STACK METHOD AND CI RCUI TRY FI ELD OF THE | NVENTI ON The pre%é‘nzialr'fve‘hﬁ(!h
pertains to the field of stack operations on a digital conputer. More ,
particularly, this invention.relates to idrgroving-the 5 performance of

stack operations on a digital conputer that uses pipelined instructions.

BACKGROUND OF THE | NVENTI ON | ng¢amR METH \ LRyt ack is a data pacy
structure wherein the value nost recently stored I's: I rst val ue (l -
retrieved. TheFIELDORMTHEANVENEIONN, first 10 out) describes the action ¥ -

of a stack. The 80386 32-bit CHMOS mi croprocessor sold by Intel Corporation:
of Santa O ara, Cal The&prasent invention peprinsdp thediejsd pbstagk gperationsrgniadligital -

using a stack. The 803 m Cr Qpr,ocessopr, uses a nory .addr essi hg techni que
‘cal | ed segnent%RmBHt,er'\/\Aﬁg‘?r@iR?Q'Eﬁéaa%r@fﬁlmgﬁﬁw f%rE@F\%d@@"P‘HFQthe or nore:
renerate 15 Raimifith Sk bomBRYRY T ol NP A ppc BRI,
two parts = - JAnce of SIdeh, PPYR 0 d Figial /o 3‘@% , an
of fset part thﬁg“gw%g.a byte offset within the segnment. Both the segnent
and the offset nust be specified for every nenory reference. A conpiler
defi nes one of BADKGRQUE THENR §TiOgegnent . 20 Fig 1

illustrates in sinplified formthe tck menory organi zation for the prior
80386 ni cr opr ocessoln. camputpeamhiigetuie.ca siackds asdata strusturewherginthe valuar ds

I dd , d he. ] d . 80386
i cr opr ocessor MOEREORBlL SRS i e irsfEREe shkiad] et eREnlire testinetsty
t he addres,so ofoﬁtggeg%%ﬁglﬁﬁrudg@&aep_ offset. On the 80386

m cr opr ocessor, ase va contained in a base register plus the
of fset contained i nMTie¢ 80386 B2EHCHIMOS! miceoprobes$arsvId by AR iICBpbhdioni &f t he
top of the stack. For the 80386 mi croprocessor, the "top" of the stack is
menory | ocat i oBantat Glara)Calfornia isoanl esamplanot tne prordigithleamputes using a
currently beigsc* stoa_ed. The two basic stack operations, are gush and poP.
The push’ oper o836k JbHe RIGIRRIOLP PR HSOS A oy Addressing teghnigye called

operation r emé’eegsméﬂsti&rﬁ%hereiﬁ ﬁfa memory space is divided into one or more sepaiate

15 linear regions called segments. A memory address con_s__ists of two parts - -

namely, a_sagrhent part that identifies the segment, 'and an offset -p;art that gives

“ a byte offset within the segment. Both the s_egmenf and'th.e. offset rﬁust be o
specified for every memory reference. A compiler defines one of the segments
as the stack segment. o '

20 | Fig. 1 illustrates in simp!iﬁ'ed form the stack memory organization for the
prior 80386 microprocessor. On the 86386_ microprocessor, the stack grows (
towards lower addresses, and thus the staCk‘appears to grow downward. In the
80386 microprocessor, the location of the data stored in the stack is defined by
the address of the base register plus an offset. On the 80386 microprocessor,

25 the base value contained in a base register plus the offset contained in register
ESP identifies the memory location that is the top of the stack. For the 80386
microprocessor, the “top" of the stack is memory location with the lowest
address in the stack where data is curreqtly being stored.

The two basic stack operations are push and pop. The push operation

30 adds a new element to the stack, and the pop operation removes the last



el ement pushed. The nost recently pushed data value resides in a nenory

| ocation at the "top" of the stack. In another prior approach, a register
“Qr registers point to the next nenory Iocgté' on followi ng the nmenory

| ocatibn containing data nost recently pushed 5 onto the stack. A stack

operation is regidmeAtpusibs) Theimeftaeabny Bushiedda vaRe reidesliva meman)
operation is a nove to the external nenory and a decrenenting of the stack
poi r}i-e( A pop dqmuationiadthe Yop" ofithe stagkn t he external nenory and an

i ncrementing of the stack goi nter. 10 In a prior approach to stack

operations, a Push r#hRReIBRr pricranproach, & wgisterorragistars point to the ReXxMemPryy

décrenmented by the word |e a t hen _an address bei.n e usi he
new val e, The E5RIERIQYIRG e PmaR dPedhe e ig AR Tupb BR S Buiithd, <
new addr ess. gFor i op register instruction, data is fetched from
menory usi ngsthgﬂgoaﬁ‘tr?eﬁlé%ft he stack pointer. 15 The data arriving from

Menory is witten toat&tack epératien isafuaughﬁo&ijs'tmét Bpératiéhs ifondlC FereRamdle, a
This prior approach is found on the 80386 m croprocessor and all ows the

m croprocessor ipushopargtionlis acqgodes tor therexternat memonnandva decoermkentingof thepop
regi ster instruction in four clocks, One di sagvantage to this prior

approach for peSlaskRoiRiest APPPARSratiqnisa Dgve from W&te’??mﬁimﬁm aPIan i ne

consum ng, given t P pl e . cvcles are required. This prior

approach theref 6Q%Qﬂ%%ﬁg@§*§erségéfﬁégf%érfor mance penalty, especially in
view of theqpact tha ¢ aBSroacRs %&*b i@%g iﬂféﬁﬂé@iéé’ﬁﬁ fra@igepear
within a gi \1/2n conpu?ne?wg?raogpgnqib ¥ & SU%I\?/I%‘R ﬁD OBJE é CJ:sTaHgl

I NVENTI ON | n vi egeultsfin the siackipoimer beihg ldeerementad dythe avbdd nerigih énd thee anf

t He/obj ectives of the present invention is to provide a nethod and

circuitry to redddeessiheing aieatechusiog dh newvalus. r Theicontentsoofibeiregister

consecutive stack operatigns. Accor d'hng to . the resent _invention there

i s | specified are then written to this"new address. For a prior Pop register
instruction, data is fetched from memory using the value in the stack pointer.

15 The data arriving from memory is written to the register and the stack pointer is
incremented. This prior approach is found on the 80386 microprocessor and
allows the microprocessor to do a push register instruction in two clocks, anda
pop register instruction in four clocks.

One disadvantage to this prior approach for performing stack operations

20 is that it is relatively time consuming, given that multiple clock cycles are
required. This prior approach therefore imposes a relative performance
penalty, especially in view of the fact that numerous stack push and pop

instructions can appear within a given computer program.



provided in a digital conmputer, a conputer --inplenented nmethod of

.perfiorm ng consecutive instructions to -push data onto a stack in nenory,

conprising the conputer inplenmented steps of: -- (1) during a fir
cl ock cycle, decoding an instruction requiring a stack push operati:on

and generating a control

~during a phase one of a second clock cycle, performng .steps conpris

(a)

writ

ing onto a first bus statkd poimter value stored in a sel

stack pointer register, the selected stack pointer register being on

first stac

(b)

writ

register i

-4 -

poi nter va

| at ch;

(b)

econd- - stack pointer regi
ENLLON

indicator calling for a stack push operation;

st

i ng:

(2)

s

st.er;

the sel ected stack- p0|nter

nto an |nput Iatch of a stack p0|nter adder; (3) - during a phase_

2 Pack memory aqaABo s cbe: ?E@ﬁttﬁéﬁﬂsi G2, ROUFRL R98ke8R) puf
mapdsantdm@ ofic thea @bjedtiives vof uthet prssent thnvenpuonl at ch
of the stagk RY Pirdvielldy ﬂ&rﬁésﬁﬁtﬁﬂg&a ILyP @ R Al PERS CHumb

storin

orm ng

bus;

(4) of qelegk cygles JsRanirad hF?dRqrtf&F“byEPEse-EBFﬂé!ﬁm stackeps
conpri3|ng°p@§ht1dﬂy Ling onto a second bus the updated stack

According to the present invention there is

provided in a digital computer, a computer -implemented -

method ‘of' performing consecutive instructions to -push

data onto a stack in memory, comprising the: computer . .

implemented-steps of: — _
- (1) during a first clock cycle, decoding an

instruction requiring a stack push operation -and

generatlng a control .indicator ca111ng fpr a stack push
operation; ' . .
(2) during a phase one of a second clock cycle,
performzng steps comprlszng. |

(a) writing onto a first bus stack pointer’

' value stored in a selected stack p01nter register, the

selected stack pointer register being one of a first
stack pointer register and a second - stack pointer
register; - o o

© (b) writing the stack pointer value stored_in

the selected stack pointer register into an input latch

of a stack pointer adder;
(3) during a phase .two of the second clock
cycle, performing steps comprising:
(a) forming a stack memory address by using the
stack pointer value on the first bus;

ol nter value in an output

o/



p%inter val ue stored in the output latch; (b) witing the updated stack
poi nter value on the second bus into the second stack pointer register for
sg orage; () during a phase two of the third. clock cycle, performng
steps eonprising: (a) witing data to nenory for storage at a nenory

| ocation indicated by the stack nmenory address; and (b) witing the
updated. st ack pointer value fromthe second stack pointer register into the
firsk tack pointer register for storage. ~A#sD,” according to the present:

i nvention there is provided in a digital conput er with

pi pel i ned instructions, a .conputer. ipplengnted .

perforning consecutive thtrUQFFgggnglﬂﬁsﬂRﬁaggaSﬁtBoégg% ga}ﬁgn%tored
conprising the i:mnphéelin'pupl detiche o fsthlyes sifack Pointhr iadfer fby sa éebtk
cycle, decodin t”éérES hognaPﬁggiééngt%Ek g&sﬁkerpvﬁﬁueOperat'on and

generating a co | cat or push operatlon é

during a phase one of a(skconaterdny &hel updatedoshank ReHten el ?nb“
(a) if the Stgﬁkogﬂﬁthngéhhon does not i mredi ately follow a prior
stack operation, then: ing onto a first _bus i nter value

stored in a first stack ﬁilntQPrﬁﬁgl épaﬁﬁuf?le |€ﬁﬁ# t%%g€¥a8¥ 1e

poi nter val ue Stefﬁdrmmnghetépésboﬁpnﬁk1ng:nter regi ster into an input
Iatch of a stac p0|nter ?dde writing onto a second bus the updated stack
pointer value stored in the output latch;
(b) writing the updated stack pointer value on
Y the second bus into the second stack pointer register for
storage; §
(5) during a phase two of the third clock
cycle, performlng steps comprising:

(a) writing data to memory for storage at a
memory location indicated by the stack memory address;’
and . '

(b) writing the updated stack. pointer value
from the second stack pointer register into the firstl

stack pointer register for storage.

Also, according to the present invention there is
provided | in a digital computer with pipelined
instructions, a computer implemented method for
performing consecutive instructions to push data onto a
stack in memory, comprising the computer implemented
steps of:

(1) during a first clock cycle, decoding an
instruction requiring a stack push operation and
generating a control indicator calling for a stack push
operation; _ |
(2) during a phase one of a second clock cycle,
performing steps comprising:

(a) if the stack push operation does not
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(b) I f the stack push operation immediately folloms a prlor stack
operation, then: (i) witing onto a first bus a stack pointer val ue
stored in a second stack pointer register; and (ii) witing the stdck
poi nter value stored in the second stack pointer register into the input
| atch of the stack pointer adder; (3)  during a phase two of the secondh
clock cycle, performng steps conpr|5|n25;(a) formng a stack nenory

0

address by using the stack pointer valu n+the first bus; (b) *r
decrenenting the stack poi nter value stored in the input latch of the stBck
poi nter adder by .a unt to Jform.an updat Stac oi nter value;.(c)
storing the B‘B&Qf"‘@d" %taepwlﬁétrq?]%l '\",ag'f'l?’!l') Miring a phase

one of the third cl qd.k) cysrditimgy fontona SfHStCWISI lg.acka)pmzmtemg onto
a second bug_the u {ac t dut latch;
e%&g?%ﬁiﬁhéi FRU" aéﬁzggi ; éﬁfbéé#a

(b) mm|t|H§ stack poi nter v second us into the
second stack pointer(iddgi sirtime th%réQGCR( EBOlnﬁﬁﬁlﬁglﬁepIM%"of t he

third clock P&y(fll%shogéﬂl{nr?éﬁ [B¥d1S fifko (@ input tidecKaée 40

menory for storage at ion indicated by the stack nenory
address; angt@sk poimterh@ Qﬁﬁa updated stack pointer value fromthe

second st ack poi nt ercyyegi sifer thet OsthekfIpﬁ&hStmd!r@ﬂidﬁerlmmiﬁﬁeljor
storage. follows a prior stack operation, then: '

(i) writing onto a first bus a stack pointer'
value stored in a second stack pointer register; and B

(ii) writing the stack pointer value stored in = {J/
the second stack pointer register into the input latch of |
the stack pointer adder;

(3) during a phase' two of the second clock
cycle, performing steps comprising:

(a) forming a stack memory address by using the
stack peointer value on the first bus;

(b) decrementing the stack pointer value stored
in the input latch of the stack poihter adder by a delta
amount to form an updated stack pointer value;

(c) storing the updated stack pointer value in
a latch; ' S .

. ' : (4) during a phase one of the third clock
' cycle, performing steps comprising:
_ : (a) wriﬁing onto a second bus the updated stack
pointer value stored in the output. latch;

' (b) writing the updated stack pointer value on
the second bus_into'thé second stack pointer register for
storage; :

(5) during a phase two of the third clock
cycle, performing steps comprising:

(a) writing data to memory for storage at a
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Alternatively, the present invention may be enployed to perform stack
pop operations. Further, according to the present invention there is
provided  in a digital conmputer wth pipelined instructions and with
menory; circuitry for perform ng consecutive stack operations, conprising:

(1) ,circuitry for decoding an instruction requiring a stack operation .

and. for generating a control indicator; (2) a first bus; (3) a second
bus;*@ﬁ) a first stack pointer register dﬁupfed to the first bus and to
t he second bus; (5) a second stack pointer register coupled to the first
bus, to the second bus, and to the first stack pointer register; (6) ~a -
stack pointer Zederyw iocabionpindigatiedcdop! ttet cstduk smenodybusidress; a
stack pointer guWgout latch with (a) an input coupled to an output of the
stack pointer adder, (géﬁan out put coupled to the first bus, and (c) an
out put coupled to the ond ¥W¥ii$ing) the; updptedncstackt RAinkeri Wasluehe

control indi cateon rehet RRdterDIsBgcR Pdiiter Wed Estet hg ntAt eheaG IR
det erm nes mhetQ%r or qpt t he stagk operation imediately follows a prior
stack operati off; Po1nt&r. FEINSTET %%SF FFPTAFET ng a stack menory

address; (10) neans for witing data to nenory; (11) control circuitry

coupled to receive thex%%@fﬂQtﬂ¢E¥y¥ﬂ<¥hér<£Qé£5h@909ﬂbgﬂt§£50Uh&&y Q&p

coupl ed .
employed to perform stack pop operations.

