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_ Abstract A

. v

— . This thesis embodies the design ofva'capabflity based

- stack processor best suited for execut1on of programs in the
newly proposed language Ada. Hence the pr1nc1pal emphas1s

in, the the51s fis on the structured »development of;*a
. . ' : : .
processor that reduces the semantic gap between the programs

wr1tten n Ada and the object -code produced by " the -
prociésor '

‘One of the 1mportant features in Ada,.pthata makes- it

'different- from{ other W1dely used programmlng languages, 1s :

i
o .‘

its fac111t1es for. data 'abstractlon. ‘Moreover a hlghly

' 'des1rable characperlstlc of a rellable computlng env1;onmeht

is’ that it shou d support eff1c1ent executfon of a' process
.kinvv a .- numb"--of"small protectlon domalns I1mplemented
'iaccordlng to the pr1nc1ple of least pr1v1leges Both the‘
,above fea ures are owell ¢ supported “in 'the‘ proposed
garchltect re through the def1nlt1on of hardware recognlsed
;ob]ects alled packets and.tagged capabllLtles. ' |
Ad‘ program (on a conventlonal archltecture) reveals that a -
con51derable amount of executlon t1me is. spent in ’execut1ng.

: compller generated. code lforp Procedure Call Return,“<

51m1larly a 51gn1f1cant proportlon of the executlon t1me of .

g

Analy51s of executlon characterlstlcs.'of: aﬁy~btypica1A”'”



;‘aniAda,proéess; exeeuting in a'-protectioh system that is

built"eround the pr1nc1ple of ieast pr1v11eges is devoted

\

to frequent domain sw1tchrng. A new de51gn methodology

proposed _that facilitates_ the. -choice  of eff1c1ent

-

languages are used. -

_ arcitecthral‘ support (hardware/firmwére)' fo these two

meChahisms. " The methodology is based around the deflnltlon

‘-of::a fheﬁ’: complex1ty. measure for - exo- arch1tectural

’_compbnents.

A con51derab1e portlon of the thesls is devoted to the

"e-descrlptlon. of ’the' hardware organlzatlon of the processor
fgand the assoc1ated capab1L1ty mechanlsm.; The\ ch01ce'fof
‘"i_1n’truci tlon forms and other -arch1tectura1 features are.
:JUStlfled through cr1t1cal analy51s of proposals ‘agallableQ;“
h in the“rrelated l1terature. . In absence of any ‘dsage‘

stétiStiCS for Ada, su1table statlstlcs for other Algol llke

Cer
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Chapter 1

’Introduction ‘ ’ R

. In recent years, many efforts are belng made to develop_

apprdprlate 1anguage ‘and’ -system supports for large scale

[}

‘software development/ma1ntenance and rellable software. The

complexlty of any, large system is more manageable when it 1s
'.decomposed 1nto relatlvely stable subsystems... ThlS ‘was'

suggested by Simon [51m69] ‘as a- common organlz1ng pr1nc1ple

s -

Off all complex_‘systems. t'ln 'the domaln of software ]

engineering, s1m11ar not1ons' of | h1erarch1ca1 complex1ty

o . \

. of iethe“ concepts- of structured programmlng, vprogram

h'modularlty and . 1nformat10n h1d1ng [D3368 Par72] .Various
'-programmlng laﬁguages-.;f MODULA ALPHARD, CLU,-eth; haveaiﬂ
‘been proposed to: consol1date these. concepts -[Hor83]. “The

."ude51gn, of programmlng language Ada could be con51dered as a

B decompos1tlon have been advocated through the 1ntroduct10n,-"‘

ccu1m1nat10n of .all these efforts.- ;Cne'~of'vth prmmejf.

:objectlves afor' the des1gn of Ada was to propose a languagey

“that offers 51gn1f1cant advantage in. large scale_ software~':

idevelopment.;w;.Ith prov1des.vexcellent features hfor_idataru’

[y

llpabstract1on and modularlty

‘:‘th" isr well understood that }~of::the‘?majorzy'”

hfrequ1rements for 1mplementat1on of“ rel1able ‘Software.'areff;

'gIL1n76] (a);‘execution' of: processes "1n small protect1on

'fﬂcfx.the concept of' abstract data' types and‘1nformatlond

hiding. . &

'*f-domalns and (b) system structure to support 1mplementat10n;;



This4thesis'embodies the design of an architecture that

';has‘the folloﬁingjobjectibes:~' . .‘_ﬂ - S )
| 'e{‘ prov;de architectcral- eupport' for -.efficlent :
| eXecut1on of programs written in }da,' | | I;h ‘
b. proV1de ) archltectural - support | tcr elegant
Lo -_‘Implementatlon of the concept  of. data ‘abstifction.“.?5"
- .and modularlty as in Ada,'_ _ | . R ’
‘c.' provxde »support vfor '1mp1ement1ng—the pr1nc1ple of
c'least pr1v1leges" (smell protectlon.jdoma1nsz. endjv"'
.v@§i" ' f%ex1ble sharing. | : ) RE A ER
' These, arCh%tectgfeli'features;_facilitate ,deyelqpﬁept Tend*
iﬁplementatieﬁ ‘Qf,‘large. scaie areiieble. softnefegt }the‘Jii,lﬁ-
!ocjectitevof'the proposed'desiéﬁ is represehtedxin f?&é"l&,igfi ekﬂ
(the'e'arrews}.‘betﬁeen . the. blocks fatey;to ’beefteed;f%$g TX%
supports"/"fac111tates ) e‘. o ‘ e. /)' R i?f?;,Fi
B ‘ o v 't' T o lf.”jfff ;gf";@
1. 1 Language Ada and the Arch1tecture . ; . R . ;;;

A review of the research efforts'_ih'fiéhguageCriehtedf?{a} -

yacchltecture ,de51gn"fevealci that the‘ptimﬁry'aim Ofbsecﬁt“5  o

effbrts‘is td redcce “the semantlc gap between the hlgh level i
langua@" (HLL) d;_the arch1tectuge .that wou%g execute L -
progremeﬂgrltten 1n the language. ‘ Such 'archltectures are ;f_:i_i

genereily categorlzed 2 into the,'ciasses.. of hlgh level 7"

language ,"‘ architectureS' - and. . language dlrected

archltectures"[MyeBZ] f
. '. BC . 7. :

__________________ S -




' SUPPORT FOR LARGE
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‘The bcharacteristic feature of high—levei' -1anguage.
architecture is‘ that"the high-level language" is either«_

considered ds the ,assembly»llanguage of the"machine or”
interpreted directly by microcode ”or-.hardware. These

65 K . -
arch1tectures practlcally ‘reduce the semantlc gap to zero

but havg ‘severe dlsadvantages and 11m1tat10ns that make them

: pnactlcally_inieaSLble [Mye82,_D1P80]
| . "The language dlrected approach to archltecture de51gn
1mp11es an exo- archltecture [DasBZb] that 1s designed w1th17
'hlgh level languages’ in m1nd such = that thls th1nk1ng‘
‘permeates all of the archltecturaI de51gn dec151ons [Mye82]
The operatlons and data structures frequently used by the
programs uwritten‘ in 'the HLL are usually \supported ‘by
.Semantically ‘t”equivalent' : exo arch1tectural : features.f

,Essentlally an attempt is 'made to evenly dlstrlbute 'the

| -_complexlty- of the HLL program to machlne laﬁguage mapplng,_

»1'between the compller arfd. the 1nterpfet1ve mechanlsm ‘of"the,a-
"farchltecture -p(mlcroprogram : or' hardware; . The ‘.design5
‘ propoSedrrnﬁthis thesis is an-archltecture dlrected _tdwarAs
o As far as archltectural support is concerned vAda- is.
'»another block structured Algol- llke language w1th addltlonal
fac111t1es of modularlzatlon and data abstractlon. ~In most
' ofﬁ tne; prev1ous -Algol—llke' languages,v procedure was the_t
fprlmary abstract1on mechanlsm | Tﬁé datat abstractlon indfa;'

7programm1ng language 1s a mechanlsm wh1ch encapsulates the

3 The archltecture as v1ewed by the compller wrlter.y



.representatlon and‘ allowed operations of a data type. The
representation of the type remalns 1nv151ble to'.the user.l~
An . object of, the type is allowed to be manlpulated only by-
‘the operation specified by the . 1mplementor -and spec1f1ed'
ulthin the eneapsulation}. Ada deflnes an abstracZ/éata type'

through the use of Package modules and 'Private  type
_ 3 jace . .

- S

;declaratlons [GoH81] L L L ' - ‘ A
Numerous proposals have been made for'language-directed,l‘
or HLL'architectures'for bloCk—struCtured languages’[MyeBZ].
Among the commerc1a1 arch1tectures, a--Series .of 'machines
from vBurroughs [Dor7g Org73] 5, ICL2900 fBiBBO} series
"of@machinesi(to‘name a few) could be eonsidered to Dbe
directed towards, Algol—like languages;_‘ So"theu‘obVious
' question arlses; what are the new features in the proposed
architecture :that makes‘ it dlstlnct- from:‘the""earlier
design55 The'following'paragraphs uould‘ be‘ {ndicatiue uof
: some of the d1st1nct1ve features of the archltecture.

A feature that d15t1ngu1shes Algol 11ke languages from-
' other procedural languang‘;is the‘ mechanlsm of varlable
addre551ng that 1mplements the not1on of scope/v151b111ty of‘
,free_-var1ables 1n these languages. Varlous technlqhes for
1mplement1ng thlS mechanlsm at the - comp11at1on level have.
fbeen proposed"in' the.”llterature.. One ;ofv the earllest o
techniques‘ ford 1mplementatlon , of‘ varlable addre551ng o
mechanism isf due to Dljkstra [Dij60] and one of the latest'
hjone is due to Tanenbaum [Tan78] GLUntll recently [Dep82a] no :

- formal - performance anal*91s of these proposals was reported

. 2



in the 1iterature.- Some of the architectures have provided

|

support for variable addressing = in = block-structured
Ianguages but designers did not prouideAany formal argument

for- the ch01ce of the architectural support. 'Oniy Tanenbaum

'informally jUStlfled the support in his proposal [Tan78] by

'relating it ~ to usage. statistics of .the language under .

I

_ block—structured, env1ronment . for-- enfor01ng - pthe

con51derat10n : : - .

A new methodology is proposed in this the51s that not -

only provides a formal basis for performance‘analysis of

these mechanisms but directly indicates the most suitable

]

architectural  support. for  the’ execution of _ the

block-structured- language under consideration. The two new
complexity measures - virtual transfer complex1ty and real -

'transfer complexity, proposed in this thesxs,- prov1de thef

basis for tve‘methodology.

It should be noted = that. a significant‘ amount'?off

execution ~ time is .'spent "inf_‘management “of  the

-

'scope/visibility‘ rules of these languages. The chOice of

e the variable addre551ng mechanism directly xnfluences;fthe”;

omplexity " of 1mplementation‘.of PPe Call -PPe'entPQ; Post
\

" return and Post exrt sequences necessary for the maintenance;
" of the block structured env1ronment.‘ The h1gh frequency ofu}
;usage of procedure ‘call-return ‘and - block,~entry,ex1t in'

| structured'-programs. is ”ueil'ﬁnoun‘tbepSZh,:Ten78, MyéBéj.-

.~

It should be obv1ous from 4thej above *discussiOn; that the

-design of the archltectural support for variable addre551ng

v . . _’ . N . ‘@ .



plays 1af'key role “in ‘determining . the 'efficiency of ‘a -

.-

language dlrected architecture :for_ a block structured

. language 11ke Ada. The above mentioned methodology has been ’

used in the de51gn of the »archltectural feature for. the

var1able address1ng mechanlsm in the proposed de51gn.’

Ada supports separate comp1latlon of program units ~to

_Fac111tate_~large__scale__software~development. The_program

k‘un1ts in Ada are - subprograms, packages and taSks[GoHBl].

'In thlS proposal thef storage 1s not v1ewed as-a llnear
: N ,

“sequence of words' rather it 1s v1ewed as a set of objects.

Thev word' object'" s1gn1f1es fa~_group of related storage

elements w1th the same 11fet1me. A simrlar-_v1ew_,of:pthe“‘
storage has been adopted in many of the recent proposals for

new’ archltectures [Mye82] The comprled.'vers1on of the'

above - mentloned programl units ‘are répresented at ,the'
archltectural level as hardw1re/f1rmware recognlzed ’objects;
called Packets. A packet _canf encapsulate the comp1ledﬁ;f
version of a’ package, one or more‘subprograms. ‘The packet B
h3$' some - 51m1lar1t1es"w1th thelmodule object in the SWARD
”a_arch1tecture [Mye82] AL closeri look ‘at the.‘functlonalb'
- characterlstlcs reveals the superlorlty and the dlStlnCtlve
_%eatures of the proposed object ~in fthe. context of Ada.'

Archltectural support for multltasklng has not been included

in thlS prel1m1nary ver51on of the’ des1gn. ‘ ’ ﬂ‘ ¥:-'

Some of the new features 1% Ada that are supported byT.

the proposed de51gn are 1nd1cated‘below,"

1. Ada prov1des fac111t1es for data abstractlon through the ’

1

v



use of packages and _pribate‘ type declarations.:b-The
proposed architecture - provides a new. and .eleéant
.mechanism for implementation'of‘abstract data types.> ‘
vé. The 1an9Uage~ allows dynamlc arraYS and» discrimihant
-records:"ﬁThe actual representatlon of these comp051te;

s

'structures mlght not ‘be known unt11 the . executlon time,

The———_archltecturem———has————adequate features for
representatlon and manlpulatlon of such objects (which
includes support for run time subscrlpt bound check1ng)

3. Ada .allows declaratlon of subtypes and definition of

subranges} Furthermore 'subranges éould be determlned at
run time. The architecturé introducespnew primitiver

"wdata types and _instructions that ~aijlbwln"eﬁfi"cieht |

'-1mplementat1on of :run time constralnt checklng |

‘:4. 'The. semant;cs of the parameter mechanlsm in Ada and the

.nece551ty of dynamlc type checklng pose a ;newf problem
for ‘the 1mplementors of ‘the' language..'The-prdposed‘
‘:desigd 1ncorporates an uhconventlona& but ‘efficient
..l'feature ' in_ Athe archltecture \that ifacllltates _the
‘;handllng of Ada parameters.‘ . |

o '1.2 Capab111ty based address1ng o o 3 ‘L L '49;

" The. concepts 'of - capablllty and vcapablllty based

1 protectlon &ere‘ 1ntroduced by Dennls and VanHorn 1n thelr'

.pc1a551c paper on "Programmlng Semantlcs for Multlprogrammed

-

bComputatlons [DeV66] -":A : capab111ty fa, pair (x,r)

'{»spec1fy1ng the umlque name (loglcal address) of an object x



(]

,and set of access rlg

\

) 'capablbﬁty, enter etc ) for X [Den82 Mye82 L1n75 Sa§75].

The capablllty is a- tlcket in a sense that posse551on of theid

hts (eg., read‘data, nrite"data}ffread

L2 ST

g
'

capabxllty undondltlonally authorlzes the holder rﬁaccess to”‘f\

X. V%rlous "systems' ‘have used capab111t1es ,1in qu1te

I3 . . -

@

&

dlfferent ' ways, .but '?- capablllty- representatlon wouild .

- 142

generally—héVe the follow1ng_attr1butes
. a capab111ty 1dent1f1er, representing.a‘systemfﬁidev

unlque name for an object (often the 1dent1f1er has been#

aloosely used as a capab111ty ‘in the 11terature) and

&,

b;-a‘set of access ‘rights that the.capablllty'allows ;

to the object that it: names.

. As mentloned earller, ‘the storage in this _architecturer

s

is v1ewed as a set‘of ‘objects. These objects are. created
via machlne 1nstruct10ns Jand .are named at ‘the ~t1me of
'creatlon. The ‘names aré returned to the creatang process.

“L

These names/ 1dent1f1ers represent loglcal addresses of the

'objects.. The_uterm..capab;llty@ as used"in' thlsi thesis

represents an occurrence of these name§. Moreover it is

vooF b

enSured that these  names are- .system-wide unique and are

‘ never reused 1n the 11fet1me of the system

‘. The pr1nc1ple of capablllty based protectlon implies

that ‘a. process could access an object if and.only 1f_iti‘has

the capab111ty f r“*the obje - w1th approprlate access
:rlghts. ThlS leads to° the ‘notion of capablllty based:
'-addres51ng [Fab74] In ‘a2 - system Vusing capab111ty based

addressing,r;a table 'is maintained in the system that.

-
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"contains the 1nformat10n requlred to "translate a 'logicai_
_address (capab111ty 1dent1f1er) to a phy51ca1 address 1n the
;_,prlmary memory When a system 1ntegrates capab111t1es “into -
the hardware .itor ' memory addre551ng | mechanlsm,,ythe‘
'archltecture‘.js-‘generally categorlzed eas~‘a'}‘capability

'arChitecture' In a Capabillty archltecture[avcapability is

1nterpreted on each—reference to—pﬁrmary memory. — ) ’T‘»

=.A protectlon. domaln is- an 1ndependent local address B

space def1n1ng the total set. . fn addresses that fcan. be
formulated by a set of 1nstructlons [Mye82] The well known d
pr1nc1ple of least. pr1v11eges propounded » _.a de51rable‘
characterlstlc fo; protectlon models for secure and rellable
computatlon 1nd1cates that a program should have ‘accesslfto
only 'those‘ objects 'that - are necessary ’for ‘successfuif
fekecutioni'of lth programr [DeV66 ,SaS?S,.'Llnid,"db?nBZ;
Mye82] h.vThis "prlnc1ple dlctatesf that'ra process”shoUId‘
rexecute rn a: nmmber of small protectlon doma1ns« ﬁsualiy- a
;V'protectlon‘ domaln is assoc1ated w1th a protected procedureh
‘LDeV66 L1n76 GrD72] and a process is executed by _calllngdf
chese protected procedures. The 1nstruct10n representlng a'
call to such a procedure,‘ durlng the executlon_tof ‘the .
_process,pris’ referred toras the"Enterddlnstructlon 1n the:i

‘literaturet The executlon of an 'Enter ,1nstructlonf causesv

sw1tch1ng 'of protectlon domalns.b In:~a system fu51ng*h_'t

capablllty based addre551ng and protectlon, 'ay protectlon.]'

domaln is. character;zed by a set of capabllltles.

——



[ ) - S B

.Th¢ ;principal mot1vat1on in chooglng capab111ty based -
addresstng as the ba51c address1ng medhan1sm in the proposed
archltecture was to prov1de eff1c1ent archxtectural support
- for 1mplementatlon of packages and abstract data types in

‘,Ada. In' addltion_'to prov1d1ng ‘this support the use of

mrfcapab111t1es and capablllty based addre551ng fa0111tates

rlex1ble 3 sharlng and_—run—_time"—1mplementat1on“—of——*the————4——
-pr1nc1ple of least pr1v1leges [GrD72,.Fab74,--SaS75;‘ L1n76

’Mye82]

In: thlS proposal a protectlon domaln 1s assoc1ated w1th

f a‘packet. The granularlty of protectlon m1ght be con51dered

Hto be coarser than most ‘of_ thep'capab111ty archltectures
‘proposed earller (e g., sYstem 250 'IAPX 432, Cambr;dge.CAP
computer-etc) LIt 1ntroduces the notlon of uSer‘controlled,‘.
dranularity' of. protectlon ,.1fn:zthe: sense_rthat a packet
object could represent one or “more’ than.téne{ subprograms.
';The f1ner granularlty could be ea51ly ach1eved 1f each and
every subprogram is complled separately and thus would get
_represented as separate packets.. ‘This- optlon is prov1ded to
ffac111tate eff1c1ent executlon of Ada programs.h idﬂ 1.‘.i;ﬂ f}ij:
| Capab111t1es have obv1ous 51m11ar1t1es w1th the segment ) '
;descrlptors used fin;; systems u51ng ' segmented , memory
k’management.,_;T‘ pr1nc1pal drfference is ‘that capabllltles
eprepresent systemw1de unlque ?:names -'AAa - handllng 'ofv;
capab111t1es does not 11e with any pr1v1leged state of the o

'system._ Thus capab111t1es may be ea51ly passed between

protection‘ domalns,_; providingl flexlble_.but controlled



sharlng of data and procedures. The use'of Capability based'

addre551ng as an unlform method of- addre551ng shared objects L

has been ably demonstrated by Fabry [Fab74]

' An 1mportant requ1rement ffor‘ 1mplement1ng capablllty

_Lbased addre551ng ahd protectlon is that there should be someh

basic - mechanism in the arch1tecture that dlstlngulshes 3

12

capabilities — from data. ‘ There —are. essentlallyvﬂtwo

‘approaches to prov1de thlS d1st1nctlon.: A brlef explanatlon E -

t.of- these Htwo approaches for. capablllty based archltecture‘ -

i de51gn is glven in Chapter 2.

-

In this archltecture ‘the capab111t1es are’ cons1dered as
v'a»pr1m1t1ve data type 1n the machlne and the - deflnltlon {ofj
_the harchltecture 'prevents any ‘user program to: fabrlcatefyf
capabiiities; Every object in the archltecture 1s addressed”
_sthrough a capablllty. The objects 1n the archltecture that[
are protected through _the ‘capablllty mechanlsm 'are. ‘thé;

_ proceSngstack_ segment packets and ob]ects created in the"

h . .
eap.. .

‘One"cOmmon> objectlon g o ‘the use of capab111ty basedf"

.archltectures 1s that 1f every Eddress 1s resolved through a

'capablllty, the addltlonal 1nd1

Wleads to 1neff1c1ent executlon. fIt“ is ~a1most, unlversally“
,accepted f that .an system that allows fimpiementatlon':ofﬂ

: pr1nc1ples of 'least pr1v11eges »and ;'fall safe default”’

oy

_(age.,‘ access based ‘on exp11c1t authorlzatlon) prov1des a

more. secure _and rellable computlng»'env1ronment [Sas?6 B

ection 1mp11ed in the scheme'j'

4 Den80;»‘Den8é,. Mye82] .'AI system u51ng a capablllty based i
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"bproteCtion mechanlsm VWOuld‘easily“allow the implementation

of these pol1c1es. ‘But the executlon t1me overhead 1mpliqd L

in ‘frequent adomaln »sw1tch1ng makes‘ these archltecturesf

‘unattractive.. The ‘proposals of.'architectures that use .

etagged/ capab111t1es _ [Mye82 , Den80 Jag80, W1f72]_u' |

'.51gn1f1cantly reduce this- o?e{head (explalned in chapter 2)

The .use fof special 'regléters to fac111tate _capablllty“,

addre551ng [Eng74 Den80] leads to reductlon of the overheadfnvv

oﬁ '1nd1rect addre551ng The proposed arch1tecture usesQ o

'capab111ty reglsters and tagged capab111t1es.

N

-

i1 3 Organ1zatlon of the theS1s

A

The next chapter 1ncludes dlscu551on on the twoj-major.

”bapproaches to representatlon and handl1ng of capabllltles 1np:

':the exlst1ng capablllty arch1tectures._ It also ontalns a

""brlef d1scu551on on the advantages of the tagged capablllty'-i

B representatlon and self 1dent1fy1ng data (1n general)

Chapter 3 deals w1th the issue of archltectural support“jij;lf

':for varlable addre551ng in Ada.- Two new complex1ty measures";‘:-

:for-'exo archltectural components developed andv- hé.';f

g,measures are used as the ba51s ‘of a de51gn methodology ‘ford"

de51gn1ng archltectural 'support qu' varlable addre551ng.{;fr

:*viThe’ methodology t,isf:vflnally , used "ln5}.ch0051ng ‘the 1 }

“'»-proposed de51gn.,

'farchltectural ‘ support B for varlable addre551ng | the’f

u Chapter 4 descr1bes [th' proposed de51gn..;—All thef‘jgfv.

.dlstlnctlve features 1n the de51gn are expla1ned 1n separate_h‘fgy*



subsectlons.. The ratlonale for ch0051ng ’a‘ stack ‘orlented .
‘archltecture for: Ada ig also presented in thls chapter.bgf‘
, A summary of the semantlcs of the 1nstruct1ons proposedbf‘
9w1n thlS archltecture is prov1ded in Chapter 5. _d | L
Flnally, the last chapter dlscusses the results of thlSi'

presearch and 1ncludes some suggestlons for further study

,few cr1t1cal remarks on. two exlst1ng ;archltectures (SWARD:

and- IAPX 432) 1n the context of execut1on of Ada programs,fta‘

ha[are.also prov1ded,



Chapter 2. g H@.j

- rTwo’Approaches'to Capab:lxty Arch1tecture Des1gn
tﬁsﬁ'?he" 1ntegr1ty “f capabillty ‘based addre551ngf-or
protectlon mechanlsm totally depends on -the protection“ of
‘:theA capabllltles.yﬁllt' 1s 1mportant to d1st1ngulsh between‘

the capabxl;ty 1nformatlon-'and-udata stored_;in memory.

o

'fEssentfaily.‘there are two approaches vto, protectlon'bofv

‘.;capabllltles.;farhese,'two methods dlst1ngu1sh '_therfytwo"
Yapproaches to:hcapabilityh'architecture'udes;gn.a The tmo:,,

'{dapproaches are: . o | “E&f"b' - f’frf‘

o jiarv‘the part1t10ned memory approach .

b the tagged me‘““Y app”aCh

':2 1 The Part1t1oned Memory Approach

The partltloned memory approach 1s a natural exten51on_

d’yyof the v1rtual memory mechanlsm._ In v1rtua1 memory systems',‘”

"Vfuslng¢ segment descrlptors, _the segment descrlptors .are__fﬂ"

. stored *fin]f segments that Vb eﬁ_only acce551ble ’to{vthe
5superv1sor state of the machlne.‘ In the partltloned memory';
hi_approach tojicapablllty arcthecture de51gn,1capab111ty and-fr

7f?data 1nformat10n are stored in. dlfferent types of segments.V

dffTh data words and capablllty 1nformat1on are never allowedy]:

Affto re51de 1n the same segment Some jéf',fhé archltectures',f

;',;de51gned us1ng thls approach are the IAPX432 [RaL81 Mye82]' -

fz;fthe Cambrldge CAP[NeW77] and the System 250 [Eng72]

'giThe_f capab111t1es ;are' stored ‘].segments commonly,

X

"hlreterred ftof_a capablllty segments,; Cfl;sts'ior ,acceSSfr

. R R N —.,-b'
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segments., .'Alld the references made " by a’ program ared

interpreted “indirectly hthrough a current Cc-list., - As'
_mentioned 1earlier, a C—list or access segment“is associated
Qithga-domain‘of protéction. The capahilitiesistored in the
C-list determine the objects that could be addregsed by the

~_programlreferrihg‘the,list The change of current C-list is

'equ1valent to a qualn swztch operatlon.~ In the partitioned
'memory approach the capab111t1es _serye .the purpose . of
‘1n£ormatlon '1ndentification overi andAabove addressing and
.access control | -

The capab111ty 1dent1f1es the 1nformatzon 1n the object

it names, through the k1ndv of access it .allows to fthe‘ .

| ;object. Usually access rlghts present in a capab111ty could' S

be datalrlght or capab111ty rIghts._ A capablllty can-‘not‘

' have both the r1ghts to the same object.

';2 2. The Tagged Memory Approach

In_:thls approach thef capab111t1es are d15t1ngu1shed;
A

vfrom other 1nformat10n through tags prov1ded 1n-,every_ word:
rofw memory.m “Thus ‘in thlS representatlon-every wordiin'the
memory is 'self 1dent1fy1ng [Feu73]§; The capab111t1es

"fprotected | -'the 'word level by a SPeC1flc tag that'”

. dlstlngu1shes a capab111ty from other 1nformatlon and allows‘

3h”spec1f1c _lnstructlons”/ vrpse; the capabllaty 1nformat;on,.fp

dgﬁTherefore mlxed segments conta1n1ng both data words and.."

~{-capab111ty 'words ‘are allowed 1h the archltectures de51gned

73p'wlth thls approach., Some of the archltectures of thlS hln&i

e
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‘are - the IBM System 38, and the IBM SWARD.

2.3 Domain Switching
 As mentioned in Chapter 1, efficient domain sw1tch1ng
‘is of 'ptmOSt 1mﬁbrtance in capablllty archltectures. ,The‘

operation of doma;n sw;tchlng ;n the two® approaches~w1ll be

»examined__in;tthis__section. ‘The_comparisonjis_importagt_in
the sense tha¢ the eff1c1ency of domaln 'switchipg' dictates'

the ch01ce of‘ ;a. partlcular_ approach ot' capahilityr't
archltecture de51gn for the propoSed archltecture. ) H
Each objgct -in partltloned memory. machlne’\is

represented by at least two segments, one' conta1n1ng the

data and ;one contalnlng capabllltles. In a- tagged machlne‘
\ v

dthe data words and ‘the capab111t1es can be stored :inp;the'v7‘

i

_same segment : ThlS featnre d1rectly 1nfluences the number p
of segments 1nvolved 1n the representatlon of a process.‘:;nh‘
xthe téﬁged approach the number of segments regU1red w111 be_”
'1ess and thus. fewer capab111t1es‘ w1ll be>w;equared to
represent the domaln of a process. R
Iin a‘ partltloned memory approach dombln 4sw1tchp

.ir~olves changlng of two. segments (e g. ‘con51der the ENTER

1nstruct10n, as- proposed or1g1nally by Dennls and VanHorn’>*=

[Devssl) ~g,‘ L ';"f-_'w.,;r,»

(1), change of segments representlng the code, i'e{;"a;g.

