- 1 - STACK FRAMVE CACHE. Technicat Field The present invention relates to @Q
dat a processing sys- tems, ‘and nore particularly to appar t@T Fpr _
m ni n-zing mai.n menory references initiated. during exeqp{i é;gﬂurn
5 instructions. Background Art Rapid advances in VLS technology and desi gn
techni ques' have enabl ed m crogQnmputers to approach the performance and 10
BQ2¥534cat|on of- a super mniconputer. As processors-be- come faster, the
traffic between t he processor and off - CQ|p mai n MenNory increases causing a
perfornance bottl eneck. In prior systems this bottTefieck has been | essened
by using a local on-chip nenory (called a cache) to store frequently 15
used menory data. |f data required by the processor is in the cache, an
of f-chip menory reference is avoided since the data can be fetched directly
fromthe cache. Further reduc- tions in nenory traffic could be achieved if
the cache de- sign were expanded tSTACKCHRMME GASHEY uction fetches. For ex- 20
anple if infoeshniealr Figligng to call and return instruc- tions were
avai l abl e locally_on the chip, call .and return instr ctlons could execute
wi t hout reference oprﬁ?QBFf nYEP598nE a%?ﬁetPegﬁ i R§°GEEraaSedYRemory
bus traffic \hmisi g mne'(ihmer‘ttlieqimli&brtbi apphratus Foadministicieg maiRs
struction MAI Jﬁ%éﬂﬂd& En& QaQQgDELrQHé ek%ch%15ge qu ?19PeQQLﬂCt

of the presen |n ention to prOV| e an apparatus mnimzing-nmin nenory
ref erenced ode@triugdidms.ng execution of call/return instructions. Brief
Description of the Invention Briefly, the above object is acconplished in
accordance with the invention by providing a plurality of global regis-

-2- ters on. Beckgrausst fedssor chip. One of the global regis-

\_/ Rapid advances in VLSI technnlugy and design techniques

have enabled microcomputers to approach the performance and
10 sophistication of a super minicomputer. As processors be-—
come faster, the traffic between the processor and off-chip
main memary increases causing a performance bottleneck. In
prior systems this bottleneck has been lessened by using a
local on-chip memory (called a cache) to store frequently
15 used memory data. If data requ1red by the processor is in
the cache, an off-chip memory reference is avoided since the
data can be fetched directly from the cache. Further reduc-—
tions in membry traffic could be achieved if the cache de-
sign were expanded to include instruction fetches. For ex-—
! 20 ample if information relating to call and return instruc-
tions were available locally on the chip, call and return
instructions could execute without references. to the off-
chip memory. The resultlng decreased memory bus traffic
would also reduce the probab111ty that a load or store in—
25 struction will have to wait for the memory bus.
It is therefore an object of the present invention to
. provide an apbaratus for minimizing main memary references

occurring during execution of call/return instructions.

30 Brief Description of the Invention
Briefly, the above object is accomplished in accordance

with the invention by providing a blurality of global regis-



ters is a frame pointer register containing the current fr%ye poi nter, and

t he remmi nder of the global registers are available to a ent process as -
general registers. A5 stack frame cache nmechani smis provided conprised

of ta reg- ister set pool made up of a plurallhyqof regi ster sets, .each

regi ster set being conprised of a nunber of I'dcaldsr egi sters on the chi p. -
When a call instructions decoded a register set fromthe register SQL__;/,
pool is allocated to thei€allied 10 procedure, and the frane pointer ™ -
register is initialized. % a return HBstruction is decoded, the register
set s freedyor gl aal h&@rgg.-%@gg@%r e %w@%b%qb%e jent
cal | |nstruct I-on. ster “set i s de- plete the cortents of
a register séerssisceafeamn ppiates pEGVﬁ@es'ppo¢@duﬁ@9aﬁéesaveaem¢ t he

Mai N Menory, (3agef Beanrtew SLRl tRE r2mdlihoest et ke @quwﬂeagxerte?edwre
In accordance W th an aspéct of I nvention, the |o- regi sters of a
regi ster setaa§éééP&FeG°wFtﬁ“&rEPGCBHGFéséoﬁﬁaﬂﬁ“ﬁrﬁﬂagéqlﬁﬁﬁrﬁht|Sh

i ncl udi nQPa e.Qlal&ncerrrtae.et eRcheemedhanii=aus =f b&mzm HdmphS leEdC oo Peight er
t hus enab nost: and return i stru t|o ecut.e .wi t hoyt needi g

to
any referencéStEy E’RF’ d MEHs: yP ﬁ"yh FROIZIFENCRES »t FAC
si gni fi cant| y-sgidtees selte beday m@hdseﬁG@HOh mpmbiert edfil dioerad VMQustzﬂs be

25 done when crQssi ng.subr tlne b dari i nye
advant age th&f glir?cegt'ﬁ'e |§’?‘ ca r‘:e%lilristlef'%i- c:smg:rneq\r{?_agée: E%Jt %E% 1t Eék
frames, the lsetkdgom fther mtgllmerhaetnMI iy aa@;iema,tam tar dhe Qadihed
(€.g., poipt %Pnﬁ:%dﬁ?%v' Qre fth%”&ra ? 1 eI Ol ‘ierxtC‘i 1'1§ed.

contalned In"the local registers. means that nost cal re urn
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Description Grdete fBrawinaeatien ¥oe aeicthet roidiviuredjcentisd fus,aw rs%s

advan-
tages q?.tfent he Ilqve:.rllltslt(l?'r&cvi\:ﬁ1lt:;|n.be E}p{p %:rheentrégrxgs etr'hess;eftol;:nlcvoc:xvyI r}% de—

pleted, the contents of a register set assn:zated w1th a
15 previous procedure are saved in the ma1n memory, and that
register set is allocated to the current procedure.

In accordance with an aspect of the invention, the lo-
cal registers ﬁf a reéister set associated with a procedure
contain linkage infﬁrmatiqn including a pointer to the pre-

20 vious frame and an instruction pnihter, thus enabling most
call and return instructions to execute without neading any
re?erences tb uff—éhip memory.

- The jnvention has the advantage that it signifi:antlx :
reduces the 'saving and restoring of registers that must be\.’/
25 done when crnSEiﬁg éubrnutine boundaries.

The invention also hés the advantage that since the lo-
cal register sets are mapped intn the stack frames, the
linkage informati&n that normally appears in stack frames
(e.g., pointer to previous frame,.éaved instruction pointer)

30 is confained in the local registers. This means that most
call and return instructions execute without causing any

references to off—chip memorvy.

Description of the Drawings
35 The foregolng and other ubJects, features, and advan-
~ tages of the invention will be apparent from the following

N it o i e et vt s <o 8 s v e sam o n e
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-3- nore partlcular descrlptlon ‘of the preferfred enmbodinents of the (5
i'nvention as illustrated i'n the acconmpanying drawi ngs, wheréin: FIGURE 1 is
a functional block-diagramillustrating 5 each of the maj or conponents of
the mcroprocessor in which the invention is enbodied; FIGURE 2 is a bl ock
dlagran1of an execution environment when executing an instruction on the
systemrshown in FI GURE 1; 10 FIGURE 3 is a diagramof the stack frane
structure within the current |linear address space of the execution en-

vi ronment shown in FIGURE 2; FIGURE 4 is a¥diagramof the call stack
structure within the current |linear address space of the execution en- 15
vi ronment ShOWﬂmbﬁerEkEEEalaﬁndasE+€$EEbﬁ b#|ﬁﬁérﬁi&SeitﬁdnBﬁﬁbﬂﬂmeﬁthhef
m cr opr oces- S (& er _sets to, t rogr s _stack in nmengry. .