Further, according to the present invention there

— is provided in a digital computer with pipelined

instructions and with memory, circuitry for performing
consecutive stack operations, comprising:

(1) circuitry for decoding an instruction
requiring a stack operation and for generating a control
indicator; : |

(2) a first bus;

(3) a second bus;

(4) a first stack pointer register coupled to
the first bus and to the second bus;

(5) a second stack pointer register coupled to
the first bus, to the second bus, and to the first stack

- . pointer register;

(6) a stack pointer adder with an input latch
coupled to the second bus;

(7) a stack pointer output latch with (a) an
input qoupled to an output of the stack pointer adder,
(b) an output coupled to the first bus, and (c) an éutput
coupled to the second bus;

' (8) a state machine that receives the control
indicator from the decoding circuitry wherein the state
machine determines whether or not the stack operation
immediately follows a prior stack operation;

(9) address circuitry for forming a stack



to receive an output fromthe state machi ne, wherein (a) during a phase
one of a second clock cycle, (i) If the state machine indicates that the

stack operation does not immediately follow a prior stack operation, "then

v

the control circuitry generates control signals for; (A witing onto the

first bus a stack pointer value stored in the first bus; and (B)  witing,
the stack pointer value stored in the first stack pointer register into the
input latch of the stack pointer adder; Tfi) if the state machine |nd|cf?w
"that the stack operation innmediately fol 'ows a prior stack operation, t¥
control circuitry generates control signals for: (A witing onto the
first bus amemy @msddressyal ue stored in t he second stack pointer

regi ster; and (B) [ e I in the second
stack pointer reglstggdiréﬁkéﬁﬁ ?%€8§r a?g?hggsﬁégéggblnter adder; (b)
during a phase two ofllhe cerbrel cIW‘H;’-’é]Ye cpRplednt¥@| raqedwe r $he

gener at es C%@ﬁﬂ¥ol“iﬂ&&éh€é& fféﬁ théadééadiﬁg éﬂﬂéﬁiﬁr?léﬁalbbﬁpﬁéa”1a
st ack nennr¥§$ddress by usin e st ac €5 ter value on t first bus;

(ii) if the 8 125 oS B’ﬁ%‘ﬂ *6?1 RN el ﬁ‘e’ﬁt‘f‘ng t he

stack pointer val ue eaXNexhurumgea|ppmselamehobfatsecendcklpoknbgcledder'by'

2 delra amunt o Torfy an 4pidfs stath ARhOhFhe ' Arificated | idrar ! thle

stack operation is a p operati
stack operation does not immediately follow a prior stack

operation, then the control circuitry generates control
' signals for;

(A) writing onto the first bus a stack pointer \o/

value stored in the first bus; and

(B) writing the stack pointer value  stored in
‘the first stack pointer register into the input latch of
the stack p01nter .adder; ; _

'~ (ii) if the state machine indicates that the
stack operation immediately follows a prior stack
operation, the control circuitry generates control
signals for:

(a) writing onto the first bus a stack pointer
value stored in the second stack pointer register; and

'(B)' writing the stack pointer value stored in

. the second stack pointer register into the input latch of
the stack pointer adder; _
o (b) during a phase two of the second clock
cycle, the control circuitry generates control signals
for:

(i) having the address circuitry form a stack
memory address by using the stack pointer value on the
first bus; _

' (ii) if the stack operation is a push operation,
then decrementing the stack pointer value stored in the
input latch of the stack poinﬁer adder by a delta amount
to form an updated stack pointer value;
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then increnenting the stack pointer value stored in the input latch of the
stack pointer adder by a delta anpunt to form an updated stack pointer

val ue; and (iv) storing the updated stack pointer value in the stack

poi nter® output latch; (c) during a phase one of a third clock cycle, the
control circuitry generates control signals for: (i) witing onto a
secong bus the updated stack pointer value stored in the stack pointer
out pl¥-~fatch, (ii) witing the updated stack pointer value on the second
bus into the second stack pointer register f®r storage; (d) during a
phase two of the third clock cycle, the control circuitry generates
control signals for: (i) witing data to nenory for storage at a nenory
| ocation indicated by titid)atk rheostazttdiopraratiicnmeastacgoppeperatiions a

sh tion; ij ing..dat f . I ti | ndj db
Phe st ak menor Py eeEnentind che ' 68K (pRRPRE) varBel athdd L A2LRE B
(iii) witing thepubdiatehygifudher ghadk puigdiar saddsr hwi atdeltacgmnoust

into the firsty bARKanPRbLRAEEA! §8heke fest QARHE: anaBR EF DESCRI PTI ON
OF THE D@MNP«E;%he preggntb?nventﬁon Fsﬁ?iﬁugtrate byaﬁay of exanpl e_ and

not linmitation in the f{&¥) esSEPring &beompadfedy shash RRinter wirtwe ire

references indi€méestadkl pointepesutpatdlatcwhi ch: 5 Fig. 1is a

@diagran1of a prior art ?e ry grganizat'on mﬁth.a :taqéi.ﬁsgé 2 %sca | ock

di agram of the architecf{fite ofUEIAF RoBPEEESORE Of & 15D 2ChPTRKCHFLGr am

-of the integer eheccontnoliacirgaibryfgeherates control signals for:

E ' | (i) writing onto a second bus the updated stack
\_/ pointer value stored in the stack pointer output latch,

(ii) writing the updated stack pointer value on
the second bus into the second stack pointer register for
storage; '

(d) during a phase two of the third clock
cycle, the control circuitry generates control signals
for: _

(i) writing data to memory for storage at a
memory location indicated by the stack memory address if
the stack operation is a push operation;

(ii) reading data from a memory 1location

indicated by the stack memory address if the stack
. operation is a pop operation; and

(iii) writing the updated value from the second
stack pointer register into the first stack pointer
register for storage.



m croprocessor; Fig. 4 is a block diagramof stack pointer circuitry for
the m croprocessor; 10 Fig. 5is atimng diagramfor the

m croprocessor for a sequence of stack operations; Fig. 6 is a tining

di agram for the microprocessor for an dderation involving witing to a .
stack pointer relster foIIowed b two stack operations. 10 DETAI LED
DESCRI PTI ON BRd ] - ISR QRAININg architecture of a 32-bit -~

o cessor GO w%ssfm' 9555 e P s

bel ow, to ag ,‘%{9

instruction Bgﬁa?@g% ?*?th ere s aﬂgéérhq'g?"géh glé%zé@ré}fC%QQE%t st'ack
poi nt er Ioglgmlﬁpbm@aﬁg%m@ﬂ stack pointer adder for a stack pointer
update and uses a separate .bus - - nanely, a J bus. The stack pointer |ogic
is descrifed in riEigel chaaaiagramlui\a pmﬂ' art memorparganizationuwith aatack; so

cont ai ns an'arithrretlc logic unit- ("ALU"), a register file, a barrel

shifter, a const rig- Risa ﬁgf?@‘ﬁﬁﬁé"‘:ﬂkﬁ? Quie: MiCIORFRFSSSas . .

M croprocessor 6 |s or gani rface u is

responsi bl e for fe'gt:ﬂ '518%&1 Lihgvvﬁfsﬂﬁgﬁxﬁ%h@!‘ﬁ%??&#{ﬁ& shown). I

5 Thus int elrnf(g. geBkE ,62 is al so responS| ble for updating the external
Tperesko

menory system ere is a wite to nmenory. Interface unit 62 provides

interfaces betweefig Muépus'ol&dk diXBrami of Sfack poiriter cirduitrp for tha dnidrapreéedser; uni t
64. Bus interface unlt 62 i's coupled to cache unit 66 via KBA bus 65, which

is a bidirectiondfigafds astmmg.d;agaam festive micropocessae tier wsequmesm‘rsjacldat a
to bus 20 interface unit 62 via KBWR bus 67. Bus interface unit sends data
to prefetchePPe@HONS4 via KBRD bus 69. M bus 138, R bus 140, and LA bus 88/

86 1o data bue urkB: 348 AOF bt BE FRARROrSdessth itar dee bR o< “Cache

66 with seg ”‘ﬁ%ﬁfdgqnnﬁﬁb to 4%tack pointer register followed by two stack operations.

%



25 data path unit 76, and floating point unit 78. LA bus 89 couples cache
66 with paging unit 72 and segnentation unit 74. Segnentation unit 74
i pl enent's the segmentation part of the oxaaall menory managenent nodel . |
bus 90 couples data path unit 76 to segne tion unit 74. Bus K2Q 73

coupl es pref et QETAILBDIDESCHIPTION) segnentation unit 79 and is a 32-bit

bus. & _Paging unit _72 inpl ements a two-1evel paging nmechanismof the
overalt’ menory nanaBi@n@ris a®lack diagramof the architacteee bf a 324bit niietopeonesses

paging unit 72_with cache 66. Floating point unit 78 contains the logic to
execute the flgmtf’ﬂ'g'"g]&iaﬁ lrgegqrr@ge,cgggm Satapathait®8.at ed with o
m croprocessor 60. A ' i Ile for suppnlyin .

i nstruction decode Qr%ﬁ S%@nwl%ﬂélbéwgﬂ}?déaggﬁgﬁ\%rlﬁﬂfﬁpﬁww.'"I'Hg%rg@ﬂlon
decode uni tg 68pi ebsh ipdfsed] | ' ' : Jar

m cropr-ocesssorb%%%??\?trucfﬂiogﬁiéd)gggde uﬁﬁ@k?&@{é&i&@%ﬁt}:&g@?? %&H%ﬁgﬂ.ﬁ%ﬁ ROM
70 via | WORD bper gléclk(itithené is/nd>cactie miss GOpagdd fauithr The Stk dinte? f&sgic

pi pelined instructions. The instruction pipeline includes (1) a prefetch

stage, (2) a finchidescadedicated tack pointerasiden ford stack poinigeyupdaty and uses a
execution stage, an 5) a wite-back s e. Wth pipelining, when an
i?(]stlrjul:tion ggﬁgpﬂﬁ%é" hé"@ﬂ%&yu ‘gﬁui't &gg,s@&p‘?'ﬂ&'&ﬂ!@ i Hesssibgddn mpre

st ages can beg'ggtahq;el% e next instruction. Instruction decode unit 68 has a
t wo- st age decoding schene. The first stage decoder 91 ("D1") figures out

the type ofpoper al | patel Sathunite7d gRgbniiG b ariifbtc Rk Lt PALIPRG The

first stage decoder 91 also generates the entry point “to initrat

micr,ocode sequesgister filepa bacmehdhiften gecorestant-ROMR & mBEhihe Atatub avstd=ME),
c}o‘(uri ng of the displacenent and i medi ate data. The second stage decoder

93 al so coor di 3@ 8398:he earl y start mcroinstructions and ensures the
tion. .The two _stage

decodor s 61 and o2 VRGRVRESEGr 60 15 Atoatend a5 SAu oBus SRartace Mk 6208 cp
PR b ok PARERSE PRI i 6, ar Pl merfsy Sl O b, O
15 Thus interface unit 62 is also responsible for updating the external memory
system when there is a write to memory. Interface unit 62 provides interfaces
between XA bus 61, XD bus 63, cache unit 66, and prefetcher unit 64. Bus
interface unit 62 is coupled to cache unit 66 via KBA bus 65, which is a
bidirectional address bus, and KBWR bus 67. Cache unit 66 sends data to bus
20 interface unit 62 via KBWR bus 67. Bus interface unit sends data to prefetcher
U N unit 64 via KBRD bus 69.
M bus 138, R bus 140, and LA bus 89 provide the main data path for
microprocéssor 60. M bus 138 couples cache 66 to data bus unit 76 and
floating point unit 78. R bus 140 couple_s cache 66 with segmentation unit 74,
25 data path unit 76, and floating point unit 78. LA bus 89 couples cache 66 with
paging unit 72 and segmentation unit 74.
Segmentation unit 74 implements the segmentation part of t'he overall
memory management model. |bus 90 couples data path unit 76 to
segmentation unit 74. Bus K2Q 73 couples prefetcher unit 64 with

30 segmentation unit 79 and is a 32-bit bus.



. last time a

control indicator, which s a miltibit control signal. The "ispval" control
i ndicator is sent fromfirst decode stage 92 to data path unit 76 via |lines
99. The "ispval" signal is a two-bit signal or indicator that indicates to
data path unit 76 whether the current |y start mcroinstructionis a -
stack push instruction, a_30 stack pop instruction, or neither. An o
"ispval" signal &laginguaihydimglenents siwo-leve| paging mechanism ohthe:ovarakht G
early start mcroinstruction i Lt her USHn o o ASLEUCLT ON NOL._ 2 PAP o= ¥
hst uct | on a0t SahapseRtmedel PARU: 7% B2 b uAdheliipiek Bebing RED 5
start m croiﬁ&\g? ' Ins a stack push instruction. An "ispval-" signal or
i ndi cator of 1 ﬁ?l%ggggb'! ndi cates that the earl y -start m croinstruct ion is
a stack pop ni cr Figatingusdintotnit 28 contains theslogicciol edectiRrodetiaating gointal so
generates a one-bit "irptrg" repeat request control signal. The "irptrqg"
repeat r§qudsstruotionrset assogcialed witls amicropracessas60uct i on decode unit 68 to
data path unit 76 via control lines 99. The "i rg;rq“ repeat request control
si gnal neans rep&yeletoherainit 64 i taspopsiple-tor supplying Igstnéction: degaderdnitied o
path unit 76 .that the current JAc¢raoijistruction is repeated fromthe 10
hﬂc?ﬁ%dg{aa‘é'ﬁ 'ﬁ@ﬁf"gr@‘shoul d be reinforced for the stack

operations, as d ' . r&]f%ﬁ : ARh & B0tk ) wﬁﬁ Eﬁngi ne of
m cr opr ocessor 686&@)&?&%% u%wtu 0 cf?ﬁieaspﬁ*s‘é'ﬁq'z’g'P@SSéﬁ"%ﬁ?ro_ 92 and
cont rol | ogiifsthitNiond fsEMicToplocesssrien) MistrubRomBbEss. Mt 68 4§ coisIBaNE OCESSOr
60, including data path unit 76. 15 |Instruction decode unit 68 sends entry
poi nt i A0or reantrohROM 70oiia WORD bust77candEnrg Pointdusef@.ry poi nt bus 79 to
indicate the location in control ROV 92 of  the first_mcroinstruction of a

group of one or MYFEORFPEaSSOR B0 YRes; Ripslined instruclions: cTihe inglruction pipeline \J

cont rol uni ihIE8Gs LI BIRHER Sadt'raRs' MrCodtRreasd GRE deBontiepadS

execut ed forstébﬂ'(lﬁan%%&uﬁd?p‘st@be. ahe (Spéwmé-bmmﬁ qwaﬁtmpmﬁﬁ:gp& once
executed, provide control for mcroprocessor 60 and data path unit 76. .
Control uni twh&h arinstruction goes tanutot therexecutiore gtage; the instructian ddcadea buses
81 and 83. Control unit: 70 sends mcroinstructions-to data path unit 76 25
vi a busd§® sstagrs ¢an begipdeoine paxt ingrugliaRs ni croi nstructions to floating

poi nt Instruction decode unit 68 has a two-stage decoding scheme. The first

stage decoder 91 ("D17) figures out the type of operation 1o be performed and
the registers to be _uséd. The first stage decoder 91 also generates the entry
point to_ib'itiéi_é the microcode sequence. The second stage decoder 93 ("D2")

20 handles the capturing of the displacenierit and immediate data. The second

’ | stage decoder 93 also coordinates the early s_ﬁh'.mit’:roinstructions",and - o/

ensures the completion of the appropriate linear address calculation. The two
stage decoders 91 and 92 fogether with the execution clock form a three-deep -
pipeline for thg incomihg instructions._ - ) o | |

25 First decode stage 91 of ihStr'uE:tib_n decode unit 68 generates "ispval®
control indicator, which is a multibit control signal. The “ispval* control
indicator ls sent from first decode stage 92 to data paih'_uni't 76 via lines 99. The
"ispval® signal is a two-bit éignal or i’ndi'ca&_;of that '_indicét’es to data path unit 76
whether the cui'rent' éérly start microih_sirﬁciion is 'a stack push instruction, a

30 stack pop instruction, or neither. An "ispvai" sig'hél or indicétof of 00 (base 2)
indicates that the current early start microinstruction is neither a push



unit 78 via buses and 87. Fig. 3 is a block diagramof the functional units
and circuitry making up data path unit 76. Stack pointer adder 114 and

st ack pointer latch 112 are contained in fgypctional block 318 for the stack
pointef and iteration counter 30 ("DITSP') circuitry. Functi onal bl ock

DREG 316 cont ai =) ' nddl @m}pt tws E%‘L ' 4,
and ghorters an é@ggggr@}glpﬂd bgtnrg [ or'1aFHb1s c ﬁ%@ig’ ?gé)a%?rﬁglaﬁsa&
stacK~poi nter r ggtIhe rearlg%&rl Atlcrofrstuéiéh isa dtaéﬁ?u&ﬂ{insrfucﬁmc IAnUspViate
circuitry 110. 5 unctional bl ock DBCNTR 333 is the bus control
functi onal bl ocsignahor indicalomef 11a{bisen2)dndicates thatithe aady start migroiistjuction isor
t he bus shorters and crossers 317 in the data path, m scellaneous decode
and | ogic to deBcHackpPB roigrainsiruglions hat cannot be fixed within data path

unit 76. There is a shorter 184 (see. Fig.. 4) betyween the.M.bus,and | bus,
and 10 ther® is a s Hsﬁ°'1§§°?é%é!"'f&i6&ga'i‘3 bﬁ@?%ﬁ%nam«@?% Wgrqaﬁep?%e J
bus. The enabli r & b "Q’lﬁ,r'% cg}g}%@ ; ses
| ogi call'y equi vgﬁdrﬁs.t @Fﬁﬂ%% oapl'_rg{(!]essgtrrag%e,ptepﬁre_ |§fe- ac%'_gingpges e\gﬁoﬁgt i on
register may ovgigtRietivh dacadé Bait 88ab dat® pathalnil 76 Yia cortrol ihe)99.0TheMrptrgxt

I nstruction. This makes it possible to wite and read to or fromthe sane

regi ster at therepeat requast chbtrolBignalmeéarnsrrgpeatdhe eady start requestcThisis:to
register at the sane tine is ca a regi ster colljsion, In a "soft"

col i sion situaifferm thdatanath U{ﬂlﬁle71% that thacuirept migreingisuction i repaated fRmtheng
dri f h ' ile. | j ' h ,
Cher by gor 19 ng st i Ahd s Sne epR Bolni ShabGhE FRBRELIOEUBIBENC he M bus
and | bus is a gggrms’sgﬁre ﬁgb&pbglgap shorting the Mbus to the | bus.