-”new"code_msegment wlll._be‘ entered by executlng the ENTERfﬂV'“

instruction; and

(i) Vchange,fof C-lists _for changing ,OE-protection
A S X B o s

?
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'domainsr | _ .
‘The~mechanism'is.explained with the_figures 2,T(af and  (b).
Theb'figure72L1t5)'depicts thefstate before,executiontoflthe
" ENTER instruction and the figure'é 1(b)*represents the state
after\ execution‘ of the ENTER 1nstruct10n.'1n flgure 2.1(a) .
the process is con51dered to be executlng in the protected

% -
Drocedure__represented__by“_the segment P1+_be£ore_execut1ng_____

§
i

ntfthe nEnter 1hstructlon.‘ctThe executaon ; of "thef Enter
1nstruct10n »causes' switching' of protectlon domaln and the
process executes 1n the protected procedure represented by
“the segment P2, 'In flgure 2. 1(a) the program counter(PC)
spec1f1es the capab111ty for the code ‘segment P1 and the B
"offset 1n the code segment conta1n1ng the Enter 1nstruct10n.
The ENTER 1nstruct10n spec1ffes ‘the capablllty p01nting :to‘.’
.t:thef new' Cc- llSt2 and also spec1f1es the offset in the new:
C- 1lst (conta1n1ng the capablllty for the new’ code segment)
_RA- domarn p01nter .DP, shown _1n the flgure, po1nts to the T‘
:‘C llSt representlng the current protectlon domaln.;.' N
Inv'af tagged machlne,‘:the ENTER 1nstruct10n may only
-tneed a change of ccde segments to enter va-rnew procedure,
',51ncepi_the capabllltles" requ1red by procedures 'can vbev
Tembedded 124the code segment The protectlon doma1n3jcould
i.bg‘ represented by fthev capab111t1es\\present ‘in'theicode
hjsegment.v The domaln change operatlon in tagged capablllty
'archltectures 1s shown 1n f1g 2. 2 _ Flgure 2 2(a) represents

-

the state before executlon of the Enter :
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\#&’ ) | } .

Minstruction .and “figureadz,z(b)* deplcts ;the, state after
erecution .of the- Enter- fnstructlon.> The program counter
‘:represents an address 1n the segment number, offset form.L;'

| Moreoyer, .it"shouldn be, noted that;‘the_'addre551ng |
“"meohanlsm 'ln:.a tagged capabillty. architecture' is much
slmplerfpthan fthe'.archltectures based' on the partftioned

—address~a—word“usrng~—capab1Iityrmbased*_————

vaddre551ng, a capab111ty for a segment and the offset of the

\

word relatlve ‘to the base of the segment must be spec1f1ed
*Inf'the partltloned memory approach these two components of

-A‘the address cah not be stored together in the same‘:segment
‘as the offset 1s represented as a data word or as a portlon'
»of an 1nstruct1on word For example,,an address to a data

dlmord‘gis :spec1f1ed as a’ trlple (1 3 k) in the CAR Computer

o {New74]{y The component ‘i selects one; f 16 capablllty S

'Segments,gfltfselects : capab111ty from the segment and k-
"sﬁééifiegfthéi offset This‘feXtra<-level Tof Jlndlrectlon'-
requ1red to ?:spec1fy a capab111ty 1n one of the capablllty

'segments lisf"notf requ1red in tagged archltectures. :'An
tfladdress could. be dlrectly spec1f1ed by (capablllty,
7offset> palr.\-l-?f!;"i SR -;4_‘?' vf 7>7.f:.ﬁ.]'%y* |
» The above dlscu551on 1nd1cates that tagged capab111ty
:archltecture allows faster doma1n sw1tch1ng and operandf
1address1ng ' These were the two factors that were con51dered

:ffor adopt1ng the tagged capab111ty approach 1n the proposed @f

'_de51gn.-,}7‘

wa



) 2.4 Tagged Arch1tecture ‘A~".'. e ﬁ\g

'jThe tagged _ capablllty approach to{’J capablllty.-

' ]_archltecture de51gn 1mpl1es that each and every word of- the.
rymemory would have a tag f1eld 1dent1fy1ng the word "vIt‘,is"

hlmportant to analyse whether the tagged memory approach f1ts.r'

o/

~in w1th.thevother objectlves of \the. proposed archltectnreg

»'archltectures are summarlzed belOW‘”.

5-'spec1f1cally orlented towards Ada.

The uses and advantages of tagged archltectures have

“\

been - adequately ; demonstrated B :inr" the l1teraturevl_'

'[Feu73 Mye82] | Some fof; the{ sallent 'features of tagged -

&
af‘ﬁ;ns_a tagged archltecture the . data representatlon is
'*self 1dent1f1y1ng _ The self 1dent1fy1ng nature Lof’;{
'fdata : allows_ﬁuse_f f-.generlc- 1nstruct10ns.-ﬁVThe.
bd.ﬂarchltecture def1nes generlc vnstructlons, thusf ther;:
;jlnstructlon set ‘is 51mp1er.:x | o

e ..
7 s

.'b.r“Tagged fi‘archltectures:,;,alloW‘“ﬂ.aUtomaticF' data'

. conver51on. It has been shown by Myers that a large,»”

>

,.portlon',of the:executlon t1me 1s spent in exeCutlngv
;compller‘ generated .codef‘ » data conver51on:pin}'”
5T;non tagged archltectures;.t“_:;Afdlf';,f,hh'}; o
ﬁudfc,;ﬁln- tagged archltectures the b1nd1ng of 1nstruct10n
h‘-wlto data attrlbutes is deferred tlll 'the executlon”

'tlme.? ThlS prov1des 'executlon peed beneflt for'

;’languages requ1r1ng thlS feature of late b1nA1ng
d,i‘Type checilng at executlon tlme‘, S’ autom'tlcally

”fdone_’{in » tagged 4gar¢hitectﬁresfhv(the_‘n cessaryf*'
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sequences " for type ‘checkrngf,are' embedded in theA
| mlcrocode/hardware) ‘This ' feature e11m1nates the
»‘nece551ty ' n comp1ler'-generatedjcode for ‘run time

type checklng

E There are. two approaches to the de51gn of the tag f1eld'f'

C - long tags and short tags.v The long tag approach 1ncludesf‘f"

type as'»well as descrlptor 1ntormatlon 1n the tag tleld.

The usefulness of long tag f1elds have been demonstrated by,f"

-‘Gehrlnger [Geh79] and Myers [Mye82] The type 1dent1f1er.’T

.'part of the tag spec1f1es(the format. of thev descrlptor land';
N «

the .descrlptor part deflnes the format of the contents of

-

"tg\f_ “.the Ycel}fk A cell can be arbltrary expanse of memory. hef

vflong‘ tag approach allows’ representatlon of arb1trary cell‘°"

':types- and fac111tates 1mplementatlon of ‘the-grunf. tlme“d
structures f_ languages hayinghfexecutiongﬁtime. b1nd1ngd;"

ﬁ:;featuresg'"ir | | P “‘ B e )
s .hda -isr a strongly typed 1anguage [Hor83] Exceptlngb'

for theh'f‘u' cases (mentloned 1n Chapter i);,;the type.jf

compatlblllty of operands could be checked at complle t1me.t:;f'

~

beneflts for‘ Adal,programs.t;.As_ entloned earller, Ada:

e
23
4 pa——

subscrlpts..'ri5‘;f‘:“F*-'.d "J'e~;7¢ hfyff:

'5y§1h.f-h _Th proposed de51gn uses 4 b1t tags. The ratlonale_':;ﬁ.T

behlnd the de51gn of the tag fleld 1s explalned inu éhait

';4;vj‘Th pr1mary mot1vat1on fo u51ng tagged approach

Thus u5e of long tags w1ll not prov1de any executlon t1mef?7i*h

<requrres »executlon t1me S support o for“’- run .. time . - -

”ﬁrange-conStrafnt~ checklng and bound éhsck;ﬁgf for:darray Uhc;d



: .hardware protectlon _0£ E pfimitive data tYpes"in the -
archltecture (qu1te 51m11ar to the ratlonale for tagglng in '

,'5700, 6700 and 7700 serles of mach1nes from Burroughs ‘
‘ : ”‘ . . D . . . ’

[Qor79]){



;Chapfer»B
‘Architectural-sqpportffqr Vafiable:AddréssingﬂinvAda ”‘
The impbrtance’ 

levelk Llangugée (HLL) constructs. in3’thégjdé§jgn :Qf ;fhe

instruction set -of év]lanQUAge% directed machine% or the -~

' executionf‘archite¢turé for the HLL is;jyellTiuhderSQOddff'

) . ) . _.. ..‘ \‘ “.., . ‘.,.~. -,";.
of usage statistics' of various high = -

ST
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,essentlal overhead for malntenance of the mechanlsm. ‘
It - is .well known that procedure Call/Return & Block'

:Entry/Exft are two of ,tﬁe, 1mportant and frequently usedahp

operations in .a block structured HLL envxronment. So they'

fare def1n1tely candldates for hav1ng semant1cally equ1valent‘7:;f

h'-constructs pinilthe' executlon arch1tecture for the HLL or"g

1nstructlon set of language —dlrected machlne.l_The';onei tofa

‘o

lbone» correspondence of such functlons 1n the 1nstruct10n set’_?

.fleads to effective use of 3the“ avallahle processor/memory;ﬂ

,bandw1dth [Mye82] : ThlS 1n turn 1mp11es that an 1nstruct1on j5f‘

”_llke Call (for example) 1ncludes the f1rmware 1mplementatloni“
. or hardware control for the Pre Call sequence over and aboveﬂlf

-jthe usual m1crocode or hardwlred sequences for transfer ,ofV'

Toa

w*.control - The' execut1on, performance of such 1nstructlons SR

'irwlll depend on the technlque used to 1mplement the varlable.f ff’

liaddre551ng mechanlsm. The des1gner of ‘a language d1rectedh7'~t

'iarchltecture (or the 1nterpret1ng mechan1sm for DEL)

’faced w1th the problem !_f »correctly ch0051ng the most3J

7 eff1c1ent 1mplementatlon, technlque.-; The, dlscu551on Jtoiiu

wfollow is < qu1te . dlfferent from DePrycker s' analy51sin
f[Dep82a] ‘in the sense that he has attempted‘to evaluate twoih'

, &dlfferent varlable_ addre551ng methods ex1st1ng targetf

‘jtarchitectures;A The empha51s in- thlS chapter is prlmarlly on}t>

< c -

- the * development ‘of;f at methodology . de51gn1ng hé?fﬁ'7‘

Ahardware/f1rmware support .forf‘such HLL- funct;ons._for'ta';ﬁf

'llanguage dlrected at/hltecture.
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l , . S - . RS c
: Var1ous technlques have been USed by system de51gners‘

to 1mplement the 'varlable address1ng mechanlsm -in{ blockjﬁfra
_structured languages. Four competltlve techn1qu35 that haVemff77
,appeared 1n the llterature are con51dered,n‘;ﬂ teChnquesf_f?*
dto be con51dered are."” S = SO | |

'a}'fthef c1a551cal dlsplay 1mplementat1on sgsuggested”bf:

A

-'fbeljkstra [D1]60 Dep82],_ | A o s
o b; ia mod1f1ed dlsplay 1mplementatlon as’ suggested by Rohlhf};u
© [Rob7sl, [mOl: o :
:{f¢L7 local dlsplay 1mplementationi:asr:inﬁgichdf2906fPéscai}ir
ffeifcompller [Ree80] and; also _chosen';{ford'_aah”gfrtuai‘i°

‘:\archltecture for Ada [DomBO], _ : B i;.' L
id;fjlmplementatlon of Tanenbaum s proposal [Tan78]
| When the archltect dec1des to support some of h‘ HLL; o

_functlons through an exo archltectural support [DasBZa] eiydd”

| jlset of such supports for a partlcular‘ functlon(s) w1ll ber_f:°h

']'Jreferned as an exo archltectural component or 51mply an L
fmarchltectural component 'jh?o example, ;thg»;s¢:;~dff;th¢f>* -

ff‘archltectural supports fo‘_“the HLL functlons of procedured

'-%Call & Return could be v1ewed as an archltectural component,fTF

ﬁAn‘ examlnatlon vof the executlon of. such archltecturall_JT

'ﬂfcomponents on exlstlng Von Neumann ’style f archltecturesuiafﬂ

bereveal that ;]h transfer ‘operatlon Lfs by far the mostxjhff‘

ﬁ»fpredomlnant operatlon._ The transfers could be between (a)frbf”

"lgtw memory locatlons, (b) a processor reglster and a memory{gﬁ"ﬂ

",1flocatlon or- (c) two processor reglsters._g,go_}itﬂﬂb : qulteffwﬁ*

% | |
'dreasonable to compare the 1mplementatlon technlques 1n termsfjfuj

e e
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of number fof__transfergoperations'required;to_implement’an_.
f_archltectural 'component.'on:faf target processor;;-ulfffwe7

z~con51der appropr1ate welghts f r '.h dlfferent k1nds of

Y

yftransfer and the necessary statlstlcs of program behav1our'
~'iafé; knOWD.i tbé~ average cost of execut1on of k partlcular S

“1mplementat1on of an arch1tectural component (1n terms _of?

gf.de51gn [Da583a] w1ll be adopted

“ transfer 'welghts) _onf_a: host processor could berbtalned.}'
riThls is essentlally a, techn1que for analy51s of fsu1tab111ty:d.j“?
':Af host processor Support f } 1mplement1ng some HLLjV
'-{ffunctlonSu‘ A somewhat 51m11ar study for two _ofﬂ'#ﬁe' abovei_““
‘fv_mentloned 1mplementatlon technlques (aGT&V d) ‘was done by'dxi
**EJDePrycker [Dep82b] : But the method proposed here should be;fui
afpessentlally con51dered _aS" de51gn ‘é]frather_ than -
rtechnlque for analysxs (though 1t could very wellilbe‘lusedlrkfff
.-fif_ that purpose';in subsequent phases ;orﬁfthe'fdegighf’*“
fp;proceSS) To start w1th \there 1s no need to assume Aéhid

; munderlylng hardware/frrmyare organlzatlon of the processorn” -

A

2hhexcept1ng in. that typ1ca1 Von Neumann stylez-i processor_f i

“‘:?Iﬁifthfi absence 'Off any ssumpt1ons‘aregard1ng . ggi o
;underlylng hardwar‘<-3/f1rmware _structure,llt 1s necessary tof“d
'}iuse an- abstract way of descr1b1ng a partlcular technlque forf:h
V;almplementatlon of an archltectural component. The computerff
Pﬁdde51gn & descrlptlon language: (CDDL) [Dass1 Da582a,prﬂ:;a
Eh‘DasBZb] s‘ used for that purpose._ From an S*A descrlptlon;g”;,
.”Qof an archltectural component two measures could be derlved;”'“

u*that are termed as V1rtual Transfer Complexlty (VTC) and the;'f;

T A



30

'average VTC(AVTC) i As explained in Section 3.2, the VIC .

~'measure 1s only a design a1d in" the sense that 1t indicateS-

.Mfthe m1n1mum transfer complexlty that could be theoret1cally
_-a¢h1eved us1ng a part1cular u}echn1que of 1mp1ementat10n.
‘One’ of' the 1mportant character15t1cs of an S*A mechanlsm

is that the descrlptlon of the mechanlsm rema1ns 1ndependent
T _

- of any change in. the underlylng support.i The same 1s true

,for the AVTC measure except in that 1t is dependent von “the -

o

pusage _statlstlcsj obtalned from the‘ programmlng language

lenv1ronment under con51derat1on.3 RS /;//‘-

In*fthe' next sect1on, after present1ng an overv1ew of

‘-fhow the descrlptlons of the archltectural components u51ngl

the. »CDDL S*A fac111tate the des1gn process, the not1on of

".lV1rtual Transfer- Complexlty will  be developed and Isqme

1llustrat1ve, evaluatlon 'of- VTC. forf feW' typ1ca1 S#A
<;statements w1ll be 1ncluded 4 B
Sect1on 3 2 1ncludes .a ‘brief'»review of?some ofhthebl

’h’relevant not1ons of malntenance and varlable access .in ~the .
. T .

”fvrun_ t1me representatlon ofp a ty1ca1 block structured HLLF

':fenv1ronment as that oﬁ Ada.‘ Complete S*A descrlptlons,'off

”,the ,procedure. Call Return (CR)- and Block<Entry—Ex1t (BE),Q

"*components for all the four :implementation techn1ques are

'presented i ‘thlS sectlon.‘ The sect1on also 1ncludes the ,,f"

‘”;fevaluatlon of AVTC s of the components for each technlque.‘

*'TﬂiTevaluatlng.}n_he rrealmvtransfer 'complexlty (RTC)‘ of the e

-m_,The remalnlng sect1ons are devoted to der1v1ng the

’:necessary processor support from the S*A descr1ptlons and‘

3

Lo «»0 R . o ",."(:\.
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components on this organization. A comparison of the AVTCu

. and ARTC values indicate that v'the , choice “ofr the

implementation-'techniques could ‘be. restrlcted to only the

) e

’ technlques suggested by Rohl and Tanenbaum. Moreover, it is

concluded that »the ch01ce between' these two'techniquesT

depends_on the . relatlve frequency _of procedures - being'ﬁf‘

deglared. at  an ‘intqrmediate (neither local nor élobal)

‘lexical level with'respect‘to the calling level.

@

3.1 S*A Descrxptlon and’ V1rtual Transfer Complex1ty

follows;‘

. a.

The S#*A descrlptlon fac111tates the de51gn process as

LTI

It is possible. to describe the ‘functioning of an

‘architectural ‘component at a level of abstraction,"thet

makes the description invariant = with - respect'to-the>
underlying : hardware/firmwarezlv supporting' ,QJAthe
1mplementatlon of the component. u

It is p0551ble to. formally verlfy the correctness of a

{

-'mechanlsm~ before Meny further ' reflnement of the

'\7' T
abstractlon gg ‘the de51gn process [DasB3b]

The' descrlptlon clearly fndlcates the dependence of the

,’archltectural comﬁ%nent on spec1f1c _statlstlcst“ofv the

&nqﬁ

programmlngv. 1anguage . env1ronment }Thls ) featurev‘

Lo

“Lfac1i1tates' collectlon @of, approprlate ”Statistics: of .

o

: usage.

’ The.. description clearly‘3 indicates- the  possible -

trade-offs between M & R measures [DiS79] necessary for =
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.berformance; _improvement.; If all the ‘important

architectural components' 'off a  language 'directed

architecture are considered'f'together, 'the ¢ S*A

.”descriptions' of"the. componenH ~could y1e1d a fa1rly‘f

'compiete _ hardware/flrmware y‘requlrements _for _ the

Processor.

V.Fv .. -J .’

The Virtual Transfer Complexity (VTC) -of ~the S#A
fdéScription ofi'anrvarchitectural ~component., yimplementedf
through a particular. technlque ‘is .a. meaSure' of. ~ the

cumuIative count . of, number of transfers necessary for the,"

-

executlon of the component ' Whlle evaluatlng the count all

thef_ local varlables (Prlvars ﬂh S*A) and the, global\

varlables (Glovars in S*A) are assumed to be ava1lab1e in \x/’\\\

’the} Processor_ reglsters of a v1rtual Processor.“ The array

..

types are, con51dered as reglster banks w1th usual’ selectlon..‘

\\/

mechanlsm vand ;a‘ transfer through ALU is con51dered"asca‘f'

reglster reglster transfer between ALU 1nput to ALU output.;

'Presently any parallel executlon of S*A statements w1ll not

’-be con51dered yet any - such parallellsm could be ea51ly:;

Tt o

>1 accounted f or by only con51der1ng the statements hav1ng aw'

max1mum transfer count out of ‘a few parallel statements.1

'Call Return component and he Block Entry EXlt component for,v

“rall th four 1mplementat10n technlques (mentloned earller)
_would be evaluated Before proceedlng to the next sect10n,7
the method 'ofy’evaluatlonv,of’-VTC, of. some typical_,S*A'

statements is explained. The followings type» declarations

In _Jhe. next- sectlon VTC and AVTC of the procedureyEe



 are assumed:

a.

X i= P - Q,

& -

‘tYﬁe” :M:f“Seq [..] bit ;

‘type '”A,fB’= array [.,] of M ;

x Y, P 0 ~\.'

f(An abstract Ar1thmet1c un1t s assumed with two - inputs

ALU 3. & ALU 2 and the output ALU 0).

‘ QThe transfers are.;from;P to ALU 1- from Q to’ ALU 2 a

transfer throughf AﬂU ‘ana a transfer from ALU-0 to x

;»Thus the VTC of thls statement 1s 4.

[Note: It'iS'hfésonable.to assume the presence of .an ALU

with .2~ 1nput “dV 1 output capable"of lperformfngi,'

:standard ar1thmet1c‘ and loglcal operatlons used in the
:sS*A descrlptlons of the components.- In evaluatlng he
;f;fYTCifffor_‘ 1ncrement/decrement, byb 1" operatlons,fs‘e ‘
f-dlstlngu1sh 1t from standard Add & Subtract operatrons'
iinr_the sense that ‘only . one operand 1s con51dered to be
}ﬁtransferred to the 1nput ] | - h

ftp-'4 A[X]

]

?'The transfers are: transfer 'Of“:X:jto* the selectlon:,

| “mechan1sm of the array A transfer of - the selected arrayff‘

ircomponent to P The VTC of the statement is 2,
. AIR] :='BIP + Aloll; e
5The transfers are. transfer of Q to selectlon mechanism;'
.fofi.A; transfer of the selected component of A to ALU 15

'-transfer of P to ALU 2; transfer through-the ALU AL&—O
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-

'tobselection'mechanism of-B?'transfer of X’to-ASelection_

mechanism - of ’A; transfer of selected component in- B to.

‘u.the selected component in A, 'The.VTG_of. the. statement
fis'7,.' | o : . o

a. WHILE P Q DO....OD'

":

1f cumulat1ve vTC of the.. statements _betueen "thé"k

l”dellmlters DO and OD 1s W and if the DO loop is executed“'

.om t1mes, the VTC of ’the above, compound statement isfh;“

"evaluated to be mw+3(m+1) ' The transfer”&n?olved 1n the
:, branch1ng operatlon is 1gnored ' ‘ '
) _ _

3.2 Var1able Addre551ng Technlques !

A program '“ﬁ;ta block structured language may“'fbef
”kdep1cted : a. tree to represent the nestlng of the blocks‘
’[por79]:‘ A block is’ de11m1ted by beg1n and end Thus. each‘

‘blockﬁ-may' be assoc1ated wlth; a level in the: tree and 1s_"

‘V.called the~stat1c lex1cal’level' The executlon of a program

_may 'bé v1ewed as dynamlc chang1ng of lex1cal levels. jThe}‘

-

'lex1cal level of executlon 1s calledg;'he‘ dynamlc' lex1cald_3

”level

From ‘a stat1c p01nt of view : (1 e.,lat complle tlme) a]f

._i

‘block and a procedure (dellmlted by Procedure and end) areﬁfE"W

. .,‘treated 1dent1cally The body of the procedure. (d311m1tedﬁﬂf
'dby begl“ end Palr) ‘is’ treated naturally as a block and 157“

»assoc1ated w1th a lex1cal level one h1gher than the level of-fqﬁ'~i'

BRI

declaratlon ]ijbthe' correspondlng procedure »1dent;f1er,y.'

.'W1th1n a block a varlable ls‘ assoc1ated w;th.f_-,(lekiCal'},l

S e
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'jblock where the varlable 1s declared the sequence number;
L

o

level, sequence numbér) pair. The. lexical leVel‘-compOnent

" of the pa1r corresponds to the stat1c lexlcal level oﬁ the

1nd1cates the sequence of declaratlons in the block

- The dynamlc,change in lexlcal level occurs - due ‘to a

‘the_procedure:

' hlock__lnvocatlon_or a_proceduremcall _The nature of chanqe

\

in each case could be QUlte 'd1fferent ‘»Thed'newi dYnamlc

level due to a block 1nvocat10n corresponds to the statlc

_ level of theolnvoked block in: the static program structure._
| A‘ﬂ procedure | 1nvocat1on» changes ;the dynamlc level to

"{cornespond to a level one h1gher thHan the statlc’-lévellﬂof,q

!

‘f}declaratlon ,of the procedure 1dent1f1er. »The exit OUt'of_aff'

’“-block or return from a procedure requlres the dynam1c. le&el

‘\_‘

to be reset to the level of 1nvok1ng the block or, calllng of o

\

-Jln ‘a“Tbl¢¢k*5tfﬁcﬁuredl‘language;. aﬁ'variable"ymanbél,i"
'taccessedkif”it iéh3declared='infhthe sane block - °r'.?“ ,é}j»”
‘":staﬁiéa11y7 surroundlng block i'e.;' when the varlableglsj
'dgdeclared 1n one of the levels correspondlng to the nodes ;in
~the path from the root to the node at the level of access}ln-:i o
*mthe tree. So the set of nodes on. the path from the root 'toj;ﬁtdf
'f"the actlve node could be con51dered to be characterlzlng the"
liqlex1cal levels 1nvolved 1n the. dynam1c varlable acce551ng‘
fenvlronmentr“l;in“case._ t procedure calls, the\procedurg o
.hfidéhtifiérV*i$, treated aslh?i'varlable asoc1ated” with7 a.,
"(lex1cal level T sequence number) pa1r and’ so the rules for ;p

Xprocedure 1nvocab111ty 1s the same as that of acce551b111ty5
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of a:varlable;' | | |

_f_Inr_the Ada' environment‘» blocks could be treatedfas'f

'degenerate procedures called from the level where they are
fdeflned ,The' above dlscu551on indicates that two l1nked

list- structures (or; stacks) areu needed ;to approprlatelyd

36.:1'.3- .

:renresent‘"thebh-statlcrl -and— dynamlc__structures__of‘=the_
env1ronment.‘lUsuallyfhth'f evaluatlon/allocatlon. stack‘ ls‘
:~comb1ned w1th “thesei’tuod structures to form an actlvatlon‘
fStack.' The stack frames‘correspondlng to the static program}
structure a e llnked through a stat1c 11nk and the hlstoryg

?fof dynamlc program act1v1ty is malntalhgé through a dynamlc

7.11nk nh-each stack frame. rIt. m1ght be noted that the"’

'5dynam1c and statlc llnks in a- framecallocated due to a block)-f

invocatlon contaln the same values and merely p01nt to thev SRR

'PréVidus'frame.i In a’ frame allocated o the" body ;9 @‘a”-fv-

fprocedure,"the dynamlc 11nk p01nts to the prev1ous frame but,f».:jdr

v.)t

the statlc llnk p01nts to the-‘frame where \thé -PIOcEdUer:“-

‘ident1f1er was; allocated The dynamlc 11nk nformation;fsu .

L used Tinj revertlng .hack-;_ «>the-3 dynamlc call1ng or T

h hlock;fnrocationu'level aEEééf a return from a procedure or'jf
h'exlt'fromnajblock The static l1nk 1nformat1on 1s utll;sedlﬁb
fin acce551ng ‘non- local var1ables.‘f;ffsf\{ﬁ::3 o :hfeiv |
W1th -thef above descrlptlon -lﬁ? m1nd “acce551ng Tdar

nivarlable 1n the parent stat1c env1ronment requlres followlngijl

1the”_stat1C» llnk cha1n tbhlthe., approprlate level ,Ofx:'"

;ldeclaratlon.~ Thus depend1ng on.: ‘the’ lex1cal level d1fferencen;_'”

"of access and declaratlon ‘a variable access couIﬁ ;nvolvei'

-



. quite‘a few levelsﬂof'indirection; Dijkstra proposed the

technlque ofp u51ng an extra set of dlsplay locatlons (as a

stack) to reduce thlS overhead [ngso Bac79, Hor83] a
;variable acce551ng mechanlsm 1mp1emented u51ng Dljkstra s

g proposal any acce551ble lexlcal level could - be dlrectlyh'.

