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APPARATUS FOR DETECTI NG AND EXECUTI NG TRAPS | N A SUPERSCALAR PROCESSOR—— .
BACKGROUND OF THE I NVENTI ON This invention relates to the architecture and
operation of an inproved procegsor in whirch trapping conditions are
Identified at a decode stage to expedite operations in a pipelined

super scal avoR6BEISsor. 5 Convent i onal pr oc®$IGISaS4yNns
commonly involve the control of instructions in three stages - fetch,
decode, execute. In the first stage, an instruction is fetched from nenory
at a location identified by a program counter which points to the |atest
fetched instruction, thereby allowi ng the 10 next instruction to be
fetched. Following the fetch, the instruction is checked for possible data
dependencies and, if it passes the test, the instruction and its operands

are then i ssued APPARATUSIFOR BETECEING'AND EXECUTING TRAPSer e
an instruction cannot be e t?ﬂmeslmm‘j%gég{ I nstruction
is not yet avail able.) Thgﬁfgé ructions Tssued can pbe rdentified by a
virtual -i ssue program counter. Once an instruction is decoded and i ssued,

it is sent to the execution s : | result that is
witten into either a regi steW?ém%%Fggy altering the state
of the 20  process@riainventdon radatnaecto pthe anghitactaneiandn el enent
called a regbpéfdt 5P dmpitovedC peokesses Oin Gasldip rexpgitef ruction to

I oso, the | THER, B i8R Es8A°bt R GarBhe afasd ¥ kel on | 1 t e

execut i on stoperations rin fe®ipslined: supersoalar roxnressomy der executi on.

Thg_ ][ ;sgist er t f, cor eboardbrivaiitidnall skt 465 D4HS SorntH1y'\AivbiNe the
nodi fie y e

want to acce®¥¥Pth Eag#gj[s‘iﬁ}r’{eg%il?i%ﬁgf} ﬁ_ggeeAgxagggs.eafjee{leth'l rgetcro%cet'l ons that

execute. In the first stage, an instruction is fetched from
memory at a location identified by a program counter which
points to the latest fetched instruction, thereby allowing the

10 next instruction to be fetched. Following the fetch, the
instruction is checked for passible data dependencies and, if
it passes the test, the instruction and its operands are then
issued for execution. (Data dependencies are circumstances
where an instruction cannot be executed because data for the

15 instruction is not yet available.) The instructions issued
can be identified by a virtual-issue program counter. Once an
instruction is decoded and issued, it is sent to the execution
stage, where it produces a result that is written into either
a register file or a memory, thereby altering the state of the

20 processor. _

More recent advanced processors include an element
called a register scoreboard which checks resources for an
instruction to see if the required resources are available for
the instruction to execute. If so, the instruction is issued

25 even before the instruction in the execution stage has

’ finished, which can result in out-of-order execution. The
register scoreboard records (locks) the resources that would
be modified by the instruction at issue time. Any subsequent
instructions that want to access those resources cannot be

30 issued until the instruction that initially locked them
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96/ 34335 PCT/ US96/ 04504 2

subsequent |y unl ocks them by updating the resources, and so notifying the
processor. These known processor designs operate with the di sadvant age t hat
any stop in the issue of instructions, 5 typically due to resource
dependency WOM§343d&tructions, will stop the instruction fePCHUSHINIH4
stopping results in | oss of perfornmance becquse fewer instructions are

i ssued for execution. Further, conputer systens define hardware trapping 10

condi ti 03_'5 f OgubBalueHEES WhlodKd i aﬁ?sppdéthﬁgdiﬁé e;;ésfﬁ%éhﬁ, %fadbbi on
is aconditio .does.pot roduci ng a neaningful result o
execution for%Phg?§Fﬁ§t?5€t?{§géﬁ%é§1the current conditions. Hardware
trappi ng conditions typFeese know Rrecessorgdesigns roperate with the