The—/shorter 182 between't us and J bus is also only a one way shorter,

shorting the M bus t Contrel Unib70 is flieamicrocodet exiging 8f imicropiocessar®0lt €ontrol
control circuitry 310 ("DITSPR') is coupled by lines 217 to (1) to stack

poi nter and i t eunitiZéncandains anicracoded icoptrallBOM B2 @nd dontrol logitathab idirektsDREG
bi ock. DREG 315 BP0 PhIS stber Liker ShRIGSORBPerScs 60, MGG dalaath B %ont r o
circuitry DHONTR $3316h Wbtd8e LRR ‘68 ents Bty Spdi® information to microcoded control
ROM 92 over entry point bus 79 to indicate the location in control ROM 92 of
the first microinstruction of a group of one or more microinstructions to be
executed. The microinstructions themselves provide information to control unit
70 for control unit 70 to determine how many microiﬁstructions are to be
20 executed for a given entry point. _ _
(_J . The control ROM microinstructions, once executed, provide control for
) microprqcessor 60 and data path unit 76.
Control unit 70 sends microinstructions to segmentation unit 74 via
buses 81 and 83. Control unit 70 sendé microinstructions to déta path unit 76
25 viabuses 81 and 85. Control unit 70 sends microinstructions to floating point
unit 78 via buses and 87. |
Fig. 3 is a block diagram of the functional units and circuitry making up
data path unit 76. Stack pointer adder 114 and stack pointer latch 112 are
contained in functional block 318 for the stack pointer and iteration counter
. 30 ("DITSP") circuitry.



stack pointer logic 110 (See Fig. 4). Control signals sent from D TSPR
control circuitry 310 to stack pointer circuitry 110 via lines 217 control
the sending of values to the I bus and J bus during stack operations. The
control signals sent 30 via lines 217 d®.used to control stack pointer.

adder 114 (see Fi 4)- during stack operations. DITSPR control circuitry
310 al so provides k!d!ﬁ'ﬁﬁﬁ' @P%Qﬂ.ﬁ@@ﬂ contaqes §t|'99!$‘q5’cf lﬁbt@"ﬁ*%'!}l%@y'@”.

21 gnal & 10 siepisuaraadobied 334, B0 shiers At obtderR A, Eunclional E@ﬁﬁﬁé@- =]
"Rt ruct | on ?‘%@?8 GG Sl drhbregilarsge 32, SIPH 140, AnagP AL o, 0

path unit 76 &4 5(me|aé,}c|_ﬁ*%1lebu operations, and the ALU is contained in
functional bl ock ALU bl ock 322. Functional block DALUR 304 contains the

control |@&gic for mlonatﬂacbaﬁcmm&?ﬂem bus cbntrokfuAttiorial dipck that
Functional bl ock DOPR 302 contains logic for the ALU decode. 10
Functional blearainssandam degic 40 generate pentral signalg fasithe bns(;apaeﬁaamﬂ unit 76.

Functional bl ock DB ali an bar |
DBS 320. Func‘frpﬁmﬁagl Shbli{i&;ﬁa@b E‘Eﬁ% EC’ﬁ ‘[?s pd 9t 9 °€ﬂ°§b

t he machi ne bl ock di agram of st ack
poi nter | ogi c Cl rcu ry %Jﬁ&}se %’gbsdcﬂttgn(?a%gaﬁﬂu%gr?l ons of circuitry 110
reside in bl ock Difige3d-8 shorneh184 (sseakily. Apbetivesnakiel it bds Ahdddisphher

portions reside in block DREG 316 (such as shorters 182 and 184 and
r egi st er 4 0ESRhéaPis a\gvoriard 82:{sde FRP QDM)we{mﬂleerbusmndﬁhﬂr-&/meCIh‘R 33 sends

control signals to shorters 182 and 184 v a "&@i 20 217 during cerﬂhal n _
stack oper at i ¥1ablingiqf a shostas t‘ﬁe%éﬂtﬂﬁ% uges,makes these: twa buses logisallyier " )\

e oet e, SUBARNRE R Pl o BB o pRh R R L
teration cOUleRapit h3boisisr fransler (Y. OsduiRgTbithetext inbthicligh. his An

input Ato S 314 25 cones via lines 1 from stack pointer |nput
| at ch 118. | rmakgsit pBssible3oAxtiie and tdad tongrdrdm the sareé registee at thbGamentilenes

133. An %lét pu‘lt'hlg ];vn%ﬁé da?\%rreiézﬁglfrsom the same register at the same time is called a
regnster colhsnon In a "soft” collision situation, data path unit 76 inhibits the
source buses from being driven from the. register file. It activates the
appropnate shorter, thereby getting the new value on the bus.

The shorter 184 between the M bus and | bus is a one way shorter, only
20  shorting the M bus to the | bus. The shorter 182 between the M bus and J bus
is also only a one way shorter, shorting the M bus to the J bus. W/
Stack pointer and iteration counter control circuitry 310 ("DITSPR") is.
coupled by lines 217 to '(1) to stack pointer .and iteration counter circuitry 318
and (2) functional Slock DREG 316 Iine§ 217. Bus control functional block
25 DBCNRT 333 is coupled to block DREG 316 via lines 217. ‘DITSPR control
~ circuitry 310 and bus control circuitry DBCNTR 333 provide control signals for
stack pdinter logic 1'10 (See Fig. 4). Control signals sent from DITSPR control
circuitry 310 fo stack pointer circuitry 110 via Iin'es 217 control the sending of
'vélues to the | bus and J bus during stack operations. The control signals sent
30 via lines 217-are used to control stack pointer adder 114 (see Fig. 4) during |
stack operations. DITSPR control circuitry 310_ alsq provides control signals for



coupl ed to.stack pointer out put latch ("SPLATCH') 112 via |ines 129.
SPLATCH 112 receives control signals via lines 217 fromiteration counter
and stack pointer control circuitry 310 (segLE?g 3). One output from 30
SPLATCH 112 is coupled to I ‘bus 90 via line 7. Anot her output of SPLATCH

bus far. data pat NG AEER pbifel tebis BT stick poigtet ey 3o f‘é?*%?irfk“ T bus
90 i s"& separ at eda@N’rRrsséag@aJs%nﬁeﬂé@ﬁ§nzft§rsﬁahéemaé ?Mm% bj veen

data path unit 76 and segmentation uni see Fig escri ed above
in connection w darihg gertdin $tabkiopdiitions. part of the main 5 data path for
m cr oprocessor 60. Shorter 182 is a shorter for transferring data from M-
bus 138 to J bus 147. DITSBRmostrs} ciecuitsyBiQiraceiveseontral signads:from thednstngstion

shorter 182 is a one vvaxliihorter |ch transfer data only i'n the direction

from M bus 138 t degods unit 58 (s8¢ Figyi2)viagentre) fines £9. 1 o M bus 138. When

298 Shor tar isi”?i’ ' ohg el et Py Tod ST ondosiBHt el é@a“%b“s
-DBCNTR control  cighpaisiddd/indRAcicrE bldck: Dﬁ% \ﬁl@cﬂ 82£S Fﬁﬂ&aorﬂ?%id&fokéén

one way shorter between M bus 138 and 90, and thus allows a trans

of data only frogoManssthéddntrol logitusr BSe &ml\erwmrfgwwvemlsaf@ﬁb ALUMIdgss 138
Shorter 184 is also conprised of CMOS gates, and 15 is controlled by

l[))BCNTR contr ol ffuogthrlrasl bikgk RORR 392:90!!@1"5 W@rfosmhﬂﬁbu degpdes enabl ed, |
90 S

rg:i de | ﬁf ohif. ef’g: o utetihal Pock Has Rat\coniita e parel ahifer orcadlg matpnt

' M

buSiag and 3 budy FHnEseal oK DBISA Sod biaihs rahiih fogié idr R afef Sfiel o

jaccess to | bus ¢BSBgoM bus 138 in functional block 317. Registers ESP

- 122, SSP 120 and ASP 124 are three stack pointer registers used-to support
push and pop i nst ruct Functionalblock R LAGRB0Eccantains the uker Visitles flags ardrhd 22,
. ESP 120, and ASP 124 are each 32-bit registers. In the preferred enbodi nent
"of the present i MASHINe$IatUsworddla88essor 60 25 uses the segmentation

reory o egg! n9, bl 915 MBBE RpBrA A FBR SRR Srclity 76 W ©
' described above, portions of circuitry 110 reside in block DITSP 318 (such as
stack pointer adder 114) and other portions reside in block DREG 316 (such as
shorters 182 and 184 and registers ESP 122, ASP 124, and SSP 120). Control
circuitry DBCNTR 33 sends control signals to shorters 182 and .184 via lines
20 217 during certain stack operations. _
" Fig. 4 shows a dedicated stack bointer adder ("SPAdder") 114 for
updating stack pointers during the execution of stack operation instructions.
SPAdder 114 receives control signals from stack pointer and iteration counter
control circuitry 310 (see Fig. 3) via lines 21 7. An input A to SPAdder 3'14
25 comes via lines 131 from stack pointer input latch 118. in input B to SPAdder
114 comes from multiplexer 116 via lines 133. An outbut of SPAdder 114 is
coupled to stack pointer output latch ("SPLATCH") 112'via lines 129.
SPLATCH 112 receives control signals via lines 217 from iteration
counter and stack pointer control circuitry 310 (see Fig. 3). One output from
30 SPLATCH 112 s coupled to | bus 90 via lines 127. Ancther output of
-SPLATCH 112 is coupled to J bus 147 via Iine_s 125.



therefore consists of two parts: a segnent part that identifies the segnent
and an-offset part that gives a byte offset within the segnent. Stack

regi sters ESP 122, SSP 120, and ASP 124 r§ regi sters for storing 30
various offsets for the stack nenory add S. Segnentation unit 74 (see-
Fig. 2) coupled to.l bus 90 is used to formlinear addresses based on
of f set val ues Theel busi147 isran intersablous:iod dates pathduhit-28 and és dedicated far st

- :3; The éhﬁéﬁ;ﬁ&?@}ﬁl{ pdata; TPUR 80 % 8 SGpame bus fonday 151 addrass e”bgé: Bgé@% —
bﬁmfﬂeaadéfﬁyg;?f’ s b@ﬁ@%‘*’f@@@&%‘? Bnft Yo %ﬁ'ﬁé'?‘g"ﬂiaf@ E@f‘é s a
user- vi si bl e x nBQﬂ%EOe 'ir?ﬂbﬁﬁé?;‘iron%tlf . 8N# Biis 488 |§B§ﬂ df'iﬁe hRdina

single |nstruct|on ase val ue contaln&d in a stack base register plus

the of fse§ vahtgapgmrfbamm;,fd@esmso er ESP. 122 |dent|f|es t he nenory
| ocation that is the "top" of the stack in nenory. The "top" of the stack

10 is the nenoryShodet 182 iscsherterifagtransfeting:data from M:bus 138 pudbus 14t o

the stack. Register SSP 120 .is th§ shadow st ack, p0|\r11t er jster used for
‘instruction iatrieterredpmbediment ¢ 1“&9""9?%‘?%6"?’“@%3 %‘i‘%’r 8 998 WaY¥sent

for storage 8&,1%6@@][‘5%%59.-]@2% éhg i WY J&&?od o'} b%aﬁ% ﬁi‘.? bBs 147e

execution cl hand pop operation.

- Regi ster ASPafddot froni'g basvramecu 583380 WRER ShbREF FE2Ts erdbled VRIS #47 St ack
pointer register 124 is used by the data path unit 76 as a place to store

the updated wshmadedbgically equiviient foshtbusnt38. Sherteut82is comptisactof GMOSaches

. its execution stage and conditions for. the update of register ESP 122 are. |
fulfilled. |gatasy sb@mﬂfiﬁh@ caniratied by HEENT ﬁms@m&m@ 1393 (sge Higr3)asp W/

e oot SRR e L 0 o e
|1t2§r atslsgnlgggrqglgﬁdcon &Iﬁ‘&v{# ?ca:ﬁlgt%?opg%r@lwaﬁﬁl nes d%i:fé%?‘tr. VI SI E?e st ack
01115 o BB 1 k1) St igul ol f M e o
to M bus1538 wcmtrclmthBCNm coatre! aieBitrys33 vial linest217. When shorter 182
is enabled, | bus 90 is made logically equivalent to M bus 138.
Shorters 182 and 184 reside in shorters and crossers functional block
317, whrch is part of register functional block 316 shown in Fig. 3. Shorter 182
has access to M bus 138 andJ bus 147 in functional block 317, and shorter
20 184 has access to | bus 90 and M bus 138 in functional block 317.
’ Registers E_SP 122, SSP 120 and ASP 124 are three stack pointer W,
| registers used to :sUppcrt p'Ush and pop instructions requiring one execution
' clock. Regnsters ESP 122, ESP 120, and ASP 124 are each 32-bit registers.
In the preferred embodnment of the present mventnon, microprocessor 60
| 25 uses the segmentatron memory addressmg techmque wherein the memory
space is dlvrded into separate linear segments Each memory address
therefore ccnsrsts_of two _pans. a segment part that identifies the segment and
" an offset pan'that gives a byt'e" offset within the segment. =
o . Stack registers ESP 122, SSP 120, and ASP 124 are registers for storing
30 various offsets for the stack memory address. Segmentation unit 74 (see Fig. 2)

coupled to | bus 90 is used to form linear addres'ses based on offset values




regi ster SSP 120 via lines 137. Moreover, register ESP 122 is coupled to
regi ster ASP 124 via |lines 139. Advanced stack pointer register ASP 124 is
coupled to'l bus 90 via lines 30 163. Regipgter ASP is also coupled to J
bus 147 via lines 141. 17. Input latch 118"'s coupled to J bus 147 via

[ines 135. Latch 118 ] 56Tl delnibast 26keRabOLRrodih bbFERIdsRApRA Nt €T

control ci rcuitr;';e%el rrng a phase one of a seconhd decode

st age™Por a st acke kRl th seyIRERaicH UM 74. St ack ‘pop operation, the data on J
bus 147 is latched nto |atch 118 via |ines 135 under the control DI TSPR

control circuitry 310in Byreferredremitbdiment of/fhecatesantamveintipns micsoprocesssr &er -

116 via lines 153. A byte count of plus or mnus 2 is_srarﬁvi ded ?s aa 4 nput
to multiplexer 1lsesiastackthat grows towards lowssaddgssgs.,dhglocatignotihe data

%ULE’YE S':egxi‘f 186 FAoTedBIAFRER s Aafined yythsaside o 6 bpae rooluler il il orter
t 126 | rogt 11 1337
217, The byt e count s HeAFenFRE 2R s A ker JEE srack oitdr pogrich, Yno ehER!

as inputs to nul ol 16 IMRtrOedT, the baus valeuwdintaihed rha Gradikbase
current 15 stactlghggﬁngtﬁé?*é‘g?ére@céan brg I ncrement ed or decrenented béestack

poi nter adder 114egister plustiwel effset Valae containediin registari ESR 122iidentifiesd
through multiplexer 116 via lines 133 to input B of SPAdde‘*r| 1_}4 -%Qﬁt ns
that the current reemoky locatiansthatisithe "ogf ehttie stack ingnempat: cHhe 1eP’y spﬁ? d
to input A of stac oi nter .adder 114.h 0 r

contrast, if 19 py$ 5"£M°%ﬂ°"f§°n ﬁpugalqﬁs%ﬁ%&%@eﬂgﬁhﬁ?gﬁ@m%fiénz%g?iffER
via lines 133 to inputghfs: df? S stRR Doirtvveqglsher usedrfent st ack
_poia¥er value |atch irﬁ%ﬁ%ﬁ?§$§tc 'ﬂ%ég'r}ld provi der'bgljl as iﬁput A to stack

poi nter adder 1l4p&asction restaith Therofisetvalby storbg ireregistb/ESPt122tis shnt for ack
for mcroprocessor 60 grows towards |ower addresses, it follows that the
current or exististoragedokegistenSSP 120 via lines 37 indhe phasa ene phheexqcytion,sh

operation, and that .the clurrent or existing stac ointer value is
i ncremented for aF’%‘ika‘EXS"?)&f %E@thﬂuéﬁ,and ng opera iof.