DESOR PTI o 20 the tedeatfencShont fuserefel 8 Fhe ArePoRRovLEEoPr b Pags-
cal ly subdi vi dedhenebnseven maj or unlts t he Instructlon Fetch Unit (10),
the Instruction Deco, ,.the t o] S uenc

Transl ati on Looka5|dg?ﬁu$% tiS? t? f.%g %Iﬁ §§¥géféé‘taca|
Bus Sequencep (€8rh 6% thé mheorlno$geneﬁiscuf|bhELmlCrpﬂnpceésnnunncuhlch
paths between all Oin%ggﬁfoH”iLSehQBEFQQ a 32-bit data bus, a 29-bit

m croi nstruction a mcrorndtruction-valid S|gnal (28). The
m croi nstructi on busF&EEHREORsiand blackrdhageamt aé aot eyecpbéionf epMéraoment

tononmous units. whEaCBxe&uihﬁguaht§ng§r92§§5hbsﬂ BrkeEl¥thA- shewn TReFIgURE
Instruction Decoder (ID) decodes and controls in- struction (nmacrocode)

execution. The ED decodes I nstruc- tions, perforns operand addressing and
fetching, hangdl es 35Fbslnsh3|ﬂatéueiagHSm(bfetheleeh&uc#kamepetﬁheture

maglpul a- tion),; and,eLhOeL,SMLAE PYREUL' QalLELOLPSLEYSY QN8 El8tution en-
vironment shown in FIGURE 2; '
FIGURE 4 is a diagram of the call stack structure
within the current linear address spacé aof the execution en-
15 vironment shown in FIGURE 2; and, ' |
FIGURE S 111ustrates the mapping of the microproces—

sor ‘s register sets 1ntu the program’s stack in memory.

DESCRIPTIGN
20 Referring now to FIGURE 1, the microprocessor is laogi-
cally subdivided into seven major units: the Instruction
Fetch Unit (10}, thé Instruction Decader (12), the Microin-
\,; o struction_Seqﬁencer (14), Translation Lopkasjde Buffer (18},
the Floating Point Unit (22), the Local Bus Sequencer (20},
25 and the Integer Execution Unit (24). '
Communicatinn paths between all of these units include
a 32-bit data bus, a 29-bit microinstruction bus (26), and a
micruinstructinn—Jalid signal (28). The microinstruction
bus controls and synchrunizes the activities of the au-
- 30 tonomous units. Each'o¥ the units is described briefly be-
low. _ . | '

The Instruction Decoder (ID) decodes and controls in-
struction (macreocode) execution. The ID decodes instruc—
tions, performs operand addressing and fetching, handles

35 branch instructions ti.e., instruction pointer manipula-

tion), and either emits execution microinstructions (for



- 4 - sinple instructions) or starts-m croprogram flows (fd% com plex

I nstructions). The lImstruction Fetch Unit (IFU) fetches, prefetches, and
caches instructions fromnenory for use by the ID. The-5 |FU also

maintains six instruction pointers that track in- structions through the.

pi peline. The | FU caches the nost- recently used bl ocks of instructions and—
keeps the instruc- tion decoder supplied with a stream of instructions..w¥t

al so contains the instruction pointers and operand reduction 10l ogi c
controlled by the ID. The Mcroinstruction Sequencer (MS) sequences ni-

crocode f'OmssiﬁpP “9A§tﬁﬂ&£§é£%iig¢ié@é}QE’mP@Pé8é9§}£HC;1B&Q“?fEPaEnBLe
too conplex to handle directly, and exception and Interrupt conditions. 15
The M 'S cont aphex giggtpychdonsd . ni cr ocode ROM and se-- quencing | ogic for

microcode flows. Thgef HRst: QP bHaketol MhELPREEQS "ELEChuESSpEEaRhbE, Next

m croinstruction, mcro-_program branchi ng, handl e exception conditions,
mai ntai n a sc8PdpearEsnipft ekl ens, freremenagyi ROEoUFRNRYI BAewiPh t FBR20

EE, d?teCt%”ﬁfF!iEfééuﬁ&iﬁ?ahﬁﬁnéfﬁY§ﬁ?ﬁr&é§£6nQﬁ&?ﬁﬁegghﬁhéﬂt@68§kbin;h
ecution Uni J) execut es nost of, .mcropnstr i ons i ssue e
D and Che m SEUEELORS cFRESTah Phe B1RFLiGFe FBet BFOnEoRRes: EHRePObERG
scrat ch regi sretentlyseseddybhbekscofleinsbeudtibnbaand| kebpét Ehe - aAdtiGe-25
| ogi ¢ needed X LS. cyct L ons, | EU_cont apns._pne- hundged

bl ve 5. ot t1e Gftdet LSubPEl Cd L RO, dEFali-pf TNBLPACOURRDY THE,
features an Aelsbypamtapnshthéatnatrutbiwn Apoioperat andsoperandeReductiioat

the rate 0f1%ﬂ§g?€chM€#Gllé& B{SPhEOppai Ns a single-port register file
d

that 30 can be accessed twce ih one cycle such that the result fromthe
previous oper ati onTREnMbHE R AFEGUFRI BRCSIAHBNESE| LMAS? aSRBYFDEBRAREIs
bei ng fetchedcfaeoiiberTonsctd RaRaREe| eRip ThAi £l anikagiBal Nhabhbi nEEPLE~

contains the }9gh BRSECS-LOrBS" LohM Lk 8L RGnBPL"hs PRELTY, OB ERdepliSHe"
and interrupt conditions.

15 The MIS contains a 3K by 42-bit microcode ROM and se-
quencing logic for microcode ¥lows. The funcpions that the
MIS perform in:lﬁﬂeé fetch the next microinstruction, micro-
program branchiné, handle exceptioﬁ conditions, maintain a
scoreboard on the register file, and in conjunction with the

20 1D, detect macroihstru:tipn—bnund#ry and trace events.

The Integer Execdtiun Unit (IEU) executes most of the
microinstructions issued by the ID and the MIS. It contains
the registers visible to the programmer, the scratch regis—\ _
ters used by microcode, the ALU, baffel_shifter, and the o/

25 logic needed to execute its instructions. The IEU contains
one~-hundred twelve 32-bit registers,'a 32-bit ALU, and a 32—
bit barrel shifter. It features an ALU bypass.path that al-
lows ALU operatinﬁs to be executed at.the rate of one per
cycle. It also :nntaiﬁs a single—~port register file that

30 can be accessed twice in one cycle such that the result from
the previous operation can be stored in the same cycle as a
new operand is being fetched for the current operation.