B

hreaohed-~—through———the———correspond1ng—w—dlsplay———locat1onj

\ s

"aassoc1ated “with. that level Thertop of ‘the .display stack‘f;
:pp01nts tto,r'h presently actiye' framé‘ and. the remalnlng,=
"‘_dlsplay contalns.;th'-'copy of ‘thef statlc llnks-jof"the'
’accesslng | env1ronment - The,'exact descrlption 'of;:the.-
:seguencesq;rnvolved n' procedure Call Return andp;-Bldck_‘

_;Entry*Exit' are descrlbed ihk h S*A descrlptlon of the:"

K

_bmechanlsm M,.@ For ease of understandlng vtheffdescrlptlon,‘

'Flg- 3. (a) deplcts the base of a stack frame used by thlsfrf"

\

r_technlque.z A major‘problem w1th thrs cla551cal technlque 1s*
".Jihb rebu1ld1ng the dlsplay bank on: return from a. procedurer:'
Jthe number of locatlons to be reset 1s dlrectly proportlonal‘i .
':;vhtof thev 1ex1cal level d1fference between 'the levels oft

E calllng and declaratlon of the procedure., o

\A modlflaatlon to tbe above technlque was suggested bygrp

;”kﬁohl [Roh75] He observed that there uasﬁ dupllcatlon of
:5rf1nformatlonu among -the;'statlc llnks, dynamlc 11nks and the‘*f*
.f‘dlsplay : The sequences 1nvolved 5i procedure call returnfr

F;fand block entryexlt for the suggested modlflcatlon 1s glvenji’o
.tfln the S*A descrlptlon of the mechanlsm Mz.ﬁ In thlS scheme‘;i
'djthp. stat1c and dynamlc llnks are replaced by a 51ngle llnkr'

’“,that llnks only the frames that are assoc1ated wlth the same' S
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1ex1cal level.. ThlS 1mp11es that whenever ‘the content of a .

‘:dlsplay locatlon -fs_ overwr1tten (for a call or : entry) the

- correspond1ng 1nformat10n :is',stored 'im,fthe; stack frame -

assoc1ated with that dynamlc lexlcal level So 1t could be, 

PR

- oobserved that the dlsplay rebulldlng overhead after a returnf.;g

v_from——a——procedure——as——independent——of

‘ cdlfference between"the; calllng level and ufh level ‘of i

a

5mdeclaratlon uof ‘the procedure.. The rebulldlng 1nv61ves only;y‘

[y

'hthe resett1ng of a 51ngle d1splay locatlon assoc1ated'aw1th;ﬁﬁ

e

'th' stat1c lex1cal level of the procedure body.v F1gure'”
. ——i

' 3. (b) deplcts the base of a stack frame when thlS technlqueV,

i's used l -,.*'”‘~ "“;

h Another‘:varlatlon :of“' techn:que that 1mplementsﬂ:ur'

variable .. addre551ng through d1splay locat;ons lS generallyh{v“’v

'_known'as theﬁ‘local dlsplay method [BlBBO“' Dom80] 'Thefﬂ"

”'__;procedures for procedure call return and block entﬂg—exlt_g“}v

\

'.,’u51ng th1s technlque are descrlbed in the S*A mechanlsm Mg.:r~

Ln' th1s method the dlsplay locatlons necessary to represent';'ji'f'

the current varlable acce551ng env1ronment are stored 1n the o

—

»~current frame of the acetvatlon stack The current frame 1sgf
.fdeallocated on " return from Procedure or ex1t from a block
*ftThus_vthere 1s pract1cally no extra overhead for rebu1ld1ngf'
~.the d1sp1ay on return from a procedure.,”l | |
‘fA‘ 51gn1f1cant varlatlon from the above'technlques was‘J

suggested by Tanenbaum [Tan78] is' observatlon fw; that

most of the varlable accesses are’ local or global in: naturevhf

(not exactly true féf'?ah. Algol ll&e language) and thus

Lo
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‘dedlcated dlsplay locat1ons for 'non—localfﬁreferences‘ were
not necessary. J‘He’ proposed the',use -of  two dedlcated
- R TEREE - DI
locatlons or. reglsters for p01nt1ng to'nthej bases of - the .

o current frame and: global frame of the actlvatlon stack Then-f' -
fprocedures for procedure call return and block entry exit //

are descr1bed——in——the*—S*ﬁ~—mechan1sm~—Mn.' In a—prev1ous____%_5_a
'analy51s, DePrycker [Dep82a] 1gnored the overhead 1nvolved |
-in acce551ng h procedure ‘1dent1f1er dur1ng a procedure
Call, when the procedure 1dent1f1er is nelther a. ldcal nor a K
‘global varlable.‘_ In Tanenbaum .S descrlptlon thlS overhead
bis‘included ‘iﬁ, h‘ precall sequence (Mark 1nstructlon)
:[Tan78f‘ A'nc thlS technlque, any var1able that 1s ne1ther'

o | local nor global 1s accessed 4u51ng 'th F‘chaln ‘of'-statlc .”7

',,llnkS' e :p» ngri
. ‘;iﬂNote. [In the S*A mechanlsms to follow lexical level.of,the '

'froot fnode'yof"«the. program tree ;is_ con51dered rto~he*f.
"Moreover,_a varlable 1s assoc1ated w1th -a (lex1ca1 1ev§1”

;offset) palr, ;where offset 1s w1th respect to the base of

allocatlon/evaluatlon area 1n a stat1c frame]
. . o e '.'. . .

c . i




‘sptr-

e

Alloc;/Eval..'
" 'Area
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——Static Link

Dyna. ‘Link -

Rét; Address

. Prev. Dis top.|.

|" Prév. Frame Mark

FM

(FM)

‘Figure 3.1(a)

AllocWeEval., |
¢ nArea N .

| sptr

CoLink

. Ret. Addrgss”f:

'f"*@Pfgv.ADisftqp~}-

- Prev.. Frame Mark|

;iFM o

Ny

- Figure 3.1(0)

— DR (Dié top)

voe

DR (Dis top)

o
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‘Alloc./Eval.

Area
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B Base

: er‘g:‘a‘i—'d'i“'s'p‘l‘é‘y_—,“—’—"_—'*

Prev. Base -

' Ret. Address '

Prev. Frame Mark

"-bFigu:é'3.iYc)-=-

-

Al;oc./EVal;‘ K
.- Area. . .-

‘Sptr

[ stat. Link

Dyna. Lihkf

" Ret. Address:

FM .

Flgure 3 1
After Executlon of the
(b) Mz.CALL (c) M3.CALL (d) Mu.CALL

Prevy'Framé'Métk. '

'Figuré 3 1(d).’,

PR
H
i

“A” V1ew of- the Current Stack Frame Just
Procedures. (a) M,.CALL



Mech M

._type memword a seq [ ] b1t'

/* DIJKSTRA s DISPLAY MECHANISM */‘

jglovar malnmem' array [..] of memword‘g

ﬁ\syn stack =.ma1nmem;ﬂ

. Lot
2.

'f_zglovarZSptr;dErameémark;chtr .\memword'-'

b¥l

i:glomar Display:{farrayw[pé;z_ ‘-1] of memword'

tprivar_local ,stat ptr -’memword

| ~'Pfivaeris-top seq [b..O] b1t

"Proc C

. Stack {sptr] := Frame mark }3{2);.

| h_Stack [Sptr] = DlS top (2) spt :f sptr + 1 (3);c*y_jj5e

-fFrame—mark’:=¥sptf ;( 1y Sptr'-Sptr +1

gloyartlnstfreg :»tupléﬂf

'dadrpr tuple |
’ ”’ > Lex' seq[..] b1t°“':
1s Offset : seqr[,.JEQ %:’h".
”fidendtup T .

endtup, '

"-Memword

‘..“”_ -

cd

vﬁ/* stored the calllng lexlcal level number */

) A .
':/* Stored the ﬁeturn address */ _‘;_,.j.

'Stack [Sptr] := 1splay [Dls top] )\

; fsptr 1= sptr + A5 (3)

1;/* Stored the dynamlc 11nk */

les top' Inst reg adr.,Lex (1)



a3
-/* DlS top gets the lex1cal level of the block where
the procedure 1dent1f1er was declared */
lfstack [Sptr] 1= Dlsplay [Dls top] fi_f \__lf

| sptr :'= sptr + 1 (3)5'""

xp/* stored the statlc 11nk */

“-endProc,

‘Pctr .a'Stack [Dlsplay[Dls top+Inst reg—adr
:/* Address of the code segment of the called ';-
% routlne 1s loaded in. Pctr */ t o
.". D1s top"- DlS top + 1 N (3)
'/* ‘Dis top contalns lex1cal level of the declaratlonv
, of the procedure body */ o | |

Dlsplay [DlS top] Sptr r‘LZYdQ_'”

”".3 Proc RETURN

Sptr ’.—‘ Frame mark ;(1) S :
e Frame mark:;-‘stack [Sptr] )t] ’ f@l “]:]
i Local é DlSplay [Dls topl ; 2): S

'.;'TDIS top Stack [Local-- 4] (5)_y]

‘ /* Call1ng lex level 1n DlS top */
]d‘Pctr -—»Stack [Local - 3] (5) - |
Sy el d /* Return address in Pctr */
"f DlSplaY [DlS top] Stack [Bocalm- 2] (6)
'15?/* dlsplay [DIS top] po1nts to calllng env1ronment */
]:Stat r Stack [Local - 1] );' A .

/* stat1c 11nk 1n stat */




|
|
Ptr := Stack [Display [Dis-top} - s |

/* Stat and Ptr are used to fac111tate rebu1ld1ng o

;‘~'of Display” */ » ]

rLocalv:=.Dls—top : (1)dLooal = Looal —.1 (3) i

" /*+Dis- top 1s ‘kept undlsturbed */ SRR ;'
_‘;wwnILE Dlsplay [Local]“] =»stat (3[n+1]) _;’
:f;bol~. Dlsplay [Local] {a Ptr ; (2) K

Ptr f-'Stack [Ptr 1] ; (4)'”‘

3/* Ptr 1s used 1n traver51ng the statlc chaln */ '

a""c :

\
|

Local = Local -1 {'(35:' L ._'.' - cl,_ﬁv‘
/* (n+1) 1ex level d1ff between ’ | | }
' i
)

“the. calllng level and leVel where

procedure 1dent1f1er was declared */ ‘ 'd-j . %?
:endProc- : xf Lih;f;:’f‘.t' f'ﬁx\ | 5;
Proc ENTRY- p::,va _a.;jd, '(];r\f~ | ia.."'* txtk7 ais
| STACK [Sptr]' =‘Frame mafk (2)d o | E'
‘”‘ " Frame mark “%ptr; (L) Sptr =.5Ptr"+h1-7ﬂ(3)’§)
i;Stack [Sptr] ‘ gplay [Dls Top] (3)Q44a | ' :

_ Sptr = Sptr 1 1 :f(3)_¥

Ll i

- /* Stored dynamlc l1nk */{ h'] R |
sttack [Sptr] :a Dlsplay [@}s Top] %
G o | ‘ Sptr 1= Sptr + 1 (3) N

Pl

'ffff/* stored statlc 11nk though it is unnecessarx."/?x'33f,b~w

'/* for the sake of un1form1ty */,1.'h

o X Dis- top 1= DlS top + f 13)

}‘Dlsplay [DlS top] t= Sptrdff(zj

B SN

;“endPrOC°'5*



Proc EXIT; o S
Sﬁt: ¥= Framermark ; (1)k3i B | | | »‘v,

.I F,"riamé‘-mark.‘:f"St'a’ckv,j[‘jsptr_] ;‘7'.'(2) » o ‘ -

Dis-top := Dis=top *+ 1 ; (3) ‘l Lo A

k)

- endProc

endMech M, ;

]

a o
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Mech M, ; /* ROHL'S METHOD */

.A;&ﬁ ; e L
type memwérd = Seq [..] bit;

s S ’ . ."‘, .
.glovar mainmem : array [..] of memword;

synTStack = malnmem' .} T - .jl.fr,
‘_glovar Sptr, Frame mark Pctr.iwmemwordrirt

glovar Display : array [0;;2b41;";j11offmeﬁqua;:
rlgldfar‘last—regt tuple. B |
i | | | | adr :ﬁtUplej;'.:' ‘1:5 """
4'}'1\1 . fL'_S’qikf I th( _;1'Lex:;Seq[t:TLbitf.',‘w /
| k © ofset i [..) bity

endtup"

TR memword

privar Dis-top : Seq [b..O] bit

o ..

privar Local : memwordv: CTL T

[y

Proc CALL' e ‘ 0 -
| Stack [Sptr] 'Frame;mark.{*iz) - )
| ‘ Frame-mark_r= Sptr.{k(li' sptr°='sptr + 1 (3)f[5
Stack [sptr] ;i Die—toc } (2) Sptr":; Sptr +- 1 ; (3)
‘ l/* lex level number of calllqg level stored */

e igf .{r Stack [sptr] 1= Pctre- (2) spt a5='Sptr:+-1 (3)

| - f‘:/* ret ‘ddr. stored */ S

| l Splsftop := Inst-reg. ac 1ext{mi1k ”...‘ |

SPctrf:?iStack [Displ .y Dis—top]g,_

L}

" 'endtup’; C o . S
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o + Inst reg. Adr. Offset] (6)

/* Pctr is loaded w1th addr. of code segment of the

|

called- procedure */

Sptr s=.Sptr ¥ 1 ;. (3). - o

DlS‘tOp '; DlS top +1 '7(3) /*UDis4top*points'to the

";head of present dlsplay,_ Lex level of the block for

g B

endPrOC°

" 'Proc RETURN ; '

H1dent1f1er was declared */

B Dlsplay [Dls-top] f- ptrV;7]2]::A

/x Deallocatlon of frame */ ". T

' EndProc

. <.

.. Proc ENTRY ;

p-.procedure body 1s 1 more than the block where°Proc.

*StackA[Sptr] :f Dlsplay [DlS top] (3)

spt :s,sptr + 1‘}.(3)'5'i:f

'-/* Content of Dlsplay locatlon 1s stored as 1t w111 be.]

ﬁoverwrltten w1th a p01nter to new level */ iy

oo

'fSptr FramédmarkT (1) Frame mark =]Stackffsptr] ;5(2)-_ o

12

'Locall ‘ Dlsplay [DlS top] (Z)Tfj.'
ﬁDlsplay [Dls top]‘ “~Stack [Local-T] (5)

)'”]t/* relnstated the content that ‘was. destroyed due _:;}§.1;‘

',(

to call */

.:fDls top '--Stack [Local - 3] (5)\

"'{f pct ':s Stack [Local~— 2] Y7'if;f

oy



Stack [Sptr]::= Frame-mark ;T(2) |
-Erame-mark :ﬁ'Sptr; (1) Sptﬂt = Sptr + 1 ; (3Y |

o DlS top :-lDls ~top + 1 5 (3)

Stack [Sptr] s= Dlsplay [DlS Top] f Sptr t=tSptr jid'{t

2}/* As 1n call */

KU

} }L‘AD1splay [DlS top] :='Sptr;{f(5y
1.t/* DlSplay [DlS top] p01nts to present env1ronment */

. endProc RN

Proc EXIT" T A

Sptr¢ é“Ffame—mark ; (f)f}

DlsRlay [Dls top] | ' : .,. “'””'
Stack [D15p1ay [Dls tOp] ‘],;tlﬁ)f~J

/* restored the Content overwrltten due’. to"t”iyt

.4 Block entry */ ,ttl.T‘j'_{ :[iﬁ’vh'ftﬁ;;fol

DlS top< pls‘tQP,f}t ;'pjio.?-;,f»v.. .

‘f‘oJEndProc: th'“f;;j_“_ﬂ}  e '

BRI U ,'.-;'_ ’ vt

4 EmdMech'M; .

" o e La
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- . -



Mech Mj ; /# LOCAL - DISPLAY %/

’

- type memword | seq [..] b1t-"

® . ’ w

: glovar ma1nmem. array [..] of memword

(syn_stack___malnmem‘

‘sﬂ’r71'  glovar Sptr, Frame mark“ Pctr fﬂﬁehﬁdrd}
o L:glovar.Inst reg tuPlei?it", e ﬁf—7d’7.‘
R l. . adr : tuple,'“ : | |
RN Lex- Seq[..] b1t~?“'an
Offset Seq [..] b1t,,'
ST | o N endtup
? W* tf;¢'fveTf;: ‘d_‘.df;‘vs'r endtup, S

T memword"fi:

© lovar sase ¢ memors;

© privar per {memwors ;.

eroe eALL G}fl:f :ﬁ» | T O
‘Stack, [Sptr], Frame-mark’ (2)5" » o

o frFrame “mark F?Sptr“si(_) Sptr~—-Sptr +.1 (3)did:; |
"gStack [Sptr]_» . e; (2) Spt :=eSptr '+fiéj5(55?ds5‘i"”

e . /* return address stored */ :‘ __’_:. H._‘T » 3

 stack [Sptr]v ; (2) Sptrf"A=_7.ffspt-._g'_+....‘:17]"('3')..7""

1'/* dynamlc llnk stored */ | o - |

;,Ptr Eg;na (1) /* copy of dyn.vllnk in Ptr */

“d:Bas r#fépt_ (1) /* new . base a551gned */

' 17; /* The follow1ng loop bu1lds up the necessary local

\4._':



dlsplay 1n the present frame */
E wnrﬁE Inst reg af; Lex f1= 0 (3[ s '+ 1])
B :Stack-[Sptr] Stack [ptr] [;A

Sptr"-‘Sptr + 1 (3) Ptr’ = Ptr + 1] (3)

,',‘

Inst reg.,adr. lex } Inst reg ad lex;—[' (3[:_
k‘-;;OD } _/* 3‘ lex level of called ‘

REFTR _n . procedure 1dent1f1er */
Stack [Sptr] 5; Sptr + (4) o

/* topmost dlsplay stored */ | L

| | Sptr‘: Sptr 41 {j(ji;fgff"‘[
.f[4Sdtr”. Stack [Stack [Base + Tlex] .
e ‘.“‘ + Inst reg adr Offset] | s
/* Pctr 1s loaded w1th addr. of the code segment of,f[dﬁ'
the called pgm ‘f/" O | L | =

EndProc,;"”
'Proc RETURN ; "

*Frame;mark': (1)»'“.'

"ffSptr-:

.[wfﬁ"il’Frame mark = Stack [Sptr] (”)&J[H;fﬁ”*i
Do §Ctr7¥;;5tack [Base - 2]4 /* ret. adr. loaded */
-f‘Base ;%'Stack [Base % 1] (4) _l»ggﬂfj;{_gp{fﬁl'

"14{v{/* Basemp01nts to base of Call1ng Frame */

L -,\'.

S50



_Proc ENTRY ; ©
- STACK [Sptr] :=

<

L osptroas

.,;/* new frame

Frame-mark ; (2)

allocated */

,. .51 - ‘_ . A'u

iﬁrame-marklﬁékSpfr;~(i)”

Sptr +r1.¢f(3)?u;»

s b o .

r;j‘;,fStack [Sptr] eBase

Ptr := Base (1)

m’ﬁ‘r ]j: BaSe :# Sptr';
4 "vwﬁiﬁEf'-f?Stack [ptr]
“»:ﬁbf"J}Stack [Sptr]
N "}sptr'°--Sptr + T
| "kpt:.I—-Ptr 1
";oﬁf}k‘fﬁ drk. SR
*stack [sptrl =+

Sptr_;éfsptr?}ﬂ1:;

3

““_EndProc

'-ipgqc EXIT TR
A = Frame mark

': Sptr ;k

1—1

“ (if:_zkfej 1}k

(2) Sptr :;"Sptrr+r14;f(3)mv

(1) /* new base */ 'e.;fﬂ,.yg\

Ptr (6[v + 1])

Stack [ptr] | 5r-v-_i kﬁ.ie
eI “
SETR

RN q

-3

(4) /* As 1n Proc qeLL */

'&k Frame mark :: Stack [sptr]
/* De- allocatlon of frame */

Bas _rr~stack [Base'-FHJ (4)
D S R

. end Mech My ;..



: Mech-M; /* TANENBAUM ' METHOD */
ftype memword seq [..] b1t-
"glovar malnmem* array [..] of memword

,syn stack # malnmem-Y'

L glovar sptr—vFrame mark Pctr’}_memﬁorq;sa

.glovar~LP,,GP :'memword-

w3
> l

;'910V§r'rhstjreg;. tuple'
N adrA;jtuﬁleﬂf't' - ' : |
o " R S - Dlex'vseq[..] blt' ;:??5‘ ?F]

', S offset seq [] b1t-' 1 3
Akjf:sﬁ_i ;'.;"   5,. 'l\\;fkf 'rf;.endtup TQI._ n;lzpi_;;x#:,;;,tf
= /".= | ﬂﬁkgieff ;» -‘; *x,k endtup; f.;t',k*'af,g'[r;;hflf,lnld'
.”3*f*sfi{a;4.§f" :f;ffr.f: |? memword

'ﬂhpriVar"ehaihithrk: memword

Proc CALL'f-m\::  "i;;‘iigi;;s':fp';f.j}

' a-Stack [Sptr] 1= Frame—mark:;f(gf;j' : |
:kFrame mark "gl (1) )Sptr'-Sptr + 1 {.(3){fkl
'Lstack [Spqn] ff~§. (2) Sptr :fusptrfaffdkafiif‘;
- Stack [sper] 3 () SPEE = SpEr v 1 (3)

"T/* Dynamlc 11nk stored */ ‘“"- v." ;k? ROR ”:fvfffv-fj

e

’cnkfIf Inst reg Adr. Dlex —T'Global'"(3) CT e
‘ Stack*[SptrJ: : (2) £ =¢éPff(1)?ilf”"h3‘
"illlnst reg Adr. Dlex 0 (3) Stack [sptr]f{%;LP ;'(§>;f:j;_m

.'7ﬁ“TTbb'Ehéinf==ﬁ1h554?ééfadirjniéﬁ* (1)



o

wHILE Chaln = 0’(3 [m 4V1]).

R ;/kf’wbo,' Ptr = Stack [Ptr -
SRR E o Chaln‘:— Cha1n = ;

OD-'

r

Stack [Sptr]4 Bt (2) Sptr °—-Sptr + 1.; (3)
/* statlc llnk set */ - e
fOD /* m, leXLcal level‘dlfference between' r%:_
the level of call and the level of declaratron

bof the procedure 1dent1f1er';_when the procedure‘{

e 1dent1f1er 1s an 1ntermed1ate varlable cox/

,_LP;:=-Sp (1) /* New LP set */ E |
_PCtr.:; Stack [ptr + Inst reg. adr. offset] ‘);

‘~EndPrqq'rvl,uv

- ;Proc RETURN i
Spt 3= Frahe ﬁark | (15" ‘
- ‘ "Frame—mark »=:stack [Sptr] ga(zy,f_.‘__
et :=:,=~ stack. [LP =31 (5). /% ret. address. xy
.QE.EPi;ﬂStack [LP - 2] (5) /* LP p01nts to h;,f“

Calllng env1ronment */

}proc ENTRY

Stack [sptr]. Frame mark (2)f:*;.»“f¢’fwh,“;}‘

Frame mark. =5A5btr; (;)f Spt = sptr w15 (3)
Stack [Spﬂ€13:=fipﬂ§ (2) sptr ='§Ptr£t 1»}S(3kfﬁl"

g L.



~ . endProcC ;

Stack'[sptr] := LP ; (2)'sptf :=Osptf + 1 (3)

/% both links are storedh'forfunifofmity_in var .

access mem */ ,
LP 2= Sptr ; (1)

N

54

e
Ny
o

~ -endProc.

end Mech My ; o L

_____
.

- ‘Sptfi:;.Framefmark ;'(1) _
 Frame-mark := Stack [Sptr] ; (2)

LP := Stack [LP - 11 ; (4).... ¢

0o

K



, The v1rtua1 transfer complexlty of CR and BE components_
]f> 'of the above mentloned mechanlsms are now. evaluated .
1a) VTC of M,.CR (Call Return component as descrlbed

PMech M1)

=39 + 34 +.9n + 3 (n + 1)

=‘64+'12(n + 1) 64 + 12 S ~,'
derence 1n lex1cal level.

. where 6k represent

= ji..'ff'ﬁf.ir'afbétéeénu ‘the | alling' and; point of =

_dentrfler _ ‘
u]126&a' where 6k 1s the N

inaverage*&x computed large 'set ff sample

/,’

‘hprograms' characterlzlng _Ehe‘ programmlng*/language |

LT ‘ :env1ronment under con51derat10n." v

1.b) "iVTC -of M,.BE (Block Entry Ex1t "Componentf 3as .p

N

.'descrlbed in mech M ) ;:,4_ |
. h? 23 + 6 'gg AVTC of Mf BE hN, | g;;: | |
.zga)_ﬁfvac of Mz.CR (Call Return component as descrlbed ,inpu.a
\_ r‘?%h’ N zo,¥h:f=,37;+;%b 5‘_i =-AVTQ'ofﬁgz;CRe-*-ﬂf‘;'7 | o;’i_
RQF&’ e b ;:.i/i_. e L -i,‘_.‘p;v4 o YVﬁf

2 B) ' VIC of M;.BE (Block  Entry-Exit component as
'v_descrlbed in Mech Mz)‘ o

: g_12 + 12 4'; AVTC of Mz.BE

Ty



where ﬁ :igf‘th lex1cal “level of tne‘procedurez.
'vldentlfler. | |

AVTC of MyCR = 50 + 158 ;

56

VTC of M;.CR L RS

;=’35 v 128 4 308 + 1) +12 - 501k 15 B 5

‘.oi

e §

;3 b)

se)

‘,(22;*+;:3 f+}53’ (1087 + 13)) + 13

:'where _n&

.where B is the averagewpﬁ compUted"OVer_iaﬂ largetf
‘number of sample programs. | o
j‘VTc of Ms. |

= 20 + 99' + 6 (y + 1) + 7 = 33 : 15 [Where "-y =

'vnumber of‘ dlsplays to be transferred from prev1ous N
erame] and AVTC of M,.BE = 33 + 15 y.ﬁ”‘

{VTc of . M“ CR- =

(22 rf; 6) 13{é~41 [if'procedure"identéfierfis'a;‘l

“}global varlable] or
;(22'+ 3+ 5) + 13‘— 44 [1f procedure 1dent1f1er 1s af.

'local varlable at calllng level] or- ,’ji;,f 77:;ffV

i

fotheriiadl, T
avre of MA.CR;;-7

35 4y (s) f{ﬁ{ )+ oy (29 10 s );

aidentlflér belng a- global varlable.:

o.

tbn,~r- rel freq._of a procedure 1dent1f1er be1ng:¢'fe.;r

a local varlable.-'

’;ﬁx ~-'=ﬂ relatlve . frequency dff,é procedure,_f;” .

;‘., :

1dent1f1er be1ng an 1ntermed1ate,var1able.-.

vl“g:;ffédimean dlfference 1n lexlcal vael between theﬁnp7‘d'

'54‘*110;8:”Ad-5

relatlve frequency of a}*pfoééaure.}f"



R

57

'T;leveli""f, calling and declaratlon for a procedure‘_'
1dent1f1er that is declared ‘atu?an, 1ntermed1ate."

) _ - -
leyel Bk 1s approx1mately con51dered equal to 8 as

' The . relatlve frequenc1es are assumed to be obtalned

e b) VTC of Mq.BE = 24 AVTC o

'tavallable in the l1terature.'“;‘”

_~by con51der1ng all the procedure calls (stat1c) over

- large number of sample programs character1z1ng theui"'

L programmlng language env1ronment.Af”

':3 2 1 Compar;son of the AVTCs .

o ‘:Eorf“jthef' purpose ;hof- comparlson,ll 'h followlngafff
.i?prellmlnary statlstlcsAobta1ned by DePrycker [Dep82b] ?;fn-“
"Algol 60 .are used 5f§£?i=27.§*‘ I and'v : Zr;hl;[g“' L
Jffj‘l Us1ng these values 1n the comparlson | of M,.CR MZQCle,_'
. ;énd M3.CR 1t could be observed that W *a'f” ‘~;‘l

AVTC (M,.CR) =88 AVTC (Mz.CR) '”} AVTC (M3.CR) : d;;f<7’5'

'ASM'ﬁar‘ asg"the CR components of these three mechanlsms are”f”’

",'concerned Mz CR 1s eXpected to perform best . Slm1larly,rrl;ﬂ'

L

‘:bticompar1ng ' he AVTC s ;ofi the BE components of these three:rf5
?imechan1sm§’ 1t is observed thatv_“?kgébl FR g} .
ifAVTC (M,.BE) 9 ; AVTC (Mz.BE) 24 and AVTC (Ma'.’iais:)'x ';:

Til;Agaln the conclu51on .i. that hef Mz BE. expected bohlimf"
hﬁperfbrm best | Itpll dlfflcult d:vmake%fa”i"absolute giif"

"-q~gcomparlson between MQ.CR and‘the CR components of the. other

'"’three mechanlsms, as the pro'ram stat1st1cs n,,n,,ny'are notf",j7

..1 4‘.
¢



1rsuperlor 1n all respects." The-AVTC measure

Py

i ‘ .‘ o ) - 58

A

Stlll 1t is p0551ble to make an 1nterest1ng observatlon

‘when AVTC (Mz.CR) and AVTC (M..CR) are compared - The Cskandgj

BE components of M“ w1th that of M, and M; are not compared

,aé"‘ " has already been observed that ‘Mﬂ is def1n1te1y‘

“ek V-

TN

v M,.BE) aregequa1.~

fienv1ronment,5
"access.;‘ From the descrlptlon o% the four mechan1sms, 1t\1s S
-:_obv1ous that the”VTQ pfaacce551ng a varlable 1s same for M,: s

ffand Mz: and 1t 1s less than the VTC of a var1ab1e access 1n;;*

"—Let e+ n. ) = nz

'then, AVTC(MQ.CR) 35 + n,.(7 5) + n,.(zg + 20)

"~= 35 + 7.5im, + 49 7, -

‘We know, AVTC (Mz.CR) = 57 and nak m,_é-1(

o

From the above three? relat1ons,“ it. is possible';to

”chonclude that if the relatlve frequency of deciaring‘a

¥

'_procedure at an lntermedlate level is greater than 0. 4 then

4

'AVTC (Mn CR '+ M,.BE) >§%vyc (Mz CR + Mz.BE)

“,'Epf ch0051ng :wflmplementatlon technlque for .thé

o

-.varlable ,;address mechanlsm in ‘aﬁ- block structured

1t is necessary to 1nclude the VTC of varlablecf

-

. Ma,i The dlscu551on on the average cost of using any one ]of_

”a:these‘ 1mplementatlon technlques 1s postponed untll a later'f

f sectlbn” where the cost of varlable access 1s also 1nc1uded N

S

va

rrrrr

*in,:*th eﬁaluat1on..{7inf that sectlon " some '1nterest1§§5[

iobservatlons regardlng the ch01ce among the mechanlsms aref-

x3

restrlcted 1 th mechanlsms Mz and M., as tye AVTC's (asdu o

ﬁwell as the ARTC s,-1n the next sectlon) of the CR and RE

;xvf (Mz.BE) :and’»"‘
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7comperntS’of Mf;and‘Ms have: been found to be larger, &

o

’
Vo

e . oo o s . : e @ )

O - ' . e , - . ) A LIRS T -

Ihql » e ' . . : .
. . LT 1

3.3 The- Real Transfer Complexlty Q:; Co

eoer o G1ven the AVTC s, the‘ de51gner 'knowgw the .-best that
T . N .
‘. could’ be derlved out of. the 1mplementatlon techn1ques.‘ Now .

techn1que for 1mplement§t10n on a.real archltecture keeplng
., , . .