15 Register ASP 124 is the advanced stack pointer register. The
advanced stack pointer register 124 is used by the data pa'th' unit 76 as a place
to store the updated value of the stack offset until the current instruction
reaches its execution stage and conditions for the update of register ESP 122
~are fulfilled. In any event, the updated offset value stored in register ASP 124
20 is sent for storage to register ESP 122 in the phase two of the execution clock
U cycle for a stack push and pop operation.. . '
Registers ESP 122, SSP 120, and ASP 124 are each controlled by the
stack pbinter and iteration. counter control circuitry 310 via lines 217.
User visible stack pointer register ESP 122 is coupled to | bus 90 via
- 25 lines 165. Register ESP is coupled to J bus 147 via lines 161. Register
| ESP122 is also coupled to M bus 138 via lines 167. Register ESP is coupled to
register SSP 120 via lines 137. Moreover, regis_te_r ESP 122 is_ooupled to
- register ASP 124 via lines 139.
Advanced stack pointer register ASP 124 is coupled to | bus 90 via lines

30 163. Registéer ASP is also coupled to J bus 147 via lines 141.



Control signal or indicator "spdel” fromDI TSPR circuitry 310 determ nes ‘
whet her the value in the input latch 118 of stack pointer adder 114 wll be
i ncremented by zero bytes, two bytes, or four bytes, or decrenented' by two .

30 - bytes or four byt es. Zero bytes i ‘he default. Control signal or
I ndi cat or. "spcyin" fromDITSPR circ |tr¥ 310 is the carry-in for stack
poi nter adder 1Input|gieh 1118ds soupleddenkbusi Hglao‘qu\/&aﬁarhtﬁhr"@ﬁes Fig™ 5

is atimn f t hr.e sh _operations, i.n z
1 st r at oLotrafiect By sffex’ Bhinfay HECiorBiSe cabaie? shfSueer S0 Viipes =
oper ati on. The | eft side. of each of colums 601, 602, 603, 604,
and 605 represents phase one of the respective clock cycle. Si mlarly, the

ri ght side of em“u*ﬁri?faEﬁé%ﬁe@%se@@ﬁdtﬁ@&deﬁ%eféﬁdm?@SﬁesentS t he

phase two of each o e respective clock cycles. For the first push

regi stes i opbrationiara staick popf dperatien,the dataion Johus5047 idlatchedrinteelatch phase
one of the first decode stage D1, and the right side of colum 1 represents
phase two dﬂBtM|lﬂe$§55d-8&66&h%6%}€°'[ﬂ"'sﬁﬁ @G@FQ'lQbfﬁUltWomQ he f| rst push

operation, the |eft si col u 602, repres e Ssecond
decode stage DZBVH1@°'1"§&1 %'Pﬁ'geg?a PER) “:'}@Z?&‘aﬁ? 1%310&# the -
second dec t one of
15 the exegflﬂéé)l?{qs f??usa};ﬁd‘{‘%h ér':"‘gaﬁdah%oéﬂmb Fg’"{@%%&ggr%e@%ﬁtﬁg phase
two of the 1@fecbycdunt Pms GPrAIAUGI40i8 providéd e dndnpliao hbipRepNee push
regi ster instruction, the I rst decode stage is shown'in colum 602, the

secondilecvitelirasates.i The lwtput m nmdllpjmrBttB istdoapleddounputrB of SEAddpcI e or
stage is shown in col um. For the third push register

i nstructi oﬂ14t\ﬁ% lipes §t33deMB@B|3§Pééé6 is contalied by DITSRR coptrol elfeuit¥cond \o/

decode stagg 3 1:7n colum 604, and the executlon stage for the second
push regis Py ﬂ PPR&' “on is shown in col unmm 605. The prefetch stage of the

i nstruction pi pehis e&uﬁgqﬁg Pﬁjsr#%g.{&gc?e?gggﬂugﬁnd%?RMQ,;J;}REH' das 'he

prefetch stage occurs prior t stage tor e respective
i nstructi oinputs td MmuMipléxerEl6 & thei pdssw@bymunwby Whichthe ém'rémEf etch

stage of the instruction
15  stack pointer value can be incremented or decremented by stack pointer adder
'114. For example, if a byte count of minus 2 is passed through multiplexer 116
'via lines 133 to input B of SPAdder 114, that means that the current stack
pointer value latched in inbui latch 118 and 'ap'pli_'e'd tb input A of stack pointer
adder 114 has to be decremented by 2 bytes. In contrast, if a byte count of
- 20 plus 4 is passed through muﬂipléxer 116 Via"lines' 133 to input B of SPAdder
114, that means that the current stack point_ér‘ value latch in input latch 118 and v
‘provided as'input A to stack pointer adder 114 has to be incremented by 4 o
bytes. Given that the stack for microprocessor 60 grows towards lower
addresses, it folioWs ih’at the currént or existing stack bointer valueis
25 decremented for a stack push operation, and that the current or existing stack
pointer value is incremented for a stack popoperation. |
Control ,sugna! or indicator "spdel” from DITSPR-clrcuitry 310 de_termines
whether the value in the input latch 118 of stack pointer adder 114 will be
incremented by zero bytes, two bytes, or four bytes, or decremented by two

30 bytes or four bytes. Zero bytes is the default. Control signal or indicator




pi peline, an instruction is prefetched fromnenory via bus interface 62,

KBRD bus 69, prefetcher 64, and K1Q bus 71. The instruction is then sent to
30 instruction decode unit 68 (see Fig. 2). | or a stack push operation, an
i nstruction requiring a push operation is prefétched fromnmenory during the

prefetch stage.

prefg HgCh from rrermlpw‘lﬂsﬂgg?:(%?dp Iﬁ;gu%cﬁlté/téiﬁﬁ%ﬁqﬁﬁﬁﬁﬁg}:‘??&@éﬁ%&& i
decod@@ unit 68. Fﬂheﬁthérbﬁsﬂbéﬁmém&% isbEtoupbegl i on in Fig. 5, this is
shown by D1PLA in row 501 of colum 60 Durlng phase two-of the first

decode stage for the fFigs$is aﬁtmmmdnagnamfforﬁtreeiatacu@uehnpemnoos in agowiand on
decoder 68 sends gut control indicator "ispval | ines 99 to DI TSPR

control unit 310 Westrales the saquence Q@Vmﬁﬁﬁﬂc‘mﬁelvﬁm @ﬁcr‘lﬁac" PUSRpperation. o
o) whi ch voulf .Fﬁé. ca1e Ry b 3 sen of FluARs o1, 80y 803, S APahg prteditie
m croinstruction &?@B#Hﬁ%&s&ﬁ&@cl k'8 élsn@u‘ﬂﬂafﬁ; tﬁ@ﬁhhﬁ&ldhqg'é\a%hcﬁf

"ispval' in phase t wo e fir deco age S

"1 SPVAL1" in row &lagmes 60dl, 802, 663, soﬂjenateosmbrésehw ihevmfa;seltﬁa\&ﬂeach of the
indicates in Fig. 5 15 that this is the first push operation of the

sequence of push rgspeativeclockTeyclEs. TSPR control circuitry 310 reads the
"ispval " signal sent over lines 99 and determ nes th%& a push operation is

to occur. DITSPR circurentpedits %sgdeaﬁmn%tﬂ@lsw@ed pide;af cpjyram of 1

byt o count wild biPrRsa e ahdseOng B TRt Gloddk Al oo P il il of B

c. rcuitry 310 of Flr reéemegihasamaoﬂﬁémsna&fadaesté&?oﬁh% adafioACor thefike

present push instruction imediately f OWs a prior stack operation

(|. ., either a ppusi oparatiomrthpdeft sideraitcolumn 602 abpresantsi phass Yheodf the ESEbhd
310 operates as follows. State one is an idle state. Once a stack 25

oper at i on. occur s decodg;stage D2, thesrightrsige pf e@umsaavepresmphasmw otithei ne

392 90es €0 5t At kiR L3 SRR e St ushalsh ffedeins b oot

fﬁg[}ats't g[‘e' MR A ekebhtior ¥iaghEnd ife AGHt S Br ESILMRREON RpédeMs phAYSHS of
the execution stage or execution clock cycle.

_ For the second push register instruction, the first decode stage is shown
in column 602, the second decode stage is shown in column 603, the
execution clock cycle or stage is shown in column 604. _'

20 For the third push register instruction, the first decode stage is shown in
W | column 603, the second decode stage is shown in column 604, and the -
executjon stage for the second push register instruction is shown in column
605. o
The prefetch stage of the instruction pipeline for each instruction is not
- .25 shownin Fig. 5. The prefetch stage occurs prior to the first decode stage for
each respective instruction in the pipeline. _
For microprocessor 60, during the prefetch stage of the instruction
~ pipeline, an instruction is prefetched from memory via bus interface 62, KBRD
bus 69, prefetcher 64, and K1Q bus 71. The instruction is then sent to

30 instruction decode unit 68 (see Fig. 2). For a stack push operation, an



machi ne ‘392 goes back to state one. 30 State machi ne 392 of DI TSPR
control circuitry 310 determ nes which of the registers ESP 122 or ASP 124
places its value on | bus 90 during phase 20 one of the second decode
stage Stat e machi ne 392 of control circlftry DI TSPR 310 sends signal
"spsel” via lines 2i7 to either register ESP 122 or register ASP 124 to'

i ndi cat e whi ddrstnfchbhaequmeglasmmrsope;anm is prefetcheidfrom memosy €0ring thest at e~,
machine 392 is in state one, then the stack.pointer offset value in 5

regi ster ESPPIefetghsstagaced on | bus 90. On the other hand, if state machy ne

124 15 instead pl HUROGTAsoe o0 *“ﬁﬁﬁs@é&ﬁ@#hﬁt BT IR Lo,
of 1set val ue ™TO0 s eEota it 1S dboBly Slagh' i eh IRpRIGpE UpcotiSiurit 45,(FBE M °T

phase of " ghe th¢ G Ppush re@@!é@%eﬁétmﬁn t5 Itﬁnsasahawhbymmmmmdmtely
follows a prior. stack operation, then the stack poi nter offset value in
reglster ASP colsmi §0pl aced on | bus 90 and the offset value in register ESP
122 is not placed on | bus 90 durlng the first phase of the second decode

stage. The state fRuingRhaseiweiaflne F%VdGFO@ stape: ferthe fisst instregtions $irst 10 15

oot oy FopBR el € bt PEFGENS BRe SR bl et iRt e o
the second d%aessﬁbqﬂ?sptﬁtsorﬁtoéggnrsagraf%atepéwnm UeohjrBl i icafruser

vi si bl e stack pointer register tten onto O via lines

165. Thi 30i s "Rspedh is & thiosbit i nal. Cﬁbﬂm@ﬁ%ﬂMIﬁWlﬁtdr !‘ieﬂvattywoﬁmevm th
an arrow pointing to "IBUS" 20 As noted above, control circuitry

DI TSPR 310 kriéwibash ), which waislt ingicataitd siataipath unit 76 thasdhacurent eatow a o/
prior stack operation, so . therefore the q ffs% val e stored |5}'re i ster ESP
122 is writt StAbMicronstystian is gipyshiipstauction. Theses H'Gko fRantiol Rkt val ue

ot ehoT10 it JshvBliin baded T RE Y Aistbafode dide'Sshdiiy i Figl 508 LBRVAINAL
stage of the i w508 6T EolLIAh S0F! Tsshidigtel MoloWing ISPYAE iAdiesd i Fg. 8 ch

118 then becones an input A to stack pointer adder 114. During phase one of
t he secon8 dehatthisss e fifsd pushepbration of dsdsequence of push operations.

The DITSPR control cnrcumy 310 reads the nspval' signal sent over

lmes 99 and determmes that a push operation is to occur. DITSPR circuitry 310 .
 also knows the byte count by which the current stack pointer has to be
decremented for the push operatlon The byte count will be decremented by
20 e:ther two or four. . ' ' |
- DITSPR oontrol circuitry 310 of an 3 contams a state machme 392 that | U
decndes whether the present push instruction immeduately foliows a prior stack
operation (t.e., either a prior push or pop eperation). State machine 392 of
DITSPR 310 operates as follows. State one is an idle state. Once a stack -
25 operation occurs - - either a push or pop op_'efatio‘n - - then state machine 392

goes to state two. State rh'achi_ne 392 stays in state two if_Staek o;:"'erations
continue o follow one right efter'the other. if no push or pop operation
ammedtately follows the present push or pop operat:on. however, then state
machme 392 goes back to-state one. o

30 State machine 392 of DITSPR control cn'cuttry 310 determines which of
the registers ESP 122 or ASP 124 places its value on | bus 90 during phase



operation, the control signal "gdel"” is sent fromDI TSPR control circuitry
310 via lines 217 to nultiplexer 116 of stack pointer logic circuitry 110.
A "gdel" 30 value of 0 neans do a two i ncrement or decrenent, and a
gdel val ue of one indicates that an incr nt or decrenment of four bytes is

to be done. Thgne of #7¢'dbEhdfedddd stagl! "s:étbgﬂé’éhmés?ﬁ%weohﬁommnﬁpfi in
columm. 602 of Fig. 5 by "GDELL1."™ DurTng phase two of the second decode

st agé™f the f DIESPRGH0 saruisksignet "spselihvia sings@AY 20 sitheruegisterESPRZory. 2)
forms a linear address that is 5 placed on LA bus 89. Segnentation unit 74
forms this |integistatASEs129 10 indicate, whightafdhese registerstis ik piaseidata oprltbus:

ni 174 cont ai R0- 3 stRiRRRCHA 26238 alele QRINGR I etk Bpiniat SHSRL G ihe
depending ot FEAT BSP0122 B Hiacht G LRl 857 O the MhrgHa, ifdeisMeEine 392,

the of fset val ugnistatdawos iR the siébktd&rétbl/bﬁ&t value idBhistdrASMa 24t fisté e

of fset value on I bus 90 is decrenented by four bytes. Segnentation unit 74

t hen adds the plecettonicbusa0.cTiis mehnsithatfor aatack eperatidrethat ddds aet for t he
stack. The base address is stored.in a base address register for the stack
i n segnent at i olmediately follow a prior staok opgiationathesstaek printer efigst yalueHa second

decode stage, the [|i dress so r .S ntation it 74 is

bl aced on A blegiser BSY 128 iatedidh hBUEBP o SRR Bhastaf hesssconts
form ng of44 heLj dn ' ; : - own in
g 5oby ) AARRFOST StaBe” A T4 Sk bperiBl ipfictely Euctis afor $1aRkl S oc " |
colum 602 of Ehﬂva_tiﬁni idnahb efack Pointdbbfisdt valll inhregidtér/ASP24hs piredrsh |
desede stage, the information fromthe present mcroinstruction is being
decoded to det bus®fcandtherofisehvaluein cegistecESPri@2ds aot peedon lbbus9@ durting

contents pushed as data ont'g'et he stack for storage. 25 Al so during
phase two of tH® WstBhaseetihesesand decede $1899¢ i rst instruction, stack

PO e L AR e SRy B TSP BB 67 1 et
' 15  determines that the first stack push operation in Fig. 5 does not immediately
follow a prior stack operation. Therefore, during phase one of the second
decode stage, the stack pointer offset value stored in user visible stack pointer
register ESP 122 is written onto | bus 90 via Iinés 165. This is shown in Fig. 5 in
_ column 602 rows 503 and 504 by "ESP" with an arrow pointing to "IBUS"
20 As noted above, control circuitry DITSPR 310 knows that this push
. operation does not immediately follow a prior stack operation, so therefore the -
| offset value stored in register ESP 122 is written onto J bus 147 via lines 161.
The stack- pointer offset value written on to J bus 147 from register ESP 122 is
then written into input latch 118 via lines 135 during that same phase one of the
25 second decode stage of the first push register instruction. This value stored in
|atr_:h 118 then becomes an input A to stack pointer adder 114.
During phase one of the second decode stage for'the first push
operation, the control signal "gdel"” is sent from DITSPR control circuitry 310
via lines 217 to multiplexer 116 of stack p6inter logic circuitry 110. A "gdel”
30 value of 0 means do a two byte increment or decrement, and a gdel value of

one indicates that an increment or decrement of four bytes is to be done. The



through nultiplexer 116 to i nput B of SPAdder 114 via lines 133. Control
signal gdel sent to nultiplexer 116 via lines 217 fromcontrol circuitry
DI TSPR 310 30 i ndicates whether the_ decrenenting is to be by two byt es or s
four bytes as noted above, (a "gdel" of Z0 .i ndi cates two bytes and a. "gdel"

of one indicates four . bytes). The fact that the stack operation is a

push operati sendmgiotﬂ'tea‘égmlfamgnalas shown in eows:80681in tolumms 602 of &ig. Syt thg_

val ue stored in_input |l atch 118 rather than,increment the value stored ‘e
latch 118. THEDER3l ting decrenented of fset stack pointer val ue |s

transferred from QPAdder 114 to Latch 112 alled o | at ch:
112) via lines 1 'F"?Jg pb?%?ﬁ'é% tj H %&Hﬁ?ﬂﬁefeﬁ‘ﬁﬁ Econd
“decode stage f t he stack
poi nter. of {53 &%**tﬁisé@b"‘%faﬁﬁﬁtﬁ?%t%ﬂdn s e ﬁdet%%?'tﬂ. g

decr ementged Eﬁbw%nlmwscoctsewﬁmaud&ann F4S0ANE tHiY linSirdidresSbyow 506 of
colum 502 in Fig. 5. Duri ng phase one of the execution clock
cycle for threceiving theustirrentestack pointep aifsetjvalue thahad:been ptacedeon | basr

address on LA bus 89. Paging unit 72 uses a translatjion |.ookaside buffer
("TLB") (not S8HemESH rqetsterp‘eg,a n§eﬂm9t\ta?‘9nwﬁf7&¢ﬁ'ﬁa@§-ﬁ)ﬁﬂ9%@g’ﬂfﬁfsaddress

sy db e agasr inet shign tiﬁﬁ?ggéfn@ggéﬁaﬁh%ta% redsiye(d. | b6 Qb o
aut omat i cal | xnl@g%whs fa%ﬁgggﬁoﬁg&@f taﬁb of %hfrbﬁs gden .