The Floating Point Unit (FPU) ﬁnntains the logic needed
to perform floating point operations, and integer multiply

35 and divide. The FPU contains four floating point registers,

several tempurary registers, a &6B-bit shifter that can shift



35, and divide. The EPU contains four floating point registers, several
tenporary'registers, a 68-bit shifter that can shift  -5- up to 16 bits
in either direction, a”“69-bit mantissa adder, a significant bit finder, a
manti ssa ROM two internal 68- bit data paths, and a separate exponent data
path that in- cludes its own 16-bit adder and registers. It executes in- 5
teger ultiply and divide, and all floating point opera- tions, including
the-cordic algorithns for the transcenden- tal instructions. The

Transl ati on Lookasi de Buffer (TLB) performs_tjhe ad- dress translation
needed to inplenent virtual nmenory necha- 10"nisns. The TLB perforns

addr ess transl atiportcarid tdsr i nped theecdineatdiang an &dsdddi maintd asab|asidst,
storage descri POy d¢10a08 bIR ¢iMe O maltsGUU Mo, 2utPiPldrhaldess
cache, a. six-bit address adder, and nmenory protection check- ing hardware.
Each entry in tihd taddtas @athishe anshBaiseparptes spmanants date® petahay &n-

;I'he :]'LB Sufﬁortiliﬂé@f aksadﬁhea%-b&&naﬁfroadaee@@;i%é{o aid @udd iftélﬁﬁrn-
o choose the_type of nmengr rotection froma variety qf conventiona
mecha- ni sns PpIGaRy ,&UIQMP&H Gividene angk 4l lgf %&dﬁ%@@" 1 FRSTRS
and sequences exigins,2Qntaluding atee Trdicl  Jovdahed F dre N atfanEtEnicis-
the in- terface hgrdware tq.the external |ocal bus, nanages the bu
protocol, and r gr‘}i'?é{ &MF4 events (e.g., interrupts, '

initialization). -1t Gt JreassdatdaorgdionksEdde Bufiféer JLEB) ¢us farohsiditee ad—

"FIFQ, an incom - Qi L& i Rectily - r e =@)
allows up to 3 %&%s?glatngﬁﬁe lc?beugee I n &%%Imé%.ﬂ%ﬁﬁg&f&cﬂw%ﬂ{e
rest of the W ocdssas- cdhepTbdepenfiarmse asttdnessh triangdpdidnanst memorie msor-

acogss |atency. yHpa iidH udithg™ RO duddlat inead Al deetdtidhdife deuBraxdesral
menory until a free cycle is avail- 30 able to transfer the data to its

destination. A @ng pags, teble epdriss stid Foqiping & ARRIEY agfress

cache, a six-bit address adder, and memory protection check-
ing hardware. Each entry in the address cache contains 27
15 €AM bits and 38 RAM bits. The TLB supports several address
translation &ééhaniéﬁs fo allow the ﬁser to choose the type
of memory protection from a variety of conventional mecha-
nisms (paging or segmentation).
The Local Bus Sequencer pipelines and sequences exter-—
20 nal bus accesses. The local bus'seﬁuen:er contains the in-
.terface hardware to the external Iucél bus, manages the bus
protocol, and recognizes external events (e.qg., interrupts,
initialization). It contains an Duthing 33-bit wide ad-
dress and data FfFD, an incoming 33-bit data FIFO, and a se—
25 duenter.' The outbound FIFO allows up to 3 requests to be
ﬁueued in the local bus sequencer o0 that the rest of the
prdcessbr:can proceed with'executipn,.indepen&ent of the
memory access latency. The inbound FIFO buffers read data
returning from external memory until a free cycle is avail-

. 30 able to.transfef-the data to its destination.

. A plurality of global registers (21) are provided. One
' of the global'registers'is a frame'puinter registér contain-
ing the current frame pdinter, and the remainder ‘of the
35 global registers are available to a current process as gen-

eral registers. A register (stack frame) :aéhe (23) is pro-—



sfer contapp- ing the
remai nder of thes gl obakbéregi sters are
as gen- eral registers. A register (stack

of the global registers is a frane pointer rebﬁ
current frame pointer, andﬂ&;_
avai lable to a current prot

frame) cache (23) is pro- vi ded conprised of a register set pool nade up
of a plural- ity of register sets, each register set being conprised ofa—
nunber of local registers. Wen a call instruction is de- coded, a ™

register set fromthe register set pool is allo- 5 cated to the called;
procedure, and the name pointer regré= ter is initialized. Wen a return

i nstructi owlid%cﬂ%mq,sémfr Wirdefl's et THefld defe %{d Q:Flatd Jr%la-not her
proce- dure called by a subsequent™ ca |nst uctlon - Ister
set pool idtemferagistar satFonmack reaisfen setsheirg Cﬁ%@iﬁﬁ%@ﬁmq h a

previ ous PitliH &faNHcAY Hbgibtedres. nﬁlwhéiﬁ@rdéllaﬁdméﬂﬁictrﬁﬂi SleLlgeset S
all ocated to he current proc ur.e. | ocal, registers of a register set

associ at ed S® Jl"ﬁ’"! e gETT T oPaHe ifiHd O poi nt er
to the Jredatesn fuuarm:earuna, ;-?rﬂ:i:qmmnu,erandl&h&mrwwnmmdza-r]

return |ns ct.i.on XECUfe thout n d|n ferences to off-chip
menory. tstt E'ucltsl 6?1“§ceit %ﬂ(‘%pr ocesé1 Lo ds ae‘l;ﬁ s%é‘l’: ARH 45 9858 d,

addr essed dheninagikxtear salr dlmaﬂ@emlﬂurofalvlmmtilqn atld @m:t@@rdatraqca-n- )
struction, fp %tmlecﬁw% m&s@fwedeﬁﬁa{ﬂctﬂr@{ a_NEW (e Cg{ [ame

(actlvatlon record) sequent i al | cate sta . The instruction

set of the }&t&0 ;ﬁﬁfc&%‘&r iis; dapligtad. Fhes cankents ok rﬁm,ﬂq;fsﬁarsee@r educed

i nstructo orkswm%awmr& ER PN BusAIpr bR tdrd S Ve 3% RiHeS didid engt h
and nust be al ned rd boyn arles and only 1 oad, store, and branchlng
st uct i oMEREHy AEL SRR PR Ao 4 5 Aldacabnd t fhe suyenty L
Refer to FIdeEEcﬁJr\lhl CIThEh Q- dlh ¢ eyl tepta it ahaipitter @Et Esodiaated

* %
executi on em‘:' ronrég_rétce%r}_sel S.:ta%tgma lzx.nk?’a%e 1nefarmat1on including a

A

pointer to the prev1uus frame and an irg ;“1on pointer,

and return 1n5trﬁct16ns to execute

15 thus eqhblzng ??

without need1ng any references to nff—chxp memnry.