- “‘

J‘m.'mlnd The ch01ce based on AVTC s m1ght not be the same

on}a real hardware/flrmware comb1§%tlon unless - an 1deal'

range for mapplng the; domagn of S*A constructs onto the
: N \‘. ' N

°f hardware/flrmware comblnatlon 1s avallable. ,(The follow1ng

T ' |:> ’

e dlscu551on assumes*,af‘mlcroprogram controlledﬂ processor,

.

a.
; .

wy -

* ¥, o the S*A descrlptlon of ea mechamysm cleafiy suggestS“ the.

hardwareffurmware support necessary for a most effectlve

Tie -

- 5

? . B .
R - la1d out the archltect FCan easle spec1fy the fea51ble
5$'[f3f,r. hardware/flrmware support of. the processor.p The - development'
;g, 13“'of;\'” sem1 automated de51gn support through ‘a famlty of

descrlptlbn languages is, 1n progress [Da082]
. . Y i

o,

. Aﬂfff
number of transfers
e A

5

the_ de51gner 1s__jaced w1th the ‘problem of ch0051ng a

!
thé“Var1ous de51gn constralnts and économlc con51derat10ns‘

.f:;i ?qulvalent hardw1red control scheme ) As‘’ 1nd1cated eﬁtller,.

1mplementatlon. Once the de51gn conﬁtralnts_-are clearly;

of an S*A statement 1s

though the conclu51ons obtalned would be “yalid for an

-~




!‘ K o .- é.‘-...
.'executibn:of the'statement_S1 1n the SkA descrltlon..'

S0 RIC(S,)= [(R(S1))y (A(S)))y (MB(S,)),]), the subscripts % :

i

A and,Mvare used for no other reason but notat1onal clar1ty

."

The RQC of .an exo- archltectural component X 1n mech M, is,
) y care X

dehoxed* as RTC (M,.X) and _1s Z RTC(S.), the SUmmationl~, :

i

,'(‘
i : . Al

o o . !
) .‘Mm N ,<\-.... = ..,J_.; IR 1{“."\}

uxncludes all thef-statements i jthe¢ execut1onﬂtot - tne

f'¥”4M,.X) The averépe RT€ (A%TC#«ls calculated as

pres T S fuw

Rl SGer Ve
A e EerA

gy g

| B . . el Lo 'I\-- .

P N K SN
éi; archltectural components,

paraflellsms among varlous

. S A

s

: Slmllarly »lgz

Ly f;o-

1ntjoduot10n of any pog31hke

~4u‘.

staﬁeménts fﬁ 5%1n§gmt1§hé_l ’

. /

.";'a

o ‘_". ) . . . wa,‘%sd . :

';lS' f purely vertlcal nature. The s1mgl §. c-assumptlons L
Q; :

r yh&htalned so that the prlmary 1ssues“rn the methodology

.‘-ar" clearly la1d out.l It mlght be noted that the language

,:

S*A‘has adequate construcﬁs to express parallel1sm [Da582a]

'-and onceJthe mechanlsms 1ncludI parallellsm,\the underlylng

firmware'control (tO'be de51gned) could 1nc1ude’/p0551ble'
v ~

parallel operatlons.f The evaluat1on of VTC aﬁd RTC requlreS'

qulte 51mple modlflcatlons.q” o ;‘;7»f fﬂ‘:cfhgjffﬁw; ,JJ::Vf'
Before evalmatlng the RTC 5 »off?the-"_omponents ,én
. s _ 1. .-' [ J'Q'
dlSCUSSlon, 1t 1s‘nec'ssary tg proposq_the orga.lzatlon Qf

fcomblnatlon;:df: th' processor that L

"“_,the- hardware/flrmware
T Y : &~

would support these componentSwaiAs 1nd1cated eJrller, wthej:p

-
2

requlrements fléth supports necessaty to achleve alkTC

measure: reasonably olose toiﬂth VTC measureﬂ could be ffxw

dlnectly obtalned from the S*A descrlptlons.;;,”'*" g
. S’ b ; 5 ' /
3 . LA 4 .
y i v ® 3 ? B "‘3‘. .' v S ‘
& 5 Yy 5 g “' _@ N ﬂ:g ”iv 'f‘
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Instead of describing four different processor
organizations-for efficiently supportingf'the' implmentation

of the components of the four mechanlsms, Fuller's Canonlcal

Processor is adopted as the- ba51c Von-Neumann structure and .

any . spec1al requ1rements for each mechanlsm are andlcated

-

' The processor orqan1zat1on is shown 'in  figq. 3 2. lfIt is

#o00

R

. processorf reglsters'JSP}

4Ptr ,is mapped onto the reglster PT - The Pr1vai=b

Celme o R T
o . R

. =4

'assumed that any two of the reglsters \shownflﬂ the f1gure)

_ cduld, part1c1pate 1n a reglster reglster transfer through a "

common bus.‘ B

The stack is assumed to be in .thewtmatn memory :Theaﬁfa‘

&

'Glovar Dlsplay is mapped on to a bank of reglsters(DR s) and
bthe pr1var D1s top 1s mapped on to a reg1ster DlS top ’whlch
"is_ used 7 a selector 1ndex for the bank of reglsters DR

.:The glovars Sptr, Pctr and F yme - mark are mapped -onto- the;

Qwu*’ :
(Program Counter) and FM

rf_Inst reg, is mapped onto’ (Instructlon Reglster) fThe

.cprlvars LOCAL (in' M1 and Mz) as’ well as the Glovar LP (1n

’.

“Q.Mq) ate mapped onto the processor reglster dL;.g The Prlvar

¥

::;M ) Base {in Mg) and the Glovar, GP is mapped ontqrythe Q"

processor reg1ster f¢;“ The Pr1var Cha1n 1s mapped onéé“the

\ﬂreglster T Ax thls p01nt no d1st1nctlon 1st made between

“thé"reglsters’ that vare user addressable and the reglsters

LR

-'9-.

tat (in.7'

‘.‘

3

i

o

.‘_-'

-

. that are' only used by hé-' m1croprograms., Such ~a"“’
»spec1f1catlon ;.fi qU1te ff stralghtforWard if _?-thexl 'V‘
™ spec1f1c mechanlsm.. .Inf,f

'any case the m1crocode can address any one-. of the reglsters. g
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.:The temporary reglster Tz is' be only used by thea

.r . o

f-mlcrocode.-' The reglster Acc Serves as one of the 1nputs to
the'ALU.k ALU 2 and ALU 0 are respect1ve1y an 1nput and ”the;’
foutput reg1sters of the ALU Fdr any monadlc ALU operatlon,

- ' SR
the operand 1s expected 1n the ACC ?.; :v*‘f;_:f

dlrect 1mplementat10n of the Skh descrlptlon "on .a typical

'VVon-Neumannv structure w1th ‘a purely vert1cal mlcroprogram»d
'wcontrol ‘where -obvaous de51gn. constralnts 1ead to5 thev
R almplementatlonh of ‘the Glovar'-stack 1n a1n memory wlth a‘

‘;"constant address base (St base) known to the flrmwarefﬁs It"”

(“7«*RTC35‘ based on thlS processor structure could be con51dered o

’ | Examples‘_toff RTC evaluat@oncafor;msome::typféai:pS*A
?; '-fgetatements~ 1nvolved n: describinglhthe ]}mechanismspftare
affvéd'ulpresented below.-ﬁppifl"'flé79x:7> gf’ljpij:? ”'?giei;?'

‘,V’Jf_'Stack [sptr]‘:= Frame—mark N |

Cay

R t*freglsters.
LT o g <,

f?'s'f“;,' -:‘f*stack base3ls a constant address known to the flrmwarei

}ﬁgy_'ig°f~ L “p. the underiylng hardware control Only the transfers;5"

N v
: v
- ¥, :
- Ly 1
e e !
N A
- " .- o
Joe R A
w " " B
N .. [y [
' “”"Ji;‘ :
—-'of'-.. .
‘sel.

mhe—“ch01ce_of_th1s_partlcular_processon;structure 1s.a;f&f“*=f

1‘;could be noted that the processor structure is not blasedf‘ﬁ'"

1towards any partlcular mechanlsm and thus the comparlson off"

'Frame mark ‘and Sptr : are" a&ailable ',in:; proces$or_jf B

'“;The_ stack kw;in Vmaih, memory and"thef_f



m£L e 3 . o .
'SP ?—~> ACC ;(R) "ADD ; (3) ALU-0 4¢¥>_MARj¢f§§:;‘

.....

Frame mark —==> MDR- (R) WRITE ( M)

k,ﬂkr , _ifel The RTC of the statementyls [4R a 1M]
' 2 -ﬁStack [Sptr] il Dlsplay [Dis- top]

As mentloned eamller Dlsplay is a bank of registers in

e

'Qk"fj;.'_'lﬁ_*,f;' processor 1ndexed by ‘the.'reglsteruDis—tob. ifhé
_ _ 'transfers are- : h - B o
; Dlsplay [Dls top] ___> MDR ' 2(R) . | o .
| ; Stack base —==> ALU 2 (R) SP —-—=> ACC ; (R) | .
* DD (A) ALU*O'--~>~MAR (R) WRITE (Mi[f‘?3efv'

A The RTC of the statement 1s [5 A.?mlft

-:t@ .

IR Spt i= Sptr +. 1 ;flfiﬁ

: _' The transfers are"bv DS |

e ?a.:;_ SP - ACC (R) INCREMENT (A) _ALU- 0 --%> sp ( ) -
The RTC of the statement 1s [ZR 5N OM]

:flfA: 7‘4}i Pctr ‘§¥= Stack [Dlsplay §D1s top ;#N]:'

ioffset]]

N o

;fThg',Inst reg adr. offset f1eld of Inst reg is; known toTTagﬁffﬁ

PN ) . DRI = . ge B
o P el N A T A T A
. . T \

Ao

;jé_:i f';'vthe flrmware :and fapproprlqte mask known td[@the.]f;“7

_v'~

flrmware for extraat;ng the fleld The transfers are-frff*_;wwﬁ

IR —_—> ACC (R) Mask(offset) ———> ALU 2 (R) |
AND (A) ALU -0 ---> ALU 2 (R) Dls top il ACC ( ®) ;?jf""
D ADD (A) DlsP&aY [ALU 01"--—> ALU 2 2(Rh . 2 ‘
2 k;%ff stack base~—-—> ACC (R) ADD '(A) ALU o}___; MAR (R) |

3
Rl

J,‘_\-

wd

DR READ - (M) MDR- -——>,pc

(Note;j Offset f1eld

'l’-.

d

was assgmed to be a, rlght allgnedf

-

: j:bgfx.~: _ Do
u‘?fgf;fleld,;ln cases of other fzeldﬁﬁ- e. g.A~ Inst reg adr.'j
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,Lex, the SHIFT operatlons requlred are‘ counted"as' one .

'~f'average ALU transfer )

:fTQhe RTC of the statement is- [9 A JMJVY:fAQj;
’,yjihs,VrD1s top ‘Stack [Local 4] o

) Then varlable local 1s avallable in a processor reglster7.;5

*f_g;jfl (ARTC) of components

:"Local' and the constant 4 1s a constant codfa,,tn'tthee -

mlcro 1nstruct10n.; The transfers are:.

U= ACC- (R) e ALU 2 R SuB- P
“aﬁ;f QifALU 0 ~—-> ALU 2 (R) Stack base'—--> ACC (R) ADD ;(ALQ
"*ALU 0 ——> MAR (R) READ ;( ) R -——> Dls tbp (R),f’ |

, 'w‘The RTC of the statement 1s [6 A‘T IT’,‘ﬁw. S
o B ':E?:.\  . "-:, ';“;'ﬂi'fy‘? % .'k;i-;‘

{.The RTC s for the other statements are evaluated *ina

'f51m1lar fashi[n._. ; f ?;Q, Juf, £
: TETN Ly o
The real transfer complex1ty (RTC) and the A%%rage RTC;"

hlscussed earller are as follows-!'

”VQE_{J{a) RTC of,AM,.CR ﬁ_[a7 B2 (n +. 1)[2R A oM}

e _ L —A
.:';ruf:._'t; ii\f};ihﬁf> h'-,f'.'. '+ n [10R A 1M]

[<79 o 125k)§ (24 + 48, ) (10 +a ) ]

e e Eﬁj‘gif‘; (79, 2k, 10, ‘-7
U B I90 SO R o
.jaip'-ii.1w~‘g L 12 ; "JM'

Lol « _.‘:‘\' A . [ : e
.:J-.;Tfmvt\m, . ; L - e

TR T 7§ 24 10V -
& ARTC (M,.CR) TR U0 N A ;aM.n S
L w;.i;w,. 12Rﬁ14A711M L
ARTC (M,.BE)

v1<b).;RT¢t(Mj.Bs) [32R" A‘4M

4
-

‘2(a) RTC (M;.CR) . vfjoﬁh-é ARTC (Mz.CR)

i

Ijzﬁ} x" ] s ARTC (Mz BE)



L3(?)h ﬁTCffMa,CR)V

b

1 ARTC (Ma.CR) [1 B ]

v

e .|

o W W w

22

'E'_ ;

T,
" G

B
-

oL N ® N

L ARTC-(Ms.CR) = L1 . oo 1. ,:,.-~

"

'3(5);;Rme_xﬁihnsx_a;[f\r I

Ve
< va,

4(a) RTC (Ma.Cﬁ)

.; where 7. ,m. ,ny.  and$, . have their usual meanings as -

- [57 T7A¢ZM? {:;f eroc.

—aa s
< A

"?bef’=jt60":J7MP7“]', 1f Proc.'

Ri AWM

aa Tt "

'"fj%ffh;z{"y7‘

'defihed?earlier;”7'= L

4(b) RTC(MQ.BE) [30§ 9 ]”gi

AN

o _ARTC*KM;,BE)- 1.9 4 2 4{ 3
. ,.' ‘.'v' ‘-‘N. »’ls

el |
- w uw; wWew W W W

.A.';‘

1dehtifier is a.?

‘\global varlable

13

3

_m__
=R m

b.)j'

RN _
RN > ke

oA -

1dent1f1er 1s 1ocal to

the calllng block

ﬁ(21 + 1

49R
8R
11R
08

ARTC (Mu,BE)

(4 + 36 )

_k

‘variable. .

Ay

:f\a

On comparlng the ARTC s of the CR and BE components 0f7

the three mechanlsms M1, Mz,_and M3,

‘4

1t could be concluded

‘

";;%i>fﬁif”'y



~jmechanlsms Mz and Mq-
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SR T RS -

'pas .in the prev1ous sectlon, that in- evaluatlng the average

transfer cost of a program 1t is suff1c1ent to con51der ‘the.

:.3.4'0verali Performance = f-;*ﬁ o ':: _ 't;' ,

RS d1ScusSed ‘earlier,™ to estlmate ‘the overaTI—-.p
o ‘ S j -

p'performance of an- 1mplementatlon technlque for“ an average

hprogram, it' is essentlalv_to‘ estlmate AVTC ‘and ARTC of

"7var1ab1e access as well As far aSwthe ‘comparlson }of -the{

’--fmechanlsms M,, Mz, M3 and Mg.lS concerned the AVTC and ARTC-

-f of varlable access for Mznand M. need evaluatlon.

'theg‘varlablef‘access (VARAC) component Zf a mechanlsm -
o o

bfshould be composed of two separate procedures for “Read‘ "dﬁﬁgé

&

:erte‘ access. As the ARTC/AVTC of both the sub components

‘dare 1dent1cal only the Procedure _for Read access (RVAR)
fiwould be descrlbed for both the mechanlsms., ‘The declaratlve

}~part of-. gef mechanlsms Mz and Mu are not repeated and

:'more' system Glovar declaratlon for the varlable Read Value

archltecture, Read valuewmaps onto MDR

Lt . .
1s assumed , In Kt‘ descrlptlon .Qf'ithé 'real processor

'liv"* The procedure RVAR from Mz.VARAC 1s as follOws'

Qi

..

n l‘ : " O e S
procedure RVAR /* for mech Mz */
Read Value-::-Stack [Dlsplay[lnst reg adr Lex] +':
- S f‘ Inst reg. adr offset]] (6)‘ﬂd-
end Proc ; . . .oy 3
T g o Lo
*a . ' ‘ Q _"‘-
ol B



L

N3

T R
' The AVTC (M..VARAC) | L

'6»;

frThefARTc;(Mz,vanAc)_"[JJR 5 1M]["
. ., - V . . * . ) “

IL The procedure RVAR for Mn.VARAC is. as follows' fjf o IORRE

IS eieg gy L, R 3 . . B N R
: SR e Ll e L . i

i

Procedure RVAR /* for mech M“ */ |
If 1nst req. adr.chex % 'Global (3) .
Read value.:= Stack [GP + offset],v(S)i' .
An]{Inst-reg adr. Dlex =0 (3) = '
Read value = Stack [LP + offset] ( )
Do Chain := I§%; reg..adr. Dlex";.(1) o
'fff Ptr 2 Stack [LP 1] ){.' 
”‘fwanE Chaln o (3[p + 1])
'f,no Ptr := Stack [Ptr 1] ;’(4)'
_: | Cha1n '-.Chaln -cﬂuf1(3)fi3jf 1";;ce>‘A%.f‘é‘:
«'Reaq;yalge; p= Stack [ptr _f:i_ j*.;f'z]~ }ﬂ,_;f_i} R
_  ‘ ’ \c-;.ui +° Inst reg. adr._Offset] | )ji |
- OD /* p lex;cal level dlffggence between eiv

the level of declaratlon and access

of the 1ntermed1ate var.e*/

. .Z.‘”f_i 3 o
:endProc -}

T e T
Lo R

i v

" Theé AVTC (My.VARAC) ="5 +.rjy 7B +.'7y.11 + s [14 % 10 3, 1, =




ﬁhere',ni,"ng' and 7. are relativer requenc1es of global

‘mean‘;‘lex1cal, level- dlfference between tne level “of

declaration and lYevel of access of_an'lntermediate varlabie

computed over a ‘large number?of Sample“programs;>

local and 1ntermed1ate varlable access respectlvely &, = theﬁ

" ARTC(M,.VARAC)=[1 7, n; ns

- e

dOn;substxtutlng, ARTC(M,.VARAC)»

L"The term AVTC (P(M )) stands for Average v1rtual transfer
complexlty of an aVerage program act1v1ty u51ng mech M.

R 0 A . M

o ‘13R'— . 3 Loana : ‘F1M

R

For . comparlng the two mechanlsms, as far as varlable access

”'{_p[DepBZb] are: used Theﬁ?tatistlcs are"_-Z':_;-gg.'t;_\'d

14

o

w
o

3

M

R
O
b,-_. -
N
(e
w
RS

03]

o]
(o)
(=%)

=, 1 » .0—5 (.Vl.: ’

E

& AVTC Qd,, .,VARAc)

b“f,.r a: 2. 0

_}(2g:¥]}of'{R (sijg ';A (20} -

is concerned th prellmlnary StatlStICS- avazlable jgjnilx i

C DePrycker S Program act1v1ty 'characterlzatlon model'“t'

woyld Jbe used to evaluate _the_ average cost of u51ng \ant

1mplementat10n atechnlque [Dep82a] heg.average VTC of a

N R 1 i

Rohl could be represented as

.ﬂi» .

AVTC (P(Mz)) --nb 24 + np»57 + n&:Sﬁ,.

_j block structured program u51ng he_ktechnlque' propoSed 'byjsv




i R NN R b v AR Y WIS 2w am a0 AT Vi ot 2

"hwhere nb = mean number of Block Entry Ex1t in a program R

T

_npé mean number of procedure Call Return ‘
: nV mean number of varlable accesses._

A comparlson of the VTC of an average program executlon

s u51ng the two technlques 1nd1cate that

. B uhAVTC (P(M iR < AVTC (p(Ma))
Cprovidea - L
;24*nb,+;57fnéj% e'ﬁv'< 24hbf+ (42 5 +: 41 5 n,) np‘%"}3:77 ﬁv O
r"‘n;u‘s 0;_ (cons derlng n /n to be a small p051t1ve |
;;quantlty) R | ._ e - o |
[The prellmlnary statlstlcs obta1ned in [Dep82h] from,

the n1ne numerlcal programs for d1g1tal f11ter1ng and speechg‘3r1

<recogn1t10n are used for these evaluatlons ]

'Cgmﬂr‘ It should be noted that the observatlons regardlng nheillb

'Jreffectlveness of u51ng e1ther of the technlques (Mz and Ma).fghl7
uremaln unaltered | | j - y “ ' dA'A'. | | 'V1*ﬂ;'
.'jrélt. 1s extremely‘dlfflcult to predlct the effectlveness_.f‘

of e1ther ‘of the technlques 1n terms of ARTC Liunless‘ somefgff"

';frellable statlstlcs are avallable regardlng DN N and nY;f.ff* :

B d}_ N
A

- pARTC(P(Ma)) - ARTC(P(M;)) | 'jyj-;~¢»‘ 'Jp"iwfflehd Do :
ST [31 5.y —11 5) (9ny't 5) (5 nyz--2)glf,_i'"‘;
‘ ‘v . ' . "v- .;n::':. T 'g:l:,;? 3 .‘ "‘ . . . . _' 4 ) - -

.;' ;ii . “». 5" " + .

‘3 '“J T;&,‘fﬁn [- ZR O M] ’n [10 2 -0, 8 0. 7‘]

The average executlon cost osza; component could be

L

K

“;~obta1ned by multlplylng the ARTC matrlx by a cost matrlx'pa
4'( 1 w1 wz) where W, and Wz are the_ cosb f) an’ average

e a



tr

-

transfer through the ALU and the cost of a régister*memory ;

transfer respect1vely “ W, and Wz are the values normalized-'

nwith.-respect 1to' the ‘cost ‘of ‘a .transfer. betweer 'ktwos~
reglsters.. | The evaluat1on of 'the 'cost' includes the .

-technology dependence.-h

"

}It has been shown in thlS chapter that 1t 1s p0551ble

"5rto . establlsh a”f“ methodology ‘for" ch0051ng ~ the =

ﬂehardware/flrmware.“ support f.’f'o,rfff',th-e'~ var1ablej addresslng'-h”‘n”‘

o

”'Tmechan1sm 1n,phe block ‘Structured HLL -envrronment.“"fThe;v

'“Qde51gn;a

“hithe' avallable statlstlcs fqu Algol 60 were used It was;”h"“

»j_Tanenbaum s and Rohl S - technlques. But cons1der1ng some“bf?. RNt

v;methodology

' archltectural components.

:Ada.,"ln;

‘be. v extended’ for ;fotneri“fsimilar'

PR S
oo

'*_;rﬁéf motlvatlon underlylng the study was to choose one'di;

“2,3of the four well known addre551ng technlques best su1ted forc

S .

' hﬁ proposed archltecture d1rected towards the HLLd”

bsence of usage statlstlcs for an: Ada env1ronment

surprlslng to- dlscover that the not so well known techn1que'fﬁ5'ﬂ

35u9935t35 bY Rohl y1elds such an effectlve mechanlsm.;f;fzr“

dmlght be noted that Rohl s technlque 1s.'qu1te u1table
‘rfq}long 'a formal procedure parameters nare_ not taken 1ntodj“
“cons1deratlon.l It could be con51dered almost ss good |
a“Tanenbaum s technlque rfar the Ada env1ronment as Ada does

_not.allow formal procedure parameters.g l‘ absence of f§nyhjf5f”

s
-,

f'rellable stat1st1cs for n, for Ada, 1t was not p0551ble to,ﬂ.V"

:'come to a def1n1te conclu51on regardlng the ch01ce between’d“

{1

M »

"“the prellmlnary statlst1cs 1n [Dep82b] eg.. B- 1 and 6kv— 2,;5'””
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A\W, . }J : e L T '. ; Chapter 4 \ PRI {%
| . B . A? Overv1ew of the Progosed\Arohktecture = . ‘
B al proposed"“ arch1te2ture ' eou] \be,.'broadlyn;r;d
ol Fharacterlzed as a stack processor wlth(;tagged memOry<gané““$'.
}";;@5*5 . capab111ty~ based addre551ng and protectlon meghan;sﬁsrs'The:,
“; i g%ép f‘ratlonale behlnd She use of capab11it§ based address;dg “ ‘
%f{lz-ggffff pfogfc&ion——méchanlsm——have:;edready‘ bee :
SR . ¢, . s -

u51ng a tagged «memory approach
k

N.Chapter Z"the advantages~ofa
: - :

”uahdcwespec1ally the* advantage-of u51ng tagged capabllitles
, o ﬁfor efflcfént domalnqsw1tch1ng have been explalned . Thfs

K 'f\@ } @hapter 1nc1udes the ratlonal for ch9051hg al stack or1ented

NI . DR
f.$§;' fAnstructlon set forlthe procéSsor.,j _ifjfm i; ;‘7 ':j.'}'°cr
;5{kfl§€tu8;f~f;é;~ present1ng a"' ooerv1ew- offvthemasch}tegf&re,.the }§
‘i fﬁ;ﬁﬁjg f’%emoty'organlzatlon w1ll be bnlefly 1hd1§ated w1thout ‘aﬂw _::
:‘};7, f‘ details W po11c1es and mechanlsms» for v1?tua1»»mehory‘- B
”h;d'-";\'; umanagem&ntV~ The prngaryaemphasxs in: tgls chapter w1ll be on:-fg
h' '?ﬁ 'fth processor organlzatlon.‘ The capahhélty mechanlsmvm1ll k‘
e . Cf et 4 -
‘ﬂ-;5"fid'% be. explalned in detall w1th respect 'ﬂf dopted prxnc1ple ;{?_
;fhztpigluwt_of domalf' s&1§oh1hg and -1mp¥émentat10n ‘oanbstract data f}g
‘"; ;..types.r Bdgptheldlscu551on';rll not 1§%lude detalas o% £¢§;
‘rf-f;i;\j@ capabxlrty mapplng mechanlsm ‘ord“management bf longte?h:d?i
: : ~ : T
F ;u capabllltlé% 1n tie setondary storage. ‘hg'i himg ff” J“kgf'
S {f?‘;‘{ _the ‘chapter is - organlzed 1nto dix- major sectlons. l?hé? v
-”;;:i:}fiif memory organlzataon is. 1ntroduced in the f1rst seotlon. The ifﬁ
,.‘hi.ff‘} seeond sectlon deals w1th the ;atlonale behlnd the ch01ce of ht}
ﬂd: e the processor organlzatloﬁ °The prdblems of protectlon:ﬁn av'~lf
.'g';jj‘ ? staqk processor' organrzatlon' are dlscuése5—along w1th the‘ »
S R TN N Do
' » . (RN L -- : 4.' 73 ' C «-& o
RO R TR I S r
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AR A < W
propbse%afolutlons.» The organlzatlon of the process stack

b'segment .Jis. discussed in' detall, 'and 'the necessary

¢ \

N . ‘ ‘ » ,
hardware/firmware'support 'for management iof* the: process

. f,; stackﬁ*are spec;fled n; thls‘ﬁ%ctlon. The detalls of the
- ‘ ." . y v, I . h' o .
SRR capablllty mechen1$muare‘8r$§ented in. the. thlrd segtlon."

A

A

'“Thv vchangest‘gnfﬁthg stza ,km-gof the*process stack°segment

EEEEE o organlzamlon _wiszd systematlcally.‘

N t o Ay . L _»,.", .
S . R
: chapter. E
s :
R .
» e ..
- g . 31‘ ,
.- R N o . '_.- -
. o , \
I S A ¥
: ‘ .\ ’ .. R .
- e "A
~ .
- a

- ifl, :
ot due-to~"ehé%$1ﬁp%u310nrfof&rprotect1on~—doma1n ——wthe————

B

capaﬁllaty mechanism Yare explained -in thrs sect1on aiéﬁ

~ Fa

o -8 * e
T w1th the correspon Ldgéghddltlonal arch1tectUral supports.

