The dyna.mic_: sequence of machine instructions which are

executed to perform the operation specified by this statement is:

(1) LOAD 1, 14 -~USER_OBJECT
(2) LOAD 0, 1 --SOME_DATA
(3) EXECUTE PACKAGE, FIELD- -=.EXTRACT_VALUE

EXECUTE 16



di spl ay 'Bgﬂj@é’ﬁee I's Valid bit to determine if this address?é@#?ﬁﬂﬂ‘

takes th portion (offset=14), adds it to that address .
mexory read to that |ocation. The conpiler knows that the object at Lex A
Le 1 Ofset 14 corresponds to USER OBJECT; that is, the object that was
delgl ared to be USER OBJECT in the program A nenory reference takes three
cycles. In Mcrocycle O the nenory cycle is started, but the data is

actual |y avai l ablé)i n M &P4By2i eR. Mcrocycle 1 of t e FROMJOBABET ucti on:

The menory takes the |ogical address (control, segnent nane, offset),
per f or ns )a/m addre‘s‘;; | \%\E%EEVB%OQ@QP@\()- FAELA<REAPoh amr-JdhlEcts an

associ ative sear usi ng address as a search argument. The
menory puts the ?aat)a in F%?ﬁ%@%@éﬂégi ster (RDR) so that it is

avai l abl e during M crocywieH2RESYIT ocycle 2 of the |oad instruction:

Several sequences take place. the first is a read RDR during which the Read
Data Register is (™ad. R8IGRROR tldkes the data that nmemSISERpUALURE t he RDR
in Cycle I and puts it on the value and type buses so that it is available
for the hardware on the type and val ue boards. The control stack is split

hal T i s mani pui arey Beoepase BE G Ttad sk SR AH, RS, HiSrhat,
returned éf opagarenw.hasheheind bz G idlle@ochbies eiPtsndnd thh@idahg is put
onto the top of the control stack. On the value board, the data Is put onto
Diagrams, Charts 1 through 7.
ot The contents of the relevant memory segments prior to
executing this sequence of machine instructions are shown in Figure
11.
A. LoD 1, 14
Refer to Timing Diagram, Chart 1. This.load instruction
takes a cbpy of the user object at lex level 1 offset 14 and moves
it to the top of the control stack so that it is available for
manipulation. The contents of the relevant memory segments after
executing this instruction is shown in Figure 12.
The instruction decoding-operations'are pipeiined so that
s ~ the sequencer.performs a number of operations before the first
microqycle of a particular macroinstruétion. Operations that the
sequencef performs before the first microcycle are referred to as
Microéyle 0, while the first microcycle is Microcycle 1. The load

instruction does not specify that anything is needed from the

control stack accelerator so this instruction does not requiré



the top of the control stack without alteration. Now there is a copy of.
(ISER he top of the control stack. The sequencer RGI/NS85/025E copy
." h%%’@rql he top of the control stack -so that if necessary it starts
x-henory reference. On the type board a check circuit "checks the tag of '
each of the words on the control stack. _JRis check circuit ensures that "™ig
7-bit tag in the control word is an appropriate category for a | oad
instructiQRiskbriltd Shold'@Red vd13081 tht suraerotp&ﬂedt&gl &9 HeAlcbitkBe next
macroi nstruction. At this point, as shown in Figure 12, USER OBJECT is on
top of aszaBklol Ittdwds, iHowelryi sedd cods tspater #3€é, ofinthd hwpc @t Ak St ack
i s pushed one word. WO 86/ 05016 ,

PCT/ US85/c@p5161 - stacig bacaase) inforat £i9d rip tRiatTedi Aherragrhan ¢hart 2; this
| oad instruction perforns essential Ig t he sane functions as the

j ust - des PABEACEHAELIIRAT (KOS dASITUghion, & b SoeanpsCOPPY 4R & 4Rt menory
segnents after _executl 1S .len | | ' ts
a refereﬁ%@pgstaégiﬁéeﬂgﬁ{ﬂfrr gée§%%y%#ep%i%%aéqg\rll\gr%g J';Acgi r’f(-:"eg‘glr'?'tblﬁ'}).f ?ég
in that faramya1Tcak@se 1 WahiseDant On Poistupt Qo @k cUP! Be Pok® dxeRultapgotnéhe
control stack. Al of the references from1l through 15 in the display are
control dpsteuceiencitcthosenconddétions rans inot sheistiedencBe ilvado Level O

which is in inport space. As shown in Figure 13, at this point after both
| oad instruction also starts a memory operation, a control read at a lex

level/delta. 'Q;
Microcycle 0 of the load ins;ruction: initiates a read to

the logical-memory location at the lex levél délta épecitied in the

instruction. This is accomplished by indexing into the display

using the lex level. The display is organized from 0 to 15

addresses. In this case, the load instruction specifies Level 1.

Each lex level has an "Is Valid" bit associatéd with it. ‘The

display checks the Is Valid bit to determine if this address is

valid, takes the offset portipd (offset=14), adds it to that address

and starts a memory read to that lqcation. The .compiler knows that

the object at Lex Level 1 Offset 14 corresponds to USER_OBJECT; that ‘;J

is, the object that was declared to be USER_OBJECT in the program.

A memory referenée takes three cycles. in Microcycle 0 the memory

cycle is started, but the data is actually available in Microcycle

2. | -
Microcycle 1 of the load instruction: Thé-memory takes the

logical address (control, segment name, offset), performs an address



I nstructions have been executed, the record object USER OBJECT has been
copied to the top of the control stack and the package Obbﬁz‘f&%ﬁéTA
ac

beeh Gapiggm@séreom the inport space to the top of the contro above
us ECT. USER OBJECT is a record object and it contains an address :
I ts™dl ue half which points to sone bit in a data stack. It points to where

the data for the record actually is. SOVE DATA is a package vari abl e which
contains a segnent nane. This segnent“ﬁgﬁe ref erences anot her control
stack. C. EXECUTE PACKAGE FI ELD EXECUTE, 16 Referring to Tim ng D agrans,
Chart Frapgdagipposad ofondicssi At rEEPE bMLE%e (S9agshauetns the tHransdBdedgr am
in which USER OBJECT is a paraneter._ This sub ro%ran1mas decl ared in

anot her*43IER5g8S RhEFLITY ATEIRERfe cTRE (MBANUYaAR POt At DA the, Bead

gpoul dg%&a?ﬁggggﬁgpr g%%lﬁ}gjs%ckhmi 99 Sa lllaebquﬂFif‘% {@fzﬁé‘%yoﬂe zcont ent s

e releva nory segment's after execu i‘nstraction are
shown in Fi gur Ridfocdd e NBIde WaedSoadNLAtiductitioan LESKe R sdyudhlcieat i on
State, are pushed onto the control stack. The display is al so updated so
t hat t tak® pihag.enthey Lirdtedslaveead BPR |[dydingt whdchhtise Remst Daitawor ds.
The mark words, by recording the grogram counter, point to the store

i nst rudtqEdFtefhienread ¢ hlatek RORNSRKER t PR datd thati Bemere@iiutidd thgon

b Y BESIUE B e TTCare0d ot N UG S5phCubbes A a6 1S
available for the hardware on the type and value boards.