Instruction Set
A process sees a {lat 11near address space, addressed

20 with 32-bit ordinals, out of which it alln:ates data, in-
structien, and. stack space. A call instruction creates a
new stack frame (activation record) on a sequentially allo-
cated stack. '

. The instruction set of the microprocessor is similar in </

25 design to those of RISC_(redu:ed instruction-set computer)
machines. All iﬁstructiuns are 32-bits in length and must
be aligned on word boundaries, and only load, store, and
bran:h:ng 1nstructlons reference memory (all others refer-
ence registers). _

30 Refer to FIGURE 2 which shows the environment when exe—
tuting. The execution envirqnmemt consists of a 2%¥#32 byte
linear address space (30) and thirty six registers. Of the
thirty six registers, 16 are 32-bit glubal fegisters (32),
sixteen are 32-bit local registers (34), and the‘remaining

35 four are BO-bit floating-point registers (38). The local
registers are associated with a mechanism khuwn as the



l'i near address space. (-30). and thirty six registers. O the thirty six [7
registers, 16 are 32-bit gl-obal registers (32), sixteen are 32-bit |ocal
registers (34), and.thé remaining 35 four are 80-bit floating-point
registers (36). The local registers are associated with a nechani sm known
as the - -7- stack-frame cache. Wen a procedure is called, a new set of
| ocal “egisters are allocated froma pool of registers on- chip, and are
freed by a procedure return. The present em bodi nent of the invention
provides four sets (64) of local 5 registgLs on-chip, but this nunmber is
transparent to_the programmer. The register nodel consists of 16 gl obal
registers and FEAFGATIR FATET effan % ANRREdHE GRS a @ OEY Fok of
dure boundari eB:luzwnd'-esgjdéﬂﬁé £ad Sa1cxfocaaﬁtéfdacﬂ¢m£% BeATRIF FhdiodistL£rend hat
are associativ e _into each stac rape. At any instant, an
i nstruction cacﬁ-'i)a/l’dﬂré;rg{ H r{?rf%chwofa tprr&"'eecﬂ‘g"g? §f°e‘i"‘§y“a’s IRgRSent; em—
Regi ster Type bodiment of the invention Rapridiess faure gdicbaleRepHSitAical
&0 ..... . &5 Elgating-Pqlnt gi . . PO . . FEP13
(floati ng-qboi n%é%pge%nég%rﬁoccﬁ%ﬁzgﬁttehrls number 1s t'Fa"sparE"t ]tcf_d"'?e. .
L15 20 At any RS8R ®RMT4 ne, one can address thirty-two 32-bit registers,
and four 80-bit flomd NGeAtdr WS Yohdilds I rAgigldia Gy Aaa-deaped
to hold floati{%-lgc(?)i nt values). O the 32 registers, 16 are global
registers and atina-paint regiftans thah, avg iRrasaTERd SGNRES (AROGE-
g|h obalb L egi sl- duares l:a:nmdlmﬁfeff,cta?d:l Mlﬂfti(‘p’l?%iéiﬂs’ R:F-DClercﬁ:aflouﬂzldaHréﬁnéi .e.,
t hey behav i ' NO o redisters in qther. proces- sors |oc registers
are affectg% dﬁaﬁé}%ﬁathﬂﬁjrﬁﬁlﬁﬁ?qﬁié{1VEI¢)mappEd into each stack

\,) frame. '

At any instant, an instruction can address thirty six of

these regiéters as follows:

15
Register Type . Register Name
Global Register ' : 60 . . . GiS
Floating—Point Register . FPO . . FPI13
- (floating-point operand) .
Local Register ' LO . . . L1S
20

At any point in time, one can address thirty—two 32-bit
registers, and four 80-bit floating-point registers (the 32
registers can also be used to hold floating—-point values).
0f the 32 registers; 146 are glabal re;iSters and 16 are lo-
25 cal registers. The difference is that the 1& global regis-
ters are unaffected when crossing procedure boundaries
(i.e., they behave like "normal" registers in other proces-—
sors local registers are affected by the call and return in-
structions. '

30 When a call instruction is executed, the processor al-—

'~ locates to the called procedure a new set of 16 local regis-

ters from an on-chip pool of four register sets. If the
processor ‘s four-set pool is depleted, the processor auto-
matically reallocates a register set by taking one register

35 set associated with an earlier procedure and saving the con-

tents of that register set in memory. The contents of the



| ocates to the called procedure a new set of 16 | ocal rvﬁfs- ters froman
on-chip pool of four register sets. If the processor's four-set pool is
depl eted, the processor auto- matically reallocates a register set by

t aki ng one register 35 set associated with an earlier procedure and-savi.ng
the con- tents of that register set in nenory. The contents of the 8-
earlier procedure's register set are sasgd in the first 16 words of t hat
pLocedurE's stack frame in nenory. Because of this, the mechanismis naned
the stack frange h + t N r i c e ¢ il | ggal
regi ster setef51%§958FP§g§u%§o?:ﬂé§1%§§g g%%sggﬁe%?§gglﬁg.t%#efgpgfqu

si xt een gl obwbrdegp$t thet( pepcadurei’ st stankt firamgr dfcemorey BEEANSEFFFi n

the process gRPL!Oknbl ReknYREEnt §8 REMEASEhES stAtKE¥PaME BachE. oA re-
regi sters are not as- 'soclatively magggdf:l nto the prqcess control bl OCF’& 10
n r

O the sixt e&Hr82ipetruegioneFausess yrrenthdocal. register, setbe,

(FP) and £0. ¢Ghhgal¢opcieadbyPdl BObSehBENti &a219.. The FP contains the

| i near address (paointer) intQ the current exegution ironnment. for, th
current (topnost) T&EREK 8 L,FAX gFﬁcglggé‘ékrFPé Y& g%g)i FFEFASEES %"ﬁ?‘g 15

boquari es, ahproewsesdehey bires salvelPiar ¢hiegperetksandomtrolapd dok ehenet ed
to be zero. This register, is ini.tiali oNn Gl .. tuwrns.
A reference ;Lg'eaplr BEF. A 5, 00, e&‘ﬁ%r"é:ég'%['hattﬁi@s?%i gg%r1 tEan %g.{?‘tc{stetfges
the regi st er sowikitivelyeoapped fingivethee grozesss cantr@i &ILCkE oat i ng- Poi nt
Regi sters Jfiere agfg LW JilhQQdnSeit Hefdistied's, G aQGin ahaliddr-a
process; they are saved in the process control block \ 25 _ when the
process is neendxde@mem@ointesat(FRY- giichBh-efildt a& AR RESTR "REAT,
mapped into e dHNCeFhe M AIntAiK the linear address (pointer) into

the current execution environment for the current (topmost)

structions. 30 When a call .instruction is executed, ihe processor al- .

stack frame. S8ince stack frames are aligned to &4-byte
15 boundaries, the low-order & bits of FP are ignored and al-
ways interpreted to be zero. This register is initialized
on calls and restored on réturns._ .
A reference to a register as an operand that is bigger
than 32 bits uses the régistersuwith'cnnsecutive higher reg-

20 ister numbers.

Floating-Point Registers
There are four floating—-point registers (34) assn:iateq
with a process; they are saved in the process control block \J/
%5 when the process fé not executing. Floating-point registers
are not associatively mapped into the process control block.
Floating—-point numbers are stored in extended real for—
mat in the floating-point registers. Floating-point regis-
ters are accessed only'as operands of floating—-point in-
30 structions (but such instructions may aiso use the 32-bit

local and global registers).