.~.r'-.'<‘.
v

B ¥
™

lﬁf The;n fourth _sectlon 1ncludes t?e  arg&itectﬁrai. sUppogt‘

prgv1ded ;ﬁo dYnamlc type“Jc

°

' acce551ng amﬁhﬁrépr sen&at;on G ‘
. -'-.‘ : ‘,\ l".” \g - ; IR .']' 3
Lngludes explanation“ of ,the',reprESentatlons Qﬁﬁ

'b

Vo . - . R l\'. v E A
prirqltlve « daj:a types . 1n' the %rcmtecture he pgmck
’ ' ',‘ T 4

object rg'%he-archltecture; the packet object as 1ntroduced‘* 6

.‘?‘ilnf
«

'the flfth sectlon.' The detalls of thé&represéntatlon of""
‘ i

;Athls dbjecg and‘the 1nteractlons of the__yar. RE. Of@ »j
. the*‘pa@ket;w1th.the actﬂbatxon records 1n,¢he§*?ocess stack
- oy T s B G LR s ok

are explained.a The f1nal sectlon gnc%udes'\ descrlptlon

RN ) EEN ';1 o ‘/‘)g ‘
) -g: and explanf@ﬁon fp thelt archltectural( support fo%)

‘;";&filmplementlng abstract data types.ﬁfIt could be observed>;rom

the above d15cuﬂ$1on that varlous archltectural ﬁeatures a&e

: co ' e
1ntroduced in o separate sectlons_ andntwth processorJ,A

w . K - - v ) e N

) 5 developed ‘Ehrough 'thg ;j}
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. . & s L .
M . . r : Lot ., ] 9, E C . . . . -
4 1 Memory Organ12at;on ﬁr-,'“g ;v*n‘ e

ﬂgh_» N
L .~ The v1rtua1 memory¢épace is esseﬁtlally v1sual1zed as
R S R T D~ U S

- Yo e

BN three d;st1nc; sections:’ ' T e SR

. Lo ' k : "'\ ’ ";ﬁ .,.W\ o g .‘,;' ; “:“J, ) ,'*‘{l R * - ", .
5 oo e T flay 'Stack space, A . S ' o . oM
PR Co _' o R e ot .. . .l ' '
g e h, hdap space and . ... s . _* )
S ' - e ¢ - e
e gl Packet space. : o . ”
e Anothen permanentTY'-resident wséqment \torm‘some ‘Tesident .
| B . ) .

i. o ‘: - ..‘. ‘ ‘, ‘) . 6“ ‘a ‘.‘.‘A _‘ )
;sj"»,%.‘f,ﬁﬂ‘ operatlng system code for supportlnggmemory mapped I/O d

"‘kﬁ" ; dl‘rectory space for capalﬁii’“ty mapp;ng 4‘ ‘grmatlon could be
A = Y KRt i

.?$ IR f. reserved* 1n7;thef Prlmary; memory _ (De
management arezgg& uncludedﬁfn thls theg
o . . 2. v....'\-‘; ‘i‘ .
g*:.%.fr The stack spacé con51sts ef segmenEs repges%n

«

ping the‘"

: : ; AR . & 'wf'

: B G '~‘?‘ .

el process staqﬁ,segmenﬁ@of a prodess._;Rm@maéy constltuents of"
Ly

: .» “3
P DES S

AN M .

;a_;j‘a process stadkﬁﬁEgment are therdomagn frames %Eit %nclude‘,
. . : -@

| TN I N AR+ L AR
oo e actlvaﬁlon ‘records for each domaln.

R % E' . ,:‘..o &‘y ,:_j;.

*Further dlscussmons on

&j;;;dfnei .f the domaln*Tramgg and ast#ya%&on records of Y process stack ?
ni'?f A';;;; : seomen;.hj : gycluded 1n secth§n5‘4.2 and 4.; The pnoceﬁ% .‘
ﬂ[f;f}"f;ﬂffx‘“ The héap spacel;_ {iant%for objects hhatﬁfareﬂ deflned
' p]iffuhy; and cﬁéated' at. run‘rlmerf a“prpgram. Typldal exampleséff J
>:5,1§ _._“de:guch objects are dynamlc.arraYS,' discrlmrnant resords ;and~::
‘}ﬁgg;r,;pffp w acd>§sed varlables.‘ Only objects rhar could be weil deflned’
if¥f$l?¥éiff,»at complle t1mef but. st1ll occupy heap =space..are.ithec
,f,} - ri;f;rfcomp051be ob}ects (records; arrays,uetc) that are retbrned:d“
e e T F e : '

27"!;231*.J7{a5 results of functlon subprograms 1n Ada. When an objectii
. R 1% created by process Q; the heap space, a reference'

e Tognit

T . Ta
o‘ P - L "
o ' K
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4 +

i &
%,a capablllty) is returned and stacked on’ the stack

Q’ : -+

segmght at the.approprxate plact“ Thus every object in -the'"m

he L

““faﬁwf%~*heapa. space.”‘have unlque system d@§1ned names band re -

o :ifﬁf““ protecgéd through the capab111ty mechanlsm.f' d"W,H:';;' S
T':n'wi" s ":'“.The packet space 1n the memory 1s;a; i”".to packet: ;;
,ﬁf§ l_;;‘; fﬁdtjectsl' The - descr1otlon of the contepts‘?ot;Jthe packet .
b ‘} ob]ec ri—Sectlon—4
) fk~;‘;jE¥‘encapsulates aﬁsepatat;ly comp11ed module f Ada program,;“'
"”p .1l~;;5‘; e.,; o:e 65? more subprograms, package or a task : Every. |
5;:;3-':;“1 packet object is protected by peans of a. capablllty ' 'pA.:;'
vlc ;:”f"'g‘,_f The pr;pmry Temory‘qs word addregsable.j A prellmlnaty
Tﬁ?._ﬁjfd? speleLcatlon of the gord 1ength ms 64 bats wﬁach 1nc1udes a
E k?fgi?F;Ai blt» tag | fﬁé two@hardware feglstegé assgclaffjt“' the.
- prlmary memory are the memoty address reglster Mk s
ta,reghster MDR .;f;{ ;'“ %j g
syt Y u " y e e e
LT gmdme swlmgessor U L
."jf“f?:,.; jk,ﬁl?Asf noted éﬁ iier the proposed archatectureacodfd be ?dq
f?}{frsz;i- broadlyccategot:ced’as a stack machlne.let 1s necessary Q '

% \ﬁgf justlfy the cholce of a stack or1ented 1hst;uct10n set fOrﬁﬁpd
‘1é;5ik.€;‘fan aichltectute~d}rectedjtouards Ada.f A study of lcomplleffft
7_;73fbﬂf”&pj'systéhs fgr “all’ ghe: ‘knowm programmlng,languages, for thet[kf
L.[;idfk e;l,conventlonal regwpte% ot1Ented archltectures, .ceyeals that;;f'
kS tw?f(/f;&kﬁof compller \kreats the a;aliable hard;are as a- monollthlc‘fxgi
i;p;;iiic!fd_tesouPCeu Insteaqussomej_bas;c run.,t;me- model ;to;:;tkeki%k

L;i.éparchlt:cture adopted Theffimplementatlon wt%chn1§ubs";a”
bd} ipfpresentfd in’ thei 11terature forv any Algol llke l'ﬁ't'f.ﬁ;”
S B P e i
e o j ; S :



B o AT j:‘jgf'fm'tr"»‘j?T L ﬁ*:j",‘~§75f
';tﬂ‘h"'-ﬁdlnvarlably assume a stack orlented mach1ne as’hthei‘abstractA;;'
. ﬂé:il"‘,{ ~ target archltecture [RaR64 Gr171 a Gr174 paC79 B]OBO '

-y 'JyShSBO Bar81] The need and de51rab111ty for. -such ;an'l-d

2! \

'fassumptlon has already been well estahllshed Hence!iffthe'
'd‘: ;}‘QMarchltecture under con51derat10n represents a stack orlentedx“
.-ﬁiﬂ;idfinstructlon» set’ the need for. smmulatlng a run t1me model
- ‘———‘—and*thusigeneration;of—extra—code for——s1mulataon—_cease—_to¥;;¥
DR _., . A . T o

exlst ‘ There does not seem to be anyﬁd1sagreemen¥ among the

«‘x-l

73computer . archlt:h

e
FUR . X e

"“a"];ffr7archfte tural ﬁupport for eff1c1ent
* : handlll@

of actlvatlon stacks [Mye82 Dor79 St080 11182]

'regardlng .'the"d usefulness_‘V,of7"&5

1mplementat10n and.”

ﬁ%ff';:{;_'{ﬁ} R Although .the ba51c Irunﬁtlme model for any Algol—llke 8
T 1anguage ncdxporates support for . 1mpl nt1ng act1vatlon -
o .3 ”unmplementlng scope‘irqies,‘,prooedure calllng
;ﬁ_‘ o ‘ ‘-conventlons*%etc X,*that;does no@ahecégﬁgrf%§ 1mply that the
RPN ‘ﬂﬁif\ S o e '
_@“»?Y'Y@“: expfe551on evaluatlons hax; to be done ‘on. th§§§tag§ through

"31} the generat?dn of*reverse pollsh code._ Although effag;ency

mundane 1ssue, yet 1t 1s an extremely 1mg§5tant 1ssue., All
’-,&[;; a551gnment ;tatements, IF and CASE statements,: most D

ey

'f‘~statemedts and certaln obher statements _int any procedura}

- consxderatlon forh expre551qn, evaluatlon “iai appaﬂently a f

¥

PR

5.

language 1nvolve express1on evalugtlon.‘ Stud1e5~1nd1cate~;

ﬁ{;ﬂxb%fﬂ i, tha% 50%? of wrltten hlgh level language statements and 75%+
. of executed statements 1nvolve expr6551on evaluatloh [Kee?S

w“?éqlg ‘ 31575 Mye82] Thus .eff1c1ency “of;, expre551oniﬁ?:
;Q* o gvaiﬁgélﬁh_?élf*,fa%antly affECtS‘the‘e®ﬂ999@‘°‘ req“irement
}Ef 3tf?#' g and enecutlén}eff1c1ency Of anharchltecture.ﬂi-' L |
N ; . ' -



'fgm ; '.f 3*y':TW0 7majon.‘studies" on"thisrmissue-nofyi Sode “'space’
: ";:'-v requ1remenb nd performance analysls of var1oos 1nstruct10n"'
;} - forms (wlth respect to. expre551on evaluatlon) 'Qrév'dué»«téa;'
? ?: Harvey Cragon -{@ra?gl and Glen Myers [MyeBZj Cragon”s |
) - Vstudy is qurte Mreallstlc and gyfrohserves. that when‘.a,"
;u‘“h: con51stent Aset of; assumpt1ons 4§re“ applied ‘ the flveh,
: ‘h;»“;fﬁt ;nstructron—forms (2/3 address memory memory,i*?pe Addressth-
f";‘ ,; . ;Accumulator, 'yd-reglster regrster -fyyan ﬂy_ 0/1 . .
) ;stack 1n—procesSor), no . 51gn1f1cant dlfference
ﬁr o 'elther & dewspace or performance.;.The:conclnsronfls not toog‘d
Hﬁ;'i g h;SUrprls1ng from the 1nfo# t1on theoretlc ﬂpiht of“mle f?} @;;;:
: the aboveugmentloned 1QstrUCtloqfﬁormsaby con51deding seven ;i'
L

dlfferént e&pressgons and tﬁ?@p_

‘ , ' e g 1"-5 I
occurrence _“ hlgh level langﬁagefprograﬂ A“ 2he\ana1y51s

e

.a,lndlcated that 0/1 ‘addreSS’ostack 1n—\rocessor form Jﬁls '
: \ ; . '\. t R
VAfmarglnally 1nferlor to 2/3 address memory memory formﬁW1th

i—— ,,J. . L R .

.Qrespect to the M-measure. In the context of the S measure,fb;)

ths analy51s shows that the i/3 address memory memory form

v';J“' 1s defln;tely superlor to the O/Tiabdress stack 1nlprocessor
ok form.; /The~~techn1que ‘of the anal%s;s rs 9051tively'brasedf*'
f P -.” o v N - P
o "~ ‘and unreallstlo Liﬂ":-ﬁ

°\

n,‘streams Ere con51dered210/1 address stack Earmt

.i‘":qWA

‘f}nstructl

e I necessary
' ﬁjforms:;%rft'~:aw.tf',;.3wi;.gﬁ 7.E_a73“_:$;,:;=v 2
* h - - 3 l .
. : . S



‘,;;S . :;' - :‘ Ca oy ." e ! . i.f ‘\ .'( ] r' L A & o . . _..Vk . o : I )
Sl e Based on’ the results of these studleSq.-the 'conclusion'
AR OE .v“". ST : ! s

1s.¢ that ‘the ;-choxce between the 1nstructlon forms

3

1. PR f

e ,vﬁ;<(stack in=- processor, 2/3 address memory—memorff
e ] I RS

‘..‘ .

n”:s1gnifrcantly affect the code space requlrement or ekecut1on

w8 ' . s
Ry

n L g
perfdrmance of the processo% The~«other advantages'*of- a:%»

R _'#gtack processor Afor gah' klgol l;ke env1ronment haye been
,\ v . o J,;' . ;4, ;‘» ¥y

.1nd1cated eariler, and thus ﬁt' dec1deq“—that——a—+stack

should “nbt‘

)

v

‘>“ 1nStrUCt10n b,s ‘ would fb the -mbst su %gtle-f$or .an*

fj”;”. R archltq%ture dlrected towards Ada
o L R M . '\ - § ; S ;Q.\ :'v 3 ' *

hms reportrthat thdugh th

}n' S, o ‘ ~§§ '2&' ék o . d%-ﬂJ Ai:'. ‘?‘

'greasonably attraotlved=m”

).
a“"‘"

L . LI N
' “.‘ i ﬂﬁ; v & "'- ‘)”

: -~7'52; 4y

sﬁunreallstlc td havext:e

! S > AN f?udy%?y Tanenbaum a; '?tw
: . : R . * ) o ‘E\u N ; ; . ,,-.‘,_.':A‘ ’,:'_CA
. T that 99“7% f eTpressuhns ;Q”a typ;car prdgtahi

L A TR ".‘ . Qi »J\ ) o . e - e l' ‘}‘f.vf' o

,_.pjt'“ tff;dofnot requrre more thanggour operan?s

\ s

-—dw\

o_;;;”ii, ;t

locatmons ex1st 1n the processo"a

F]f;fﬂ’ff.f"stack top do s not - really qompl qate the\51tuatlon fw.
e e S eZB. e, . u,u‘ : e :

\ .
Den80 StoBB] Moreover the'use of a stack4 cacie [D1t82]

3,

fj»f’f?’ - and blnstructlon

,I

'ahead ‘prlnc1ples [D1t80] for stack
: &

: R AL i N ; L O o
f;,ki”aﬁ“f“\ maéhfhes have been adequately establlshed in the llterature.,

In> the present pﬂbposal four top of stack 10cat10ns are

,.u \ _:” ce . L . X
con51dered to be avaulable in- the processor.

ERRCA ol *\ ff:v lﬁ,::f-:;'f;;, 7-1=9'.:a< et
v e - 1",‘1 'N: ; : ‘:;: .} ‘u::ﬂ: ..ﬁ.i -af-:~ )

r

Q 1 bh_ Sa11ent ;iﬁeatureSff5andjl Prpb;emg in 'Stack <

j.ﬁ]f:é@f’fﬂkiffJ Archntecture ii:§;fft‘5v SR
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e nioo

\--shatablllty "ol" aégstack sprocesso! iﬁ{

. - wlll be'summarlzed SOme o f f.l[the problemS' assoc1ated oiﬂ”'

jvstack@$arch1tectures w1ll also be 1nd1cated«along w1th the l‘

‘,the{”.important "rfeatures " of, i&ie stackfu'

LA

_archltectures are the follow1ng- 1. .ml;,;'f"%n _‘gr -.._fl

‘structﬁred

: 52 o
"v languages llke Ada.;“

-

- ‘.\v .,-'.

-

RN

Gl o @ o T v
g __’.-,stack_- e

CeEya
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’ A;,QQ" Lo L natural .support for
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B

domalns ;off&af proeess_;

N ARt S 8 e

U U S process stack segment | doma1n?%%rames.,7' Thusffe,

24!

'7ﬂ7aidlrQ;3'lfl‘tf cabablllty p8551ng:‘across'" l@ulﬂSiegnrlng doma1nf5

l;.,f;ﬁ'f;f'_fﬁ that‘"of -paraf‘ter pass1ng. - Thls po1nt will be"j_fi

Hﬁfurther elaboratéd 1n the/next sectlon._}vikﬂj

_v..., v
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’fy‘f b.j#Tﬁe’ usu;l reglster'allocaftdﬁ problem for temporaryfff5~

ﬁf:gif.t:)_gj‘ S procedure ‘d;* ‘a block prov1des automatlc allocatlong}'“

of temporarles and local ;ﬁﬁ1ahles on the actlvatlongm,

N e s R I ;..;f',.‘\ - N . e
T aCch As;lndlcated 1n'(a) ~ the B4k archltecture prov1des;f
i *Q or ailocktion” of ' procedure

B f”Vn.~:,xi;r?" e actrvat1on recg;ds and thus; parameter"‘paSSIng@;_.

becomes extremely s;mple.i Slmllarly the protectlon-ﬂ

operands and parameters are avallable 1n the stackfi‘“

Woam, T

’v*gg Segment.;'KTne;jstackggsegmentufofgg process ’15"':

e ’7‘_"- varlables is absent as the actlvatlon. record ;_ajjf’

duld bel allocated on. thejff“

- Tt prov1des loca&uty of reference, aS m°5t» f:ltheiﬁ;i
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prﬁ@tected by a capablllty that is made avallable‘_i

'ﬂma predeflned reglster at the beg1nn1ng of a process-'

and thus- v1rtual address 'translatlon ,of »'objects.~

R

' .

s exlstlng in_ the stack segment does not requ1re any

i l:- ;‘ ‘
add1t1onal overhead. ' '

9 .

;e;'_It allows stack relatlve address1ng des;-inﬁ which:

: d.t ,Z -
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'",bf;actlvatlons of*the procedure., In Ada, as mentloned earller,_jﬂo

DU LT . .

”ﬂﬁfactlvatlon

urlfvarlables.: ‘Th problem fiﬁcjf”

"'l ac’

\xor statlca I

-;fh"‘thej nece551ty of expllclt xspec1f{catlon of the

‘tfsegment‘ address (1 er,f.th capablllty _fbf”j,;ﬁeg.

e~

\X

‘grlnstruct1ons (where the top WO ‘elements of
d}s) R

e sgsck are the 1mp11c1t opera

‘, . »
a s

"g,;&] Tﬁe@ concept fown{'”varlable (OV) [Pra75] gpses‘ﬁ

w" U ’

B f all‘cat1qﬁﬂproblem 1n an stack archltectures."Own garlablesF

..._-1, R
= b

1‘! N Lw e,

archlte?ture by allocatlng ownv”varlables, that are scalarii

»—’

" y 5

'space~~1n

_dynamlcally determ;ﬁéd compos1te structu;es would'be 'Btored-Y"

e

-« . I

19]3The solutlon 18 expla1ned 1n detall in sectlon 4 5 g'tija'f*

A e R . - . . .\

g .

- FEEPRP R
R R

S0

segment) does not larise, thus yleldlng lshorter_f
'Lrgstruct1ons.'_“0nj the‘”other hand ft*. prov1desf

:m;compact1on : of codé space thr0ugh ,zego \addressh

’- O

d:’ in ‘a procedhre cannot be allocated dnkﬁathe;f

ﬁ%bk ‘as_%thef varlable’ should“‘ex1st betweed o
. <var1ables 'declared in a package are’ to be greated as »nf‘-

' ?thelﬂ proposed t‘.

;'etegplned compos1te structures, vln} the OV?llu

'h packet object.- The own varlables that are,ﬁjf?
T ] A S

ﬁg;f1n the heap space w1th reieredces to thé heap obgects 1n thelpaf

v:;OV space’of the packet object representlng the Ada package.;; ,
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Slmllarer:-StaCR” arChiteégfxes doﬂ
. ) -;-;"' gi

”an1sm but due, to confllct1ng requ1rements of

‘h h1d1nglf l ndf"scope/v151b111ty *.rules iin g,;

' kblock structured languages.‘ *An elegant solutlon to_ thel';y

9

Fal

T R M
.~fmechanlsm ‘and packet object. The detalls of abstractx,

‘ ““jdata type 1mplementat10nw1s g1ven,1n sectlon 4 5

blockwstructured languages.;;fﬁtf” fl’ptgéffdti

.Ji;addressgng d1scussed

'“Problem=>as handled dﬁh Burroughs sﬁkles of machlngs,ﬂﬂ"

{:problem ‘1s presented 1n the\proposed archltecture through a”

b}

,‘comblned 1nteractlon of the capablllty mechanlsm,_the stack”p:_

s : ‘

PR
gl b

A couple of . PrOtGCtlon PrOblems are’ also assoc1atedfj'

f’m1th the commonly known stack arch1tegtures. fybneﬂroffﬁthep‘g‘

””a}7problems'-1s llnked w1th the d1splay relatlve addre551ng f°r$i‘in

. ~1

’ y nehatlve;fjﬂ

BT

v"‘

'5;tgprob1em assoc1ated wlth thls addresskn; ‘mechanxsm 15 that_[

" _‘ et ‘ S "

thhere is mo check on the offset value that could be added totﬁﬂ;f

- L

ffthe contents of the dlsplay reglster for acce551ng an: object;fﬂi:
J”fihﬁ a. partlcular lex1cal level As there 1s no check on thefJff

"*#llmlt on the offset value, any ‘address ¥o other ‘lex1caIf<¥

w_'._r‘@

"ngvels goﬁld be genetated although thls4£s‘1llegal ?rom the{f?ﬁ
p

REBEES. OF S ¥
o gthrough cert1f1ed compllers [ﬁor79] - 'easy-wand naturaljw;x

"&{3

i; archltectural solut1on to th problem 1s to\prov1de a. llmlt{j”h>

ﬂ”f Wf;ld in eacH dlsplay locatlon.;fjfi';ffhy;fk:3ffjf‘if§:} Wl

.‘“ e

.,prv_y rotectlonj,“.

int of VlSlbllLty 1m block structured h}anguagesia Th1sjﬁr;&
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~relat1ve ,tof-~

.; . flth “"top—i_vn-;§§&1TOS) and the address 1s chzck@d by the'
- g baéf bound palriébr the whole stack segment.: Obw1ous&y such
‘ .,expllc1t TOS - relat1Ve addre551ng should not‘be permltted in
",fany'machlne 1nstructlon (1t could be done at ‘the m1crocode
. 'id .: level) _: SImllarly most | f‘ the.bcommerc1ally known staék
| . . aréhltectﬁles do not restrlct the POP instructlon and }zero
\ u‘?wYadd;ess 1nstructlonsl to only the temporarlesrgaUsually the*i{f
8 A;f;:p:vétgsuewfoﬁ,Qprotectlon hofdjth'? admlnlstratlve 1nfonmatlon, e
g @: Hi’-~ parameters : i iocal .varlables ;arel relegatavhifo-'the ff;
: E certlfled compller. The| proposed _archltecturé _tahes‘"a_
‘f ub;fh‘c“‘ dlfferent stand -and demarcates ﬁthe base”of th;“'l
s Z“F?;"area throughiaMfB'reglster' tags arefprovtded fo’"ﬁ
S e I S e A _ L
‘adﬁ f.b“'. .“AIR area aa@ above mentldne $
1 ﬁi' f; -"Jallowed to operate on temporary opgrandsrmmt
C ;?Elnﬁcgiuf‘A;; 1mporta'tuaprobiemh‘ all stack-
;@ | Qééohlem of ensd%angmgge 1ntegr1ty of the procedure
% Lf“ sequence.rf Agaln . h s‘1ssue rs“not usually con51de
'ﬂ‘fViﬁj'g.' problem as mach;ne language programmlng‘1s{ ‘i‘? al%fweddbonv,f~

€

most Hf these -machlnes [Dor79 "Org?3J'_and the compller

generated code malntalhs the ;ntegrlty vVA ’ 1nd1cated “1¢'

the proposed anchltecture takes cane*of the

. ¥ T 2
gkoblem by m1crocod1ng the'” all _sequence= for. procedure-gif

) . ; LAY N
-Qgcalllngﬁ w1thout parametersa y:For Lrocedure,\calllng w1th
. e ,A'-.“ .m .. - w

- s O ',.,".‘A: LT
T , _.VPCALL) ‘ h detalis f; the archltectural support f ;f-g
. x;_;;:f-_; calllng Ada subprograms‘ w1th parameters 'are provfdéd
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sectlon 4 4 The scheme\requ1res PBEGIN to precede a PCALL o

1_.3g”;;fl.”*gThej requ1rementujisl satlsfled by a’ statUS b1t at,ffhéu“‘.

’“microcode,leyel..:The mlcrocode sequence for PCALL 'requ1resj

tTthe. status b1t to be- set (the status b1t could only be set

by a PBEGIN) for‘a successful executlon.

Tt Y

-‘ . ?‘1’ » “.,.

*ﬁ4 2.2 A Pre11m1nary V1ew of the Stack Segment

uv.~

Flgure 4 1 presents a prellmlnary v1ew ofh the, stack

“ v N LS

-";vf:ame and shows the varlous hardware reglsters related to

f”the management of 1nformat10n 1n'tth stack segmentn The
”;_ev1ew 1s prellmlnary in the senSe that varlous other features

. Q ‘-‘

: ffnand archltectural supports w1ll be added on to th%s*v1ew was

-'~.j., . . . ‘.. Lo _;_,‘ -
.G. o : . Yo
Ve ” .

"‘VV

u;{?we proceed through the chapter. :;
| ”i*_Inﬁ Chapter -3, ];fffﬁ, demonstrated vthd@g hOW‘3>the
; : . . e 4 \)

*ﬁﬁﬁiementatlon p?)technlque chosen va de51gn1ng the

'garchltectural suppont for varlable' addre551ng affectg»,'heﬁ?

fexecutlon eff1c1ency of the archltedture._ In that chapter

i'f"f&5{ft;t was shogn that hpiilmplementatlon ﬁechn1gueg basfd '6df§;i
'i_ .‘ﬁ?Rohl~s proposal was-the most sultable one for de51gn1ng the
?} hppiﬁiarchltectural support mfdr varlable‘radgre551ng :"b
i hfﬁardh1tecture dlrected‘ toyards Ada., Hence(the v1ew of‘the

‘-f{ﬁStack irame developed 1n thls*sect1on and the- correspond;ng

e

'gf,hardware supports_“shown 1n Flgure 4 1 are;dlrectly'derrved 'fr;

;from the coﬁclus1on 1n Chapter 3{ :
t Vﬁ“f StaCk Segment shows three

- »

flgure 4 1 the v_

LU ’
”"_act1vat10n recordsc- The most recent act1vat10n of block

‘,' ‘,‘q : 'J o .o .;‘—v_ )
?;“ or\ procedure s represented by the top mostsstack frame. -
,. L L vw‘,' R T RS ST S

~;,N,J:;}{ff@v-”.t,_ig«{,'{,”_)Qu;gr_f;;f\fn"'




et - . . N . - . T . e X o o SN
BTN L S .l N . R c b . s N

[T o : o~y

,ﬁThe” 901nter to. thejﬂhaee-’éfhjthe top most stack frame is.
) . . . i ]
contalned in the reglster FM.W. Slml%arly the 'reglsteru TB
< : .
*p01nts to the base of the area'ln

. o : ‘.-. ‘ R Xq.‘f .
for ;stor1ng . of. temporary B var1ab1es : and, expre551on

e eQalhation;':wTHe lex1cal level 1ndex of the last actlvated
Viemo o L e R

-%?“Qﬁygj'g\bloék or procedure\ body a’contalned 1n-rthe7 DIS TOP

Ffif.;ﬂggp"hrreglster. ['f?iThe'a - orrespond1ng | dlsplay reg1ster

i e I .

h[ 1splay[Dls top]] 1n Ghe bank of dlsplay reglsters, p01nts-ﬂ”"

3

the base of the area 1n the latq't actlvatlon frame that

e-aframe,‘represents
R |7 DO j. : :
?ea-wcontalns.the l nk

previops DlS top;‘ prev1ous FM,ga“'

In case ofoa block actavatlon record all the
A' = i

;segment WIll undergo
a'or protectlon demglns.;t,'

Slm1larly after 1ntroduct10n_oﬁ_the parameten pa551ng

: B R N R e R T
, _ - _ 2
. : R . ) . . a “
- i3 . A N [N
. ». L s o
¥ t . b !
; 1 s ,
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mechanism,  the structure of'the procedure activation record

will be modified' to reflect the necessary chandes.'