pri V: L egelglI I na_tiauairaﬁafgg pemec?_ip Lo |i@1}] taas isaaeeof aikké@n%éﬂ}bﬁls!,d
resul oati ng- nt .insir | | absence of an opti.ona
floatiﬁﬁ-poin#yBgsggégo??gé%%%ﬁﬂﬂﬁgﬁﬁﬁ2@%?S59§F¥I%ﬂ?nﬁkiﬁﬁﬁéhféigﬂﬁpiHall
condi ti ons ar etapt that fnatrycbipn fetghost Shiby stappingpresul sy sirehossf ofe

and after evepgriebghalééi PecNES Hdwty instdubtibisnNare Olskdddned,s found, a
trap is taken. Takgﬂgga trap consists of the steps of preventing the

t rappi ng i nst PUHEER hd all those that followit fromaffecting the state
of the machi ne, savi ng Forthex; csoppiter sysgenshdefinghardwars rtumppdng n a

speci figd tragopddtesfis’ £6+ Shily "Elpes PP MinsRratPohs! I NLRflare SCLLi NG

the mode of thg Be R "CondietS 4 W cdriliieion®ERit J08S ndl Gttty SN N9 to
producing a meaningful result of execution for that
instruction under the.current conditions. Hardware trapping
conditions typically include: illegal instructions,

15 privileged instructions, protection violations, page faults,
invalid results, floating-point instructions in the absence of
an optional floating-point processor, and register set
overflow.

Hardware trapping conditions are automatically

20 tested by the computer system before and after every
instruction execution. If a trapping condition is found, a
trap is taken. Taking a trap consists of the steps of
preventing the trapping instruction and all those that follow
it from affecting the state of the machine, saving the address

25 of the trapping instruction in a specified trap address
register well-known to computer designers, setting the mode of
the machine to Supervisor (privileged) mode, and switching to
fetching instructions from a trap handler. The address of the
trap handler is typically determined by concatenating a '

30 constant that depends on the type of trapping condition to the
contents of a special state register, the Trap Base Register
(TBR) .

Another form of trap is the software trap. Many
computer systems have special instructions, a side effect of
35 which is to force a trap. These are used by a user mode
program to reguest services of the operating system (a “systenm
call®"). The steps taken on detecting a software trap are the
same as those just described for hardware traps, except that
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fetching instructions froma trap handler. The address of the trap handl er
is typically determ ned by concatenating a 30 constant that depends on
the type of trapping condition to the contents of a special state register,
the Trap Base Register (TBR). Another formof trap is the software trap.
Many conputer systens have special instructions, a side effect of 35

which is toWD®6483% trap. These are used by a user node prREIVUSISNN4S04 equest
services of the operating system (a "systeglcall"). The steps taken on
detecting a software trap are the sane as t'hose just described for hardware

traps, except 38p : .
beay o) oan dreasgj)&%ﬁé € gR handler ig a variable that is compyted

t he ress of t ra an
conput ed by tH¥® %E‘iﬁ?s%%&ﬁ‘??s&??glﬁat HeAther Fhan &, soRstant; npst al |
conput er system i npl enhlmaitoalilacempuper i syesken Ninplemeitatidns are

e e Hipdilbd 1o ! pifiebinga LhPLGRaRdl el oty HhAE-REIGHCT

cl ock cycles execut e conpl sequencde of steps | Bt ch
the in8tructitHkes AndRimuey pfcfike tackrven tFHClass toy exesuteo

determ ne it cofRutealy.n cauitypital Sseqaencs hes | stsdpsidis:0n'satenctnad val ues