Arithmetic Controls
The Arithmetic Controls (36) are used to cantrol the
35 arithmetic and faulting-pruperties of the numeric instruc-—

tions as well as for storing the condition codes. When a



Fl oat i ng- poi nt nunbers are stored i n extended real for- mat in the JJ
fl oating-point registers. Floating-point regis- ters are accessed only as
operands of fl.oating-pdi-nt in- 30 structions (but such instructions nay

al so use the 32-bit local and global registers). Arithnetic Controls The
Arithnmetic Controls (36) are used to control the 35.arithmetic and faulting
propeﬁﬁies of the nuneric instruc- tions as well as for storing the

conditi on codes.. Wien a -9- process isgsuspended, the arithnetic
controls information is saved in the process control block. Instruction
Pointer 5 The Instruction Pointer (38) is a |linear address (pointer)

into the currerprddemari saaaispimdEdiC & Hed driiaHngtdlc BErfrefl d Hefinnsiiton is

instruction. Since jnstryctions nust beqi rd (4-byte) boundaries, the

two | ow or der tﬁivseciof"r‘ Iﬂber é"'i%’se&%ﬁg'c’gs%gﬁ\éﬁ“to be 0. 10 Local (or

Frame) Registers Refer to FIGURE 3. Registers LO .L15, the local regis-

ters, do not deﬂ-&t?lfcetqiﬁ{[ gqg q:fert he conventional variety; they denote the
0 ent 't

first 16 words he curr rane. Thus, 15 register LOis mapped into
linear address FP+0 Tthe Apstrucddon fdnter (SSmpped ilitredr retdresslr ess

FP+4i to FP+4i LSO 4 |t e dr i i
There are mul trﬁoeﬁﬁ%r:?s ‘ﬁk%f{ﬁs@%@e nrgqilg{%@,%ﬁ%bgarﬂ:{% %%ﬁcﬁ%te
activation. ThéYe@fakhwarmenthdnstractdan.andinag dnstramtions must
explicitly. Staegifi T wbrd (4-byttd HRHLIHIHE, HYWLd 1 dil-diderd bits b

contiguous portion of current |inear address space, containing data in a
stack-1i ke zgsrﬁ"ori'”erﬁa’@*? & asrumed 4 BRQ-act i -

N

Local (or Frame) Registers
Refer to FIGURE 3. Registérs LO..LIS, the local regis-
ters, do not denote registers of the conventional variety;
théy denote the first 16 words of the current frame. Thus,
15 register LO is mapped into lineér_addrggﬁtﬁﬁio_to FP+3, reg-—
ister Li is mapped into linear address FP+4£ to FP+4i+3; and
so on. ' '
A cache of multiple stack framés is provided. There
are multiple banks of high-speed registers, one bank per
20 procedure activation. The program does not have to save and

restore'registers explicitly.

Stack Frame

25 .The stack frame, shown in FIGURE 3, is a contiguous
pertion of current linear address space, containing data in
a stack-like fashion. There is one stack frame per acti-
vated procedure, which contains local variables, parameters,
and linkage information. A call operation acquires a new

30 stack frame; a refurn'operatiun releases it. When a new

_ frame is acquired, it is aligned on a 64-byte boundary.

. The fields in the stack frame of FIGURE 3 are defined

as follows:

35 Padding Area. This area (42) is used to align the FP tao the

next &4-byte houndary; The size of this area varies from O



vat-ed procedure, which contains local variables, paraneters, and |inkage
information. A call operation acquires a new 30 stack fryyane; a return
operation releases it. Wen a new frane is acquired, it“fis aligned on a
64-kyte boundary. The fields in the stack frame of FIGURE 3 are defined as
foll ows. 35 Padding Area. This area (42) is used to align the FP to the.. ~
next 64-byte boundary. The size of this area varies fromO to 63 bytes.
When a call operation is perfornmed, a paddlng area is added to round the
caller's SP to the next 64-byte boundary'PU farmthe FP for this frame. If

the caller'’ d e akea
Status (LO). ?E 6?r kéggfgtﬁégg4§)t?%?o?éggg%ggpnégrPbﬁgﬁpﬁggdssog ?qgg
with the framsreafier added| to toubd tbedcehler' st §Pntor shet hextr édebytire

fields of a fEéHﬁd§F9tE§ 2bPmdeh"pp @érf@hkgmﬁrakg Tr 3¢e ¢hBaRhg1ef - QBBb
0). In a supervisor 'call this bit records the trace-enable bit at the tine

of the call. &8 PérEPHY Phiﬁ“ﬁﬂb tbeypaddipgr asear &st ASEALker' s trace-en-
able bit ig the process if the execution node of the return- 15 ing frane
I S supervisor_ Return §tat RRR ﬁblts 1-3). This 3-hit field records the
cal | mechani sFrae8qsta Fﬁe(bpéatla eofrafAPsstatHE 4AF) EeqsEds SheeiBdPrine
return mechanmatiba Besuetdted wethr Rhel@rambs aweedi ageacf, thquhlabddare

as foll ows: 000 Loca 001 ,SupecLvis 010 Inpterr 011 _Non ubs fault
100 Subsysten1 5 a kurn sPoRCthe Qrame. Qhe f%%&dfof{r S %6

| dl e/ st opped mreecdetfiphed as follows:
10

Trace Enable, T (Bit 0). 1In a supervisor call,this bhit l_/
records the trace—enable bit at the time of the call. On
return, this bit is used to restore the caller ‘s trace—en-
able bit in the process if the execution mode of the return-—

15 ing frame is supervisor.

Return Status, RRR (bits 1-3). This 3-bit field records the
call mechanism used in the creation of this frame and is
used to select the return mechanism to be used on return.
20 The encadings of this field are as follows:
000 Lacal
001 Supervisor
010 Interrupt
011 Nansubsystem fault v
100 Subsystem \-’
25 . 101 reserved

110 Idle/stopped interrupt
111 reserved

Preretdrn'Trace, R (bit 4). On a return from a frame when

the préréturn trace bit is 1, a prereturn trace event (if
30 enabled) occurs before any acﬁinﬁs association with the re-

turn operation is.perfurmed. Thié bit is initialized to

zero on a call.

Previous Frame Pointer, PFP (bit 6-31). A linear address
35 (42) to_the first bytelof the previous frame. Since frames
are aligned to &4-byte boundaries, only the most-significant



111 reserved Prereturn Trace, R (bit' 4). ©n a return froma4 frame when the )—
prereturn trace bit is 1, a prereturn trace event (if 30 ‘enabled) occurs
before any act.ions ass6ciation with the re- turn operation is perforned.

Thi s blt is initialized to zero on a call. Previous Frane Pointer, PFP (bit
6-31). A linear address 35 (42) to the first byte of the previous frane.
Slnce‘%ranes are aligned to 64-byte boundaries, only the nost-significant
26 bits of .the FP are saved. |If the return status indicates subsystem
transfer, this field contains the nost- S|gnrﬂ|tant 26 bits of the Ilnear
addr ess of the top-nost (last) _frame in this call stack before the, ca

Ot herwi se, the £ 8 bifs o FFSHEP §'Fh§38§FP|néffFﬁﬁerEEHFPnEtétﬂﬁlF"dfﬁétes

| oner five bltSsQBs?BthrQFBnS?éPUStBig wmeluahbaedza% takl Avet-QigRdficant

Local call, p I sor from supervisor _s

Super vi sor callag gh¥ﬁs€f ﬁgﬁelbnﬁiﬁ ad rFﬁFePfu% §PP’U°5§19 OQ%T frame
hbnsubsysten1famhttbablcelloetackabspséeﬁheabhlw 110therwlisegr thpt topHmost
fromidle or est a I of the trace bit defined above.
"-" in- 15 dlsia?ggﬁg li%srgﬁe 552 Ens ¥9 S"'x" i ndicates a don't-care bit. On
all returns, the bltbualeglntsapletbbeatnﬁerléﬁse biksxef- thecficpaeesiatus

prereturn traceapEOQﬁgtlalggEBoggl@Dhgggg return 20 0 001T -- In
supervi sor node, performa supervisor return. The T bit is assigned to the

trace- enable bit ingt BaoRr 0CepacaPNELRLS: ofNEupBPvEEBFUERRT- FPER bit IS
set. to user. O her- w se, perggbgpa,ggpagtgegurn