The control stack is split down two sides. One~half is
‘manipulated by the value board and the other half is manipulated by
the type board. On the type board, the information returned from
memory has the "Is Visible“ bit reset, and the data is put onto the
top of the coantrol stack. On the v#lue boird, the data is put onto
the top of the control stack without alteration. Now there is a
copy of USER_OBJECT on the top of the control stack. The sequencer
maintains a copy of the word on the top of the control stack so that
1f necessary 1t starts i memory referenée.

Oﬁ the type board a check circuit éhecks the tag of each of
the words on the control stack. This check circuit easures that the
" 7-bit tag in the control_word is an appropriate category for a load
instruction. If it is, thean a dispatch ls performed which starts
the next macroinstruction. | '

At this boint, as shown in Figure 12, USER_OBJECT is on top
of a control stack, its Is Visible bit is reset, and the contrél

stack is pushed one word.



. fl ow.

it tot nstruction in the main programfl ow. The r al so
recor d Bﬁgﬁéﬁ%@ﬂé Link which is the encl osing frame which |ﬁgﬁé§§§gmgg

t ubprogramis declared. The mark words al so record the tops of the type.
ata stacks, so that when an exit ghs executed, the type and data sta@

C e popped. The mark words al so kéép track of the preceding dynam C ‘e

frame. The mark words al so record the tops of the type and data stacks, *

so that when an exit is executed? thé_ﬁap%.éhd data stacks can be popped.

The mark word I e h edln a
progran1brancﬁ§g ?915% Bi gﬁKéxé%% ga ccw%fﬁﬁ él%gg§a§°a%.{$%§fﬁégl°n
Subpr Ogmr\ml eBskRt 14 NBy idhed Rakde 1PhOt fodd1Sid Uklel \Aﬁﬂstﬂdw@n@ém 1ya@gr am
he mark words al so record the Static Link ich is the enclosing
franme Instaiucitidncdt etid whefhe tcoateabpr ofjr thre ire ldsahar sdmory 3¥@nfm/t@5016
PCT/ US85/ 01516 -53- Q Mcrocycle 0: the
sequeriidien gReSuthas d’f‘s%tin%"f-‘lcéﬁ?ﬂh&r? SRk titoigune 13i nglt 1stagspy of
SCOUE DATA ,on the i takes the segnent nane and

| trol
SCart & Fesotends Hoow diftuent Gelpe ols | thendtsrd avrand FR M H87886pr ogr am
obj ect, etchqnceﬂaeokrfa@ck zfn%r ré%(wﬁ bd 1Y §gqu§§€§e %@I‘% Rhgge 1N

paralle wth Mcrocycle 2 of the Loa nstructi crocycle 0,
sever ajhechopk dtatre Mestet roll st akkr. St ALDesk tife rRf@RkBcasT Erédal thiF@ughi ect

on top of the control stack .is a package object. This check
15 in the display are control space references. In this isstruction
the references is to Leyel 0 which is in import space.

As shown in Figure 13, at this boint after both load

instructions have been executed, the record object USER_QBJECf ﬁ;s
been copied to the top of the control stack and the packaée object
SOME_DATA has been copied from the import space to the top of the
control stack above USER_OBJECT; USER_OBJECT is a record object and

it contains an address in its value half which points to some bit in

a data stack. It points'to where the data for the record actually

1s. SOME_DATA 1is a package variable which contains a segment name.
This segment name references another control stack.
c. EXECUTB PACKAGE FIELD_EXECUTE, 16 _ \)
Referring to Timing Diagrams, Chart 3. The purpose of this
instruction is to do a call to the subprogram in which USER_OBJECT
is a parameter. This subprogram was declafed in another package.
therefore, on the coatrol stack for_SOME_DATA; there should be a

subprogram object which was called EXTRACT VALUE. The contents of



is performed on the type board by exam ning the 7-bit tag. A further check
Is made to check the privacy of the object on top of the control stacke
Th1'~s is acconplished by checking the I's Private bit. In this particul
i uction the SOVE- DATA package is visible to the instruction, so the Ts '
Pr te bit is not set. Mcrocyol e/+:52The segnent name part of the package

vafiable is sent fro board
where it is stor ‘f‘tT '8: F%%J&? ?e@fig%sgg?{éed% g&é@kyﬁteaége l?rgglguectrd&ﬁen r eads
what is in the d!repﬂ&vnam fteureutd.ent | ex level and the data read i s sent

out on the type and V%ﬁ‘i‘na?lé%ﬁﬁdsTQHSActWEu%ﬁ%mC@ﬁd aRAEE LA ol spl ay at
Lex Level 1 and sends the information (a ddress) aqut gver the type and

val ue buses. On StREe.FPREE Ryshefd ORER the 4AnLEol, Ftagk.corTher d1SPLAY A4St ed from
that word. As pailkoQipdate ealdhaopareaaismaymmry@:owswbem #hiq last frame

was. This is the fra cht sk C e that it
can be Irecl)rded H"b’r‘t\rﬁe#r‘etsﬁ I ‘?etulrﬁ'se lt]glrk %%’8@?%&%&%&“@0 a

PCT/ US85/ 0151 - The progsant rcaumter\(\b'mq.ntmp the Istore tinetmugbperagwhinh s execut ed,
the task was exqeUindiedd ihG¥ructYa thattld ¢d186centRardt BOM BEukp Where the

current inner frame i1s sequencer produces t ress mhlch points to
the current i nndironrtheesubpregtiafe Flr@!elEmSE%bF@“'@ﬁﬁr%tt e H@adat a at an

of fset from t hatpaelshee Récora0F 1A Reld), taridnl-:ﬁt% S\fbplrbgrdineﬁhﬁiheféturﬁbl s
results in the R eggdtlhggstd\t/e mstn];crngne in {:TIP mam program flow. The
\,« mark words also record the Static Link which is the enclosing
frame which indicates where the subprogram is declared.
'The mark words also record the tops of the type and
data stacks, so that when an exit is executed, the type and
~ data stacks can be popped. The mark words also keep track
of the preceding dynamic frame. The mark words also record the
tops of the type and data stacks, so that when an exit is
executed, the type and data stacks can be popped. The mark
words also keep track of the preceding dynamic frame. The
program branches to the Load, Execute Record Field Read, and
Exits Subprogram which returns it to the Store instruction
in the main program flow. The mark words also record the
Static Link which is the enclosing frame which indicated where

(- the subprogram is declared.




M crocycl e 2. At this point, the package has been determn | so
't t HEOR6% was correct a copy of the package nane |?chrtgsgglol‘§ga
/9 and the inner frame is in one of the registers on the FIU board The
step is to do a read RDR which fetchgs the subprogram vari abl e, and@
places it on the type and val ue buses tag of the subprogramis chec
to ensure frrst of aII that it was of a krnd mhrch IS IegaI to do a cal
to, and TE e F EOTTR s eIaborated in

accor dance wi t§ gtsrw gfepaacet%ebxegx?ascég la*tess Rg! Efw L CEPTAQW atleon of

the display on thé sequencer board I alid
bit is restruthisni, Sab@C@é&Sﬁ wWh@ncapgabt scmmemt Bnalﬁ@éhﬁ‘é ns%:hme

i nport spaces are changed At Lex Level 1 thé& Vvalid bit is set Lex Level
1 will poioutred shechuttt falese the shgnentiomge tandt sthetprogeamhrcd cakdi ng
to. At Lex Level 2 the Valid bit is set. Lex Level 2 will point to the
current fioarkdat; Rac2tion tip (BRBATYrk . ﬂbiﬁsrﬁ%ﬁﬁ nheessépﬁQSpmerRﬂecrh@n the

foll ow ng descri bes o gani ze

bCT] USanRoRETe: B5ck Eaf ciua. RIS (A5Es Fusudbes. s3kegnaiRes da peradiptn
name whi (o]¢ t e IPPIREM | $, C The
subprogr?%t\?ar‘{igﬁggpgge ggréngeﬁh%a%gsg tzﬁgé‘%%%[gi‘ldjgégckagze ﬁu‘l({zﬁlctlgr g :
wWitten igdverahectesks caratmade.s Thentiastl ¢hexk/dlsi dobmhikesswssd that ltReel
1.

object on top of the control stack is a package object. This check ...
is performed on the tfpe bogrd by examining the 7-bit tag. A e
further check is mede to check the privacy ct the object on top of
the control stack. This is accomplished by checking the Is Private
bit. In this particular instruction the SOME_DATA package is
visible to the instruction, so the Is Private bit is not set.