[T okl Slehidtach ot o SphCElehith Yacls, dedsiel 30 ShafpEiibh
regi ster fil o |deteradne dtecFPSPRECH FoaRirenents. naad, the instruckion’s
S ey, Tnoed valneke e ticei1ster i) b sher optuB L,
ol ook 8ol o e Al A R8RS b, Ehfed o qng, X kel Uopksy'a
cycl es to cortite backdhe yesudtictorthei negister tfidkes depend on the result
of In order to keep the hardware maximally utilized, a
new instruction enters the pipeline every clock cycle whenever
possible. In this way, the instruction completion rate can
15 be as high as one per clock cycle, even though each individual
instruction requires several cycles to completely execute.
Some trapping conditions depend on the result of
execution, and so cannot be tested until after the execution
stage; For these instructions, the test is made during the
20 write~back cycle, in time to prevent updating the register
file with the invalid result. Whenever a trapping condition
is detaected, all instructions executed before the one that
traps have been through the write-back stage, and so their
results have updated the register file. All instructions that
25 follow the trapping one are still in the pipeline. Taking a
trap in a pipelined machine is a simple matter of flushing all
instructions from the pipeline and forcing the fetching stage
to switch to the trap handler address.
Taking a trap at the write-back stage represents a
30 degree of inefficiency due to the fact that the hardware was
applied to the instructions following the trapping one that
are flushed. In a conventional processor the number of
instructions flushed in taking a trap is approximately equal
to the length of the pipeline. This penalty is so small that
35 for simplicity, all traps are handled in the same manner. An
inastruction that cannot be executed, e.g. because it is
unrecognized or privileged, is simply marked as trapping at
sone earlier stage of the pipeline. This trapping mark
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execution, and so cannot be tested until after the execution stage. For

these instructions, the test is nade_during the 20 _w.ite-back cycle, in
time to prevent updating the register file with the invalid result.
Whenever a trapping condition is detected, all instructions executed before

the one that traps have been through the wite-back stage, and so their -
results havewopea43asl t he register file. Al instructions thBETD86A4504f ol | ow
the trapping one are still in the pi peline.4 Taking a trap in a pipelined
machine is a sinple matter of flushing all I'nstructions fromthe pipeline

and forcing the is O8nkPr it g'm p =Tl |
Taking a trapmﬁéﬁﬁ%t&vﬁgﬁ gilgagﬁgsta ei‘?’g %%se tsttzg‘%shsaﬁgégree f(;fs‘& is

i nefficiency cesagnized ppd: acked ¢ é"f’léﬁ?ﬁ/\é‘?’g soagk,BrEa8er o t he
instructions foll ow ng ttheat saperecalare ditriofxorderuprodessars howesssxt, onal
processor the ju I oQfs s ugll [ kN L

appr.oxi matel y Qﬁjn}%ﬁtgﬁgﬁ angﬁgog? %W%el#ﬁfKtT%Pg &gg‘g?t@a‘lﬂg sstoage
snal | tHat 35 is significaptly; gyeater. t r'%@@]df Stated cBUFR RHBrace8SORinner .
An i nstructi ongffirs” From abecaventional pipeliseabycthe insuptienost zed or

D ool 20 2 oY, S3aSiulh SR, et VPRt che oA s hod e
PCT/ US96/ 0450/anbthesy ufifess (the resylietshalf'hr affen: theppyerphion ptage
i's recogni zed gyh 3RifgerOkadl hblla BevéfaDalistihrddons) @aBHPOrSURLIEK is

out - of -grder processor,. h - e_in | £4 0 _t.aki at
the wtte-bac ‘ig‘é‘ §he %\{\'@}é?rsfégi? cg%é+€/iﬁ¥%t1%?§th89%pﬁgﬂgt§?£@9%uch
a processor difdwerthed might combinatien| ofi genditians tise legsdkt movecto the
buffer (the "igsde lga_.td'gm shelf") after the decode stage and

In the superscalar processor such as disclosed in

U.S. patent application Serial No. 07/622,893, filed December

15 5, 1990 for "Processor Architecture Having Decoupled Fetching,
Issuing and Updating Operations and Speculative Branching," up
to 64 instructicns can be held in these buffers between the
first (fetch) and last : (write-back) stage of the pipeline.
Therefore, detecting and acting on a trap at the write-back

20 stage can result in having wasted dozens of clocks of
execution bandwidth on instructions that are flushed. Certain
types of traps cannot be detected until after the execution
stage. For these, the wasted effort is inevitable. But many
types of traps can be detected at the fetch or decode stages.

25 In prior-art out-of-order processors, traps detected
at the fetch or decode stages are handled just as in
traditional pipelined machines. The instruction is marked as
trapping and then launched into the machine like any other.
It sits on the instruction shelf waiting for a free execution

30 unit so that it can be moved to the result shelf, where it
must wait until all instructions fetched earlier have gone
through the write-back stage. During all this time, the fetch
and decode stages are continuing to launch instructions that
follow the trapping one, even though the decode stage knows

35 that all those following instructions will be flushed.