10 0 OO01T -~ Supervisor call from user mode
. 0 010- —— Interrupt call
" 0 011- —— Nonsubsystem fault call
0 100— —— Subsystem call .
0 110- —— Interrupt call from idle or stopped state
T is the value of the trace bit defined above. "-=" in-
15 dicates a reserved bit, while "x" indicates a don’t-care
_bit.
On all returns, the bits are interpreted as follows:
1 sxxx -—.Generate_a prereturn trace
0 000x —— Perform a local return
20 0 001T — In supervisor mode, perform a supervisor
return. The T bit is assigned to the trace-
enable bit in the process controls, and the
execution-mode bit is set to user. Other—
wise, perform a local return.
S O 010x — Perform an interrupt return
o 0 011y — Perform a fault return”
0 100x —— Perform a subsystem return
25 0 101x —— DPERATION.RETURN fault
O 110x — Perform an idle/stopped-interrupt return
(4]

111x —— OPERATION.RETURN fault

Stack Pointer, SP '(L1). A linear address (44) to the first
free byte of the stack; that is, the address of the last

30 byte in the stack plus one. . SP is initialized by the call
operation to poiﬁt_to FP pius 64.

Return Instruction Pointer, RIP (L2). When a call operation
is performed to a new frame, the return IP (44) is saved
35 here. When the process is suspended, the instruction

pointer of the next instruction is stored here. It contains



0 010x -- Performan interrupt return 0 OI'lx -- Perfe a fault return O
100x -- Perform a subsystemreturn 25 0 [ 01x -- WPERATI ON. RETURN f aul t
0 110x -- Performan idle/stopped-interrupt return 0 1I1x -- )
{OPERATI ON. RETURN fault Stack Pointer, SP (L1). A linear address (44) to
the first free byte of the stack, that is, the address of the last 30 byte
in the stack plus one. SPis initialized by the call operation to p0|nt4to
FP plus 64. Return Instruction Pointer, RIP (L2). Wien a call operation is
performed to a new frame, the returni2d (46) is saved 35 here. Wen the

process isy S&Lsnﬁrtd%né.{w ddttd e i @ A L Edn ol NEs e ur ASd ré‘ﬁéén"rh' S
stored here. It contains a 32-bit linear address to which control is

returned dFeH ™ ttilie (f54m8s frane. A procedure call saves the IPin a
regi ster of the cur- 5 rent frarre Since inplicit procedure calls can

occur (due to faults apd interrupts ro ns_ do not sethsrel ter
for ot her purpdlgé{ncﬁ@rﬁ %ﬁé’f Iﬁ@%ﬁ@"f?d’rﬁ%)%%o‘? g‘f"U"hl gh
addr essps.reit framel| Giices ndﬁlnsﬁiatms:&ehﬁ.nmpml@ atan ha:cmucr Ofueces-

sor' s regi Oe{,%&ﬁ%é %Jé@r@lﬁg&tbs e %C%ﬂné "B SEE Yusd h 2% Pé S' ple

object, in e firrst rame are nmapped nust
| ocal I i f ckemeforTirthert RUTROIAS ¢ he page or sinple object is checked dur| ng

a 15 call. Thi sTHESIEd iFbus NEARIRETY) LA-ERSHEG Sidiedsll €5 hﬂ%ﬂ?m ation
of ADs in the local registers. Linear Address Space Structure As own in

FI GURE 2, ¥3RTPES8%uti on environnent de- fines a 32-bit |inear address
space. 1(The | nery suREr= st Rikhaeds | thdahdppi Rgesf | the mdeFopegeess. The

first three e QLIS A SXEHL Ae SV h G mmPDt Ll 8 SPSChlhSrL 0 the cur-
The page, or simple abject, into. which the first 64 \-/
bytes of a frame are mapped must be of local lifetime. The
lifetime of the page or simple object is checked during a
15 call. This restriction is necessary-to ensure efficient ma-
nipulation bf ADs in the local registefs.
Linear Address Space Structure
~ As shown in FIBDRE 2, each execution environment de-
fines a 32-bit linear address space. The linear address
20 space is partitioned into four regions. The first three re-
gions of an executiah_envirahment are specific to the cur-
rent process (i.e., defined by the process control block}.
The composition of the process specif{c regions can be
changed by a subsystem call/return. The_%ourth region of an o/
25 execution enQirunﬁent is shared by all processes (i.e., de-
fined by the processor control block). There are no re-
strictions on where instructions, stack fraﬁes, or data are

located in the linear address space.

30 Local Procedure Mechanism
A procedure begins at any arbitrary word address in a
linear—address space. Procedure calls and return use a

stack in the linear address space.

35



rent process (i.e., defimed by the process control bl ock). "The conposition L5
of the process specific regions can be changed by a subsystemcall/return.
The fourth region of ah-25 execution environnment is shared by all processes
(i.e., de- fined by the processor control block). There are no re-
strictions on where instructions, stack frames, or data are located in the
| i nedk~ address space. 30 Local Procedure Mechani sm A procedure begi ns at
any arbitrary word address in a |inear-address space. Procedure calls and
return use a stack in the linear address s#Hse. 35 -13- Instructions .
CALL CALL EXTENDED 5 CALL and CALL EXTENDED invoke the procedure at the
ad- dress speci fpslrueienSpecifies the procedure as IP plus a 24-bit

si gned di spl acement. CALL EXTENDED specifies the procedure using a general
menory effective addreﬁs 10 CALL EXTENDED al so contains an operand which
becones AP in the new fFaE. A new stack franme is allocated during the cal
~opera- tion and the concal fEXVENBEDransferred to the specified

pr ocedur es. Ege execution environnment remai ns unchanged. 15 RETURN The
RETURN i nstruttion transfers control back to the calling procedure's

addr essi ng envi r onmedalanand eCalas e SEXTENDED cixhvakle ptise epitneeduséask thanad-

Instruction exe&#éé&”ﬁééggp?%éP“qEA tIﬁﬁéi&ffééuﬁﬁéoﬂrBEEH&PQ Lo B¥ hP&sRLP _

in the calling proced ane. :
24-bhit signed displacement. CALL _EXTENDED specifies the
procedure using a general memory effective address.,’
10 CALL_EXTENDED also contains an operand which becomes AP in
o the new frame.

A new stack frame is allocated duriné the call opera-
tion and the control flow is transferred to the specified
procedures. The execution.environment remains unchanged.

15
RETURN

The RETURN instruction transfers control back to the

calling procedure’s addressing environment and releases the
20 called procedure’s stack frame. - Instruction execution is
continued at the instruction pointed to by the RIP in the

calling procedure’s frame.