Addltlonal hardware/f1rmware supports will be 1ntroduced as

and when necessary in the ‘process of stepw1se development of

\
A

the complete processor., Y : .

»

)

4.3 The capability_Mechanism

Before getting into the finer details ‘of of the

capability mechanism, in-the'proposed architecture,_ it is .

necessary to present an overall picture of the capablllty
based addressing and protection as adopted for this de51gn.

It was indicated earlier that any separately comp;lable

unit in ada (a subprogram, package or task) is prepresented

in the machine level as .a. packet object in the packet space
of tﬁevmemory.' A packetﬁobject_cbnsists of pure (reentrant)

code . corresponding to procedures, function or package

initialization routines ‘and some reserved areas for

descriptor templates, own variables as well as capabilities.l
So an Ada process executes code segments of varlous packeﬁ

objects assoc1ated w1th the process. In- thlS archltecture a

‘packet object relates to a spec1f1c protectlon doma1n..

Hence an Ada process could execute in a number~of protectloni

>
_domalns. There also exists a one -one correspondence between

s

~a packet object and ‘section ofhthe process stackvsegmentf

-~ .
named as a doma;n frame.
. . . .

The activation records related to a_ packet object

!

(correSponding'to'procedures'and blocks) ,are ‘cdntained .in -

0
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"the-domafn.frame}associated with the particular packet under
COnsideration. ~The bstacky segment of a process and every
‘ packet'object is protected by the capability' mechanism. A

capability (in other words, a unique system—defined‘name)

A}

would be associated with a packet object when 1t is created

~

-

by__a__process. ‘ The_mptocess_stack_segment_getslassociatpd

Q

with ’a\ capability when the 'corresponting ' - process "is
;initiated.l Further 'details on -the packet object and the
interactions S%tween a packet object and the process stack
segment are‘postponed until section 4.5.

In this proposal capabillties name ‘and_control access

to. objects in. the  virtual address space. .The capability'

’{assoc1ated with an object repnesents a unique system-wide
. 4

name for the object 1rrespect1ve of where 1n the system the
-object is cUrrently located and regardless of which process

_uses it. The actual representationy of an'objectfis'not

defined in the architecture (as in §WARD - [Mye82]). Some

typical”vobjects that are assoc1ated to and 1deht1f1ed by a

capability are - process stack segments, packet objects,

51mple “and composite :structures in the heap space._ Eachj

..object in the system is a551gned the unique name at the time -

of creation (at run time).

As theladdressing‘ mechanism; of the: architecture is:

built around the concept of'capability based addrpssing,

discusSed earlier the,virtual address of an operand is

con51dered to be of the form (capab111ty, offset) It wéuld

be - seen. 1n the discu551ons to follow that often it w1ll not

-
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be necessary to exp11C1tly spec1fy the capablllty component
of the virtual address. Th& form of v1rtual operand address

dépends on the type of 1nstructlon, referrlng ‘the operand

>

For' the stack or1ented 1nstructlow/ referr1ng to operands \
i

in the process stack  segment, - the ~ v1rtual< address

*ranslat1on—~—mechan1sm———would~——automat1ca%%y——assume——the————————*

capab;llty of the process stack as the 1mp11c1tly declared .

- . N

‘capability in the operand address. Slm11arly anstructlons

specifying address references in the mnstructlon space. of a

A

packet ,object would be 1mp11c1tly spet1fy1ng the Capablllty~’
associated- wrth_ that packet - Capahllltles have to be -
"explicitly specified only for the ope%ands ex1st1ng in the
heap space; ” ' a‘ ‘ fn Nh .

e . - : \.,-»»"‘.' ¥ . ‘ v ’

4.3,1 The capability Representation'h a
Before describing the -exact form of the"capability
. 3

proposed in this architecture, it is necéssary to enunc1ate
LW

v
the ratlonale underlylng the de51gn dec151ons. Con51der the
requirements of the, capablllty representatlon-'

1. It should represent an unique system w1de name for -an
}object (process stack segments, packets and objects in
the heap space). ' L fi. ‘ a
2. hccess rights for operatloﬁs permltted oh the objecti L
should be spec1f1ed in the capablllty representatlon. ’ |
3. The capab111ty representatlon should be able to un1quely *
-bldentlfy a protected procedure rn the packet»obgecq,
(It,is ‘partrcu;arly“ necessary for 'implementation of

'/

. Kt Tt

LYY -CIPR I PR E RPN PR
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;;;}hct data types ' in Ada. ) o | i .

- 4. Slmllarly it should be ablke,to name’ and restrlct access

. ’ ' 4
to a word w1th1n a comp051te object wlthout exposing the

complete object Th1s requ1rement ar1ses wh1le passxng

element of an array or a record as a. reference parameter

.37bbitsLtDen80],

on whlle pa551ng a word in the stack segment across. a
‘domain . frame. A further restr1ction .regarding a

capablllty 1dent1fy1ng a .nogd “in the‘ ‘process stack
segment is. that the\capablllty should not ‘be allowed to

be copied out of the stack segment. »

5. The name/identifier part of the representation should be

protected against any . modiﬁication. It should be

4

'possiblefto médify the access rights to the extent kof'

deleting certain ‘rights but no amplification should be

N
3

permitted,
The first requirement ‘implies ‘that enough bits should
NS _ . ' S
be allocated in ‘the capability. representation to uniquely

name objects created throughout the lifetime of the sYstem.
Thetfe are various suggestions in the literature regarding -

the. number -of bits. requiréd for the’ nnique object

°

identifier. Some of the suggestions are:

Dinden" ‘.50~bitSV[Lin76], Myers ¥ 30 bits [Mye821, Dennis -

{ .

Dennls ‘has  shown that even with a highly inflated

Qassumptlon of 36 objects belng created per second a 37 bit

v1dent1f1er should be able to provide unique names for 125

years! In-the present design 36 bits are reserved for the
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.. capability identifier.

The access authorization field 'would have five b1ts

representing the ‘five different author1zat10ns : 'Read"

'write', 'Enterrj(\\'Copy'j .and . . 'Destroy’. A" process

. 2

pessessing a capability fot- a  segment “with " 'Read' *

»

authorization ,wou1§<on1yvha6e the“authorizafﬁon to read the
‘segment.pbinted by the,capability..identitier. ",Similar is

the 'Write'h authorization. The 'Enter’ authorization does

. capability archltectures [Den66 Eng72 Nee74] The 'Enter’

authorlzatlon ﬂcould only “be present in a capablllty .

'thatnames- a packet object.» The presence of. wEnter'
authorlzatlon in a capab111ty aIlows the process posse551ng

.the capab111ty to switch 1ts protectlon domaln to execute rn

L]

‘the” packet -spec1f1ed (hy the capablllty. Th?o\g\Copy
authorlzatlon in the capablllty allows pa551ng a copy of the
capab111ty across  domain frames. V*IThei ?-'Destroy
authorization implies the authorlty to destroy ‘the. segment

named by. the capablllty " The capablllty representatlon‘ for

E)
I

this archltecture is shown in f1gure 4.2.

-

not carry 1ts usual meaning as ‘in the C-list Aoriented ‘
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tag form' authority identifier offset or
‘ ) . index
Figure 4;2\IThe‘capébility-rebresentatioo,,
The‘requifements 3 and 4 introduce tﬁe necessity vof_ ’
having a 'form' field in the representatlon. Thls ‘field as'
well as the: 'Authorlty f}ekd are not encoded for-.execut1on
efficiehcyf- The’ inte;pre;ation of ,the torm field is as
follows: ’ ,\ g | ' | R _;
filform : 001 :;-ca 111ty for an object segment "
- and the offset f1e1d is to be»"~3- f;t-
5 ;1gnored - ) -
_iform ' : 6f0 : capablllty.forﬁa word in any e
_; | _Ségment other thén'proceSS'%tack{f“Jﬂ ‘‘‘‘
I ‘t»'. :s. 1- segment-and the offset f}eld' &
. , .“) i'represents the offset ofgthe
\ o word An the segmeht. ‘ - X #
form '+ 100 : Similar to 010 but the named '
dj; ”word 1s in the process stack
N segment (cf requ1rement 4?
: : | o ' | . <
: S e '°%#§?~ g
,Another,form isf'all zero'7to:tepresent‘the'céoeoility"fof-af - "
) pscket, vtheo‘presence 'of Jﬁntef' authorlty is- mandatoryﬁto‘?i4 %ﬁ )
'"exécote.ihstructionsiﬁn-the-*oecget. Fofs\th;s.,form ;w1th-f§3&'A ﬁ
!éhter}_fauthofity, the- last?:16 5bit5‘feprSent the'entry ié{ﬂ s




point index ;1n the header sectlon of’ the packet object (1n a

-~thls case. the f1e1d is not encoded and should ;only‘.have_ -

‘

51ngle 1 at‘_a tlme) : Thus it .is possible to haye;16_h

o

protected entry p01nts in the packet object. Futher details

of ‘they,representatlon of_ the packet object are g1ven in

'§E9(§°h 5.5. . o o

&

The capabilities of the forms fo1o' *100' ‘and '000"

could only be created by a process hav1ng capability of

the! form ‘001'. The creatlon of these three capab111ty

- forms from' the ‘001' ‘form 1is handled by the COMPUTE

CAPABILITY 1nstruct10n.v

1

s

4.3.2 Capab1l1ty Mapp1ng Mechan1sm

-,

The proposed capab111ty mapplng mechanlsm and reglster’

support structure (1n the next’ subsectlon) for capablllty
. based addressing bear resemblances . to the correspondlng

archltectural features 1n the Plessey 250 system [Eng72] and

a capab111ty archltecture proposed by Dennls [Den80] Thus'

deta1ls of the mapping’, mechanlsm or long term management of

‘capabllltles in the secondary storage will not be presented

Only so much detall will be prov1ded as is_ necessary \to

R }

explaln the rema1n1ng new features of the archltecture.

o

3

To'1mplement Capablllty addre551ng, 1t is necessary”to’"'

limap the v1rtual addresses (the capablllty 1dent1f1er, offset

‘TApair) into pr1mary memory addresses.~ The mapplng mechanlsm

‘could be. very 51m11ar to those proposed for mapplng segment

descrlptors--din _ segmented membry , management : systems i

~

©
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o
g

'[MaD7q,Wil72].‘ A table isdneeded in the secondary ﬁstorage

to relate the capability 1dent1f1ers to: the - objects stored

1n the backup secondary storage.; As -the' table would be

extremely large it could be repreSented'as a‘tree of. tables..

" s

primary memory to containvinformatioh relating capability"

1dent1f1ers ‘to prlmary memory addresses. This table will be

referred to as the PMT - (Prlmary memory table) The pr1mary.-

jmemory addresses w111 be present in the (base, l1m1t) form._

-An entry in the PMT would contaln the follow1ng fleldsf'

a. the capablllty 1dent1f1er
b. ‘the "base" ofrthe ob;edt.inbprlmary memory,

c. the"llmlt' or the length of the object

-

d.’ some brts necessary for” memory management and-

replacement:polices and,

e. "a po1nter to the correspondlng entry in the mapplng

table fin secondary storage(to be used when segment

fault occurs for the object linked 'to this entry)
' . : LN
RS &fh :

. .Thus ;the PMT is used to nap capablllty 1dent1f1ers 1nto.-'

g prlmary memory addresses and the PMT would keep a record fof

the segments (objects) currently belng used by a partlcularﬁlﬂ

process executlng 1n the system

£.3.3 The Set of capab111ty Reglsters'
The archltecture 1ncludes 'teno capab111ty reglsters

CR[1] -. CR[10] to support the capab111ty mechan1sm. These

A,table—is—also—reqprred‘fn—the—hoﬁrelocatable part. of the
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.reglsters would contaln the mapped form of the capablllties

used in a spec1f1c domaln. The set of registers -is ;always

T

assoc1ated w1th\a partlcular'domain of protectfon. The use

‘of-registers for mapped capability‘information“is ;motivated}

.1,_ ‘ S ‘95

. L
) shown 1n Flgure 4.3,

by‘dthe l“desire,‘ for short addresses and fast referencing of

capablllﬂles that are often uSed; I't.was indicated earlier

|
|

'_.that whe‘A'a~capability-is used'for‘qddressing, the mapping.

i

IR HP . S ' R
mechanism is - invoked fornvretrlev1ng _the_ prlmary memory

l

address (base—limit pair) from the PMT entry correspond1ng
to the capabiiity‘identifier under con51derat10n. It is

‘ : oo - .
obvious that 1t would not'“be .wise to use thefmapping '

mechanism 3for Qeneratlng ‘each and every baddress. " The

fcapab111t1es that are to be used frequently, are loaded 1nto

capablllty\ reg1sters .(in the' mapped- form)« In; this

archltecture every address‘ spec1f1es a capability either ?uv
1mp11c1tly (e g., capablllty for processuﬂstadk‘.or "packet

'}object) or@ exp11c1tly The descr1pt1ons of the operatlons

i a

1nvolv1ng the process stack segment w1th domaln frames and

|
‘ assoc1atlon of the" set of capablllty reglsters w1th ‘a doma1n

» -

frame are presented in the next sectlon. ’

\

The format of- the contents of a capab111ty reglster is

o .
R i .
! . \ e Y

L. | eee | authority base |  limit

Eigure 4.3 Capability register_format;'

¥
e,
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The ‘'instruction LOAD CAP REG loads a specified
: capability into‘the register indicated in the 'instrUCt n.
a é‘ :

4 o

The LOAD CAP REG 1nstruotion 1nvoke§athe capability mapping&
: 7
mechanlsm to retrieve the capability from the PMT and loads

5—;“;’/-‘& o
e 3

the base-limit fijlds of the PMT entry 1nto the’§yec1f1ed

register.~.1t ~also loads the 'Authorrty'/tv’l"x

JJ"/
register from the capabibity and sets the' loz@ ﬁﬁdi g
. . 'AN I o " SN }:5 o 4
on.” .There could be some more\‘bigs “in ”v;;?anpability -

register for management and replacement\polic1§si

2,

of the ten. capabillty registers* prov1ded ,in .tnis

T design, CR[1] to CR[8] could be loeded and used by. compller a

generated codeufor user programs.. ‘The registers "CR[9] and. -

- CR[10] . are reserved for specific system use. The 'register

CRI9] gets loaded with the capability fof the segment,

"particular. domain would ~be fetched and executed.' ‘The.‘

r

contént of. regiSter CR[9] WOUld. get’changed when dofnain . -

switching takes plaCe.v1a an ENTERginstructidn. The program
counter. is 'always"interpreted.vrelatiVe " to CR[9] The

capability register . CR[10] is’ always loaded, with ',the

~capabilfty representing the process’stackisegment~'-it is -

'changed only ‘when the processor SWltChes from one process tofH

the other. This _thesis essentially deals w1th a 51ngle

L

- : - :
- process and thus any changes’ in the content of CRL10]; would

never be encountered. . o o 'xr
It should be observed that only the machine instruction

LOAD CAP REG could wrlte 1nto the reglsters CR[1] to CR[B]

\

) . . - .. .. X . q L
representing a packet _ from . which ' the ‘instructions in a.




97.

that also by| an explicit specification of(?tcapabiiity

: e, - : : :
stored either in the packet or the process stack segment.

¢ 3

There is no"way7 in which any user- generated 1nstruct10n

-

could mod1fy a capablllty, other than deletlng some. of the

vaccess r1ghts gauthorlty)

In thlS archltecture, ‘the. execution of' a process: in
various protectlon domalns is synonymous to the execution of‘
a process in varlous packets. Thls’ concept »1ntroduces ‘an

interesting gnotlon of user- defrhed domalns of protectlon.

‘The term"userfdefinedf is used as the user\could define the
}contents"of a packet object The number of subprograms
constituting the 1nstructlons 1n a packet object couid be‘

d;controlled by the user through separate compalatlon. ThlS

L feature could be naturally v1sua11zed 1n the context of Ada,_

,as Ada ‘presentsvwell deflned means_of separate comprlatron'

T L T
m M . ‘ . : R )

When any procedure or block 1n a packet is. executed

[GoH80]

actlvatlon recor& is’ created on the stack for thecpartlcularh
,1nvocatlon. | To deflne' an encapsulatlon of the act1vatlon_
records~of a spec1f1c packet object the concept _ofj doma1n
_frames in" the process stack segment is 1ntroduced ?Thel o
‘~1ntroductlon of domaln frames 1n the process 'stack segmentir;
' .changes the prellmlnary v1ew of the stack frame presented in

hsectlon 4.2,

a
v

It was mentloned earller that the contents of the set.'

A
e

'of Japablllty reglsters CR[1] CR[9] at any 1nstant of t1me,f-"

are unlquely related to a spec1f1c protectlon domaln i. e., a

~ s ’ : - - : . - ’ . o




a

-~

domain frame on the process stack. ‘To implement this

relationship, a specified section in. the ‘beginning of the

.domain frame. is reserved for the nine capab111t1es that

ocould get loaded into the set of capab111ty-req1stersr Whén

“ -

<
\

a tapablllty reglster"\ is loaded, the' corresponding.

>

capability is'stored,in'the reserved location corresponding

" to the partlcular capablllty register under cons1derat10n{

Thls reserved area 1n the domaln frame would be referred to

the capab111ty reglster backup area (or CRB) . Locatlons

, in the CRB area CRB[i] would represent ‘the capablllty whosed

e

mapped ver51on exists in CR[1] (for i —1...9). It should bed'

1nd1cator bin‘ the 'reglster is’ QN 1f CR[1] contalns valid

. noted that 1nfotmatlon in CR[1] is valld only when the load ™

1nformatlon, thei semantlcs of LOAD CAP REG ,1nstruct10n .

ihplieS’ that+;CRB[1] ,contalns the orlglnal capablllty that
has been processed by the mapplng mechanlsm and _the mapped
versaon (cf. flgure 4, 3) exists 1n CR[1] | | | |

At the time of domarn sw1tch1ng, the contents of the

capablllty reglsters need not be" stored 1n the new domain

frame. - It is. suff1c1ent to store the 1nformat10n regardlng‘

| the_wstatus'bof._the L,llndlcators' fort'each, of .-the nineg

ca

‘;registers;,”While:returningfback,to'the_previous domain, the

F’Status of L indicators»‘are' checked ~and: corresponding

capablllty reglsters are loaded from the 1nformat10n stored

1n the CRB area. B ';-'» o . e

B



4[3 4 Introductxon of Domaln Frames in the: Process Stack

..)

P

0

A mod1f1ed#\ew of the process stack segment is, shown -

- in figure 4, 4

_notion

[} . ¢

The mod1f1cat1ons to the earller ver51on‘u,;

Dresented_ln_f1gure__¢1_are_due_to_the_lntroductlonm_of the

; - R
w M . .

of protectlon ~domarns in ' the archltecture. The . -

. . R
. . B -

necessary - hardware -added. on to  the prev1ous‘ Giew'dfbr R

-w1ll _be

supporting thlS feature are 1nd1cated in the. flgure 4 4 andp

'] ) , . ) S
explalned in thlS sectlon. _ B U._{,-'“

“ -

\ : " -

The stack segment shown in flgure 4. 4 con51sts of= three LR

»domaln

frames._ It 1nd1cates ‘that the' prOCess "under

a

-consideration-'has‘ already executed 1n two packets and has' ;;'wfl:

entered

frame' would con51st of as many act1vat1on reconds as the TR

number‘

erecution"of. the process in the correspondlng packet Thefr'

thlrd domaln frame contalns three actlvatlon- records. :The L

top- most.

5 he

AIR regl

IIS qu1te

- of. the 't
X

; to other

" CRB reglster p01nts' to 7the;'hase ‘of. the CRB area of the.;:_;f“fl

‘AIR's (glven in sectlon 4.1, 2) are tHe fol ow;ng - i
: contents of CRB reg1ster of. the last domaln,_{fp" Mv 2 ) E
’ complete dlsplay reglster bank and l;"jé | f: u:ﬂﬁh ;é
L. 1nd1cators‘,of the nine capabllgt;‘reg1sters fromb'%.:;2@f9%
_the prev1ous domain. p 'f“'-'élif“% ,fﬂypi ftr":diffiglﬂ,y :

the th1rd packet p01nted to by CR[S] A doma1n f,.7l ic

"‘

of ’procedure or block act1vat10n54 duriag the;

e LIS
h [ W . L . : BN -

domaln frame. ' o ..‘~ N ‘,gﬁ?gm ) ‘»,w . A
major mod1f1cat1ons 1n 1nformatlon content ‘of the ,-?'* R
on of the f1rst actlvatlon record in a doma1n. framej.«f"

“a

51gn1f1cant. The addltlonal 1nformat10n 1n the AIR

o n e
4‘/9- M v, -

1rst actlvatlon record 1n a domaln frame as compared

>
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“DR(3)™
. ‘T : ' ACTIVATION
DR(2) ¢ . 'RECORD 2
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The. emptying . of the‘display register bank during the

| .o
. domain switch prevents any access. of act1vat10n records ‘in

the calllng domaln from the newly entered domain. " Thus
lexlcal level addre551ng 1mplemented by d1splay reglsters
dZals w1th “the top domaln.frame only,l SlmlIarly tags on
eJ%ry word in the AIR [cf. section 4,5Jv"aliow only the
RETURN group -of instructions (RETURN, PRETURN,, FRETURN) to ‘ns\e

the contents of, the AIR area,, 'and prevent any other

a -

instruction from accessing information in° the previous’

domains.

.

A ,new:"domafnq_is"ehtered' by executlng an 'ENTEﬁL _
-InStructfon: The ENTEﬁpInstruction ‘requ1res a,-capabiiity:‘
(with ?enter'b authority) .for the new packet object to- be:”
- entered. The ENTER 1nstruct10n expects the capablllty to bei’

on' top of 7the stack. vv'SO' the calllng doma1n prepares a -

capab111ty by COMPUTE CAPABILITY 1nstruc%10n before 1ssu1ng;"'

an ENTER ~1nstructlon. - The COMPUTE CAPABILITY 1nstructlog

- object .contalnlng the 1nstructioni and ‘a. 16 b1t value:-
;representlng the- entry polnt Aon,dtop ﬂb:[ theﬁ stack Onh

successful executlon 1t leaves a capablllty w1th entry p01ntf1
: .1ndex spec1f1ed in the 1ndex f1e1d of he, capablllty. : In_‘

'addltlon' to storlng the requ1red 1nformat10n in the AIR and-'

“ resettlng the capab111ty reglsters CR[1] to -CR[9]

-

f1rst actlvatlon record of the new domaln frame, the ENTE

i1nstructlon does ,the follow1ng ’¢pf“ fj,.df.pﬁjcfi'H
1;_.reserves”space for CRB area,?.‘ SRR - S e

Ty

"_requlres a capab111ty (w1th enter authorlty) in the ‘packet
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2, hloads .CRB[9] with the capability specified in the ENTER

tructlon,

s the mapplng mechanlsm and loads CR[9]

‘vresets the dlsplay reglster bank and sets DlS top to 1,
and A “ B

5. loads: thelprogram counter with the dddress of.procedure
;obtalned from entry p01nt 1nformat1on (correspondlng to

«

theh index in the capabgllty) avallable in the header of

kx}the new packet
-The‘ return -from"a domain back to the oaliing domain

takes place through the executlon of . one of the usual return_
1nstruct10ns\ (RETURN or PRETﬁRN) ;The.dlffErence,between a
~tusual'return from a procedure. and a"domarn:‘switoh-_is
zdeteoted'at:the microcode leyel,fronfanhindioatorbin thebAiR
area associatedfwrthrthe activation-recordhofethe orocedure‘
" executing the”return.f'A'domadn'return sequenoe performs the
follow1ng in add1t10n to the usual return. sequence;

'1, rresets the capaballty reglsters CR[1] to. CR[9]
'522' executes a vsequence, of load 'capablllty register,
| operatlons accordlng to the state of L 1nd1cators in thef
“AIR 1of:hthej returnlng domaln frame, (dote' ' only
'.miCroboded sequences ‘are allowed to access 1nformatlon
.}fln two dlfferent domaln frames) and »A
'3.'Hreloads» the dlsplay reglster bank and fthe DlS top"}
:register w1th values stored 1n the AIR of the returnlng‘r

a

::domaln frame.'.e o <;j
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4.4 Some Spec1a1 Issues 1n an Arch1tecture for Ada'
Archltectural support for eff1c1ent 1mplementatlon of
abstract data types and ‘the detalls of the representat1bn of
| the packet object 'will be qdealt._wlth in  the dext.two
sectione.. In the following-subeections, other architecturai

features will be presenbed that are spec1f1cally de51gned

for efficient runtlme representatlon of ‘Ada programs.'
/ . v‘\. - ' )

.4.4.1'The Primitiwe Data Types ', o : e

; The usefulness of a-tagged bmemorj vrepresentation ~was .
indicated earlier. "This:arcbitecture uses Short‘tage of 4
:bits,‘:with every V'data. “word ,.in the memory.". The :

'1nterpretat10ns of the- tag f1elds are as follows- a 7‘:.

Tag TYPe of 1nformatlon . .

10000 Undeflned word g f‘ : | .\Q
'?0001" A word representlug real number |
pQ10dl~ ‘An 1nteger word w1th po1nter to alraogeword,;
-'Odi1 o ‘An 1nteger word w1th lower bound of 0
iOdOO. o An”lnteger word w1th lower - bound of 1.
0101 An.AIR word .'._‘ - ;“ e
_f0110 .,-Aﬁ ihetruction_word o
io;id_‘ A capabirityuwarad | | R
1000 . A rangeword - fx M o d;b.a?:'i;< a
kl.jdof"f A word in packet header .551' LA
'1010‘1 A word in array descrlptor
L10f1ud ;‘A boolean word 'v |

- The"rationale. behlnd the above mentloned pr1m1t1ve types

-
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willtbe'discussed-in the following sections.

‘e
N

4.4, 2 Support for Subranges and Constralnt C ecklng
. Studles done on occurrence of varlables in programs, put -
array access at. less than 15% whereas 51mp1e var1able access"
accounts for 60% oﬁ the' total [Tan78, Rot76] ~In the.

‘pre-PaSCal ianguages; accessing a ‘simple varxable' was . a-

vstraightforward__operationg However introduction of the’
jconcept of vsubranges“ demande" additional . .archjitectural
s R S _

support for" constraint Ehecking at, run time. Most of the

- . N

hY
well known commercial arch1tectures do not-have any special -

- support :‘for eff1c1ent constralnt checklng and-,usually

lgenerate 51gn1f1cant amount of addltlonal mach1ne -code. for
varlable"accesses to- satlsfy ‘such requlrements 'in the
' programmlng languages ThlS is deflnxtely not acceptable 1f§
:some conven1ent arch1tectural features could ea51ly 1mprove
| the executlon of programs 1n language. 11ke Ada "of' Pascal_“
[B1580 H1181] : So 't was dec1ded to prov1de an- e£f1c1ent”
“farch1tectural suppor; for constralnt check1ng for »1nteger
J:varxables and a reasonably good (better than ‘say, VAX\11/780.
‘Or IBM 370) support for- real representatlons. . qhecklngg of ..
subrange_;isl synonymous 0. checklngg array‘ indioes:using .
5'.desoriptors,. . .';l - |
" ‘ AThe jabove observatlons 'lead“ toi,the:hdefinition- of
pr1m1t1ve data types wh th tags '0610. OdiﬁrAandf*01OO‘,fir
"*representlng '~1ntegers\ along w1th subrange .1nformatlon.;ij

B

;'Empzrlcal studles have shown that 'zero and one t1e f thel
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first plaoe as loyer bounds and.'todether ;rhey cover the
majoriry of‘subrange:deginitions for integer f&pes:[Bis"BO].
_éo two prinitiue hdata types‘ are . defined ,fer’ 1nteger
representatlons ‘that implicitly' encode the lower boundﬁ{
1nformat10n in the representatlon. ‘

The - format of"the( 1nteger words w1th ‘the- tags 0010

0011 and 0100 are shown 1n f1gure 4. 5.

o 3 4 33 34,'. . .63
\0100 or upper bound 1. . value
0011 ' ‘ : ' .

teg o *

‘ form (a) )
0 34 | 11 12 | 63
ooip" N offsetm: L' :;“ ‘ :velue .

form (b) |

Figure 4.5 ' Integer Words

The tag 0100 1mpl1es that the lower bound is l'and. the
iupper, bound is ‘a positive 'value and is contalned in the
:'upper bound' field (bits 4-33). 'Similarly tag 00}1 1mp11es
"thét the»lower‘bound'is zero'and‘the PositiVQ.uppe% bépnd is
_ contained 1n the upper bound field. These two formets’\are
“pused f‘r: short 1ntegers w1th pos1t1ve upper bounds.:_The

form(b) is ufed for longer 1ntegersv and for any‘ 1ntegersp

'»hlthat [- be ‘represented by form(a) (i.e., when lower* o

—_—

bounds are not zero or one.and also when lower upper ‘bounds
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are not -positive). The offset. field;|in'ythe‘ 5form(b)

represents: an offset in the descrlptow template area in a

‘packet; where a rangeword with tag 1000 is stored. B”"I‘he

format of a rahgeword is shown in ﬁ1gure 4. 5,-' ¥

. . './
d . - t
- N ‘. . s o %
S S ‘ N /

. . il . . . .