Microcycle/l: Thé segment name part of the package variable
is sent from the value board over the FIU bus to the type board
where it is stored in a general-purpose register. The sequencer
then reads what is in the display at the current lex level and the
data read is sent out on the.type and value buses. Thus, the -
sequencer reads'the display at Lex Level 1 and sends fhe information -’
(an address) out over the type and value buses.

On the PIU board, the 20 bits of offset are extfacted from
that word. As part of the call operation this records where the

last frame was. This is the frame in which the task 1is currently

executing so that it can be recorded for when the program returns to



The val ue half of the subprogram vari:abl e contains the progr 0,
t he subpwdB86/A§0160 it contains the address of the first inst??{&%ﬂg‘;ﬂ

subprogram This is witten into the macro PC regi ster on the sequencer
T@ower-or der bits, 124 through 127, of the subprogram variabl e contai

t ex | evel at which that subprogramissgeclared. Since this is a
subprogram decl ared at the outer scope of a package, it is going to be at
Lex Level t@is Tiname.t he value 2 is witten into the current |ex register.
The sequencer al so keeps a copy of the return-programcounter, that is,
where the prograrfbgia [thet gril ek cthe FybRFeRTRBt 19 rexemwdedfiotbe t3eK cYA® ent s

of the current macr C reqgister are stored in the return PC register. On
the FIU bBEFHR 488 ‘3&5‘!’50 t: {r%ﬁf’t st%leﬁg 5§?t‘o?°1t%rprt89fﬁﬁfﬁgb§?:; whi ch

poi nt's to.§ Pfedf fiSfler RrhBE £2d€ w%he%exmsw%&& hQOaalrbss OPh{h t O

start executing for the subprogram he val ue board, the word returned
on the vapotntsistd Thet euedeatidimady dyame,Raad the SFEU tiad uséde tpaektodct he
subprogram word that is on the value bus is used as a programcounter to
start a R datdorafemn: g2ggett hron fhat, addsasgusrdrsyanre Adt 13uBRP 0BF akis At
gg}3582%”%ég{£¥243%rdW%E%-késéiﬁétiémk&% %%%%e59n£h§%££§f§'ﬁﬁ%fkﬂgggpgféﬁggﬁ;
i Al e Y R A Oy
to put thgetermined to be legal so that the address was correct, a copy of
&JI the package name is on the type board, and the inner frame is in one
of the registers on the FIU beard. The next step is to do a read
RDR which fetches the subprogram variable, and places it on the.type
and value buses. The tag of the subprogram is checked to ensure
first of all that it was of a kind which is legal to do a call to,
and a check is made to see that the subprogram has been elaborated
in accordance with the rules placed by ADA.

At this point the configuration of the display on the
sequencer board is as follows. At Lex Level 0O the Valid bit is
reset. This is because when a call is made to another package,

&a‘ . import spaces are changed. At Lex Level 1 the Valid bit is set.
Lex Level 1 will point to the-outer frame of the package that the

program is calling to. At Lex Level 2 the Valid bit is set. Lex
Level 2 will point to the current frame, that is, to the mark words
that are being pushed.

The following describes how dgta is organized 1in the



current control top, which the address of the top of the c

e -t yPEOB6OSO6D t he val ue bus. Also put on the type bus aﬁgtf{fhés%fﬁ}g bus
At he return-programcounter. This return-programcounter had been .
‘\&viously set to the current-programcounter, which is the address of m

store instruction. The sequencer is theASrnstructed to put into the di s
at the current lex level (Lex Level 2) the information that is on the type

and val udp+eRFamMih ffa b e & NEInC®AkEOb-8DP. thidHeS 1isS thBesSElAS hatle uh@ch
activation state. The type board has the outer frame registered. The

acti vat igotrrleisplsndsr do ctid giaekalglee thatetind Rdvgram s &4ADEag tyne trae, data
top, etc. Wien the instruction is finished, the new outer frame wll be the
name of qmrsgemgéafhwlq dSH@oAgEc 4P| BAVE the |SOME| PZA package.h@oFithat

board, the ¢ e S VA e .contents
of the I\’bsrg ga? egos J‘ee d}%ﬁ?yﬁ‘?g g@r%e‘%%tq’cfgé‘?’ﬁe hepka {c]%rérient"s sﬁgr

frame (2Qgigesk1i g.put in the VAR The value (12 bits) extracted fromthe
program counter is put into the MDR - The result is 32 bits out of the two
fields. McrocyCThe s#aludrbalfe of| thboaubpregmaa onrdabdeotot tat d8\Rhar e sent

over the FIU bus. On the value board, the FIU bus and the data top are
conbi necprogramk gouptenelan| the \SParogram hjao gdi eentpdns thp BLEIESE161

Eg\ll gggS/ OlijirstSZnsng&]ééiocln !a(;‘.ge sugggohgexgam. B%Qs()fist Q?i??énk ivv(%rd%hhave

macro PC register on the sequencer. ;;

The lower—-order bits, 124 through 127, of the subprogram
variable contain the lex level at which that subprogram is declared.
Since this is a subprogram declared at the outer scope of a package,
it is going to be at Lex Level 2. Thus, the value 2 is written into
the current lex register. The sequencer also keeps a copy of the
return-program couater, that is, whéere the program will start
executing upon return. Therefore, the contents of the current macro
PC register are stored in the feturn PC register.

On the FIU board, the extractor extracts the part of the
program counter which points to the offset in the code segment of
wvhere the program is going to start executing for the subprogranm.

On the value board, the vo:d returned on the value bus is
stored and a Program Read is started. The part of the subprogran
word that is on the value bus 1s used as a program counter to start
a Read in order to get the instruction buffer for that sdbprogram.