m cr opr ocessor ng t at sare e EXECUtIO

ten-bit 49 nertr"gaétd [$°0,5theA1hé offset Value isdetremented! Wﬁn&ﬁytewllﬁ‘fgdetf' |soum ed
to cache unit b6 also. The step of form ng the paging address 1s shown by W,

"TLB" in rowoséthen thebtiset ihise on | bug 903s decremented byroudbytass r om t he
regi ster which is having its data shed onto the stack is transferred onto

R bus 140 dusﬁﬂﬁ‘eﬂtﬁt@"‘s‘-ﬂtt‘e piesadastheresyiting decromented offget valve taa 1 r st

B3 of 71 o, BueagtBaf b s "t So Bl i Ve InA Bk ReRGC' 7™
push Operat'Fﬁblstgﬁfortﬁ@tst%ﬂl12§?M€hﬁﬁoﬁhnft|’ﬂ stack pointer offset stored in

stack poi nter “out put S witten or transferred from SPLatch 112.
to J bust8l47 vi a Dunng tHdtsanikhphagedtweof thaeedcondldecodectagsetthe'tthw stored

on J bus 147a<|:k'tsretss1 esg foltn?ends fbs rsregr(iltetnt)atlon unit 74 i is placed on LA bus 89 and sent to
paging umt 72 and cache umt 66. The formmg ot the linear address and its
placement on LA bus 89is shown in Fig. 5 by LAADD' at row 503 in column
602. - |
20 | "RGDCD" in row 505 in column 602 of Fig. 5 indicates that during the |
o ':phase two of the second decode stage. the mtormatton from the present ' o/
mtcromstructlon is bemg decoded to determine whrch regtster of
mtcroprocessor 60 is to have its contents pushed as data onto the stack for
storage. o | -
25 " Also dunng phase two of the second decode phase for the first
' instruction, stack pomter adder 114 decrements the stack pornter offset value _
| stored in tnput latch 118 by two or tour bytes. dependmg on the vatue passed
| through multtplexer 116 to mput B of SPAdder 114 v:a tmes 133 ‘Control signal
gdel sent to multtplexer 116 via lines 217 from control ctrcurtry DITSPR 310
30 indicates whether the decrementmg is to be by two bytes or four bytes as noted

above, (a "gdel* of 0 mdtcates two bytes and a gdel" of one indicates four



advanced stack pointer register ASP 124 via lines 141. This step i s shown
in row 506 of columm 603 of Fig. .5 by "ASP" with an arrow poi nting towards
30 "ASP. "’ 23. During phase one of the ﬁcution phase of the first push
i nstruction, the stack pointer offset val stored in ESP register 122 is

transferred or bgds?)t ﬁﬁ'fﬂ&q 2NREVadk aﬁé‘raﬂ gﬁgbé}at%n?'ﬁ?cﬂ@g tﬁ?ﬁauﬁ or

of asshadow ng adovm ng I s use a page

a caCfie niss apoiirecadderd 1 usbcuewerﬂm tﬁbadwmareunhwmgat&hanassmewo i's
shown by "SSP" with an arrow pointing towards "SSP" in row 507 of colum .

603 of Fig. 5. tmanincementdbe valueostoradbindatebuttiBorThe eegultingrdacnementekofiset h -
: dd% Fanst h e S RNer BEBE) f‘ MRS o arS SPArler 9435 SHIG 12 @sfor y
[ near  addr 2ss ANed aORRRI3F 1AL vindfieR 32 s %@%S%Mﬁs%ﬁs@@%wi

conmprised of 1lygy g¢ &aeéaaePseaeworiﬁe rmestaduah&tmrbnlenw a&crémbnaﬁ@bfﬁwre

menory address are the ten bits on LA bus 89. The data is transferred to

nMenory via caclistacknpdinted offs@Avaiues by SPACIER 114 andrhe Istorage ot thieresultingt 62,
XA bus 61, and XD bus 63. The data 15 is thus pushed onto the stack in
menory. This tldan@fmentedva&e&im&mbaigh Pulmnr'léﬁrl&@ﬁwecbmxspm—m raw 598w
502 in colum 3 of # g t hat same phase two of the execution stage
of the first p rolumn &l’l%‘ﬂ t he updat ed stack pointer offset val ue

stored in nganced Wﬁg p‘ﬁ%'sgto‘?{e 6fq b%x%&u@?@%l&gfc*&?%ﬂ%ffﬁé{ or witten

fromASP register 1 user visib sta er regis SP 122

via lines 139. oparaions paging uni72 retiveé the lﬁbaraédiass oRIA bust Pagihgj OW
thl ng towards "ESP" in row 507 of colum 603. Cock cycle four in colum

604 of Fig. 5 woitlZ2 usest &translatien lonkiasiehydfer ¢TTLEE(not sbownkwitbin paging i r st
push operation. Neverthel ess. . by the end of phase two of the execution

stage in col undnBd tofREm :-A21bit RaoIwgaadsess bat ishlacad.en bug e pndsant 1%
purpose of e chbhTnf 48" B b4 Ao FRuEs ST bt Rechseheling.
operation. 1ghe phib tabld ¥aeRE. H'dftSmbatiédly)kdeps thé thoit e8Rndily ised page table
entries in microprocessor 60. During that same phase 6ne of the eiacution
stage, a ten-bit linear address continues to reside on LA bus 89, which is
coupled to cache unit 66 also. The step of forming the paging address is
shown by "TLB" in row 502 of column 603 of Fig. 5. |
20 The data from the register which is having its data pushed onto the stack
. is transferred onto R bus 140 during this same phase one of the execution stage
for the first push operation. This data transfer is shown by "RGXTR" in row 504
of column 603 of Fig. 5.
Also during phase one of the execution stage for the first push operation,
25 the updated value of the stack pointer offset stored in stack pointer output latch
112 is written or transferred from SPLatch 112 tb J bus 147 via lines 125. The
updated stack pointer offset value stored on J bus 147 is then transferred to
advanced.stack pointer register ASP 124 via lines 141. _This step ié shown in
row 506 of columﬁ 603 of Fig. 5 by 'fASP" with an arrow poinﬁn_g towards
30 "ASP." | '



operation begins in the second clock cycle, which is shown as colum 602 in
Fig. 5. Thus, the first decode stage for the second push operation
coincides in 30 tinme with the second decode stage for the first push
operation. In a simlar manner, the secopdydecode stage for the second push

operation occurs in the  third clock cycle, which is the sa;e cl.ock cycle
as the execution sPHjag phaseeneiofthe ﬁm&@ﬂeﬂrﬁ%&ﬂh%@t%% steiction.dhe” ror
- the second pus perat j oo - rs.duringdde. f.qur e A I St
the sams.cl boRiach Beute fsen Vellerubiod g TediPll o GRNNIEHEY Br wiileRlolol
The write-bac gtdeR’ - : : ) 164 r un cl ock
cycle five, WE?%%&?S colpl?‘nilsr(io . hesgﬁggﬁagafﬁgagﬁgg I n sg?ﬁ_'t m%s;ecmd
push oper ati oghadowingii$ ubedlin thecsvent ofralpagetfauk be aache miss asadscribéd push
operation in Fig. 5. -The first decode stage for the second push operation
begi ns i n § hebelewonThe shadowing linto registar &SR 320/is shown bwﬁSﬁEF'ivoth ag @sow
machine 392 in DITSPR control  circuitry 310 is ip 1 t he second state
because the sPeWMWAgewaArdsy i"l')FP‘f’l#?é(ﬂfﬁo 'Q"pbgl"i%%;pri or stack push .
operation.. Therefope.. i 0 . ' 3 ja |lines
217 to stack point @ﬁ"@é&@ﬁ%%‘gﬁﬁ %@g?g%ﬁﬁa@%@éﬁ% gigﬁbn%l}%ﬁ&&val ue.
to be placed d bl RGvi ' [ is to
be t aken 1 omCHALTAEIne eglster Reyig s s pushed OOYRe Sck I algIsReas o 1

shown by " ASPgahé 66 df miicroprociesser 66 foriskidage iab armemofyladdresds fHat i®f col um
603 of Fig. 5. The data in register ASP 124 is thus placed on | bus 90
during thtofi comprised of tfe paging address| ancRADMs 25 angh thehlinearaddresshen LAne

e e o R Wt A S i RSS2l 5,
e ! PRI bl el s e ey s A6 0

oper ation. Thgpafbls 860 ;Il'hbh:lhté gséﬁagsgaﬁsa 10 ASnidiy Wa cadtd Wit 66, KBABUASP

regi ster 124 being placed on | bus in phase ohe of the third clock cycle
is the sanme vébuKBWRDbUs®Y, pusinterface Onib 62, XADbus &handaXD busi68. cThedataut
| atch 112 during that sane first phase of the third clock 25 . cycle. Thus,
when a stB2k islbuspushed antedha stack in memory. Jhis ransfer efdate fememany is t he
register ASP 12takSntsa by "CAGHES S 8@ gb2R dotiHs 608 of #ig. 8 the
o In that same phase two of the execution stage of the first push instruction,
the updated stack pointer offset value stored in advanced stack pointer register
ASP 124 is transferred or written from ASP régist_ér 1 24 to user visible stack
20 -pointer register ESP 122 via lines 139. This is step represented in Fig. 5 by
~ESP* with an arrow pointing towards "ESP" in row 507 of column 603. | W,
~ Clock cycle four in column 604 of Fig. 5 would be the write-back stage
for the pipeline for the first push operation. Neve_itheless." by the end of phase
two of the execution stage in column 603, the data has b’_'eeh pushed onto the
25  stack ahd the purpose of the first push operation has been accomplished.
Fig. 5 alsd"illUstratés a second push operation 'immediétely following.the
first push operation. The first decode stage ("D1") for the second push |
‘operation bagins in the second clock cycle, which is shown as column 602 in
Fig. 5. 'Thus. the first decode Stége for the second push operatiOn obincides in
30 time with the second decode stage for the first push operation. In a similar

manner, the second decode stage for the second push operation occurs in the



fi‘rst phase .of t he second decode stage rather than the register ESP 122
because the nost recent updated stack pobg":ﬁ_(rar val ue stored in register ASP
30- 124. This follows fromthe fact that -ing the second phase of the
second -decode stage for the first push operation in*Fig. 5 there was a
decrenenting by thirdsclaekcysid, mhigh iaditeesame logk cytle asithe Rxasition stageofithe
stored in input Latch 118 and storing of this value i,n SPLatch 112. Fig.
2 ol sB"shows a. ¢ Ak BURRRO/BHRN. AT Aeasuten Fipns g% e spcndiRHsh ePeralioR SoguE o
push operati on. AHi 5 OGhigh i | | e Whfe-Back
80find trigSHoud ¢RER ggéé;agﬁmﬂgﬁc is {48 dafild clodk iy RE

occurs during the third clock I's co e second decode
stage f.or the thstagedorsthedirst pash operation. r Thetwriterback stag donthé secandkpushage
which is colum 604. The execution phase for the third push operation
occurs during®t hepesation ogeyrs iduging clock gyele Hivecwhish is/eole®B 60501 t he t hird

P state tuo gl vent NG S80S BB HRRIng kY e SsGddblsh oherditn Showhia Fif's™° "°
follows a prior atagiilanetRd s1ePs oflthe fifst push opdiaidhan Fig. 5! Thear& detodde
second decode stage of the third push operation, the stack pointer_ val ue

pl aced on | bus stagedorthrsacendpushSiperatipndeginsin the sacead ci myclﬁorﬁ%f]lw .
regi ster 122. If _a stack, operation does .not.l ' I Ql L.ow..t I
pugh st ack operaf??ﬂﬂ‘ﬁf%g pf?%‘)f"n at?t'ﬂ?%" %Wgséﬁi%"&h%ﬁﬁ"?%ﬁ;ﬁ'?y
310 Wil retysn {Hy Sdcdh8 sBilé beddiRb 1HESétonl bakh bpérafibd ﬁﬁmé&ié@i& fRRGWaki on of

any future stack operations will take the stack pointer value from ESP
regi ster 122 andppofssiack pusbroperation. Jheredorei Wig contsolfsignal generated dy RITSPHcond

decode stage of t. stac eratjaon. The i £ at agram shown in
o £23 T ooun Bi8kiaindg 21798 sBik Plimar et 16 ingltie thaf e Sk saigier
contents transfe rel cORE t ext
clock cycle). St gélgdggﬁﬂ]dgeggg l%?S%P_Fé%%Q?P?%GEFﬁ ?/ﬁg]?%edet e‘r’%&kgﬁ\%ﬁlach
one of regi st er sisA6Belakbndroin fHEFASP iagigtér 124aather than ESP registertiean Thisris ed.
The transitions of state nachine 392 fromstate one to state two, and from

state two tol3taROvEheY "ARITWith 8n el dowards IBUSY inpwss510and $11 elmeiyran
e oL kel ol beFere 1L Tl Rleriée YOF e BRBAIEE 1 BOESH pBBR L O
first stack oper theifiost phase of the third clock cycle, which is also the time that the stack
pointer value in SPLatch 112 is being placed on J bus 147 for the first push
| instruétion. Moreover, during thai same first phaée of the third clock cycle, the
20 stack pointer value on J bus 147 is being transferred to ASP register 124 via
lines 141 for the first stack push operation. Therefore, for the second push
operation, the value from ASP register 124 being placed on | bus 80 in phase
one of the third clock cycle is the same value that was placed on J bus 147
. from stack pdinter output latch 112 during that same first phase of the third clock
25 cycle. _ '
Thus, when a stack operation immediately follows a prior stack
operation, the register ASP 124 is used to placed data on | bus 90 during the
first phase of the second decode stage rather than the register ESP 122
because the most recent updated stack pointer value stored in register ASP
30 124. This follows from the fact that during the second phase of the second

decode stage for the first push operation in Fig. 5, there was a decrementing by



the third clock cycle, register ESP 122 recovers the value stored in
regi ster SSP 120. In other words, register ESP 122 retrieves its prior
value fromregister 30 SSP 120. A cache m ss occurs when a |location in .
cache 66 is enpty. A page fault occurs agnen a page has not been | oaded 4 nto
menory yet froma disk. If . 26. there s a page fault or a cache mss

t hen the sestaock peinekaddertt 1dpafrth istackypdintef valtecstotedtihdnputdaich tigeanm®C Omi
decode stage of the second instruction until the first stack instructi

gets out ofasting ofthisalvein SPbatehiliZon stage The third instruction wll
al so not enter deco refore, . the first .5 decode st age
request for the '[E'ﬂi S@ g’f‘?ﬁ%?qﬁ@ g'?@B@@?@B qcgutring WQ'ﬁethﬁg cle,
and the dat It can
e scon 1 rore Qg PuUst opefliort., o AFtiiachésdde o ind thife bn bRgiARN oo “Thcn
each of sheoéum@mﬁa?rmstmm&man@t , Whidh iscebliifini 608, PHE sBLONK de¥sds- The
use of a dedicated stack pointer der 114 in addition to the Iinear
address 10 stadedor thie third passh xpecationroacursidusing thesfousthadidek stagetwhich is
generally yields a performance gain. The instruction pipeline for a stack

pop oper at i emum 604+ The execytian P'T?§@rf96m%“‘"ﬂl Rushi operatign aceursidusiper at i on.
There are dj f er one. di fference occurs phase
two of the @ggﬂﬁﬁpwg‘é@ 'sl@u%%ﬁgg a phase of the second decode
stage for a pop pf,eﬂ.. t f uni t
74 and pl aced on gl}gﬁ@guaurbgaﬁggggggeggég@elg@%ﬁ%ﬁgﬁg t;?‘(t?gw ng

the |imgar willes bedndtite dho JR@WANE aémnmttnatthi?dlpagtdobamahaﬁhwéaiétarye
of fset value on | bus 90 to a base address stored in a base register in the,

segment at i ololiows@ pror stack operationy nEheraforeninthatfirstphhseoftbe sdeand:nent or