’
%

1000 | ‘upperfbound-‘ " lpwer ‘bound

W - o . - . ) B .

P

' l

F

. . o o
?igure 4.6.'}A rangeword.

J!%‘

The upper and lower bound flelds wodﬁd cbntain values

"with: s1gn 1nformat10n. A 51ngle rangeword could be used to

represedt the subrange information, for many variables ifd
they 'all‘ have the same subrange constraint. ‘It could be
argued-Athat _the” representatloni’f form' (b) introduces‘ﬂu
uhneéeSsary‘ ‘vaste | of memory space,x 'The use of the
system wide flxed word. length concept always 1ntroduces lthe_
problem of ‘lack of proper ‘utlllzatlon of' the avallable
memoryispace, but the use ﬂof‘ f1xed word’ length 1mproves
execution eff1c1ency If "the usefulness of the flxed word

length concept is assumed . then form (b) .representatron

Tos

'7 actuallyn improves the’ space utilization . 1n the sense that

the space used for the range 1nformatlon would hot have been.
e !

used by a short 1nteger anyway

¢

The advantage of assoc1at1ng the ‘subrange-'lnformatlon
dlrectly w1th the variable is that it w1ll not be necessary

to@fetch and exeCUte separate . machlne ’1nstruct10ns _for

. loading‘wrange'values and perform.range check operations for

every variable associated with subrange information. -
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Some extra hardware facilities are also proposed 'in

this . de51gn to fac1l1tate the often-used- operatlon of range‘

:cheoklng Two ° extra haqdware reglsters UR - and ' LR are‘.’

lower bounds of the varlable representxng the destrnatlon of

-

the ALU result i The, ALU would also 1nclude two separate f

R

jcomparators, “for the purpose of comparlng the ALU-0  to. the

&

values stored in UR and LR reglsters, A spec1al flag ‘RC uk

“the ALU is used by the m1crocode fbr enabllng and dlsabllng

automat1c _range check1ng. o "_ -

-

There are essentlally two 1nstructlons in, the 'proposed
'archltecture that deal' w1th the speolal.reg;sters and the
automatlc range check1ng hardware..; The “LOAD“thNGE‘ (LR)4

'instructlon is used ,forv real operands and the range 1s

,

expl1c1tly spec1f1ed in, the' 1nstruct1on.' The. LOAD RANGE

1nstruqt10n loads the' exp11c1ty spec1fLed upper and lower';-

bound values 1nto UR and LR reg1sters respectlvely ané

”valso 'sets ‘the RC flag.- When the RC flag 1s set the\gating'

| :
of the ALU output to the destlnatlon is delayede until- the

range .check is automatlcally performed The' LOAD RANGE

_instruction' is generated by fthe ' compller only ~ when-

;constralnt checklng on: the ALU output 1s necessary

'The other 1nstructlon that 1nvokes automat1C\ range :
.cheoking is the CSTORE (check before stor1ng) 1nstruct10n.

~The address of the dest1nat1on locatlon is spec1f1ed 1n the :

&

~CSTORE 1nstructlon. The m1crocode sequences to be used by :

the CSTORE 1nstruct10n depend on the tag of the dest1nat1on'

it



a . . - "._' : : . ' : 108

'

)

:location. - In cases of 0100/0011 tags, the UR register. is
A loaded from the upper bound fleld of the varlable and 0 or 1‘
.1s loaded 1nto the LR register. 1In case ‘ofv 0010 taé\\the
reglster UR and ‘LR :are loaded from the location in the
.Pactet 5pecified bymthen-offset' field of  the destination

‘location. Automatic range~ check is performed before the

- .a

‘storing operation. ]

;4.4r3ASupport for Parameter Passing in.Ada-
| Implementation of th;\parameter pass1ng }conventron in
_Ada has to deal\w1th sSome new problems that were not present..
in. earller block structured languages llke Algol Pascal. or
.PL/1,v The semantlcs for scalar parameters 1mply that‘
f;_ Any range constralnt on the formal parameter, for an IN
or INOUT parameter,.must be satlsfled by the actual’
' parameter at ‘the beg1nn1ng ofvthe call _ :
_2§' Any range constralnt on- the var;able whlch is the’ actual
fﬁparameter,/fOr an - INOUT or OuT ‘parameter, must ‘be
'} ‘ satlsfled by . the value of the formal parameter upon
.,x:return from the subprogram. | I
'Thel -above- two condltlons regu1re constralnt checklng (WLth
::respect, to the correspond;ng formal parameters) after
; evaluationylgof the actual IN or- INOUT parameters ;and
constra1nt checklng (w1th respect to the actual ‘parameter)

. before the ass1gnment of the - formal OUT or INOUT parameters

to the correspondlng actual parameters. The problem lles in

the fact that at the p01nt of return the actual value of the .

]
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;locagj variable (representing the formal) correspondingdto
OUT“.and INOUT parameters must lief within  the - ‘rangef
tconstralnts of the actual parameter. Such a check cannot be
performed within the procedure body as the range constraints‘

of actual parameters can not be known to the procedure.'

None of the known architectures provide elegant'

solut1on___for__th1s__problem. The__proposed__architecture____

' fAssume the follow1ng conditlons'f-”

provides an unconventional but eff1c1ent support to deal
with  this problem.  Two ‘new, pairs _ofi instructions are
prov1ded PBEGIN PEND and PCALL PRETURN 7
The PBEGIN-PEND pair works in the same way as the ENTRY

:and EXIT' instructions used for block .entry and ' exit
(discussed in Chapter 3) except 1n that PBEGIN sets a flag
(PB) at the microcode level ) “ |

ﬂirhep PCALL linstruction' 1s'used for calling‘proceduresp%ﬁ
with parameters. A 'virtual block _is built ar0und the‘ |
| procedure body :and all parameter type checking operations
-are done 1n thlS v1rtual block. The entry ,the.,v1rtual,p_
block ‘lS caused by the'execut1gﬁ of the”PBEGINbinstruction.
The parameters for the ensu1ng PCALL 1nstruct10n is prepared
;in thlS v1rtual block and left on the process stack There
’are some 1nterest1ng problems related to the management of
'h display registers at the tlme of entry‘fﬁ‘the procedure 1
body. could be- best explained through an; example.
(a) the procedure is called from lex1cal level 4; and

((b)- the procedure 1dent1f1er is declared at lex1cal level 2

7 .



wand thus the new value in display 'reglster 3 would be

pointing to the sect1on of the stack segment that wqyld be

allocated  to the procedure body after execution of the call

"instr:dt%bnl
. At the "point of - calling, the variable éaccessing

4

environment is represénted by the’Display registers 1 to 4.

The——type checklng f IN_and_INOUT parameters ‘have ™ to be

performed in th1s env1ronment as the actual parameters ‘are
. ] "

‘acce551ble only in this environment. | On execut1on of the

‘call 1nstruct10n, the var1able acce551ng env1ronment for ‘the

.procedure body is represented by dlsplay reglsters 1, 2‘and_

3(with the. new value) Thus the actual parameters evaluatedp3

5

‘in:;the old env1ronment would not be access1ble in thlS new"

env1ronment A 51m11ar s1tuat1on occurs after executlon ‘of

'the return 1nstructlon., The type checﬁlng of the: formal OUT:r
and INOUT parameters agalnst the actual parameters cannot be :
performed in'rthel‘env1ronment represented by the dlsplay’:r

. ‘reglsters 1, 2 and 3 as the actual ouT and INOUT parameters':c

may not Qe access1ble in, thlS new env1ronment

,‘The 1ntnoduct10n'-of‘ a v1rtual block enc1051ng thev
;

| procedure body and a d1fferent way of handllng the Dis- top

 pointer by these_fnew‘ palrs .of 1nstruct1ons solve ”thé{”’

problem.".'on: execut1on of PBEGIN a new block at level 5 15;"‘

Jgreated. The constra1nts on the formal parameters 'in"the'

. »lproéedure _are' known to the calllng level at comp1le t1me.l

1The code for constralnt check1ng 1s 1ncluded 1n the ,v1rtual -

~ block 1nvoked by PBEGIN. \It. should ‘be noted;‘;t‘hat ‘the

R

.‘\.
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‘fvariable7'accessing env1ronnent as avallable to the virtual
block is: the same as that of the \calllng level \.Soc;any
varlable ’declared -in‘ thls .env1ronment could serve as /an
,actuai,iN INOUT or OUT parameter. 'fThe, constralnt ‘check.
'before executlng PCALL ‘is done;ifor, IN and INOUT actualb

. parameters.-' After‘.the' check - hez actual IN or - INOUT

parameters are avallable on the stack at lex1cal level 5 of»i’
_the? cailing env1ronment. _}On_ executlon”5of" ‘a ,icall‘lr
h 1ﬁstruct10n, the varlable acce551ng env1ronment would change.

(as 1nd1cated earller) Thef proposed mechanlsm requ1xes
that lex1cal level 5 of the call1ng env1ronment be merged

w1th the lex1cal level 3 of the. new env1ronment Thls:_is5,

achleyed- through “the new 1nstructlon PCALL Slmllarly,tat

"ythe[-timef'ofw return, PRETURN ,would do,*the appropr1ate~"d

adjﬁstments so. that \t procedure returns to the v1rtuaI:_-

| ':block at lex1cal level 5 of hthe’.calllng ‘env1ronment ‘butr _

'would Stlll be able to access the formal parameters.anTheftt‘

constralnt checklng for the OUT and INOUT formal parameters;bjf

-f-and a551gnment to the actual parameters are done by the codef‘ﬁ;

_1n the v1rbual block F1nally PEND ﬁ, executed »and the'7

'-orlglnal'5 calllng env1ronment jﬁis ' reestabllshed : S*Ar*'ﬁ

fdescrlptlons of the PCALL and PRETURN components for' Rohl s"'

.}mechanlsm (Mz) are. glven belOW. The dECIaratlygfpart.Qf‘th¢'5
lf:mechanlsm Mz ls a55umed L S S e
'ﬂ'PrOC Mz.PCALL f- '.

‘frOStack [Sptr] ::b Mbrhpﬁff%hsbﬁfrv

Spte.:= Sptr3+.1,;ff



. - ! ! ’ .

Stack'[sptr] DlS top Sptr i= Sptr + 1-‘

”~

Pctr{; Sptr‘:= Sptr +,1f“ ' | o

Stack [sptr] :
. D1s top '= Inst reg. Adr.ii xv;

Pctr t= Stack [D1splay [DlS top] + Inst reg. offset]
’ Sptr ¢= Sptr + 1 i Dis- top =3 DlS top + 1 } . '4

’Stack [sptr]‘:= Dlsplay [D1s top]

Spt ca= Sptr + 1 :

Dlsplay [DlS top] :='Dlsplay [Stack[Sptr + 3]]

/* Assumlng the ALR.area to be same as descrlbed for P
Rohl s mechanlsm igpchapter 3 */ “'bk_ﬂ

rend Proc ‘_S. T S | | o

| “Proc M,. PRETURN .

| ‘sptr := FM ; FM. --'Stack [sptr] .

iD1splay [DlS top]’ : Stack [Sptr + 3] ;u”5

o /x the LINK is loaded from AIR */

‘Dis- top °—‘Stack [Sptr + 1] R

"Pct rioi= Stack [Sptr + 2]

fiend Proc B S

3 The¢paraﬁéter vpa551ng mechanlsm .introaoced']in"thisu

visection’-reqhires"further modlf1catlons of the v1ew of. thef

.h,stack segment shown 1n f1gure 4 4 A v1ew of the procedure;

‘pactlvatlon record w1th parameters, after the executlon of]l

f]the PBEGIN PCALL sequence,-1s shown in. flgure 4 7 ' After

‘@

':xexecutlon Jof an usual CALL 1nstructlon, the Frame mark (FM)}

rjf:and Dlsplay [DlS top] would have p01nted o,_the £m51tlonslf

1 ~{shown by (**) and (*) respect1ve1y, whereas, on executlon a
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-

~TEMPORARIES—AND

FM -

. EVAL. AREA |

LOCAL VARIABLES

AIR
(Procedure).

(*)‘

PARAMETER AREA

AIR o

(Virtual block) .

-

ﬁL—DR(Dis—top)' .

A Procedure Activation Récorda-"
- With Parameters g
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of a’PCALL a portion of the frame allocated to the v1rtual

block gets 1ncluded in the procedure act1vatlon record It

. should be observed that ‘the above mentloned modlflcat;on do

not cause any new protection problem‘as every word in the.

AIR area are tagged 'The only modification necessary would.

-

+be in the v1rtual address generated- by the comp1ler., The
33

offset parts of the (lex1cal level offset) form of_u

.

addresses-“for_‘the local var1ables have to be mod1f1ed to

take care. of the: addltlonal predeflned offset 1ntroduced by

o

‘the procedure AIR area. . '."

4.4, 4 Support for Dynamlc arrays and stcr1m1nant records‘
Arrays and vectors aré represented 1n thlS arch1tecture

in the packed form [Tan76 BaC79] and yare ,addressed u51ng

& i

dope’ vectors. The records are flattened out and each fleld

. is treated as a separate var1able [JeW72] : Handl;ng of
dynamic arrays and discriminant records’ ~desefve'special

considerations. The dynamic*nature of-discriminant records

1is due to the. presence of a dynamlc array as a f1eld of the

record._ Hence dlscu551on 1n thlS sectlon w1ll be restrlcted

to' representaslon_ and ,addres51ng 'of »statlc’ and dynamlcf,

arrays. 'The rank of a dynamic'arraysaSuwell}as the type of
the"elements ‘are_“always known at compile time;’ The»bound
1nformatlon for one or more d1men51ons could be spec1f1ed at

the executlon tlme.

The stat1cally deflned arrays andf array field léf a_;i

record are allocated on the actlvatlon stack - The élements
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of a- dynamic array or array component of a discriminant . .

' S

“record are’ allocated in. the heap ‘space with a capablllty for

‘the representat1onb in the dope vector in the correspondlng‘

'activat1on record in the process stack segment.

Thef'packed representétlon (in column: major form) of a
\statlc array A along w1th .the form of 'the dope vector is
‘ shown 'ini figure 4.8. ‘The array shown “in ‘the .figure

corresponds to the array‘declarationﬁ

A: 35521 (INTEGER Egggg b,..u,,...,INTEGER Egggg bn..u ) of
INTEGER- |

o

where ;b; 'ahd"uq (1= ltn) repregént theelower and upper

bounds of the dlmens1onl? respectlvely Thellength_lrpshownl

Al

in the dope vector is -

. : : . li ,=_U| - ‘b-| ‘+.1
The" address of_’an arra&. element T% obtalned by the .-
1nstructlons INDEX ‘and SINDEX. ' Both- thej_ 1nstruet10ns:

”requlre the rank of the array, the subscr1pts of the element o

- and the address of the p01nter word in- the dope vector to beh-f.

' favallabéc‘ in.a predeflned sequence on the act1vatlon stack __-J

" The INDEX 1nstruct1on does range ch\cklng for each and evegxr
"subscrlpt before generatlng the address, whereas the SINDEXi;t
(Safe Index) 1nstruct10n is generated by the compller 'when

'thed subscrlpts are known to be correct Proper use of such s

’t,an 1nstructlon could lead to- s1gn1f1cant reductlon'
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LI o A
R o - |OTHER LOCAL VARIABLE
e - | . |~ INFQRMATION =

1010 *up | b, .| 1.
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1010| ® POINTER TO THE ~ |
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?'Figuref4Q8~:’A;rabeepresentatiOn’:"
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of executlon t1me for array element addre551ng [B1381]

Another 1nterest1ng feature 1n the proposed de51gn that‘ .

fac111tates representat1on of stat1c and dynamlc arrays is»1
‘the . dope vector' template or. descrlptor template -in a
predeflned space in the packet It 1s p0551b1e to. create ‘
dope .vector template. in the packet object at comprlatlond
T‘tlme as -the ‘rank 'of‘ any array is always statlcally

pdetermlned : 1Th dope vector template. is '51m1lar Uiﬁ

structure to the correspondlng dope vector that would be

eventually created :on the~ process stack The dlfference

\ 'between the template and the actual dope vector 1s that 3the

o

ftemplate mlght have f1elds 'that cannot .be spec1f1ed-at~'
complle tlme and the p01nter fleld 1s kept undefxned ”Thejf
dope vector template .(Or;Aany other descrlptor template)v

proves to be extremely useful for_ fast creat1on~ ofl dope'u

"u‘vectors ‘%n 'the“ actlvatlon stack The dope vector frame . - .

&alang w1th the statlcally known flelds could be copled on,to}\5

“thefystack by fa~ BLOCK MOVE (BMOVE); 1nstructron,‘ Threefﬁ"

1nstructlons LDV1 LDV2 and LDV3 re prov1ded forf easy'lr

| contents avallable on top oﬁ the stack

’~Ada' allows. formal anray parameters w1th one or morefe

loadlng »of :the three flelds of a dope vector word w1th the- ffa‘

"unconstramned d1mensrons._ The dlmen51ons derlve the1r range";Tr7

,;constraints FfrOm ‘the actual parameter._ The mechanlsm oﬁ-;hf -

"array parameter pa551ng ‘isi also ea511y handled ,in';the}piﬁ

”archltecture by block copylng (by BCOPY 1nstruct1on) _of thelf7-fi

i dope vector of the actual parameter onto the dope vector lofh"fﬂ'
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*the formal parameter.. The actual array is re- created on the
btheap Space and the capablllty for that area is stored 1n the
p01nter space in the dope vector ltor -that array- "vIt-'is
VT‘flmportant fto'note that the p01nter space of the dope vectorg
for a dynammc array always conta1ns .a' capablllty to the

actual »array representatlon 1n the heap space. The same is:

true for dynamlc f1elds of dlscr1m1nant records.

‘:"‘4 5 The packet iject ;T, _ \J-b . _‘h »h“ -.l S

The packet 1s the most 1mportant object in thls design'

as. it represents the output oﬁ' the. . compller"for. any -
I . L . - .

";Tcomp1lable unit- 1n Ada. ' The' comp051tlon of .they packet'1

“. object proposed 1n thlS de51gn appears to be quite Slmllar S

" to the module object in .SWARQ, at f1rst glance.prvBut; a

| Hcloser‘ look' reveals. that\ they .are qu1te dlfferent._ The e
":f'packet object is composed pf the follow1ng areaS"i; A §
" The header 1nformat1on area (HIA) contalns a llSt off‘
1ndexes to the startlng p01nt of dlfferent areas 1nﬁﬁ
the packet object. : It, also;'contalnsg a- 11st <oﬁr3;
1ndexes,to,protected enfryvpoints,ln.theylnstructron,t
space of the packet object. 'Any;kordvinhkthlsF‘area;:1

PE T carrles the tag 1001, e,

pr}»fAn, area‘ OVS 1s allocated in the packet for\storlng S

..fown varlables. The own' varlables of the scalar'type,h,uv

~f¢”f';vexlst 'i th1s space and the descrlptor/dope vector
S ' ) ;.
’ templates for own varlables of compos1te structure~

‘afe< stored/- n thlS'-Space@, Such yariables :arep'



‘such an object is created in the heap, a capab1l1ty.'

i
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created 1na the. heap VSpace and inltialised'by’thed_

. code generated ‘for' package v1n1t1allsat10n.‘ When

‘for the object gets stored in the space allocated 1n

{the descrlptor template. (inA the Packet)< for thé'. .

object. -

. . \

A space in the packet object (DTS) 1s allocated to

descriptor/dope' vector templates tor arrays and

records used by the 1nstructlons in the packet._iThe

‘ hcorrespondlng arrays ‘and records are created ‘in  the

stack segment when. they are declared in procedures

.or blocks, usﬁng'the_templatesastored in thlS space.

' (descr1bed in Sect1on 4.4, 2) and the constants.fl

A space (CS) is reserved for storlng capab111t1es to

This . space-h'wouldl'alSO‘:contain the rangewords j

5]other packet 'objects. ‘ The capab111t1es stored in

Vthls space determlne the authorlty enter otherff:f

"packet objects. f Theﬁ lusef‘ clauses ln .Adaa'are

“'ﬁtranslated as: CREATE PACKET 1nstruct10ns. Executionv'"'

"‘f CREATE PACKET 1nstructlon 1n the 1n1t1a11sat1on:

7named in the‘ 1nstruct10n and returns a capablllty"<7
"for the object to the locatlon 1n CS space spec1f1ed3:

'fln the 1nstructlon..~;ﬁ ‘ ﬁw““;_'-", t:ﬁ1~

routlne of the packet object creates a packet object

' -‘! - .r..\'"‘: )

. 3

“A

'fFlnally, ¢,th packet object has a' space (IS)F

———— e - o S — - -

b

ffﬁ It should be noted that the . notlon of 'own' var1ab1e in
- Ada. arises only in casé of variables in Ada packages-and - a

section. of the code in: the package 1s respon51ble for R

fllnltﬁallsathn of- such varlables.._

A

"\

e



-allocated for instructions. The instruction space

RN

would contain instructions for’packet initialisation7

‘as well” as 1nstructlons generated to represent Ada'“

~ subprograms (procedures and funct1ons) fThej index

‘of; _entry po1nts " to varlous sectlons‘ of-wthei

'1nstruct10n space are stored in the HIA  of ‘the

‘ packet. ~In the case when a package in Ada 1s used

120

for representlng‘abstract data types,~the~IS of the

.~packet X would contain ja .section of the Space

‘allocated to 1nstructlons for. creatlng an 1nstance

of.the type; The entry poﬁht 1nformatlon for such a.

4

‘sectlon would be avallable in- the HIA Q(cf. section ;

. The formatgofia packet"object” representation'fin the.
’*packet space of 'memory s shown"i f1gure 4. 9(a) It

‘contalns a flxed length sectlon of f1ve words called the~

o

'packet header..' The deta1ls of the header 1nformatlon area -
'a.are shown in flgure 4 9(b) . A restr1ct1on in: thls de51gn is 3_;f9
that ;a- packet could ~have 16. protected entry p01nts._'The R

:relatlve address (relat1ve to the end of “the HIA) | theﬁ;\;?'

h‘protected entry p01nts are stored in the f1elds EPI1 to
‘ ' I

EPI16 in the Packet headers »The‘ rema1n1ng word ofp'thel

haheader contalns 1ndexes to the four area ‘in the packet (OVS

‘.7DTS CS and IS) descrlbed earller.w

A. packet ‘object .is; created by executlon of a CREATE

APACKET 1nstruct10n., fThe"1nstruct1on- is ‘s;mrlar ito Lthe

| CREATE MODULE 1nstruct10n in SWARD. Whena.process"'enters_ a v

1 N
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Figure.
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4;9(a):”Rép:eééhtatiohfof a

Packet”

|
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EPi:12}Jf<‘j §;x

1001
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EPI 15

(1001

‘0VS Index

DTS Index

CS Index -

1§ Index |

N

ﬂ  3F{gﬁr§_u4;§(b): The“Pagket Header
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a packet for executlon, the capab111ty reglster CR[9]" gets

‘loaded w1th the mapped capability. for_‘the‘ packet " object.

Any . address fin' the packet object is always evaluated with

A respect to CR[9].. Addresses,_ when spec1f1ed in fhe

'1nstruct1ons, 'are always‘ relative to the beglnnlng of the

-
- 4

During‘activation'of a procedure, a. functlon or a block o

in the packet‘ the local scalar varlables are created on the .

activation stack by exp11c1t 1nstructlons in the sectlon of

_the IS conta1n1ng code correspondlng' to the procedure,

“function’ or block.- The descr1ptor templates or dope vectors

are created on the actlvatlon stack by BMOVE ‘1nstructlons.

fTh BMOVE '1nstructlon requlres the startlng and end of the'e'

e _
source locat1ons in the packet DCS space, ‘the destlnataon is .

_automatlcally assumed-to-be<start1ng-from,TOSt"The‘majority:

of.theninstructionS‘in the packet"object’-yould be .Stack -

\

hor1ented ‘nhere-‘the doma1n frame: (correspondlng ; the
“'packet) of" the process stack segment 1s the: 1mp11c1t‘ frame"
":of ‘reference. ‘.Thus the" addresses ‘éf' varlables in ther
'riprocedure,.blockhorpfnnctionl areﬂ generated in ’the,.usoal~u

'.(lexical leyel;'offset)hform; '

'5h4 6 Implementat1on of Abstract Data Types

ThlS sectlon w1ll deal with the support prov1ded by the1

"proposed archltecture for 1mplementatlon of ,Abstract» data o

types(ADT)
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‘When _an Ada package defines an abstract data type, the .
»spc1f1catgon section"of \the package would contaln the
detalls of the representatlon of the type” w1th1n the Prlvate;
or Limited Prrvate . type ‘ declaritlon.‘“ The - -packet

'representatien'(of”‘snch a package would contain a protected t

;procedure,(called‘iNSTANTiATE) fer creating an finstance'*of.‘f“f

It—should—a&so—be—neted~that—«———

the——typef—in%—the;
the subprcéram ortpackage that wants to use the prlvate ‘ }
VAfrlimited kprivatev type for - abstract 'data‘ typ1ng ’nust_
exp11c1tly spec1fy the package.(def1n1ng the abstract type){;‘y
“fthrough a USE clause.-' o ‘ | '
_".V,The mechanlsm of ADT 1mplementat10n will be ekplained\
'through an. examplet Let ‘A be a- packet object represent1ng t';»
the package deflnlng the abstract data, type (say T) fﬁet B
be- ‘a- packet representlng a subprogram or package conta1n1ngv
a declaratlon of a- varlable V- of type T (1 e., V T) The j;h”
.n'packet :BT woula also have a capab111ty (say C) for packet A“ff
in- -CS area of B (correspondlng to the‘"use clause. in ;the‘,;v'
:subprogram or‘ package and obtalned by the CREATE PACKETh
‘11nstructlon in the 1n1t1allsatlon sectlon of packet B)
'Thet 1nstruct10ns in. packet~ B_.correspondlng tctthe_f'
elaboratlon of the declaratlon fof‘k h form V T a;e-fas;‘
'follows.:;iTo start w1th a CREATE PACKET 1nstruct10n would?-v;
~ be-executed that creates another 1nstance of packet Ayﬂ“say5fi
LQA(V) The capab111ty for A(V) (say C) would be returned andl

:stored in the DCS ‘area of B correspondlng to the varlable V B

e Now Cthe‘ entry p01nt 1ndex for the INSTANTIATE procedure.}‘
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lwould be loaded on. TOS and a COMPUTE CAPABILITY 1nstruct10n.
'would be executed w1th C f-as one of the' operands. " The
capab111ty C . with approprlate 1ndex in the 1ndex/offset

.fleld would get dep051ted on TOS on successful executlon of

h COMPUTE CAPABILITY 1nstruct10n. The. capab111ty on ‘TOS -

will be treated as an operand for the ENTER 1nstruct1on that

'fOIlows.' The execut1on of - the ENTER 1nstruct1on would cause o

- a domain sw1tch Then the : INSTANTIATE procedurel'l packetb'
hA(V) :WOuPd execute to create an 1nstance of the ADT 1n “the
"heap space and return a capablllty ‘for the 1nstance that’
. would get stored in DCS area allocated to T. in A(V) .
[ To 1nvoke any of. the allowed operat1ons on the varlable
h’V two 1nstruct10ns are . executed - . v
H.,J5 a COMPUTE CAPABILITY 1nstruct10n' w1th C { ‘and thef‘EP
dKIndex of the des1red operatlons as the two operands, and j

2) an ENTER 1nstruct1on w1th the capablllty on TOS (returned s

y fby the COMPUTE CAPABILITY 1nstruct10n)

‘“TIt should be noted that the protected procedure repnesentlng,f:5

the spec1f1ed operatlon (for the ADT) in packet A(V) would,f;

vactflon;?theg representatlon 'in;_the ' heap space.v}r The
‘jrepresentatlon f‘ po1nted to by the capablllty of the heap""i‘
'iobject stored in ‘the DCS area in A(V) correspondlng fthe;pf

ﬂlvarlable”f,;:_:The_fabove descr1pt1on shows how the packet

'objects~and-‘tagged 'Capab111t1es .allow awhstra;ghtforward‘f:fu

‘ :1mp1ementatlon of abstract data types.g,"f‘



“’Chapfer 5
The Instruct;on Set_~

The 1nstructlon set of “;hé proposed architecturer'iS"

'}summarlzed 1n thlS chapter. ,As 1nd1cated earller thlS 1s a -

fpre11m1nary vers1on ‘of thev.lnstructlon fsetf 'andf'fthejf,

1nstruct1on 1'Se§hris~fnotp complete\ w1thout arch1tectural_;“

“7the exact formats and encodlng

rsupport for task1ng and 1nput/output K The semantrcs of }thef;~:'

'f'proposed -1nstructlons 'are exp1a1ned w1thout any detalls off"

_v_._.