At this point, the hardware is starting a Read to the location in



written o 86fokeist op two words of the control stack. M crocyBf@/GS85/015
I nstruction buffer cannot be | oaded and a di spatch cannot occur in the
m_croi nstruction, so a Mcrocycle 5 of the Field Execute instruction is
necessary. The Oontrol PRED Regi ster on T - sequencer renenbers the
pd| ng dynam c franme. The type and val ue boards keep a copy of the
actTvat i ormémary mbede ThesinstmictiionsBearenstotde. CAiTnexhidCéxamgledthere

Regi ster witten fromthe top of control stack. At the sane tine the Quter
Fr ame Regl’s'{%rthd?édiPBFrﬁb‘Pﬁ&Pc%/ thadcNihg Pe TRAthtded to point to the package

SOVE DATA. If th b h h
Control PRED Reg: StEFPEPRES Fioo MR shRebRerF {8 RGeS B Y i

place.. O e ¢l S 0 |I t f
control Pléé%{ﬂr@ggl sc?gfs E ?o%‘i%thil%%_ %h%e g\?ﬁsn;goéfo ‘38 Bkaghé;rﬁs&ﬂ%ﬁért 4,

di spat chi ngraldkat onexhei tppe Unis adi Ruel vESuel pslad J nmtsbepﬂfO&E 2R & Oy PeCbugo
that it is nowthe Load 2, -I instruction. The display is updated to point

to the apmshrthgt eabpac@ss Asethe h'eturgpamtrarakoqualeaee Tebh® sequencer
wi Il decode the Lo “jnstructi star# a control Read Of the Lex

Level 2 di’spidy P§§F§?‘3r°°%’i%’h had \PﬁFPder UG et FOt hiB®current frane,
Phe it s anecbrodlhd dbdd: A0S a2 chihdleds 8o 0K SERR DATA VoD

t he data cones % a second co e user ect WI| be"on top of the
contr ol starétru'EltlianOpyhélaSedlmiter iEDtBSﬂOﬁEHﬁ'ucted to put into the

PCT/ US85/ 01516
g{(_ display at the current lex level (Lex Level 2) the information that
} is on the type and value buses, which is the control top. This is
the address of the activation state. |
- The type board has the outer frame registered. The
activation link word contains the name of the outer frame, type top,
data top, etc. When the instruction is finished, the new outer
frame will be the name of the package that is being called to. (Lex
Level 1)
On the-FIU board, the contents of the Value Assembly
Register (VAR) and the contents of the Merge Data Register (MDR) are
.merged tbgether. The current inner frame (20 bits) is putlin the
VAR. The value (12 bits) extracted from the program counter is put
into the MDR. The result is 32 bits out of the two fields.
Microcycle 4: On the FIU board, the contents of the VAR are
‘sent over the FIU bus. On the value board, the fIU bus and the data

top are combined to make up the value word. At this point the



3 obtained in a differen't way than the first copy, and in effect, it is

y_WiO&GVQSOlGrst copy. The contents of the rel evant nenmQr/$885RM %
ME execut | ng this instruction are shown in Figure 15. E. EXECUTE RECORD:

FI ELD READ Referring to Timng D agrans, Chart 5. What this instruction jpsy -
aftenpting to.do is take the record_o‘tﬁ"e‘ct and use it to get a discrete @
object which is the value field of that particular record and has the type*
i nt ege t h Lﬁﬁ;a 3JE Nk h c 0ot I's .
repl acée%n%%tlhgggﬁgt E?ng Efqgﬂ (%rtgeg%oﬁ%éso%op{ rﬁgiagE%Q%%J%%ﬁ" ot val ue. The
cont enérs tfent BEtbekky atdp N Wy rdagoentise addeyrodlXx@tdtkng this instruction
are shown in Figure 16. What is on top of the control stack is the record
obj ect USER OMJECTc¥flehS hastheedpgtauctiom Rt fafo crnapEsbeclanded fandgaand a
value, 1 bit and 32 bits, respectively.,K The format .of a Control Stack

|
(oj ectdfanetel, SRBPAL| PRFYRID FNeeFBPEBLCTRL A THCTLIORA RO v MEFRART 38t val

data for ohy, e | | ot t wo- fd recor t i a
dat e [9lof 50HREH, EReci 4 Sogectal! 8- MAANSEO! ol BELE N ndif 2,
dat a sigglsd chNenbYB&qlét deiC HRhdnBErd tN@prdd¥a 1Nl APnRRi Ot rdu .2 type
descriptor and has all of the protection bits along with a tag indicating
t hat iThe styper aadr dade cdards theep ncadpy cof the ey tdfvatdat r binkstworid .pl us
the field nunber is nade. This instruction is an Execute, Record Field

Read, ThRf% a8 "FREFED niiRthes CPRtRRE, ARTETR 10 Beedsder: ¥riken rinome t op
of st afﬁ(el_'tsorpg orfeggﬁgrgy Qé?ccll(.' n%tt I%ﬁet 88md Stf@éjethe Btlltgr' ?rglﬁ’@eaeoﬁsttgg ty‘s:

boar d. he _
used for privacy checking is updated to point to the package .

SOME_DATA.

If the ianstruction which is to be dispatched does not use
the Coatrol PRED Register, then the dispatch of that.instruction
will take place., Otherwise..a cycle must pass to wait for
availability_of the control PRED register.

| D. LOAD 2, -1

Referring to Timing Diagrams, chart 4, dispatching that next
instruction involves ppdating the program counter so that it is now
the Load 2, -1 instruétion. The display is updated to point to the
approbriate places. When the digpatch takes place, the sequencer
will decode the Load 2, -1 instruction, start a coantrol Read Off the
Lex Level 2 display register, which 1s valid, will point to the
current frame, and will offset -1. This will accbmplish a load of
the copy USER_DATA. VWhen the data comes back, a second copy of the

user object will be on top of the control stack. This copy has been



WD 86/ 05 SYI
Is al so %Pﬂ?ﬁ%v check made of the word that is on the top of t%yﬁg#{% N
stack. The Check Privacy |ooks at the Is Private bit to see if it is se ‘
If~ is, a further check is made to see if the nane portion of this typé
i IS the sane as the current outer frame. If so, then execution is
taking place in the scope of privacy of this record type and it is

pernmi ssible to do a concrete operation sucias Field Read. This is all done
in the type checker. Mcrocycle 2: The nmenory is returned. This is done
by readi n§ ttﬁé“RE)R"“ aﬂ'ld“tﬁrférﬁatta'&ﬁp@h%% e t Sttypepandwdaliwe effees, This

I nformati p. the top of,.the cantrol so the sequencer
is instrug?ea ?o i? %kaﬁﬂrgt ﬁ°?ﬁé t e egiFu8 bﬁ %s’%ﬁﬁfﬁﬁh:mf °F® the
top of co I h £§§¥¥q a C ck
the fiel d@ﬁgﬁ%gfé %%ip?yx?g%ﬁén; etf& | e Jlil Af g?rgna ?%‘E\J\Auﬁ ?qghgtehgg

of the field. |In this case ig. EXECUTEtRECOHD NKFIEQLD RPABOEr, and in
particular a discrete, and not a private type. On the value half, the first
32 bits are the oB¢§%xr&qstqmeTéaﬂasz#azxﬁmsx.qmmat $he Vhtﬁcﬁhﬂﬂnber bits

Thi's prevaneSPBRBfoRcs artabenns LOSHEIEE Bk’ SBocRPRorS coufast Abandshi &F
record. Ojqt BgeVv l&'Fsaoé?f.red’ob ke tdghdck had ﬁ:%?gﬁkl%e_rgigpg gﬁléﬁeafp:#i{lticggggd

to the data which 1s on f the control esul
addr ess ofrethednend dets: m clypesiptieger) = thax addr BSER LOBJECH@oFithlei Sop

|n§Lructed to latch the information on the
of the control stack is replaced with something which corresponds to

the USER_OBJECT dot value. The contents of the relevant memory
segments after exécuting this instruction are shown in Figure 16.