25 ‘CONVERT ' _ADDRESS

MODIFY _AC is used to read or modify the_:urrént arithmetic
controls. Because the region ADs are not directly accessi-
ble, the CONVERT _ADDRESS instruction can be used to convert

30 a linear address into a virtual address.

n

. Process Management
A software process or task, is represented by a process
control block. Two means are pravided for the cantral of
35 process switching. Dne;is via two instructions (save_process

and resume_process), which allow an operating system to



25 CONVERT ADDRESS MODI FY-AC is used to read or "hodify the
current arithmetic controls. Because the region ADs argenot directly
accessi- ble, the CONVERT ADDRESS instruction can be used to convert 30 a
| i near address into a virtual address. Process Managenent A software
process or task, is represented by a process control block. Two neans ate
provided for the control of 35 process switching.. One is via two o
i nstructions (saveprocess and resuneprocess), which allow an operating
systemto switch processes explici t_11y(_ Anot her is a priority-based
process schedul.i and_ di spat chi.ng .f.unctii that is built into the
processor. L%’Tlrﬁf??ﬁé'q:ﬁsts r?é‘(ﬂ}g%lls#]y-‘t h%n"ﬁ si%& RG9S tal 1y
di spat ch pr qressess faatraduldume and d& spertohi gl furprtdess ddvatk dep duiridek of
the cumul at i X6t ' of L OVI i qnal
tinme-slice r%%acgerrenﬁrq%c#ﬁé I alfﬁqgrzf'. &rh%g%}vte?ngn%%égs&ex%ﬁt@%%

| onger t han sPpmEddy iasdtematdaal lyf dijspatah ermaarsarorfrgn 2 A esdmte a
faul't, ob enga,the process on the queue of available processes and

di spatch anot her process. Wien automatic process di spatching is used, a set
of interprocess iQeRssAT ikReRtdmasts of £ FHMYRLINE Gxeretian | ar

to services HidieTRH Yediitd \Hriibdd), Hid @llsh fradvi dés aptiGrfdis taMecd Rt .
They provi de support forgthe onmuni,- cation of messages ano%%cg.rboces es.
Traci ng and MARdESREnt. & o HETEDRYET R RIS DR TIEP D Heans
of 20 a tradeoragert rtian regrsstriibet dntoyrett toOftiane) Yo s esEm- twidcle
control I 1 ow det.ect i f, a conbi i t] 0 ' t Se
ot uct 15n RERTE 4 e "B, SRR, 6 Brdclis B MM GQRENSE
branch i nst ravai lablE qoiadessas and dispatgh \wnother process. _ \\J
When automatic process dispatching is used, a set of
interprocess communication instructions are provided, which
are similar to services narmally provided in software oper-
15 ating-system kernels. They provide suppbrt for the communi-

cation of messages among processes.

Tracing and ICE Support
Software debugging and tracing is provided by means of
20 a trace-controls register that is p#rt of each process. The
trace controls allow degectiﬁn of any combination of the '

following events:

Instruction execution (i.e., single step) . W/
25 Execution of a taken branch instruction

Execution of a'céll instruction

Execution of a return instruction

Detection that the next instruction is a return

instruction '
30 Execution of a supervisor or subsystem call

Breakpoint (hardware breakpoint or gxe:utian of a

breakpoint instruction)

When a trace event is detected, the processor Qenerates
35 a trace fault to give control to a software debugger or mon-—

~itor. The processor contains two instruction breakpoint reg-



Execution of a return instructionh Detection that the next instruction is a)}
return instruction 30 " -Execution of a Supervisor or subsystem cal
Breakpoi nt (hardware breakp0|nt or execution of a breakpoint instruction)
When a trace event is detected, the processor generates 35 a trace fault to
give control to a software debugger or non- itor. The processor contains

two instruction breakpoint reg- -15- isters, into which a debugger can
pl ace t he addresses of two instructieﬂ;. 5 External BUS The

m cr opr ocess r us ;i iy tiplex u f
capability. %rst""?crc’ar"fg'g':R gﬁleg E%\M#f ;6%55% 2?% %r

be transferré@aﬁwugacﬂﬂ@935|ve cycles) all ows the bus to be deflned as

mul ti pl exed. 10 Burst transfers can occur for-1, 2, 3, or 4 words. During

t he address cycle, .the processor indicates the nunber of words in the

request in the Ioworder two address bits. Far instance, if the processor

W shes tosreggtgeuhlmqmﬁ$ the bus operation isn't termnated until four

READY' s are re- cei,ved. Burst-transfer operations are uysed often by the

pro- cessor for |rT§'Fr FEErGRrOLERECT i Bl BusSsi§cR- PRaRR QBRI RAFREhYS

restores, rrulmlt\wrbﬁhr-lst&&?aam#es-t capabilitiyng Tper buretstrandfes mechahe

nlcroprocessor 4“&; Iineg .Tger are pore 2Q mally five:, . . __

i nstructions r? di t°§'§’e§'" FIBLECHPTER R PRe pPP&r Fhe®at * an§"gi ven

nonent . In amyesgEiweEn cwy:dlea) tahe'oiusstthacbhsntpobat defioednasr poltdopl exéde s

conput edqg %&i{ rL% ttr'a% 'c%]f%@QquQB]—t ge ?”SEVUBP' an . &paas. EQFEE ction
e dc

n+2 is decod and |ssue e mcroinstr i'on 'bus, instruc- n n+l
i s being exedﬂmﬁuﬂddnﬁﬁqIﬁyQﬂGSUKonPFPRSEFQCtFo#lﬁaﬁgsbéhﬁgny@éﬁédoﬁnto t he

register filQgords in the request in the low-order two address bits. For
instance, if the_pro:essnr.wishes to read four words, the
bus operation isn‘t terminated until four READY's are re-

15 ceived. Burst-transfer Dperétinns are used often by the pro-
cessor for iﬁstruction—ca:he fills, stack—frame-cache saves
and restores, multiword loads and stores, étring operations,
and so on. _

The microprocessor is highly pipelined. There are nor-

20 mally five instructions in different stages of execution in

| the pipeline at any given moment. In any given cycle, the

instruction pointer to instruction n+4 is computed, instruc-
tion n+3 is read from the instruction cache, instruction n+2
. is decoded and issued to the microinstruction bus, instruc-—
25 tion n+1.is being executed, éﬁd the result of instruction n
- is being stored into the register filé.

While fhe invention has been particularly shown and de-
scribed ﬁith referbnce_to preferred embodiments thereof, it
will be understood by those skilled in the art that the

30 +foregoing and other changes in form and detail may be made
. therein without depart_iﬁg from the scope of the invention.