I ncrenent the stack er .of fset -val ue stored on_ | bus. 90. In contrast,
for a stackderad g %}PP mﬁs opesation, the stack paintge valve placed efdnt s,

e e R e 4 5 R L3 7
i 3 pmn st sty o o 0 5 i o, 1
15 the state machine 392 in DlTSPR cu'cuxtry 310 will return to state one. That
means that the first stack operatlon of any future stack operatlons will take the
stack pomter value from ESP register 122 and place it on the | bus dunng the
~ first ph_aSe of the: second 'de_code stége ot that stack oeeretioh.
| The pointér'update diagram shqwn.ih .rows._'52_:,3_ tltrough 525 in Fig. 5
20  shows which register will have its contents tre\nsf_erre_d onto | bus 90 during the _
. - | nah' phase one (of the next clock cycle). State machine 392 c_bf DITSPR \/
circuitry 310 determines which one of registers ASP 124 and ESP 122 will |
have its contents transferre&. The transitions of state machine 392 from state
one to state two, and from state two to state one, occur in phase two, if they
25 occur. Control indicator "ispval® telts state machine 392 whether another stack
‘operation has been received. |
In the event of a page fault or a cache miss for the first stack operation in
the third clock cycle, register E_S_P 122 recovers the value stored in register
SSP 120. In other words, register ESP 122 retrieves its prior value from register
30 SSP 120. A cache miss occurs when a location in cache 66 is empty. A page

fault occurs when a page has not been loaded into memory yet from a disk. If




than witten to nmenory. (Data is read froma nmenory address havi ng
| eft-nost bits conprised of the 22-bits of the pagi ng address on PA bus 75
and right-nost bits conprised of the ten bits of the |inear address on LA
bus 89):. 30 Furthernore, during a wibe-back stage of a pop

27 The. b ocess TEd% A ARARRRE & fahe Inise B b Feinhf eBaeKRibr Gt ST o
Fig. 571s appli a6 aikineAd'sl fedcooh 60 BiiedAhb s3B6AA rlstiliction dntiide

Those stack operations could, for exanp pus a pop, and then

push. O her contirstatackriastaictiongetsiodt pithatsinsitlictionty @dtecution stageal Fiwe thivder ed, -
including 5 nore than three stack operations in a row. For exanple, there

coul d be four pinstrctiommilbalsoinet antesils secoad degodastager Kheseforg.dhe firedd by a
pop operation. I.n alternative enbodi nents of the, present,jnyention, siack
operations cdul 48 gﬁgefrggug%gb%ﬁpﬁﬁtq)m NHEW' éﬁ?ei‘%’p’@rt Pir}ﬁ‘r'l',?h E@f’f‘an
ADD ESP, 6 operati,Qn ( ' ' | regi ster
R0 £S5, 8 2her BBl and gl Hedh IR Ve Bior e RS A el Relgey o0 o1
operation. Fig. 6 ilahitidf ffer femFig. S4Naf téredd nePE page taul 6V batiDmiss,
wite to a stack pointer register operation being i medrately foll owed by

one or nore st athenpachof thespushpiastrictionisi gan Be gxeduted linujust ane Tladkecycle.
i nstruction pipelines for a nove operation inmediately followed by two

. . ! ), . DY
stack pop oper aiffheiiseiof adedigatedstackspoimeradder 114 itierpta thei linear addresss

(1) taking e value stored . .ip reqgister P 122 . (2 dding,.a vglue Nto it
1 or der ol or RRGR ofgeartemaliog G 7 Tesu paaeisi thel GBpethifyidlus s
address, and th l.ng that data in register ESP 122. For the nove

i NS+ uction of ﬁ?ggﬂéa’?%‘ﬁéé@r efetch stage where an 20 instruction is

prefetched from mendTHeiisstietion Pipiline Ror a _aacn%@geapwaiaf istdiilar tothedecode
stage for the nove instruction shown in Fig. I nstruction decode unit 68

decodes t he novinstmstion pipeline fdrnapustnope[aﬁohorft@eeachadifbrerhdnmhbwemmﬂ n
row 701 of colum 801 of Fi'ﬁ' 6. During the phase two of the first decode
stage for the nB%aMPlesongdifference occursphasetvg pfibe Second decede pbase a

request foryan apaRa'd SRadd Ping' ddoRd Yebbde bfage for a pop operation, a linear
| address is formed by segmentation unit 74 and placed on LA bus 89. The
linear address is simply formed by having the linear address adder of
segmentation unit 74 add the stack pointer offset value on | bus 90 to a base
address stored in a base register in the segmentation unit 74. The

20 segmentation unit 74 does not decrement or increment the stack pointer offset

U value stored on | bus 90. In contrast, for a stack pop operation, however, stack
pointer adder 114 increments, rather than decrements, the value stored in latch
118 by the byte amount passed through multiplexer 116 to stack pointer adder
input B.

25 A further difference occurs during the phase two of the exe'cﬁtion clock
cycle for a pop operation. For a pop operation, data is read from memory rather
than written to memory. (Data is read from a meinory address having left-most
bits comprised of the 22-bits of the paging add_ress on PA bus 75 and right-most
bits comprised of the ten bits of the linear éddress on LA bus 89).

30 Furthermore, during a write-back stage of a pop 6peration. data read

from the memory is then stored in a data register.



the user visible stack pointer register ESP 122. This is shown by IIBS in
row 702 of columm 801 of Fig. 6. During a phase one of the second decode

~ phase of the nove operation, the stacklﬁ_?l nter offset value stored in
regi ster ESP 122 is transferred to | 90. 30 The second decode

decode Stage for NORGE Rl st epinian e dfscPRET Abnfa B SobakGp (o o °

wi thin the seggnsl; Katsly WhBn thf6 iandivo BNMER S8k SferatichtiA W Yewes | THIseCY
‘'t he |nstruct|on deco e unit 68 decodes the first pop instruction. This |s

shown by D1PLsta¢kioperatichetould, farlexamplo beiapyshga pop; aast thena pushe @iber at i on,

the first decode stage falls wi,thin the f t cl t d
_decode stage meh%atl st%@"?é@ﬂﬂ(? P|StRgk W#‘@“Sfﬁg%ﬂfﬁén % fsgﬂ)g'

Wi thin the t b |RhAHres R%&‘ﬁoﬁs‘ﬁ oW, eF&%niﬁf@ﬁﬁbrE%bhl& BNfbhi n.the

fourth clock cycle For t diately follow ng pop instruction, the
first decode mmmramidssnurom or sik puske operdtionsololowsdbya pbp@_peeatond lnlecode

Cepeat od i n MHETMPATEIUBATE LI PIEREN AESTLRR AR APAHRIEDS BEELY s dur | ng
the fifth cl Vi fgrst decode
st age occursO@@'lﬁnﬁ} Sﬁarﬁ?ﬁ ¢1E§ '?%g%% (F:)I@ gpéﬁﬂgﬁ ?‘?’ﬁ%‘f%&%ﬁg 6st age is

repeat ed durlmrétttm bo(a)rahtradmmlorwrdr@petduenmmregcsww 322istheccurs the

fifth clock cycle, and the execution_15 e occurs the fifth cl ock
cycl e. FotO t Hiestipation registar@nd i b “ﬂd??#&”?ﬁﬁ’a&%“ﬂ\kﬂeﬂeﬁaﬂw -second cl ock

cycl e, Lhe, seamenical o0fdiids 4 sBir arsbrRrkich hinifg Y3UrHG 108 slackls 90 to

formtogether wt dress form I near I's pl aced

on LA bus 89.pditef régistéd sparation beinyinihediatelycraliokd by omebrimore3Stack n Fi g. 6\-)
20 Al so during the second phase of the. second clock cycle,

i nstruction cRResakiONgniSpesiicallys fig. § 'F‘éﬁﬁ@é@tmﬁ(ﬁs‘%‘%@bpﬁﬂ%mbﬁ mQyedat a pat h
o e oane et e b DR Ep S AR FRTN 580, g
UL o ot oy s e e 5
pl aced ESP 122, (2) adding a vaiue N to it in order to form an address, (3) retrieving
' ‘the data stored at that address, and thien (4) storing that data in register ESP
122, :
- For the move instruction of Fig. 6, the prefeich stage where an
20 instruction is prefetched from: memory is not shown
During phase one of the first decode stage for the move instruction
) - shown in Fig. 6, instruction decode unit 68 decodes the move mstructlo_n._ \.J
~ This instruction decode is shown by D1PLA in row 701 of column 801 of
Fig. 6. bu_r_ing the 'phas_e _two of the first decode. stage for the move instruction,
25 instruction decode unit 63 sends a request for an Ope_ratiori involving a write to
the user visible stack pointer register ESP 122. Thisis shown by lIBS in row
702 of cotumn 801 ot Fig. 6. During a. phase one of the second'decode phase
of the move operatton the stack pomter offset value stored in regrster ESP 122
s transferred tol bus 90.
30 The second decode stage for the move operatron falls wnthm the second

clock cycle. The first decode stage for an immediately toltowmg pop instruction



on PA bus 75. This is shown by "TLB" in row 703 of columm 803 in Fig. 6.
CIMD is the microinstruction field containing information indicating which
register will be witten into during the bt - back clock for the
instruction. In Fig. 6, CIMD for the nove “Opération indicates that register

o pivage one of 5 iallé wibiAine SeBoft BloBd ciels, ‘Burdy 225s8 P8, o s0CR HRE °
phase 0f the t rayclb, the instiitib® debsde LM 6BUdcbaEs {hﬁgﬁsggop%ﬁmﬁiaﬁ.k T {3 er

of fset stored in register ESP 122 is placed on | Thi's I's shown in

rows 709 and 7ishown by D1ihASiDFow707 ig.calumh80Rtin Fig.r&t phase of the third

clock cycle, the g%{ signal indicati n? the 5 byte size for the
necessary pop i ncr edeéith@ Fiqye opsration. the first deconle stage falls within|the disstigeks 1 om

DI TSPR cont gol Gl CULLT : b.S .4 hpwn "GDELL" in rqw (12 of colum
803 in Fig. 5. ‘&F[@owﬁ% %ﬁé’i‘g d8fT1‘£&ﬂ stappJalisih %c?%&%‘%%%?yﬁﬂe&@t exgqgution
poi nter of fset e9afld Witk th laleManit i ol N
turn, witten iﬁrﬁ?g Igtch‘118i \9it§$€icg1%§ di@l?.' dfg tRE mg%ﬁé’r‘ @é%%éﬁﬁﬁ'g this
first phase of thadoudh ctboklgyele.cycl e, which is the second decode phase for
the first pop instruction, the second decoder 93 of instruction decode unit

68 detects a col | i sif®stherframediataly fallowingrpep instmuction, tha dirstidecode istage falls
pop instruction a linear ress add LAADD operation in

L b ' d
phase two of t wt"l\iﬂ??igﬁ eﬁi&'@%“k%& the W@ﬂ GF’BSEFS?J@“% within, the iikda| ue

t d i [ t . | h f
the third APociias meie;he's¥bnd BRcoiy el Toopateti e Il oBRREGCR) o e
i n_upcom ng phase thecexecution phass bbeurs AMingRs ith AIsaCERIE, the |inear
address add LAADD woul d be erroneous unlesS it uses t updat ed val ue to be

stored in register ESPtHegecdnd @dp instruetionythelfirst ideeods stage ewdurs BuANg the
because‘t he sour.ce register ESP 122 for the |linear address add to be

performed in pRUELClogk cyele; the finst F’GICQQQ)%‘_RQ@}% repeated dudng thenfoudthi clogihase 1
vl o i nst rucerOR B! Bebond BheRl Hao8 foctih B3R, Fack Syeierand e parcitin <
I's shown i 95Fi gtade Sécurethe fifth clock cycle. |
' For the move instruction, during phase two of the second clock cycle,
the segmentation unit 74 uses the stack pointer value on | bus 90 to form
toge;her with a base address to form a linear address that is placed on LA bus
89. This is shown by "LAADD" in row 703 of column 802 in Fig. 6.
20 Also during the second phase of the second clock cycle, instruction
Ul | decode unit 68 sends a request for a pop operation to data path unit 76. This is
shown by "'SPVL1" in row 708 in column 802 in Fig. 6.
During phase one of the third clock cycle for the move instruction,
paging unit 72 receives the linear address on LA bus 89. The paging unit 72
25  then uses its translation lookaside buffer to form a paging address that is placed
on PA bus 75. This is shown by "TLB" in row 703 of coldmn 803 in Fig. 6.
'CIMD is the microinstruction field containing information indicating
which register will be written into during the write-back clock for the instruction.
In Fig. 6, CIMD for the move operation i_ndiéat_es that regiéter ESP 122 will be
30 written into during the write-back stage. CIMD appears in phase one of the
third clock cycle of Fig. 6.



25 at columm 803. During the phase two of the third clock cycle, data is
read fromthe mcroprocessor's nmenory froma nenory |ocation having a
menory address that is conprised of _the;%gi ng address on PA bus 75 ‘and the
| i near address on LA bus 89. This is shéwmi-by "CACHE" at row 703 and cokumm
803 of Fig. 6. 30 Alsoin theltwet ph¥ida@?ind thirdxlockXycie| fo? the!pop ARkSucionfite. 6
i ndicates that "CIMD' is decoded in phase tw of clock cycle 3. The = " [
decodi ng of Cistvkrpsinter affsehstored in segistarF 8P 422 issplagecbon biis B8R This is egi st

that will be witten jnt | | bRs tage of the nmove -
i nstruction. ?Yvhé'pf%gs Mgid ?&agél%%hﬁpfﬁac :’OCE cycle, instruction
decode unit 68 sengsihg first'ghase of ttPad clotk @{éle, the ‘éﬂélasiﬁﬁﬂhndahﬁngﬁﬁet hat

indicates that a pop 5 instruction has been decoded. This is shown by :
"I SPVAL1" Bn ibyte siedfarithe obcansagq®p intrement valve jsisentta multiplexend18 Miar d cl ock.

le, s tation unit_74 forns a | i ess_based he .val
The. ot ack pot fines 327 Iom DUSPHCeRL et 105 LSk snama ty WEhELE s ©"
f d b tati g o ek i : 4Ghe | ki
ormed Dy seg Tﬁg ogtg?@ggp%:ﬁ.r in élg.'tieﬂisaqﬁ h&¥d #n(;%r in4he '9#!&1 &8ck dydfe, thdrear

address is bein n pi peli ne the tirst pop instruction

z

f ol | owi ng t he staxkeoimert afisat value sibn=d iafESR 122 isawiittencanto dduisa4F and, fnor ned by - |

havi ng the segnentation unit '74"u,si-,ng%?ééi near address adder to add the
of fset val ue &N} wetien byo jatch,118,va lig s stored in a base address

regi ster i;p segnenjati i s il iohade oftheWhird Kock ' whith §9ie709 of -
colum 80 B15 I n M%Sé&@"wﬁ’hﬁg'ggé#@ao? ﬂi?g t Iﬁé;)rg cloc vgylcl e, second
decode unit 93ecénd dedodeqhase farahe lest p6B instmctions theegacondrdegadert 93 ofnt r ol
signal to data path unit 76 vig lLines 99. This is shown by "RPTRQ' in row