¥hat is on top of the control stack is the record object
USER_OBJECT which was declared to have two fields being a flag and a
value; 1 bit and 32 bits, respectiveiy. The format of a Coantrol
Stack Object for a record 1nc1udes_a reference to a data stack where
the actual data for the objéct is. Since it is a two-field record; |
there will be a l1-bit field and a 32-bit field. The value half
contains the address of a dat# stack and the type half contains a

\né type link which points to a type descriptor and has all of the

protection bits along with a tag indicating that it is a record
object. A type read to the top of control stack plus the field
number is made. This instruction is an Execute, Recdrd Field Read,
where the field number is 1.

Microcycle 1: A test to see if'the top of stack is a record

by checking the tag is made. This is done on the type board. There



f 86/ 05016 1516
{M dHO36/0304€, the val ue bus, and thegpype bus. The Fi u%ﬁ@%ﬂg@qg 9

4 sters which can extract- onIy the data that is needed. The 7-bit-size :
Pifel d ongt hggyau %'h'e%kt BEaE! & N TR Rhat Nes 18 éw 0
extract eg Mscrocgr(l:le gt "I's Constant” bit |g extracte gf &hé @
record ebpeeblagtadls. nm:ged:heakopi-h&dwmaolkbnhtotné hes Imtiergﬁre bloat tbssdei ng
put' on the control stack. This is a way of propagating the Is Constant bit.
The ret d4fndd &atsets pif Litnid,t AelFRencheskydsenade Tire seextiisthp hameo

read the Th Uis_in ed to extract using the |latched field
i nf or maf®® ?D&Bn 4 ﬁ’e‘%ﬁyp&ciéagd 80 P28 SR RRTEIRY tmger-rﬁéame.
i nf or matyl,0Q 0N f fééM%liﬂeg G0 ot RRat d QakoLest ack.
On the tl?/pgoboar%? %1 Gonst an?j'lgélaxg;ﬁl gokapﬁtggonl% hepfpgq %9 & stack
and a ditapat e@cosd cqmaarudad itFisEb’éﬂ'mﬂﬁmmNhé aWJ&d:ﬂESUIo]SeReteom ng to
Timng Di agrans Chart 6. The name of the outer frame is the package SOME
DATA an&urReasufteld iand.r edhisetsi sl donaqdal the SOME @eFAkerthe inner

f , m t h nb di cat th th f th
c{:){rjll{nrsol mstngik i g‘g?cr?gglte ide trgssm%‘g%ﬁ, e’x’g s ?’5%261‘ te'ﬁgi%ﬁest r&gﬂﬁpggg?am _ ©
' nstructxJag_ ?Eh@hé rPoRE, Wnld the 999@%;@3!‘33%(3 QES @MHW@J Iﬂﬂr gEE?[ will

be poppe Therefore, the control top Wl e equal to I nner
frame - Thisheseorod tioal isate beoput hen i tisd rmt anthSOt:onﬂ‘rcﬂf fsQﬁEk, t §¢

i nstruction pops off the two mark words, overwiting USER OBJECT (which was.
t he par &ivet 8equeéncer ishlinstruchedhto vidka whiagt iBsopntheptype and value -

buses and put it in the top of control stack register. The

sequencer is also lastructed to check the field number. The type.
half of the field information word is the type of the field. In
this case it is the type link for integer, and in particular a
discrete, and not a private type. On the value half, the first 32
bits are the_of!éet to the data for this field. The field number
bits and the corresponding bits 1o the lnstruction are compared for
equality. This preéents the reading of, for example, the seventh
field of a two-field record.

On the value board, the data that appears on the value bus

"/
is added to the data which is on top of the cootrol stack. This

results in the address of the new data which is put out on the

address bus. The FIU is instructed to latch the information on the



- 61 - of the control stack. This is USER OBJECT. VALUE (integer field). The

exit funegyO®e/s0sé ruction then sets up the environment so t h®CH/LE85HEK516
inner frane is |located here.. All of the addressing environnent is restore

to is frame, the programcounter is restored to this frane, and the
di ay is set up to be associated with this frane such that the
erivi ronnment before the subprogramcall is restored. The contents of the

rel event nenory-segments after executing Lhys instruction are shown in
Figure 17. Mcrocycle 0: The sequencer is Instructed that one object is

needed on idyre¥s ttus,Caber 0h15é asls (ian@ theheysombus) IMACKIBCELL S @
copy of the object which is going to be returned. No other registers are
needed to DRB¥StArs Xhésht Fap eRERAGts ontlyr the ditacthay dis mRedednerTHe ane,
where the ew tots)?]offset i n th«f}i nstructjon. The sequencer

ff [
t hus startg'%istgﬁ%zl%oltfqeﬁégdw& i@iug rsofells Ry BibRoRomush et t Hhe

menory reagygl sﬁ,qlaerige%aggoe,g%%ttetaq conputation of inner frame m nus
the Ofset (-1) and stores It in the Save O fset Register on the sequencer

boar d. - 62 - Microcyclle 3: Thee dHjseConstabt) bit tixe eXarbecobd8datkof the

(function result) is saved in the general-gurpose register. A tag check is
made to makRERH Criest ARGt 15 smergedy indouthedtyre | qfo the integer that

is being put on the control stack, This is a way of propagating the
: Is Constant bit. The returned data is put into the RDR.
s Microcycle 4: The next step is to read the RDR. The FIU is
instructed to extract using the latched field information, and the
extracted data is placed on the FIU bué. The information on the FIU
bus 1s then placed on the top of the control stack.
On the type board, the Is Constant bit is also put on the
top of the stack and a dispﬁtch is commanded. _ |
F. EXIT_SUBPROGRAM 1, WITH_RESULT
Referring to Timing Diagrams, Chart 6. The name of the
outer frame is the package SOME_DATA and the outer frame register is
set equal to SOME_DATA. The inner frame, minus the number.l in this
1 case, indicates there the new top of the control stack is going to
be. So, upon execution of the exit subprogram instruction, the
frame will be poéped off and one additional parameter will be popped
off. Therefore, the control top will be equal to the old inner
frame -1, wherein the 1 came from the ianstruction. So, in effect,
the instruction pops off the two mark words, overwriting USER_OBJECT

(which was the parameter of the call) with the value that is on top



be returned. The tag is sent over the address bus and the FIU | atches this
iAo mation for later use. On the type board, a check is made to see if
' operation is in a special frame, by checking information in the .. -
; ation link (i.e., a stored copy of the activation link). First of %
it checks to see if any packages or tasks have been declared (child |ist™
information), in order that ‘a wait period can be taken until these packages
or tasks terminate before exiting. Mcrocycle 2: Data at inner frame-I is
returned fromnenory. Its tag is checked to ensure that the result is not
overwiting a mark word or other special control word. The sequencer starts
menory at Control PRED to retrieve-tgle-two mark-words. This read operation
wi |l enconpass all of the information needed to restore the environnment for
this frane (Lex Level 1; the return PC, the enclosing franme; the outer
frame- DATA USER; the new type stack top; and the data stack top, all stored
in the two mark words). The FIU is used to extract a nunber of bits from
the tag of the result. The FIU puts the bits of the tag that the sequencer
w |l case on the FIU bus. Both mark words are read, and the sequencer is
instructed to invalidate all of the |lex |evels. - 63 - Mcrocycle 3: A
check is made to nake sure that the stack was not popped down too far. A
general purpose register stores the top of the type stack, and this is

mani pul at 86 the @8trdiNstdckpe Thia s USER_OBJECT.VALUE (integer field).