~ . ! 9-

.~The" 1nstruct10ns are grouped accordlng to commonallty"

of functlons. The groups are'gf-

zia{7~5tack group gr- f» \u" )
"Vf;oh;E‘Capablllty group " :{
c; . Branch group :
‘i:o;f”Control group :
g;e.gﬁArray group " B
v,,frﬁhArlthmetlc Loglc group.V,fsf"
9. lescellaneous S
Whenever necessary‘one or hore S*Q statements have beenpff;fﬁ
used for clarlty of semant1cs.'l4 | § | s |
.5 1 The Stack Group ‘ - : .:
. h‘{h’ The common characterrsflc of tPlS group of 1nstruct10nsp?

thatxffh process stack top 1s 1mp11ed to contaln theu‘wrjf

'T’source operand or the destlnatlon of fthes'result of theséfﬂ?i -

1nstruct10ns.‘:uThef 1nstruct10ns 1n th;s group are furtherfrh
‘ C T T R : SO
cla551f1ed 1nto four formS° S :,4hig BRI
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1. L - Form- the address is tSpecified;_'in' the 'lexlcal,
‘b;level 'offset' form.v" The‘ contents' of: CR[10] ‘he_

g capablllty reglster assoc1ated w1th the stack segment 1s'r‘

. con51dered‘as the 1mp11c1t base.

é}p Cu— Form- the address ”ise 1nterpret¥d relatlve to a

\capablllty reglster spec1f1ed in the 1nstructlon., There

7¢represented as:

S— Y A
'_are two subforms for th1s form of 1nstructlons.A;Ca} the

1hoffset ,'spec1f1ed~ h the 1nstruct10n word Cb' the

‘offset 1s assumed to: be on TOS o '1o

b}f ,P = Form- the address is 1nterpreted relatlve to the top"v
fof_fthe packet execut1ng the 1nstruct10n.: The contents-‘

‘of CR[9] 1s the 1mp11c1t base address for thlS form 'ofhr

i 1nstructlon.

574;'fSa_ | Form' the address 1s computed from the capab111tyl‘
‘r(of form '010" or '100 ) avallable elther on the top ofi‘

| “*pth stack (for load operatlons) or just below the data,';

R

ron the TOS (for store operatlons)

“The~w form »of{}thebilnstructlon is‘ 1nd1cated .withihtfga

[parentheses 1n the mnemonlc for the 1nstructlon.

'_1PUSH(L) 3 The‘-addfessp'ofﬂhth'; operand is. spec1f1ed ‘in the =

. 1ex1ca1 level *foffset. form.;3'The7 semantlcs- could “be

)

Stack [Sptr] Stack [DR[IR LEX] + IR offsett]

“'-:_where any address f‘the"Stack' is: computed relat1ve tojo B

_—_--.—‘__—_—_—_——__ .

" ¢The. CR[10] base is. 1mp11ed to- be the base address for
feffectlve address calculation: for all the instructions in’

.-the group: - Slmllarly the check agalnst CR[10] 11m1t is
»always performed Y : :
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'CR[TO] base. :'The. effective address generated is checked
agalnst CR[10] l1m1t for the relatlon -- -

effect1ve address < CR[10] base. ¢ CR[10] limit. ,

POP(L) The operand @n TOS 1s ‘stored in the stack location
'Specified in  the 1nstruct1on. The correspondlng S*A

statement is:

‘ Stack [DR[IR Lex]+IR offset] s.Stack"[Sptr];

' PUSA(L) The address.spec1f1ed by the.hex,level; offset form

1s pushed on top of the stack ‘The S*A representation is:
Stack [Sptr] = DR [IR Lex] + IR. offset, I

PUSI-? The operand spec1f1ed in the 1nstructlon is pushed on

the TOS..

-

PUSH(C) : 'The foperand"faddress is computed relative toathe

o fbase. of the capab111ty reglster CR[1] (i=1...8) specified

ﬁfn ’the" 1nstructlon.r The 'offset' .isv spec1f1ed in the
:‘1nstruct10n word: for PUSH(Ca) and the offset 1s assumed

be on' TOS,. for PUSH(Cb) The S*A representatlon for PUSH(Ca)
is;mff,,f'j e | = |
v_v Stacktféptr]- Mem[CR(l) base + IR offset] .
POP(CA The operand on_ Tos 'fs stored the_ effectlve
address computed relatlve‘fto’ the - base: of the capab111ty .
Q’:reg1ster CR[l] spec1f1ed in the 1nstructlon.l It hasb;two '

. -

forms 51m1lar to the PUSH(C) 1nstruct10n.‘ :

PUS@(P) The operand address is. computed 'reiatiVe’ to ‘the -

- 'base of CR[9] capab111ty reglster assoc1ated with the
packet executlng the 1nstructlon. The operand is loaded .on

'3TOSQ: There 1s no correspondlng POP(P) 1nstructlon.
. » : I - AP - - . . - .

v
' \
1
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. PUSH(S): The operand address is computed from a capability

of the form '010' or 100" availabie'on TOS. The semantics

.of fthe 1nstruct10n 1mp11es invoking Jf the capability

mapplng mechanlsm to obta1n the 'base', 'limit' information

from - the _PMT. The correspondlng POP operation- is

represented by POP(S).

Three - operations ' that ' should be included in the

‘ checklng offthe ALU output agalnst the upper and lower range'

instruction set are the —increment, —decrement and 'store
" zero' operations_[TanZB]. The-instruotiohs are as‘followsif'
INC(L): The.operahd addresstoi _ specified by the lex1cal

level, offset form of address spec1f1ed in the 1nstruct10n.‘

"The operand 1s expected to be an integér word.‘ The operandT

.As incremented bY.1' The correspondlng deérement~operatioh'

is preformed. byv'DEC(L) -1nstructlon.  The INC . and ' DEC.

operations are also available in form C. , -

'-STOZ(L,C):_The‘instructibn“is‘available in forms L and"C

On execution ofithis*ihstruction, the operand spec1f1ed by

N

~ the effectlve address is set to zero. _
' CSTORE(L, c): (Check before vstor;ng): ‘The instruotiouiis

"avallable 1n both- ,the forms. The1laddress;~part fof':the_
1nstruct10n ~§§peC1fies‘-the 'destinatioup address;'for 1the'

‘ALU outg%t? -The’ semantlcsv;off the 'instructioni ensures

B

,informationpava1lab1e 1n the destlnatléﬂ locatlona (The

iﬁStruction:was explalned in Chapter 4)

LBVi, ﬁﬁvz} LDV3"These three 1nstruct10ns are prov1ded for

Qloading- of :the, three fields of the dope vector word The.‘r
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‘offSet '1s only spec1f1ed in the 1nstruct1on. ‘Theieffectlve.

contents of_DR[Dﬂsftop]; The operand 1s con51dered to be on

-

'thegTOS;. LDVl,-LDVZ. and LDV3 ;1oads the upper bound':

,address of the dope vector word 1s computed relatlve to ' the-

“lower_ bound""and,gtheA'llength' frelds of the dope vector

vwordpréspectively;

. BKOVE(P) OP1, OP2: (Block Move).The instruction‘ls‘provided

s

to move a ‘block of words from the DCS - area of the packet

_:(executlng .the 1nstructlon) to~_the areav on. the; stack

"segment, startlng from the locat1on p01nted by the Sptr just

'ﬁlndex 1n the DCS area and OP2 spec1f1es the length of 'the..fVV*

vBCOéYH in, '091,, OP2: (Block Copy)' The instruction' is

'block in words._ The capablllty reglster CR[9] 1s 1mp11ed in

computlng the effect1ve address _in’-the‘ DCS-»area of the

'packet._. - o ‘ ..; s i

specifically meant _for copylng dope _vectors between two e

.respeCtivelvi‘ The addresses are spec1f1ed 1n lekical-level'

_ parameters, (The;,u e of ‘this instructron ‘wash further

./'

'prior “to executlon of this 1nstructlon. OP1-spec1f1es'the..

~different visihle‘lexicalllevels. OP1 and OP2 represent the:x;"~

‘addresses  of jthe'_source..and destlnatlon dope' vectors;

.offset forms; The parameter ln stands for the length ‘of the‘_hl
~dope - vector in words.' The:-lnstructlon‘ requ1res that “the
_source»‘and 't‘ destlnatlon locatlons have tags of '1010K;_3'

\ The °1nstructlon‘»would only be used - for_ pa551ng arfay“”
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ALLOC'ln:~This instruction is used to'create objects in the  ~

heap space.ffhlt involves' 1nvocat10n of the‘heap manager.\d

_'The structure to’ be created on the heap space is built on

the temporary area of the latest actlvatlon record hThe“”"

"length 1nformat10n 1n present in the 1nstruct1on‘ spec1fies

vy

",the' actual length of . the representatlon in words. The'heap;--

b -

manager. would allocate the necessary space in the heap..'The.

Agstructure is cop1ed onto the heap space and deallocated from

" the stack. The capab111ty of form»'001' 1s:returned on TOS.g
A similar‘ 1nstructlon .is PALLOC 1ln, OPT - The d1fference'»

;between the two 1nstruct1ons is- that the capab111ty returned .

®

151 stored [;h7 the DCS space'; f “‘the’ packet object. The. . -

» operand OP1 represents the offset 1n the DCS area and p01nts

| to bhe capab111ty space reserved ‘in the template for the own ."

\

-varlable under con51derat10n.'f"

"5 2 The Capab111ty Group

The 1nstructlons in thls group are used "for'floadlhg,'

gfstorlng capab111ty reglsters and comput1ng new capabllltles td
'.:of the forms '010'”41011' and ooo' from a capablllty of the

:hform-z'001'*\\%n 1nstructlon for mod1fy1ng author1ty f1eld

: B \-c’/
~of. a capablllty 1s also 1ncluded 1n thls group.
ﬁiﬂ:LCR iz (Load Capablllty reglster CR(1) for ( —;...8)) ,é‘
:1nstruct10n expects a capablllty word on the TOS ob start

Vfw1th »th capablllty .on' TOS fis}istored '1n theGCRB area hf
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.correspondlng to CR(1) of the latest doma1n frame. Then thed‘

Acapablllty. mapplng mechan1sm his: 1nvoked *_'The mapped
1nformat10n "is lbaded 1nto CR(4) along w1th the authorlty -

'f1e d of the or1glna1 capab1l1ty;ﬁand‘pthe L . bit 1q;_thehpgu

-

"regl ter 1s set. ";~ h-f L S 'RW*;‘*{.' - ’\ |

Q-

ié (Store Capablllty reglster CR(1) (for ix 1...8))[ ' The -

1nstruct1on loads the content of the CRB area,'correspondlng'~'

.::;tO CR(1) in the latest domaln frame, and resets the L b1t 1nd

: ) :
,CR(1) X When the L b1t in a capab111ty reglster is not set o
the content 1s 1nva11d t‘ - '.L.r"\ '
CCAP(L) 021: ‘(Compute Capablllty) ‘the L*form’oflthef .

-lnstruct1on,/‘OP1‘ represents ‘an’ address _'athe present?hf

_domain.‘h“T‘ - 1nstructlon expects a capablllty of the form?
'plooﬂfain thatraddress; If the authorlty fleld has o enter '.
. right, -a- capab111ty of 'form '000' i produced and the,

dlndex f1eld is loaded w1th the 1ndex from the TOS. If the§f" 2

: .‘Y“authorlty fleld has other rlghts, then a capablllty of formfh;

'»d;capablllty

';'010"15 produced w1th 'offset"fleld loaded from’ the. Tos.,I~

"HF1nally the capablllty is dep051ted on the TOS

\

‘CCAP(P) OP1° The 1nstruct1on is s1m1;ar to the prev1ous ghe;‘,;ffh7

‘1except ;i that he« effectlve address computed u51ng OP1“;“-'

represents a. locatlon in DCS/CS space» hav;ng.-thed‘de51red'

A3

cane



5.3 'rhe Branch ‘troup

o - '»_p e ;‘h:>”:d'h7 E L S _132‘9‘

The 1nstruct10ns ‘in the Branch %roup are - used ‘to brandb

o "’J N B
w1th1n ,the; 1nstruct10n }space of ﬁthe packet., There are .

. ‘essentlally two .classesfsof'f1nstruct1ons inf th1sr group

condltlonaL; branch”;and 'uncondltlonal branq%\ . For'-the

mnemoniCS .of,fthe condltlonal branch 1nstruc&30ns, " the

\

"’1mp1ement1ng IF ana“WHILE statements.ﬂ}_"jfj"’ "ﬁ'”;;:._”'“’ |

cond1t1ons are spec1f1ed w1th1n parentheses

h ””fOllOWIDQ ,1nstruct10ns are:,inhdthe. class  of

condltlonal branch 1nstructlon.v

cnnz( ) OP1: The data on, the. TOS ‘is‘¢qn‘:implicitf operand.

\

This data'~isi compared ~for ‘equality w1th zero; (1f the

cond1tlon\1s satlsfled the program counter -iSf.incremented

by pthe, number ”of .words spec1f1ed in OP1 For any- branch

")'\ 1nstructlon, the effect1ve branch address 1s checked agalnst

.9

'the : 'base *rf"l1m1t' ' 1nformat10n: from CR[9] ;The

1nstruct10ns CBRZ(<) CBRZ(<), CBRZ(>) CBRZ(Z) and CBRZ(#)

_faref 51m11ar f’to»fﬁhef 1nstruct10n explalned above _Wlth:--”

dlfferent cond1t1ons for checklng.

",~CBR(>) OP1' Th1s condltlonal branch 1nstruct10n assumes the o
""contents of the top two locatlons of the stack aa the ‘two¢,f “r

qreater than the operand below 1t the branch takes place.».‘»

operands»'tol be‘.compared _ f the contents of the TOS 1s

Slmllar 1nstruct10n forjfthe~'other flve condltlons arepi-'

RN

avallable. These 1nstruct10ns are- hto;llbe used Cfor

LOOP OP1 OP2° ThlS 1nstruct10n 1s prov1ded fo r‘ cond1t1onal m*t

looplng over Aa set of 1nstructlons._ Theploop 11m1t (1 e.,;;'

e e S,
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‘TO dpart»'of'.a correspondfng» FOR 1nstruct1on‘,inlhda) is:

- evaldated and pushed onto‘\the TOS before executfng"this~’

»1nstructlon.'_.The offset\of the looplvarlable in the stack

‘ 1s prov1ded As the operand OP1 the forward branchlng offset,‘f

K

'in the IS of the packet 1s spec1f1ed 1n OPZ f The - branch is

executed 1f the loop varlable equals the value in. h TOS-'

2

'“,procedure Mz.CALL.:jj’

A
(&3

'jdone for the’ loop‘varlable and the loop 11m1t.

*mllar——instructlon——is——RLOOP—where reverse—checklng—is.

.liThe only other branch 1nstructlon is: the uncondltlonal3'

"*'branch.‘ The mnemonlc for the 1ns%§uctlon is BR

ch

B 5. 4 The Control Group

’ Thls group 1ncludes instructions for 1nvocat10n of,

ffgblocks,f procedures ) and""domain‘ sw1tch1ng All' these
o : . . e

‘1nstruct10ns have been explalned earller in Chapters 3M'andx
4. A brlef summary w111 be prov1ded in th1s sectlon.

a

' 1"CALL OP1~ The 1nstructlon is always 1n form L : Thew‘operande
~.in f the,v 1nstructlon his,.the{ addr’ss."fi the. procedbree
'1dent1f1er 1n lexlcal level offset form._- T# procedure'_

"i.1dent1f1er~ '; stored the process stack at the lexlcali.

5level of declaratlon of the pnocedure. The S*A descrlptlon

'-,for; the* 1n§tructlon ‘ij"P¥°V¥d¢d in. Chapterf 3 'as thef

L

e

':f]}RETN- The return 1nstruct1on causes return from a procedurevﬂ;f

';to the 1nstruct10n 1n the packet sequentlally next itog thejef.f

jCALL 1nstruct10n. ;fThe semant1cs 1offfthe 1nstructlon 1sg-'~f

Tt ’.vv



‘represehted .byﬁhthe S#A descr;ptiohugeggéyRN providedeih

Chapter 3 ' -.;'lc.ﬁh_}t L - ..~.'

iPCALL OP1 The 1nstruct10h 1s\de51gned for callzng procedure

'w1th parameters.' The 1nstruct10n would get executed only lf

ethe PB~ flag-u the machlne 1s set The semant1cs of the'

\'1nstructlon_ has already been,l descrlbed f as-k‘the S*A

\ ¢

‘descriptlon Mz.PCALL in Chapter 4 S l.,.ﬁf‘

&

h PRETN: The 1qstructlon would‘be_used,for returnlng ifrom af‘"
- procedure called through-' -'PCALL 1nstruct10n.‘[ The S*A
'wdescrlptlon for thlS 1nstruct10n was glven as Mz.PRETURN in

- Chapter 4. Wh~;[ :LA phf'x'i;*

FRETN‘ The 1nstruct10n would be used‘for ”returning' from»'a7

functlon' call -Thef~semant1cs'_ish 51m11ar to RETN w1th a

6

: d;fference that before executlon of FRETN the result of ;the

'"‘functlon call s left iﬁdﬁthef TOS (spec1f1cally in the

-t

hloglcally top most reglster among the' »four reglstersf;gﬁ
gxrepresentlng the stack top) Any,lnstructlon follow1ng the L

';FRETN would be able to ootaln the result from the" hardware

¢ o

>1'lreglster though h block representlng the functlon body

‘figets deallocated ngple scalar results are; ava1lable~ ih-w

d:thef_ top most register.ﬂ_fFor comp051te Structures; the oy

B ‘L/

lstructure 1s allocated in the heap space before executlng

,7FRETN : The FRETN 1nstruct1on loads the capab111ty returned

“";efon the top of the stack to the loglcally top most reglster'{jdfj

Lln the group of four reglsters representlng the top of stack

-'W:for the follow1ng 1nstruct10n.hf.

. . . f.. R A . e e S L PR
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The- S*A descr1ptlons for ‘the_ 1nstructlons f "block

1nvocat1on ‘and eX1t . ENTRY EXIT PBEGIN PEND have already

”r‘.been prov1ded 1n Chapters 3 and 4 (for mechan1sm Mz)

‘ENTER- ThlS 1s a zero address' 1nstruct10n " for domain

~ots

sw1tch1ng. The 1nstruct10n expects a capablllty of the form'

>

N '000' w1th enter authorlty. The executlon of the process

LT

aotual array element ~u51ng ' h dope vector address and’

is transferred to the packet spec1f1ed by the capablllty and

L

pthe”' 1nstruct10n . executlon starts"at' the - entry p01nt

[y

f‘spec1f1ed in the _ 1ndex f1eld .of the capab111ty.,f Them

1nstruct10n causes creatlon ~of a new domaln frame on the

‘“‘t.process stack and the 1ex1cal level Qf the entered procedure

is.‘con51dered asf 1. The detalls of the semant1cs of th1s

complex 1nstructlon was prov1ded01n Chapter 4
e oo :

. 5.5 The Arranyroup" njf_ y; . _P;*Jg”

Three 1nstruct10ns are pnoposed in thfs_‘thesis-fthat

‘Lfdeal w1th array structures._;;~ii"if:k f: ﬁ%ﬂ,

\

e . . oo LA

e DAS OP1 OPZ! (Declare array space) The 1nstruct10n 1s‘meant .

;space ,toi;the. array base fleld 1n the dope vector. OP1
vspec1f1es the base address of the dope vectoe- ini lexlcal

71evel offset form and OP2 spec1f1es the rank of the array._

N

subscr1pts avallable 1n sequence on the stack ‘Th’: address

../

\1for creatlng the space for the array on the temporary area* ’

'fOf the act1vat1on record and returns the base address of the~d yil”‘

’-.uINDEx OP1 The 1nstructlon computes th f address «0f“jtheg b_ff
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i's returned on the TOS-after removal of the subscripts and -

rthe,'dope 'vector ~address from the stack" The instruction

checks each and every subscrlpt agalnst the lower and upper

~bounds spec1f1ed - in the dope vector for the. correspondlng

dimen51on. The operand OPl spec1f1es rank of the array/>

. . SINDEX OP1' (safe Index).,The instruction is similar to the

performed.

'the 51gn of the operand)

.RSHFT

CR.

INDEX 1nstruction'.butr subscript bound-checking is - not-
. . . - . .{';:A“... ) ..».. . A L . hl Sy . . ] ]

h\15 6 The Ar1thmet1c Logxc Group

‘Th -tagged memory . representatlon allows ‘generic

arithmetic operat1ons. The ar1thmet1c 1nstructlons operate

'on’vthe top  two elements of the stack.' The operands arej‘

A

‘ popped off the stack and the result is. pushed 'the. TOS

| The‘ 1nstructlons~ are‘ ADD SUB MULT DIV and NEG (changes,”

L3

: All ‘the standard loglcal operat1ons are avallable..pThe

'-1nstruct10ns are AND, OR XOR, -COMP,\'GT, LT, EQ, LSHFT,

»5 7 The M1scellaneous Group

The 1nstructlons\1n th1s group are: - EXCH DUP CI and

S

B

Tt

'EXCH ;'(Exchange) The top two elements of the stack are.

exchanged by this operatlonﬂ f:‘

"fpuP:T§ (Dupllcate) The contents of TOS 1s dupllcated and
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"CR.'.

(Convert -to

(Convert to

137

pushed on to the stack

-1nteger)- A real operand on TOS is.

converted to an\1nteger representatlon.
The result replaces(the openand.

teal) The 1nteger operand.- is convertedw-'

',to real and- the result replaces the

operand.



yof capablllty ‘ based addre551ng 'tand" stack : orlented

'Chapter 6 .

Conc1u51on

Thls the51s demonstrates how the archltectural concepts_

; LJ

1nstructlon sets may be comblned to’ y1eld an: execut1on-'

-

: that support umplementat1on “of such advanced programmlng

3prov1de4 archltectural features f,for'_ supportlng ‘thesevd

'should be obv1ous from ~the the51s that :nof unnecessar1lyylft

the: pr1nc1pal contrlbutlons of the new language Ada are 1ts'\
features for represent1ng tbe7 concepts of 'abstract -data
types and 1nfofmatlon h1d1ng None vof the commerc1ally:

successful archltectures prov1de any archltectural features“‘

language concepts.n On thez other hand r some : of' the‘af’

archltectures, (e g.,j IAPX 432 IBM SWARD IBM System 38) do

concepts, ”but gthe complexlty °f“‘th§; mechanlsms are far;?“.

beyond the nece551t1es of an essentlally complle time bound

A

language env1ronment (11ke Ada)

~One. of the prlme objectlves of this »research .was-:to '

PO

env1ronment—congen1al—to executlon of—Ada—programs. Two——offu————

de51gn ‘an archltecture that supports eff1c1ent executlon oij:~.f'“

Ada programs and allows, eff1c1ent 1mplementatlon *of'rthe.‘

Packages vand abstract data types‘hin Ada._ The stepw1seﬁlb

systemathc development of the archltecture 1n the the51s was‘lf e

e

prov1ded to: demonstrate" that the ma]orlty of gthe;ﬂ'”
archltectural features were 1ntroduced w1th the ob]ectlve ofa:

prov1d1ng eff1c1ent executlon support for Ada programs.u;It

. /‘

'complex mechanlsms were 1ntroduced jUSt for‘theﬂSake-of,_

e
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‘;Zinnovation. ‘The capablllty b%sed addre551ng vas Prlmarlly“if'

O

ffadopted as the ba51c addre551ng mechanlsm to prov1de elegantgfr7'

‘,:support for 1m lementlng packages and abstract data ﬂypes 1n'

' {Ada. The commo'allty oﬁ the objectlve for the de51gn of the‘f{*a

'»language Ada and the’ capab111ty archltecture for supportlngﬁ'

'yoevelopment‘“ f_—large “scale rellable software was 1nd1cated[

'1n Chapter 1.

N

The 1mportance of eff1c1ent archltectural support forf

”varlable addre551ng mechanlsm 1n a block structured language_i}'

u’\env1ronment _as; 'establrshed fdln Chapter 3. A major

’y~contr1butlon of thlS thes1s 1s\the proposal oYia methodologyi, .

forf; ch0051ng "-;the'- 1mplementatlon technmque ffforf'd

, .',Cexo archltectural components 1¢f»<f | language:7 d1rected}7jjg7¥»

'?archltecture.,b Two .new; complex1ty measures were proposedf"

dthat serve as” a bas1s for thlS methodology. .]A{xne resultff

was’ derlvef (1n Chapter 3) us1ng the complexlty measures;pf

‘prthat 1nd1cated the super1or1ty of Rohl s mechanlsm over :tbéﬂ}ygffm-w

otﬁer three mechan1sms for varlable address1ng in- Ada., Theﬁ_tf'f

xd:ba51c arch1§§ctural support for varlable addre551ng ’ ﬁjthé;f_

\'~;,’proposed archltecture was des1gned u51ng thls methodology

;‘Instead jof propos1ng yet another language dlrectedﬂET

o archltecture ff Algol—l1ke languages, thlS the51s haSo
’ . : : ! ‘ : , L E S . . .
'.concentrated on some of the spec1al features Ada thatﬂff

-"vrequ1re eff1c1ent run t1me support._::i*.

The semantlcs of the parameter mechanlsmpfiny Ada»,ls”?fr'“

E qu1te : dlfferent »from fﬁth prev1ous languages ‘v+7its;ﬁfhff__rj

“requ1rement fori'f;tlkﬁiﬁép.paraweter tYPe’achecklng ffTh§i75$i“*;J



B TR TS S B lf*l;f'i;,fa14df”
i-[implementation fiof _rthis A-mechanism' , on - conventlonal o
‘,architecturesff-tend toh become qu1te 1neff1c1ent ‘ The."
:examlnatlon of an effort ¢to develop an_ exper1menta1 Adav

hgcompller on VAX 11/780 at CMU empha51zes the po1nt [SeHBO]

‘The prov151on of the new 1nstructlons (PBEGIN PCALL '»PENDLT

“,T and PRTN)r n th1s archltecture practlcally ellmlnates the'

M'problem.‘;h

LOADj;f

S1m1larly 1ntroduct10n ,of.;n" pr1m1t1ve'data typesﬁ
fhardware support and spec1al 1nstruct10ns CSTORE >and‘

-5QRANGE 51gn1f1cantly reduce the executlon tlme overhead forff’

'fgdynamlc constralnt check1ng The proposed archltecture also:

“ngprov1des support for representatlon and handllng of dynam1cf"

f.

B trarrays and dlscrlmlnant records in Ada._-.

Myers has 1nd1cated that the IBM SWARD machlne could bevf._f'\

'fy;;con51dered to be- dlrected towards Ada [Mye82] study fg_

b’mthevvarchltecture reveals that a module object can represent

';a module 1n MODULA but the archltecture haS-VhOA fac1l1t1es :

3\"‘ - . : : o
- for abstract data typlng ;(as"in Ada) Slmllarly Iﬁpx"

|'Wg_arch1tecture has no equ1valent concept :bf 1GX1C81 1eV€l:f

'fladdre551ng iv Ada.g _The; archztecture was not de51gned to'”h;-’

-.f'prov1de any support for addre551ng free varlables, thus it ‘f;f]>

'“f:fcan_bnot‘ prov1de eany support for subroutlne management 1n1“

L »archltecture._f'”'

“5f}Ada,f Moreover the archltecture uses the long tag approach‘{;:'pi

T'_and 1s spec1f1cally de51gned to support executlon t1me boundfgix::l

‘llanguages., The executlon of programs wr1tten 1n a. stronglyh\fﬁ1hf

1typed language l1ke Ada w1ll be unnecessar1ly slow on th1sﬁ3il.r33

PR N
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“an archltecture thatffis heav1ly publicized’ as " a

N i..hlgh level Ada machlne is ‘the- IAPX 432’from-Intel 'The‘

deharaCterlzatlon is 1naccurate in the sense that ‘it has few
v‘dlreCt relatlonshlps to Ada [MY982] The archltecture could -

be better character1zed-as an "operatlng 'system‘ machlne ‘,1

,Thls _archltecture "is essentlally a representatlon of the

'HYDRA operatlng system on 5111con [LEV81] It has excellent o

P

features for operatlng system support for memory management,

i

. ~process synchronlzatlon, schedullng,‘etc. ‘The arch tecture”

"'.gha5¢ adopted thef partltloned memory approach to capabllltyyf

,'archltecture de51gn. Hence, domaln sw1tch1ng 'is; n‘tj very‘

‘{'eff1c1ent : Moveover,‘ every CALL in ‘this archltecture 1s a

B doma1n' sw1tch1ng operatlon. : There are‘ ino' capablllty:;'

,reglsters for address translatlon, though 1t prov1de5 onch1p7'

,7assoc1at1ve memorles .-for_f address translat1on. : ‘The}[,s'

'archltecture' does not proy1de any arch1tectural support forﬂ

I

free varlable addre551ng a a . support ;,fbf | automatlc.a
o 1 : : & .
'isubroutlne' management (as CALnﬁgr PCALL 1nstruct10n in this

- t- //
'-de51gn) 2 . :

o

‘As 1nd1cated earller the proposed de51gn notj"

PRSI W, e
D

‘-(a' .
.h‘

'*”complete in the true sense.- vThe ﬂlnstructlon seti%is'~not’,

'a

*_;prec1sely deflned i terms of formats and encodlng of nhe_i~ :

fflelds. Moreover archltectural supports‘ fv task;ng .d.

at Y
exceptlon handlrng in Ada were not con51dered. i

. ; ”/v ' ‘.
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