170 of col umm insbruckien deepdequnitief detpelsia-clision. o gata path unit 76 that dat e

ath unit 76 shoul p | ' o - e of the
Fi rst pop i nstruCt?%%wﬁé%%%%ﬁﬁﬁitﬁg%Pg‘ggg@tﬁ%g‘g%mg@l@l‘g?on wth
the CIMD fiel derfblfinga lineasaddrass add LARDDvperhtioh O shaseciwd ofahbthild e i s -

placed in the pipeline for the second pop instruction. In other words, the
pi pel i ne fir € cycle;, which would use the existing value stored in register ESP122 that
' has been placed on | bus so.in phase one of the third clock cycle. But the
content of register ESP 122is to be updated in upcoming phase one of the
fourth clock cycle. Therefore, the linear address add LAADD would be
erroneous unless it uses the updated value to be stored in register ESP 122. In
20 other words, there is a collision because the source register ESP 122 for the
linear address add to be pe'r_fo_rmed_ in phase two of the third clock cycle wili be
updated in phase 1 :of the fourth clock cycle..
Moreover, during phase one of thé third clock cycle, instruction decode
unit 68 decodes the second pdp instructioh. This is shown in Fig. 6 at row 714
- 25 at column __803._ | - | _ | .
Dhring .the phasé Mo of the_ third clock cycle, data _is read f_r_om the
MiCroprocessor's r__nemo_'ry'fror'n a m_emory loéé_tion ha\}ing a memory address
that is comprised of th_e.pé§ing' address on PA bus_ 75 and the linear address on
LA bus 89. This is shown by "CACHE" at row 703 and column 803 of Fig. 6.
30 The "RGDCD" in row 705 of colum 803 of Fig. 6 indicates that "CIMD"
is decoded in phase two of clock cycle 3. The decoding of CIMD reveals that



second pop instruction freezes until the second phase of the fourth cl ock
cycle. 25 | The fourth clock cycle is the wite-back clock cycle for
t he Move instruction. Buring phase one theéggﬁrth clock cycle, data

appearing on Mbus 138 is witten into use si bl e stack pointer register

esp 122 via | i nergikfer. ESP 322044l ibathe hagiste? Nifat Will b8 Writen' ycl e,
shortgg 182 is used to short M bus 13g§to J bus! 147. t%l“s.g{bdﬁ*ﬂ%h%hase one

of thé fourth clwnﬂe-bgdslsiagémfthﬂﬁmtIerlnstﬁlttlos. used to short Mbus 138 to |
bus 90. Therefore, ﬁ‘ﬁf‘ &79 and | bus 90 are each nmade | ogically
equi val ent to M bus Rhaseto-of theéﬂ"%é@&ﬁﬁ“bh@%@#emﬂmyﬂﬁﬁﬂ

M bus 158, and |edis 2Rentp%s5 bapsh floabh Rtz iBterbé ke BB .
shown in rows?1GnfudiphHEs Sékh écdﬂe@l ﬁasgéﬁm? By;&ﬂm% rbgﬁréé)lﬂfth

cl ock cycle, segnentation unit 'S use near address that
Is put on LA buscoh$mnB03s occurs for the first pop instruction in Fig 6, so
the linear address is formed by adding the offset value on | bus 90 to the
base address in a bad3uringfihetphaseritwoead ke third dociucyde, sagnéntatiomupib 24 dotme
of clock cycle four, the value in latch 118 is increnented by SPAdder 114

by the byte ampuhlingaraddrass,basedon the,vajue 00 thenstackpainter °ﬁ§@ vajue placedmorof

ani ¢ 68 sends a 1u5rad"T6 ih¥8k dchface g by MpbmiBblasfin 5 74 IXbRGRG BB <
occurring. R i ngLsBYTPRE RGBS é&dré&eui %{.Jﬁs&fsog.{neg'auﬁﬁg'tﬁ% Pﬁﬁ%@%ﬂﬂb%r&?pop |

receives a linear address val ue on agl n uses

transl ation 15 lhslnlcwndelldwihg ¢he nmvbonsmactipagimradnb ahe lihnbad addreps &ced on
PA™us 75. This is indicated in row 709 in colum 805 in Fig. 6.
The data is shorfeened by haying tmaﬁeumemfa@e usiite7 ousing edineas addegss adder te add

on 3 bus 147 1 0 156 o886t e pH3 phfi0B1H h B4 Eiess fipnadlinc Bl Suhrise Poistr”
ASP 20 124 getg§p Ebg‘m\éﬁ{dﬁ%nfdrfﬁ”ﬂ Nfhid :?Fﬁ%\?aﬂ:y "PAADH? |H?§w§97(5§‘ &{h{ %Ogt o

fifth clock cycle, The stack pointer va I'n“regi ster
shadow st achspoumﬁg 6.egi ster SSP 120 via |lines 137.

in phase two of the third clock cycle, seoohd decode unit_93 of
instruction decoder 68 sends a repeat requesf control signal to data path unit
76 via lines 99. This is shown by "RPTRQ" in row 170 of column 803 of Fig. 6.
This indicates to data path unit 76 that data path unit 76 should repeat portions
20 of the second decode stage of the ﬁrét pop instruction.
g Data path unit 76 detects a "soft” collision with the CIMD field.

- During phase two of the third clock cycle, a bubble is placed in the
pipeline. for the second pop instruction. In other words, the pipeline for the
second pop instruction freezes until the second phase of the fourth cléck cycle.

25 | The fourth clock cycle is the write-back clock cycle for the Move
instruction. During phase one the fourth clock cycle, data appeanng on M bus
138 is written into user vnsnb!e stack pointer reglster esp 122 via lines 167.
_ Also during phase one of the fourth clock cycle, shorter 182 is used to
sho;t M bus 138 to J bus 147. Also during phase one of the fourth clock cycle,
3.0 | shorter 184 is used to shon.M bus 138 to | bus 80. Therefore, J bus 147 and |

- bus 90 are each made logically equivalent to M bus 138, and the data



This i$ shown in row 713 at colum 805 in Fig. 6. During phase one the

fifth clock cycle, the stack pointer offset value is 25 register ASP 124
witten onto | bus 90. This is shown in rows 716 and 717 of columm 805 in
Fig. 6. Also in phase one of the fifth®lock cycle, signal "GDEL" is sent
to nmultiplexer 116 via line.217 from Dl TSPR unit. 310. During phase two of.
the fifth clheasemesdihe same en Jdusckdd, M bus 188oaRd hbus RB. Fhe shagting abMory * |

ot 05 AFI B B34 54514 ot o 200 O st of FRCHE TG 0
the offset \iluBubd318i BusoASERdRA i Tow7ibidteoluiP 804 g ik, ESP 122. In
~phase two of the tifth clock cycle, segnentation unit 74 al'so generates a

linear address t iDuringsphsaciad otthbAoltis clizk cybles sbmentativticunitsB4 geusgdrt i on
is 5 for the second pop-.instruction. Therefore, the linear address is
formed b$ adaiforgn atioear address thalds put an bAdus@9. oThia oceursdar thedirstpopt or ed

inthe b ister, ir tati it 74. This is sh , " LAADD' i

ow 716 | n' dBRIAOBGS Fig rskythes ingar ackbessds dommed By adging e alfset Naleock
le, th { | ). ' : . the byte

amount t hat BLCeuES) b Bio ke fdrBre b0 bahePeclsily nfsdfiortgioh B 2s. |17 Y

gi ven that this igsd {iPpRadtPivd BEEDEK CyEI8-four) the vERW IntatchSYA' in row 718

in colum 805 of Fig 6. In the si'xth tlock cycle for the second pop

i nstructi on inéremented by $PAdder d 4rbyothebyte amolnt thatis pasgehthrgughidr ess

pl aced on PA bus 75. Mreover., 15 the updated stack pointer value.in st ack
poi nt er 10at dhultiptexes 11§ 1a ingut Braf SPAddes 1947 via |ines 125. The updat ed

v 3,20, 130 o i o W o 5 e, BRI 8,31, L

then stored g'e?.d;ga&gnéﬁb% ggim?@"thétﬁlﬂé%b%n&égp JRURIcBEn RO BEEiRG, Of the

sixth cl ock cyc ata stor I n nNenory 1s re € statk nenory

2001crs, A e murng & Bhasone e e g eetias o ¢ 11
linear address value on LA bus 89. Paging unit 72 uses its translation
15 lookaside buffer toform a paging address that is placed on PA bus 75 Thisis
indicated by ".-‘_I’LB"'lii\ row 708 In column 805 in Fig. 6. |
The__"daté is shorted 1o J bus 147 in phase one of clock four and is then
fatched into Iatc_:h 118 and run through SPAdder 1 14'_." SPIatdh is then placed
ond .bus_1.4'7 in phase two of clock four. Then in phase one of clock five, ASP
20 124 gets the value from t_h'e':J bus 147, | '_ | _ |
. During phase one of the fifth clock cy_ci'e; the stack pointer value in W,
register 122 is v"vritten' infd sliadow stack poihtér register SSP 120 via lines 137. |
This is shown in row 713 at column 805 in Fig. 6. o
During phase one the fifth clock cycie". the stack pointer offsét value is
25 r_égister ASP 124 is written onto | bus 90. This is ého_wn in rows 716 and 717 of
column 805 in Fig. 6. o |
Also in phase one of 't.hé ﬁﬂh clock cycle, signal "GDEL" is sent to
multiplexer 116 via line 217 from DITSPRunit 310,
~ During phase two of the fifth clock éYcl”e._data_ is read from memory atthe
30 stack memory address for the pop instruction. This is indicated by "CACHE" in
row 708 of column 805 of Fig. 6. | B



In Fig. 6, the pointer update at rows 722, 723, and 724 indicates by the

arrow which register will have its contents transferred onto the | bus 90
during the next phase one in case a requesyCONES. 33. CLAI M. 1.
In a digital conputer, a conputer inple d. nmethod of perform ng

conseeutive instructi aMsn inophasewodadfahe fifih clocktoycle, the offset vajueciamegister ASP
t he dmrputer i npl ement ed st.eps of : (Ea% during a first clock cycle,
decodi’ng an i nst r‘@&'ﬁmﬂeﬂéﬁﬁlfﬁgﬁtfr P 32%ck push operation and

oring a phase one of "ARLEEE Rip Bine.Hh HBk %cié-?%ﬁnfwé%"pﬁ?‘&%%? dehogptes.

(a) witing ony Iihe%rfddH?ésstiHﬁt isPlAa &Pkﬁltlﬂs 8l ve h%%c{;@ssag&ﬁérﬁﬁér?%

stack pointer register, the selected stack pointer reglster el ng one

first stack pdi nfertheesicohd popridstactiono Thessfamk thelingar mddeesis 46 tarmeddy
witing the stack pointer value stored in the selected stack pointer

regi ster into. anadding thesftset valug ostlhus %wrtherbaaa@eﬂd@s)store@mthﬁgba;ephase

two of the second cl ck o cIe erfaor st e e I:m ng a
stack menory addfedis eﬁ)}"ﬁég’ﬁ@ laﬂgné'f‘ﬁ?lé gyf'ﬁfsggh Wg Wﬁﬁegq h‘%?r'g (b)
decrenenting thec%k:gﬁllf Q:Eﬁ] gval ue stored in the input latch of the st ack
poi nter adder by a I'ta am) t to forman updated stack pointer value; (c)

storing the updated stimeéte pecordgphasel afaheé fifth clock cycle, the stack pointer value in
10 latch 118 is incremented by the byte amount that passes through multiplexer
116 to stack pointer adder 114, given that this is the a pop instruction. This
shown by "SPADD" in row 718 in column 805 of Fig 6. |
In the sixth clock cycle for the second pop instruction shown in Fig. 6,
the paging unit 72 forms a paging address placed on PA bus 75. Moreover,
15 the updated stack pointer value in stack pointer latch 112 is written onto J bus
147 via lines 125. The updated value on J bus 147 is then written into |
advanced stack pointer register ASP 124 via lines 141. In additibn. the offset
value in register ESP 122 is then stored in shadow stabk pointer register 120.
During phase two of the sixth ciock cycle, data stored in memory is read
20 from the stack memory address. Furthermore, the data stored in ASP register
) 124 is then stored in register ESP 122. '
In Fig. 6, the poinier update at rows 722, 723, and 724 indicates by the
arrow which register will have its contents transferred onto the | bus 90 during

the next phase one in case a request comes.



an’'out put latch; (4) during a phase on of a third clock cycle, perform ng
steps conprising: (a) witing onto a second b‘li?ﬁmg_y_ggal_ed__st-ae—k p0| nt er
val ue stored in the output |atch; (b) writing e updated stack. poi'nter
val ue on the second bus into the second ck po m“ t m

storage; (5) during a phase two of t "t hi rc““mu rform ng.

steps conprising: (a) witing data to rrem)ry f or* stor age " at a menory , |

?

| ocation indicated by the stack menoryCBAEMSss; and (b) . witing the =%

updat ed . stack pointer value fromthe second stack pointer register into
the first stack pointer regqi stfr for storage. 2 - The nethod of claim1l

for pushing data ontl® a2stAtRitehe RAMPURRE f | RstcemRERkepoi HiRlenentad or | s
a user-vi si bhethbackoﬁOIpf]éﬁofﬁﬂhg]E Qions’iacut:.ve | AngtfugitidnsCOEPUIRIsh a
conput er |rrp et ho performn on ecuti.ve uctions to pop
Gata of f o SBEBCISRER" o RsheK Lho ARTehig SERET Einel: EPe B

steps of: (1)me1¢mem:gdasﬁnep§ qﬁ.ock cycl e decodl ng an instruction
requiring a - stack . (&gp OP ALY 36‘991-%@“%&%55(“%1@“"ﬁgé?dfﬂgcgkor '

calling for a stack operat 1 on, ‘one o
-clock cycle ééﬁﬁm%tebgqébﬁ’bﬁgm r%g ghack \Mﬂ‘ﬁ*hg eresakippr stanflis a

stack poi nt ebehéh:'é%ﬁigo@dcbﬁtﬂoie'l%"l%ﬁt%&'a%mq.rﬂj efor €@ HticK t’;Shsh
operatlon,
(2) during a phase one of a second clock cycle,
performing steps comprising:

(a) . writing onto a fJ.rst bus stack pointer u

value stored in a selected stack pointer register, the
selected stack pointer' register being one of a first
stask pointer register and a’ second stack pointer
register; | | | |

- (b) writing the stack pointer value stored in
the selected stack pointer register into an'input latch
of a stack pointer adder} _

(3) during a phase two of the second clock
cycle, performing steps comprising:

- (a) formlng a stack memory address by using the
stack p01nter value on the first bus;

(b) decrementing the stack pointer value stored
in the input latch of the stack pointer adder by a delta
amount ‘to form an updated stack pointer value;

(c) storing the updated stack pointer value in
an output latch; ' '

(4)  during a phase on of a third clock cycle,
performing steps comprising:

(a) writing onto a second bus the updated stack
p01nter value stored in the output latch;

(b) writing the updated stack pointer value on
the second bus into the second stack pointer register for

&y



- - - - - a

sel ected stack pointer register being one of a first stack pointer register
and a second stack pointer register; (b) witing the stack pointer value
in selected stack pointer register into an_input latc il er
adder; (3) during a phase two of the secdds. cl ock cummmmnm:ﬂMteps
compkd sing: (a) formng a stack menory address by usihg % hé stfack pbinter .
val ue on the figgbrl4as (b) i ncrementing the stack pointer value
stor®d in the i nput Fafch of the stack pointer adder by a delta amount to
form an updated stack [8?nt efuapde; @ ( haset Jihg Hfhe thgdatbdrdt asikock

poi nter val ue tycas, opepBorndhghsteps cofiprisgng: phase one of a third clock
cycle, performng step onprising: ( Iting ontQ a second bus .t he
updat ed stack. pointer iafue gfﬂ)#éggi rﬁi%'f'?e grﬂt d\lﬁ’&?]ﬁc ,"r( b?tc’r?\??ti% Bhe
updat ed stack penor¥r losdatdom imdisateddbyusthent stabk swnoxy saddkepsint er
regi ster for siggage; (5) during a phase two of the third clock
cycle, performng steps conprising: (a) reading data from a nenory

| ocation indicated by fhe stuektimeprfheddrdatedingtask peinterg vadue

updat _Ed StaCkfiQQ&xUttQ{e VéééSn&r Fedde ?SEHEQrS&%@j&sﬁ:@rﬂt Shtbednd efif@ﬁ_o
the first stack gm nt eg éggl ster for The nethod of claim3

? orage. 4,
for popping da¥Sa%k POLNteL ReIiGherefArt BEOFR9€t stack pointer register is
a
2. The method of claim 1 for pushing data onto a
stack, wherein the first stack pointer register is a
U user-visible stack pointer register.

‘ 3. In a digital computer, a computer implemented
method of performing consecutive instructions to pop data'
off a stack in memory, comprising the computer
implemented steps of: ' .