The exit function instruction then sets up the environment so that ;;;

the new inner frame is locnted.here. All of the addressing
environment is restored to this frame, the program couater is
restored to this frame, and the display 1s set up to be associated
vith this frame such that the environment before the subprogram call
is restored. The contents of the relevent memory segments after
executing this ipstruction are shown in Pigdre 17.

¥icrocycle 0: The séquencer is instructed that one object
is needed on top of the control stack (i.e., the control stack
sccelerator), & copy of the object which is going to be returned.
No other registers are needed to be free. A Control Read is started
offset from the ianner frame, where the offset is the new top offset
in the instruction. The sequencer thus starts a Control Read to - _ o/
this location. In ndditioﬁ to doing this memory read, the sequencer
also does the computation of iﬁner frame minus the Offset (~l) and

stores it in the Save Offset Register on the sequencer bdoard.



types which may have been decl ared. The sequencer -cases on the FlIU

Using this information the sequencer conputes what the next mcroa

Wi be (the case function result kind mcroaddress plus the val ue that was -
o] e FIU bus in the previous cycle). Mcrocycle 4: What is returned from
menory is the activation state of the preceding frame. A hardware check is
made to ensure that the tag is for an activation state. Wenever a.
reference ts started using the display or Control PRED, the reference
shoul d al ways point to an activatienest-ate. Next, the incomng lex in
val i dat ed. The sequencer takes whatever is in the four nost significant
bits (the lex level of the frane that is being return to), subtracts | from
it, and validates the display at that point. This will validate Lex Level O
with the data that is com ng back on the value bus. In addition to the |ex
| evel, the return PC value is stored, that is the frane that the program
will return to. The macro PC is assigned that return PC val ue even though
this is not where the programwants to start executing. The sequencer al so
puts the Save O fset register on the address bus and does a Start Pop- Down
To. This is a two-ghtbeyaaRer At tHd obféctNod|tdgesr hélcohfro?Nsdald® addr ess bus
onto the top of control stack. the end of the - 64 - cycle, the
Control St acupRider cieatby) 18 sRed ig| tensenese brrasresy neRisteny vAIte¢ and what

is at, and tdnge AB!hsQe tPmake sWPEt8at lwhbh is being returned 1s legal to

Yo be returned. The tag 1s sent over the address bus and the FIU

out of the activation link. This is done to reclaimthe space used f ny -
u@

latches this information for later use.

On the type board, a check is made to see if this operation
is in a special frame, by checking information in the activation
1link (i.e., a stored copy of thg activation link). First of all, it
checks to see if any packages or tasks have dbeen declared fchlld_
list information), in order that a wait period cin be taken until
these packages or tasks terminate before exiting.

Microcycle 2: Data at inner frame-1 is returned from
memofy. Its tig is checked to ensure that the result is not
overwriting a mark word or other special control word.

The sequencer starts memory at Control PRED to retrieve the
two mark words. This read operation will encompass ali of the
information needed to restore the environment for this frame (Lex
Level 1; the return PC; the enclosing frame; the outer frame=DATA
Dssk; the new typé stack top; and the data stack top, all stbred in
the two mark words). . _

The FIU is used to extract a number of bits from the tag of
the result. The PIU puts the bits of the tag that the sequencer will
case on the FIU bus. Both mark words are read, and the sequencer is

instructed to invalidate all of the lex levels.



supposed to be. A check is also nade to be sure that the type that is being
eturned was not declared in this frame. Mcrocycle 5: The sequencer reads
¢ RDR and validates the outer frane. This validates Lex Level 1 and put

o the display at Lex Level 1 the data (the nane of DATA USER) that \

the type bus in positions 0-31. Next, the sequencer extracts fromthe +
type and val ue bus the next frame pointed to by Control PRED in the mark
word. The outer-frane latch on the type board is set to the package nane
DATA USER and the copy of the activatg3on |ink is updated on the type board.
The sequencer places the Return PC on the address bus and Program Read is
started. Now a Program Read is started. The instruction buffer will in
Cycle 7 be filled with the word that contains the store instruction because
that is where the Return PC points to. Mcrocycle 6: The sequencer is
instructed to validate the current lex I evel and Control PRED is put on the
FIU bus, which is the address of this frame which is going to be the new

i nner frane. M%Mewl‘le ¥ Fredeckdaceader to @atly suhe tROR thndetack| s t he

i nstruct i'on nb Po‘?rl?we geﬂq,enc‘sr“ﬂ%cf ﬁu QJe ”5’%”?' .§ | nvq“ dated at Lex |

Level 0. "th& op register e Sehlencerast &% point to this
| ocati on.tophet tmyma‘ stink,asid this da dantpulaged Ibegeti shessype Brmmd | y, a Push

Gont rol S% (d§ ké% .ctibAQELA'1k¥Eier4§i§e£k donq to reclaim the space used

for any types which may have been declared. The sequencer cases oo ;;:
the FIU bus. Using this information the sequencer computes what the
next microaddress vill be (thé cagse function result kind
microsddress plus the value that was on the PIU bus in the previous
cycle).

Microcycle 4: What is returned from memory is the
activation state of the praceding frame. A hardware check is made
to ensure that the tag is for an sctivation state. Whenever a
reference is started using the display or Coantrol PRED, the
reference should always point to an activation state. Next, the
iocoming lex is validated. The sequencer taskes whatever is in the
four most significant bits (the le:flevel of the frame that is being
refurn to), subtracts 1 from it, and validates the displasy at that ",
point. This will validate Lex Level O with the data that is coming
back on the value bus. In addition to the lex level, the returan PC
value is stored, that is the frame that the program will retura to.
The macro PC is assigned that return PC value even though this is
not where the program wants to start executtn‘Q_ The loquenccé also
puts the Save Offset rogi.tor on the address bus and does a Start
Pop-Down To. This is a two-cycle operastion which places what is on
the address bus onto the top of control stack. By the end of th§

Y T L



M crocycle 8 The result copied is noved onto the top of the co
stack, that is USER OBJECT. VALUE and this is also in the Contro
Accel erator. A class check is performed on the activation |ink copy:
sh in Figure 17, after execution of this instruction, the object USER
.VALUE is Ieft on the top of the control stack and a dispatch is
per orned 0. STORE 1, 15 Referring to Tinmng Diagranms, Chart 7. \Wat has
been done up to this point is a call to SOVE DATA EXTRACT VALUE where the
par anmet er USER OBJECT i.s passed, and this is to be stored into the integer
USER VALUE. On top of the control stac is the field that was extracted
fromthe record. The store instructi oW || take the value part of this and
store it in the value part of USER VALUE. Under the ADA rules, if a Store
Qperation is perfornmed, a Constraint Check nmust be nade. This neans that
the value has to lie within the bounds of the type. The contents of the
rel evant nenory segnents after executing this instruction are shown in
Figure 18. Mcrocycle 0: The store starts a control read at Lex Level
Delta. The sequencer does a read operation at Lex Level | and reads the
object at Ofset 15. Mcrocycle 1:- The menory address of the store is
saved I n a general - purpose regi ster on the Value board. Mcrocycle 2: The
data is read,aRJ {daecdothor %Qdewakeaemuﬂswfm i Akln lstRte JETRWhEE tag

val ue five b|ts are extracted and a
is valid and what is ot, and the coutrol to, is where it is

g*, supposed to be.

A check is also made to be sure that the type that is being
returned was not declared in this frame.