Wil e the invention has been particul arly shown and de- scribed with
reference to preferred ehbodi nents thereof, it wll- under stood by those
skilled in the art that the 30 foregoing and ot her changes. in form and
detail may be made therein w thout departing fromthe scope of the
I nventi on. - 16 - CLAIMS 1. A data processor fabricated on an-
integrated circuit chip, said data prigessor including an instruction W
execution unit (24), said data processor having a main nmenory bus (I ocal
bus) for connecting said data proc&&BIS to a nmain nenory, said main nenory
being external to said chip, said main rrermry having stored therein first
programinstructions of a first proces graminstructions of. a
second process, saild fir & 9Btk PrORASSBR S ‘n’k‘l‘"‘lf&gnﬁ‘ Anctegr atad GBUh f or
gal i )ng salh d ?ec?ncttﬁpocaia , Qi ﬁr&éh@oﬂﬁﬁ@ﬂﬁﬁg draihsgruet imgiesémitioat ack
ranme) cache (23 rove in_sa rocessor I sin a
plurality (GO GL5) BV { al sar]geiq‘%ttaepgo‘ieff?r %d’ Tnﬁne&'?ﬁqlgpﬁ%? I’Cgl t
chip, one (Gl5) of (§mcd1 dushaforr egireteing belmglaaafpmnesqmimermazgl ster
containing a curre fr | r a
corresponding to a g?ag‘?é@é‘gs“‘%ﬁﬁeq% 1pF§)(L:%§§g§hl éa%?idh
remai nder of said gtmnamemoe-gltwens steredy emhrs,tgpma;ia@ Wmpdrpetioast o

sald current processg sae{ iRl pidk ﬁ%ap,gmg ?ﬁé‘ti‘uéﬁgh§ttﬁ7acs%%%d(23) on
said integrated circuit chip ter sets, each

regi ster set being E‘?ﬂ?ﬁ??séélg‘faﬁﬁs%}ﬁﬁﬁucﬁm%é% ‘l‘déﬁ‘gsﬁ §gl inghirutdon
transl ation neans (fdk c2¥ing aceee&naoPmeds;@guatd%tameséﬁshaﬁmg

mappi ng said | ocal i sters ont orr 0 s I n space
of said main rrennrfé‘ggé?‘}?é'l (Trﬁ‘c ﬁ % iy )f’r W%Jggnt ggl sslér o
(G15) including a fdstaeprocessor comprising:
a plurality (GO-G15) of global registers (21) on said
integrated circﬁit chip, one (Gl5) of said global registers

being a frame pointer register containing a current frame
pointer which points to a current frame corresponding to a
current proéesé running on said processor,'and the remainder
of said global registers being general registers available
to said current process; | '

a register set pool in sa1d register cache (23) on said
integrated circuit chip made up of a plurality of register
sets, each register set being comprised of a number of local
registers;

aadress translatlon means (18, 24) connected to said
reglster cache (23) for mapplng said local reg1sters onto
corresponding frames 1n the address space of said main memory
external to said chip;

said frame pointer reglster (G15) 1nc1ud1ng a frame
pointer which points to an earlier allocated register set;

~ said local registefs of each register set providing _
space for storing linkage information including a previous ‘
frame pointer (PFP) which contains the address of a location
in said main memory of the last previously activated frame
and a return instruction pointer (RIP) which contains the
instruction pointer of the nmext sequential instruction in

_
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poi'nter which points to an earlier allocated register set; said |ocal

regi sters of each register-set providing space for storing |Iinkage

i nformation includi.ng a. previous franme pointer (PFP) which contains the
address -of a location in said main nenory of the |ast previously activated
frame- and+a return instruction pointer (RIP) which contains the instruction
poi ntsar of the next sequential instructjon in -17- the instruction
stream of the process that had created & frame to which said regi ster set

corresponds; a first gmeinbtiRtdod @9t&debf IPeSpRReBs tHak Ot efedtedseied
first process; an internal bg%él n said processor connecting together said
regi ster cache (23), SH"% &P ¢h said pegistears set é‘ﬁﬁr‘iscﬂoad§nstruction
execution unit (24); said ghdiabt rongi 6f eadd (Bgistwrdsérl Heicalldcagediter s
(23) being addressabl e#c)‘i/%r. stai d internal bus by microin- structions

execut ed by said inst P& FOFeREXHPon unit (24) in said data processor; an
i nstruction decoder (12) cenniatérthlt busdhdsaidspracesson cenmsnktingrtogether(24) ;

and, control means (14):4 ' S , p i Idh S ction
decoder (12) and actiéae:_lcfi Sggﬁéttgﬁ_e agieigo@?zg {)agas%aliﬁrs qﬁé%soﬁ‘?{?e%é er (12)
of said call instructf@¥ anstraichian execyrionamit ¢28;5al | ocating to said

second process, a second regd §lotadtir 1st &Rl TP IRt (6@ §é’gi‘§té1€‘é}' ster
set pool in said regi Zéqe)r cache éII_ZS) d for placing |qssa| fr ame . poi nt er
regi ster (GL5) a curr Peing: agdrassable aven sgad internals bugy BYeRTiveg st er
set, said control neassructignd egediteddbyeaid ihetrictaos fegetution wier (HJi d
mai n nmenory bus (I ocal busé %a\(} said nmain nenory, the contents of an earlier
al | ocated register sef‘npﬁ.aé' i & ?/roaﬂeP%?fat ed to an earlier activated
prigcess, and for reallocatiam imatxhotaen idecoddr 12}t ednmexdedttsr st to said

current process, instruction execution unit (24); and,

control means (14) in said processor, responsive to
said instruction decoder (12) and actived upon the decoding
by said instruction decoder (12) of said call instruction of
said first process, for allocating to said second process, a
second register set of local registers from said register set
pool in said register cache (23) and for placing in said frame
pointer register (Gl5) a current frame pointer which points to
said second register set, '

said control means (14) including means for transferring,
over said main memory bus (local bus) to said main memory,
the contents of an earlier allocated register set previously
allocated to an earlier activated process, and for reallocating
said earlier allocated register set to said current process,
by placing in said frame pointer register (Gl5) the frame
pointer which points to said earlier allocated register set.

2. A data processor in accordance with claim 1 wherein said
control means (14) includes

means activated upon the decoding of a return instruction
in the instruction stream of said second process for
transferring over said main memory bus (local bus) to said
main memory, the contents of said second register set allocated

—_—
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by placing in said frane pointer -regi ster (GL5) the frame pointer which
points to said earlier allocated register set. 2. . ﬂ,Q:I,ata processor in
accordance with claim 1 wherein said control neans (14) *i nc] udes neans
activated upon the decoding of a return instruction in the instruction
stream of said second process for transferring over said main nmenory-bus.
(local bus) to said main nmenory, the TdBtents of said second register s&ir
al | ocat ed -18- to said second process fromsaid registéer set pool and
for placing in said framg_pointer register (GL5) the previous_ frane pointer
stored in said secontP said feepnd process fron 631d Fe8ILETesPloiPRPEaNEt ored i n
sai d second regi sterfsepli@ing! iM%ai8 Kasl goinbér @BListersadit)r g ster sets,
t hereby providing the neans by whi ch instruction execution by said first
process is resuned fPEVLPHR LEER$ (POLRLET, 8tenes: F7) SRR PESORE HPBpR ST 88t 0 by
said return instructssid peevious 4imméfpoifiter btordd $nighidegeche regtbters.

A data processor in a.cordance wth.cl ingl mh(géei n,sai d previous frage

poi nter includes bit&%BAREENP 53?‘%@5‘7’ 20ards §2b¢ TERLSYSY, 8¢ty FREISPY he

previous framne. providing the means by which instruction execution by said
first process is resumed from the point in the instruction
stream pointed to by said return instruction point (46) of
said first said register set.

| - .
3. A data processor in ax/tcordance with claim 1 wherein
said previous frame pointer {includes bits comprising a linear ‘=’
address of the first byte of the previous frame.
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