(1) during a first clock cycle, decoding an
instruction requiring a stack pop <operation and
generating a control indicator calling for a stack pop
operation; , _

(2) during a phase one of a second clock cycle
performing steps comprising: _

_ (a) writing onto a first bus a stack pointer

W/ _ - value stored in a selected stack pointer register the

selected stack pointer register being one of a first
stack pointer register and a second stack pointer
register;

(b) writing the stack pointer value in selected
stack pointer register into an input latch of a stack
pointer adder;

(3) during a phase two of the second clock
cycle, performing steps comprising: |

(a) forming a stack memory address by using the
stack pointer value on the first bus;



user-visible stack pointer register. 5. The

popping data of f a stack, further conprising the steps of during a
phase one of a fourth clock cycle, storing in a UMEE H *‘F

the menory | ocation indicated by the sta

for

mm

di gi tal conput er W th pi pel i ned |nstruct|ons conputer

I mpl enent ed

onto a stack in nenor

during a firsinctbhekiopuke latdbcadi therstackBpoimser uadden byequdelﬂtg a'
2n6hAt €8 5?% gﬁ”ﬁ%&%h&& ét‘éeﬂt EBEP'I:B_Q' ¢ah@e,calling for a

stack push operation;

stack push

efhos 5% SEERR RO IR RO e 4 S0

second ‘cl ock cycl e,

performing steps conpKFklngStPﬁ}nq tpe N@@a@ﬁ4u§@a$k6h016§€¥aV?éHe ddes

not inmedi at eay éatpQ¥ RaBEh

nter ue-'st or second

push oper ati on | Medyg) el Yk SLLRYS oRLR” hOLeBLAG pRCEAY BhagkiRortldl

witing onto a first
poi nter regi speintandvaing ﬂFPrPdglnhﬁhStaékppﬁlﬁatphValue stored in the

second stack pointer ¢ggist@ritfhg Eh%'dﬁaﬂtédﬂéﬂhéﬁ pointer value on

the second bus into the second stack pointer register for

- storage;

(5) during a phase two of the third clock
cycle, performing steps comprising:

(a) readlng data from a memory location
1nd1cated by the stack memory address; and

(b) wrltlng the updated stack p01nter value
from the second stack pointer register into the first

- stack pointer register for storage.

4. The method of claim 3 for popping data off a
stack, wherein the first stack pointer register is a
user-visible stack pointer register.

5. . The method of clalm '3 for popp.mg data off a
stack, further comprlslng the steps of

(6) during a phase one of a fourth clock cycle,
storing in a register the data read from the memory
location indicated by the stack memory address.

6. In a digital computer with  pipelined
instructions, a computer 'implementéd method fdr
performing consecutive instructions to push data onto a
stack in memory, comprising the computer implemented
steps of: ' ' ' . |

(1) during a first clock cycle, decoding an

read from

?r stack operation, then: (|) MW|t|ng onto.a
first bus a stack poi ue _store nafirs er register;

and (ii) witing the 2§§ BFAPd, 2 Va%&gestod}eeoo rlatﬁlélﬂg §E‘a5’l§%ﬂﬁ'nt er
regi ster intopemfbnmmhglatebsoéompsﬁsdhqp0|nter adder; (b) . if the stack

e e
————

k4

H



the stacgk.pointer adder; (3) during a phase two of the second cl
cycle, perfornming steps conprising: (a) formng & stack nenory addr ess by

using the stack pointer value on the first_bus; (b) '“
stack 'poi nter value stored in the input | + of theH “mml\mm“ der by
a delta anount to forman updated stack pointer valuet (t) * dtofing the :

updat ed stack pointer value in a latch; (4) during a phase one of the
third cl ock cythstruetionn nieatipingonari stk ( apushw idp emammm aafa@cond
bus the update t el p I tC

witing the uﬁ%aﬁ%ﬁgg%ﬂgkg ol Nt er vaf%égéﬁkéﬁeggg%gﬁé %%§ %hto ?é %%%nd
stack pointer @pgrgtépnvor storage; (5) during a phase two of the
third clock cycle, bor m g4,r$hEPs &l 8h8%f(d) gt & akdch
menory for storage at g zennr r? ?atlgﬁg?ndﬁcatgg g St gﬁgtggﬁcﬁeng$ye'
address; and (B§T °ﬁF%P9n§tFH§ GpuBY £81ingt ack p0|nter val ue fromthe

~second stack poi nt er ng st eifi ntRet hgthickst piis‘}pk iriteion €UAGéS HOt
ta onfo a_ stack,

7. 6
Shorage- 1 ¢ jupedfafe igogﬂ?iwc'r%‘g&m °btRUR oBfraFitnr ctlelisy oot i er

register. 8. In (&) dwygitahg onkuwpuaefirsti thus pi EHackedpointer
| nstructions, ? §98P8§95n a'g?%§€9$§§9k pOEhLaf re§2LelELT LAY NY
consecutive i nStTuctT 6ns

(ii) wrltlng the stack pointer value stored in
the first stack pointer register into an input latch of a
_ stack pointer adder; o
o ' (b) if the stack push operation immediately
follows a prior stack operation, then:
(1) writing onto a first bus a stack pointer
value stored in a second stack pointer register; and
(ii) writing the stack pointer value stored in -
the second stack pointer register into the input latch of .
the stack pointer adder; |
(3) during a phase two of the second clock
cycle, performing steps comprisingi _
(a) forming a stack memory address by using the
stack pointer value on the first bus; o
(b) decrementing the stack pointer value stored
W, in the input latch of the stack pointer adder by a delta
amount to form an updated stack p01nter value,
(c) storlng the updated stack pointer value in
a latch; _
(4) during a phase one of the third clock
cycle, performing steps comprising:
_ (a) writing onto a second bus the updated stack
pointer value stored in the output latch;
(b) writing the updated stack pointer value on
the second bus into the second stack pointer register for



stack in menory, conprising the conputer inplenented stebs'of; kl)- dufiné

a first clock cycle, decoding an instruction reguiTing

a

stack pop

operation: (2) - during 3 phase one of & debond cl iﬂﬁllﬂiﬂ{lllllliﬂ\l\!l\m&p‘ng

step conprising: (a) If the stack pop operation cdoés

i mredi ately fgih

“no

-

g@g;prior stack operation, then: (i) witing onto a

first bus a staéﬁ pointer value stored in a first stack pointer re iSt.er‘,"-g-é'T
and (ii) witing the(8)ackdpEinRgerayPRRSet FWQ i9f t Ade | third agilogki nter

regi ster intocpsléppperkornlingf seepbackmpeising:adder; (b)
pop operation |nned|aiely ows

foll '
witing onto a first bBd a ¥F§§&"EOP%F§££§aPSE°§¥o

r _stack eration,
FEY FroRaye. 8%d st ack

n

if the stack
then._ (i) -

poi nter regi shemoryndocatddn (indlicatedi iy ttize ssZalkckponenery valkddeessgr ed
in the secondaﬁéack pointer register into the input latch of the stack

poi nt er adder;
perform ng steps conpkPi ngwr

3) during-aéghase two of the second cl ock cycle,

ing fbhei ipdatedicistadior podddiarss Vi ugsi ng

the stack poipfen MaldieseBohhe dtddit PBInteR) red It EAhitdd the Fizee

poi nter value in the in

stack polnter adder by a delta

t latch, of e
anount to forﬁ?%ﬁkuBﬂéFgérsfﬁgksﬁSFn%gF 75Pt89%¢c) storing the updated

stack pointer value in

7. ‘The method of claim 6'for pushing data onto a

stack, wherein the first stack pointer register is a

user-visible stack pointer register. o
8. ~ In a digital  computer with pipelined
'instructions, a computer impleﬁented method for
pérfofming 'con.secﬁtive instrucfions to pop data off a

stack in memory, comprising the computer implemented

steps of; _

(1) during a first clock cycle, decoding an
instruction requiring a stack | pop operation and
generating a control indicator calling for a stack pop
opération; ' - ,

o (2) during a phase one of a second clock cycle,
performing step comprising: - o
: ' .(a) if the stack pop operation"does not W

immediately follow a prior stack operation, then:
(i) writing onto a first bus a stack pointer

value stored in a first stack pointer register; and

(ii) writing the stack pointer value stored in

the first stack pointer register into an input latch of a

stack pointer adder;
(b) if the stack pop operation
follows a prior stack operation, then:

immediately

(i) writing onto a first bus a stack pointer
_ value stored in a second stack pointer register; and

3



an output latch; (4) during a phase one of a third clock cycle,
perform ng steps conprising: (a) witing onto a s mm“m "Imnmated
‘stack pointer value stored in the output I h; (b)ﬁ Hﬂl dat ed
stack “poi nter value on the second bus inpul the sécofid St ack ®oi*nt &r
register for storage; §5) during a phase two. of the third clock
cyclig, perfornming step idpnpWritingy (e stackli pginteravafluemstoredniny

| ocation indi cmedsb&ohhesﬁaaﬁkpaﬁﬂﬁéy Pdgigesr Mt (e iNphEi VarERCOE
updat ed stack val, u§?€ aaéthe second stack pointer register into
r

0|n
the first stac ﬁ?ﬁ¥ pRyp ®Tét orage. 9. The method of claim 8
f or poppi ng data of f @3yt ac@uriher & nphasel | tab SéHCkheoi BeebndegeTdEk | S

a user-visible Kk ' . [ 20] he nmet hod of claim8 for
poppi hg data d??éggétggteafé%%ﬁeééégép?lsPﬁbs%ﬁ *steps of: (6) during a

phase one of a fourth éabck Eorméngsacstagk memorycaddressthy usingrthe

fromthe nennrytgeﬁaébgﬁtépdvggﬁgd gytﬁgef§f§€kbﬁgnnry addr ess. 11.
In a digital conputer with pipelined [nstructions and with nenory

circuitry for perforn1ﬁﬁ)conéﬁ%ﬁ??%%téﬁicih%p%F%?*oﬂ%lnﬁﬂﬁpY?¥?ﬁgln(§§e
circuitry foringeeollateh of thasfsn:la@w PO iR Adaer ki ac kdeped aamdanend
for generatlngta fggﬁrgk uBQaE taé%)p01ntefréglgg§ (3) a second bus;
{c) storing the updated stack pointer value in
an output latch;

(4) during a phase one of a third clock cycle,

~ performing steps comprising:
P (a) writing onto a second bus the updated stack
pointer value stored in the output latch;

(b) writing the updated stack pointer value on
the second bus input the second stack pointer register
for storage;

{5) during a phase two of the third clock
cycle, performing steps comprising:

(a) reading data from a memory location
indicated by the stack memory address; and

(b) writing the updated stack pointer value
from the second stack pointer register into the first

U stack pointer register for storage. '

9. ' The method of claim 8 for popping data off a
stack, wherein the first stack pointer register is a
user-visible stack pointer register.

10. The method of claim 8 for popping data off a
stack, further comprising the steps of: '

(6) during a phase one of a fourth clock cycle,
storlng in a register the data read from the memory
location indicated by the stack memory address.



(4) a first

second bus; (5) a second stack pointer register couple first b
to the second bus, and to the first stack Inti“ﬂﬂﬁ& ﬂ“g ‘ a stac
a stack

pai nt er adder
poi nter out put
poi nt er adder,

stack pointer register coupled tQ_LhE-LLL&%—bHS—aﬂﬂ“tO t he

with an i nput | atch- coupled
latch with (a) an input coupl ed. to an output of the stack
(b) an output coupled to the first bus, and (c). an out put

coupled to ttmnsecondlbua d@@)ta1acsmputeﬂawhthepﬁbau1heﬁewwstﬁﬁmtuaw§r

|nd|cator fr
whet her
operatlon
(10) neans f
receive the

of a second
stack oper at
t he control

first bus a
witing the

into the |nput | at ch

———— e e

T

us,
k

e

Qﬁmé he i(sjttﬁigcg' ope dt Fggkf"y’l\e%?;te% y Rﬁ':l"zlsft '{%ﬂygﬁg %ttgiwg nes

(gtackdepesatienseucomprisdng:forning a stack menory address_

or writing;glat aciﬁcﬂ?@?y fdl) aeeBhifk CidiUi inkteUHdieHh to
control , |nd|cator fromfihe

decodi n C|rcu|tr§aand coupled to

receive an oXPIRiFiDth ph&tack ORArARIAD ANtk Hh gaperaiipgng LIS one

clsgkcayer g, (|) ~if the state nachine indicates that the -
i on does n i |at§I¥ follow a prior stack operation, then
g nergt ®

circuitry arE
stack poi 03pr val secendrbusiin the first bus; -and (B)

o] signals for; (A witing onto the

stack poi g%?r Vgl 4 yor sty b ggggiz{e%srreﬂiaé%%xpolz%ﬁie&egﬂéter

t he stack €0|nter

the first bus and to the second bus;

(5) a second stack pointer register coupled to
the first bus, to the second bus, and to the first stack:

p01nter register,
' (6)- a stack pointer adder with an input latch
coupled to the second bus;
(7) ~a stack pointer output latch with (a) an

input coupled to an output of the stack pointer adder,
(b) an output coupled to the first bus, and (c) an output

coupled to the second bus;

(8) a state machine that receives the control
indicator from the deceding circuitry wherein the state
machine determines whether or not the stack operation
immediately follows a prior stack operation;

(9) address circuitry for forming a stack
memory address; ' _

(10) means for writing data to memory;

(11) control circuitry 'coupled- to receive the
control indicator from the decoding circuitry and coupled
to receive an output from the state machine, wherein

(a) during a phase one of a second clock cycle,

(i). if the state machine indicates that the

stack operation does not immediately follow a prior stack
operation, then the control circuitry generates control’

signals for; .
(A) writing onto the fixst bus a stack pointer
value stored in the first bus; and



(it) if the state machine indicates that the stack O?;LEELQE_LQEEQL@L&Ly
follows a prior stack operation, the control circuit generates control
wignals for: (A witing onto the first hﬁg@astack gt I red
in the second stack pointer register; and (B) Wit r{mi!mmtlmw M“Fer
val ue~stored in the second stack pointer register into the inputt | tch of
t he'istack pointer adder, (b)_ _.duyring a phase two of the second clock
cycl®: the control ci rée?trywﬁé%épgt %‘%oﬁ??ﬁ* PPIRLLE rRlug | $toredyiipg

t he address cithei fiystostharks prrinternrey e sinty tise ngnplie 3htek of
poi nter val ue pp tEEaEkr?EiB%E' gh'LrLf-the stack operation is-a push
operation, then gecreneq.rng tﬁe stack pointer value stored in the input

| at ch of the stack poi fié) adfierthe stidia amagbine tbndicates it etthet ack

poi nter val ue; sthtk) idpdradiUmCkinhed fitoly | S£81R8RsOPY at?Pﬂort h&Rack
i ncrementing the stagck pointer value stored in the input {atch of the stack
poi nter adder PPeEaBAPRa afditht EONFEPH afiFSYIEEY StIRMETRLSSE or CPALEEY and

(iv) storing tsegnpist edrstack pointer value in the stack pointer output
cirou try generatos cokbiol SPakarg pBe &ne FiEAR e ot 5eatlebdiatets
t he updat ed stvdkuposhoredvihuthet seednidnsthekspaihtevi negisterpuaniat ch,
(i) \é\ffiti ng the updat zﬁ?Sta%;LE% t%e“é_i’fc(}?”p&%ﬁté??% I}%Ssii: thgﬁf
fﬁgonthfﬁgc Cﬁgégtggcgng Stack 8Lin%2;aggéister into the ?ngugsgaigg of

' the stack pointer adder; _

o/ (b) during a phase two of the second clock
cycle, the control circuitry generates control signals
for: |

(i) having the address circuitry form a stack
memory address by using the stack pointer value on the
first bus; | '

(ii) if the stack operation is a push operation,
then decrementing the stack poinﬁer value stored in the
input latch of the stack pointer adder by a delta amount
to form an updated stack pointer value;

(iii) if the stack operation is a pop operation,
then incrementing the stack pointer value stored,in the
- input latch of the stack pointer adder by a delta amount

to form an updated stack pointer value; and

- (iv) storing the updated stack pointer value in

the stack pointer output latch;

{c) during a phase one of a third clock cycle,
the control circuitry generates control signals for:

(i) . writing onto a second bus the updated stack
pointer value stored in the stack pointer output latch,

(ii) writing the updated stack pointer value on
the second bus into the second stack pointer register for
storage; ' '

(d) during a phase two of the third clock



cycle, the ¢
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(iii) wrltlng ‘the updated value from the second
stack pointer register into the first _stack pointer
register for storage.

12. The circuitry of claim 11, wherein if the stack
operation is a pop operation, then during a phase one of

a fourth clock cycle, the control circuitry generates a

control signal for storing a register the data read from

Iy

~ the memory location. indicated: by the stack memory

address.

13. In a digital computer, a computer implemented

method of performing consecutive instructions to push/pop
data onto/bff_ a stack in memory, substantially as
hereinbefore described.

14. . Circuitry for ©performing consecutive stack
operations, substantially as hereinbefore described with
reference to Figs. 2 to 6 of the accompanying drawings.