Microcycle 5: The sequencer reads the RDR and validates the
outer frame. This validates Lex Level 1 and puts into the display
at Lei Level 1 the data (the name of DATA_USER) that was on the type
bus in positions 0-3l1. Next, the sequencer extracts from the type
and value bus the next frame pointed to by Control PRED in the mark
word. The outer-frame latch on the type board is set to the package '
name DATA_USER and the copy of the activation link is updated on the
type board. The sequencer places the Return fc on the address bus

_ and Program Read is started. Now a Program Read is started. The

-th instruction buffer will in Cycle 7 be filled with the word that
contains the store instruction because that is where the Return PC
points to. '

Microcycle 6: The sequencer is instructed to validate the
current lex level and Control PRED is put on the PFIU bus, which is
the address of this frame which is going to.be the new inner frame.

Microcycle 7: The sequencer reads the RDR and fills the
instruction buffer on the sequencer. The import frame is
invalidated at Lex Level 0. The Control Top register on the
sequencer is set to point to this location. The copy of the
activation 1link register is set. Finally, a2 Push Control Stack is

i



check is made to nmake sure that it is a type variable. If it is typed, a
fpeRead is started. The value points to the type stack where there is a
/i ptor that contains the m ninum val ue and maxi num val ue allowed for -~

type. Mcrocycle 3: The sequencer does a case on the FIU bus (the f
bits of the tag that were extracted). A check is nade to nmake sure that

obj ect on top of -the control stack is a discrete. A Privacy Check is made
for alimted operation which checks to see if either one is private; if
the privacy bits are set then, aredtheir names the current outer frame and
if not, are their nanes the sanme. Mcrocycle 4: Provide the data that is
going to be witten in Cycle 5 by loading the wite data register (VDR).

M crocycle 5: The data to be witten is the old type plus the new val ue.

M crocycle 6: The control stack is popped and ALU operations are perfornmed
to check that the value that is being witten is a legal value as within
the range of the m ni mum and nmaxi mum perm ssi ble values. |If the value is
within the range a dispatch is perforned. WO 86/ 05016

PCT/ US85#odentr&es67- T| M NG CHARTS CHART 1 Instruction 1-LOAD 0, 14 (2

cycl es) Decodews&4éydie 6YC TRe ro¥s1t3cofid fo moVed Satc ¥ BopQC 7 COYC 8

the control stack, that is USER_OBJECT.VALUE and this 1s also io the

Control Stack Accelerator. A class check is performed on the
sctivation link copy. As shown in Pigure 17, after execution of ' L_)
this ipstruction, the object USER_OBJBCT.VALUB is left on the top of
. the cdntrol stack and s dispatch is perforned.
G. STORE 15

Referring to Timing Diagrams, Chart 7. VWhst has been done
up to this point is a call to SOME.DATA.EXTRACT VALUE where the
parameter USE&_QEJECT is passed, and this is to be stored into the
integer USER_VALUE. On top 6! the cbntrol stack is the field that
was extracted from the record. The ltore. instruction will take the
value part of this and store it in the value part of USER_VALUE.
Under the ADA rules, if a Store Operation is performed, a Constraint
Check must be made. This means that the value has to lie within the _ _
bounds of the type. The contents of the releviut memory segments o/
after executing this iastruction are shown in Figure 18.

Microcycle O: The store starts a control read at Lex Level
Delta. The sequencer does a read operation at Lex Level 1 and reads
the object at Offset 185. ' '

_licrocyelo 1: 1h§ memory address of th.'ltore is saved in »a
general-purpose register on the Value board. .

Microcycle 2: The data is read and the type and value sides

of {t are kept. From the tag wvalue five bits are extracted and a



TYPE Type bus hal f of USER OBJECT recor
Val ue bus hal f of USER OBJECT record FlIU

‘bits bus xtrctd fromtag.of USER WO 86/ 05016
P%JSBS/OlSlG -68- OBJECT ADDRS Cntrl bus Read at Ofset 14 frm

-66-

check is made to make sure that it is a type variable. 1If it is

&,/ typed, a Type Read is started. The value points to the type stack
where there is a descriptor that contains the minimum value and
maximum value allowed for that type.

Microcycle 3: The sequencer does a case on the FIU bus (the
five bits of the tag that were extracted). A check is made to make
sure that the object on top of the control stack is a discrete. A
Privacy Check is made for a limited operation vhiéh checks to see 1if
either one is pfivate; if the privacy'bits are set then, are their
names the current outer frame and if not, are their names the same.

Microcycle 4: Provide the data that is going to be written
in Cycle 5 by loading the irite data register (WDR).

Microcycle S5: The data to be written 1s the old type plus
the new value. )

' " Microcycle 6: The control stack is popped and ALU
operations are performed to check that the value that is being
written is a legal value as within the range of the minimum and
paximum permissible values. If the value is within the range a

dispatch is performed.
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W86/ 05016 ' PCT/ US85/ 01516, - 83-
starts WO 86/05016n . VALUE and on new read PCT/US85/01538/pp

ts- val ue, bus to wite wite start - g
e read contrl dates Thus, conputer O
tecture and an apparatus for inplementing the architecture has been™x
cfibed. The conputer is particularly-ggeful for use with fourth

yer€rati on conput er | anguages. 84 CLAI M5 1. A digital conputer for
operating upon a program which incl udes %ﬂﬂa}i ty of programunits

(rmodul es), conprising: a nenory for storing, Tor each of sai.d nodules; a
control segnent containin ¥4 HEeGTRN repr esent | ask control
bl ocks, activation recordg,n%gg&lg%étozlrs angﬁ%(}i:%ﬁ Slﬁge a%%fg%} ects, said
control segment words containing a kind descriptor which identifies said
paranmeters and | ocally decl ared objects as belonging to one of a plurality

of object cbassge; &yeode LyemENt YANIRI Wy 4 NEydIChi far oahdrcoopyt or
relating to—sara nodare- — = — = = % yoIG8 1 ape 1@ Sped7 -1
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a da-ta'seg@agglomat ai ning data; a type segnent containing typpdlﬂsggﬁts%s
for types declared in said.nodule, said tyge descri ptors definrng
comgstraints of objects of said type; a pro€éssing means coupled t
me for creating frames in said control segnent for activatio
su grams within said nodul e based on said activation records, S
~frames conprising a plurality of said co leegnent words for each of said
subprograns' paranmeters and |locally declared obiects and for executing said
subprograns within said nodul e by obtainim fpstructions fromsaid code
segnment,- said instructions referencing said paraneters and |ocally decl ared
objects within the current frame for conputation, constraint checking and
privacy'ﬁhecking a portion of said control segnent words directly
represenffflg a val ue of sai d4biest addrds\didrgd |y representing a val ue of
said objects by referencing data in said data segnent, said control segnent

words of said current franme Eéfretdneifng tymalisformation in said type

segments for said constraint checkingﬁfnd sai d privacy checking. 2.  The
conput er defined by claim1 fBemei n ER_mexfortopml so stores for at |east
some of said nmodul es a queue gegnent - 85 - containing queui ng nessages
to synchronise execution by $Bfd proddddEn@fmstks of nodul es representing
tasks. 3. Th ter dgfingd by claim2. wherein said
asks - The conpu er gghngg y C a|TbsER;.ere|n said nenory
| USER .V
v _ ALU)
ADDRS Cntrl Type , Catrl
bus Read Read Write
at at at
offset derptr offset .
15 for 15 frm
Ifrom USER_ display
disply VALUE lvl 1
.
_ CNTRL_ _ POP
STACK
NOTES Seqncr Type Case VAL Cnstrt
gens board on tag board check
addrs uses of gens is

and value USER_ addrs prfmd



addi tional | ores for at |east some of said nodul es an ip@Pisss ggﬁpt
i ch ‘t\‘@rﬁﬁé&r‘ﬁhessages controlling accessibility by said pr ocessi,r?g means

Opjects in different ones of said no@dres. 4. - The conputer defined?®
lﬁ ains 1 or 3, wherein said object classes includes packages, tasks,
sgrete obp&arss floati n®moint H4LdE s amdl arrays. 5.on newA conputer et
Op€rating on a program whi ch programincludes a plurality of nodules, -
conpri si ng: TR2@enory for §36¥$ng a contrdita®ighent, codedkegment, data
segnent and type segnment for each of said npdules; a sequencer coupled to
said nmenory for receiving BUSst¥ct i ons f ok i d code s $it and for
providing control signals for said conputer;- a first progessing neans .
coupled to said nmenory foﬁtﬁégbiving first signals fronYEgﬁ?rol segnent s,
data segnents and type se nf s and for manipul ating sa&gn{List signhal s
under control of said control signals fromsaid sequencer; a second o
processi ng nmeans coupled to said nmenory for receiving sggged signals from
said control segnent and type segnment and for manipul ati ng said second
signal s under control of said control signals fromsaid sequencer; a first
“bus for coupling said first signals fromsaid nenory to said first
processi ng nedhusgncomputerupnoill tegnates dadnasaappdrdatispLoeessi ng neans
to said nenory; a second bus for coupling said second signals from said
menor ympd epaend ingcdhe archdd=atyunedas deed deserpbedg sTheatsmpuversasd
second processing nmeans to said nenory; _ .
particularly useful for use with fourth generation computer N\

languages.



- 80 - an address bus for providing address signals for said nenory, said
address bus coupled to said sequencer, said first and second processing
megns and said menory;’ said control segnent including control segnent
haq afirst field, said first field containining discrete values or -
p0| ers to data structures in said data segnent, said first field being -
coupled to said first processing neaas&px said first bus, and a second

field containing pointers to type descriptors in said type segnment, said
second field being coupled to said sS€LAIM$ processi ng neans by said second.
bus. 6. The conputer defined by cf[aimb, wherein said first and second
processi.ng nmeans operate sinultaneously under the control of certain ones

of control signals 1r onAsdiigd tak goepurer . £oF. operaﬂng upapuat progtteh iwhidh by cl ai m

5, wherein said dat t f nput er
defined by claimb5, ﬁvﬂgrgée?% gg‘%xglg@rr%f;&rogso S ore rlegg’cﬁmo&lglg
nodul es a queue segnent 3dRAMOEY rtioRgSteFaRgy dar mach of ag@sleset ween nodul es

representing tasks. 9. g cc;ﬁrp_gopg@ggg,ﬁrcdﬁg iniRg SohtebRigdgme &l n said
menory additionally stores .for ea ﬁ I,d nmodul es an Ingcgg%% gnent

contai ning |ists of r?ﬂfféﬁ‘f%‘“&u’t?i‘a‘é“@é? ’ea%r’rl"éﬂc&ré ssible within
sai d nodul e.. 10. paramecensuand 1dedlibyedediyred abjedis, i suiductintgoh segmert

words containing a kind descriptor which identifies said
parameters and locally declared objects as belonging to one
o ‘of a plurality of object classes;

a code segment containing instructions for said computer
relating to said module; '

a data segment containing data;

a type segment containing type descriptors for types
declared in said module, said type descriptors defining
constraints of objects of said type; '

a processing means coupled to said memory for creating
frames in said control segment for activation of subprograms
within said module based on said activation records, said
frames canprising a plurality of said control segment words for
each of said subprograms' parameters and locally declared obiects
and for é::ecuting said subprograms within said module by
obtaining instructions from said code segment, said instructions
referencing said parameters and locally declared objects
within the current frame for computation, constraint checking
and privacy checking a portion of said control segment words
directly representing a value of said objects or indirectly
representing a value of said objects by referencing data in
said data segment, said control segment words of said current
frame referencing type information in said type segments for
said constraint checking and said privacy checking.

2. The computer defined by claim 1 wherein said memory
also stores for at least some of said modules a queue segment |

* c L L | S *



|soJ ation unit for extracting bits fromand inserting bits into words of

& .

data segnents, said field isolation unit being coupled to said nmenory
said first and second processing neans. 11. The'conputer defined by
ai/mb, or claim10, wherein said control signals fromsaid sequencer
ompri se mcrocode address si gnals. 12. The conput er defined by clai'm 1M S

wherein said m crocode address signal g?are al so coupled to said field

i solation unit.

The conputer deP?ned by claim5, wherein said first

and second buses %ngt con%%g%? Clgésssa%égrp?o%%hg %ge etc8@’a° upI ed to an

interface circuit

t em bus.
said processing means ot modules represent:mg tasks.

3. The computer defined by claim 2, wherein said memory
additionally stores for at least some of said modules an
import segment which contain messages controlling accessibility
by said processing means of objects in different ones of said
modules.

4, The canputer defined by claims 1 or 3, wherein said
obiect classes includes packages, tasks, discrete objects,
floating point objects and arrays.

5. A canputer for operating on a program which program
includes a plurality of modules, comprising:

A memory for storing a control segment, code segment,
data segment and type segment for each of said modules;

a sequencer coupled to said memory for receiving
instructions from said code segment and for providing control
sighals for said computer;

a first processing means coupled to said memory for
receiving first signals from control ségments, data segments
and type segments and for manipulating said first signals o
under control of said control signals from said sequencer;

a second processing means coupled to said memory for
receiving second signals from said control segment and type
segment and for manipulating said second signals under control
of said control signals from said sequencer;

a first bus for coupling said first signals from said
memory to said first processing means and for coupling signals
fram said first processing means to said memory;

a second bus for coupling said second signals from
said memory to said second processing means and for coupling
signals from said second processing means to said memory;
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an address bus for providing address signal..s for said
memory, said address bus coupled to said sequencer, said
first and second processing means and said memory;

said control segment including control segment words
having a first field, said first field containining discrete
values or pointers to data structures in said data segment,

- said first field being coupled to said first processing means

by said first bus, and a second field containing pointers to
type descriptors in said type segment, said second field
being coupled to said second processing means by said second.

6. The computer defined by claim 5, wherein said first
and second processing means operate simultaneously under the
control of certain ones of control signals from said sequencer.

7. = The compyter defined by claim 5, wherein said data
segment stores records and arrays.

8. The computer defined by claim 5, wherein said memory
also stores for each of said modules a queue segment.containing
synchronization messages between modules representing tasks.

9. The computer defined by claim 5, wherein said memory
additionally stores for each of said modules an import
segment containing lists of objects outside said module which
are accessible within said module.

10. The computer defined by claim 6, including a field
isolation unit for extracting bits from and inserting bits
into words of said data segments, said field isolation unit
being coupled to said memory and said first and second
processing means. '
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1. The computer defined by claim 6, or claim iU, wherein
said control signals from said sequencer comprise microcode
address signals.

12. The camputer defined by claim 11, wherein said
microcode address signals are also coupled to said field
isolation unit. ' |

13. The computer defined by claim 5, wherein said first
and second buses and control signals from said sequencer
are coupled to an interface circuit to allow said computer
to be coupled to a system bus.
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