Many of the types of hardware traps that are

detected at the decode stage are of the "shouldnt't happen®
variety: illegal instructions, privilege or protection
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anot her buffer (the "result shelf") after the execution stage. Each buffer
can hold several instructions, each _of which is 10 held in the buffer
for—an indefinite Tength of tine waiting for the right conbination of
conditions to let it nove to the next stage. In the superscal ar processor
such as disclosed in U S. patent application Serial No. 07/622,893, filed
Decenber lwo96i34385 1990 for "Processor Architecture Havi ngPCRUSG04504]

Fet ching, |ssuing and Updating Operations and Specul ati ve Branching," up to
64 instructions can be held in these buffe¥s between the first (fetch) and

| ast (write-bac t age of .the pipeline. efore, getecti nd acting on
a trap at th¥t ﬂﬁ%f‘g‘?‘b%tk' er 8"& Fywe EangﬁgguP? %%% &F%ozens
of cl ocks of dekected oat Hehel\fatdh mmﬂ-ioﬁccbhatlw fovexthemd Gavt ai n
types of traghece tnbﬁap@éwm la 2elclokER malm&ﬁﬂqoxfsoram

t hese, the wasted effort evi.t abl . But .many_types of tr S _can
detected at Wiﬂﬁg%f ﬁcwttjec%"l}e 3 c1828 ok EFdp - a%‘ ér(aps
out - ofs or der apdoregister Se‘afmlmlmxsed--atthnhearetnhtoa pmm:mes are
handl ed j ust g n déﬁpégfg | BREail

mar ked as trgﬁ?b Lfé a%%c(ﬁﬂcf ntd ﬁ‘g arrgc ‘H\? 1%?3 o er It
sits on the t PERP| W%‘f |Wié(°f P§§°€§eWF% wajtimgs o
that it can be nakedttapsh@frthastcxﬂsd'h: mherwriteﬁhsekvstsgeninIazﬂI

| nstr uot | ons ghghehigh £3! bueLofiONSa o VrddduBS\chli ool aigabdauit age. During

all this tine etch an deco ages are contan| Inch
i nst rAtions that follow the t rappi ng one, even though the decode stage
knows 35 that all those fol SUMKARY iOFs 'THEC IWVBNTEON| Dbe flushed. Many of

the types of harduare panseldihe ibdiiSh Scohphbied SHNERAMFal © O

t he "shoul dn' t haggen" I nst,ru ege or
protection detecting and execut;ng program instruction hardware and

software traps in a superacalar processor operating on a

15 plurality of pipelined instructions. The apparatus includes
fetch means for fetching instructions from an instruction
cache or from main memory, an instruction FIFO memory for
storing fetched instructions from the fetch means, and an
instruction decode means for removing instructions from the

20 FIFO memory in accordance with the relative ages of stored
instructions and examining the instructions for trapping
conditions. In response to identification of a trap in an
instruction, the decode means flushes from the FIFO memory all
younger instructions.

25 In the present invention, whenever the decode stage
detects a hardware trapping condition on an 1hstruction,
instead of forwarding that instruction to the instruction
shelf, it flushes that instruction and all those that have
been fetched following that instruction. In the case of a

30 software trap, it forwards only the trapping instruction, in
order to get the trap handler address computed, and flushes
all following instructions. It saves the address of the
trapping instruction in a copy of the specified trap address
register. It sets the mode to supervisor mode, switches to a

'35 new register set, and forces the fetch stage to start fetching
instructions from the trap handler as soon as the trap handler
address is known. The trap handler address is given by the
concatenation of the trap base register, TBR, and either a
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violations. Oher trap_types, |like page faults, that are detected at the
fetch stage entail such a large overhead in the trap handler that even a
few dozen wasted instructions are insignificant. But there is a class of

trap -- software traps 5 and register set overflows -- that are not a
programi ng WOoPeB433hr e expected to happen, and entail a | owPETESIGHER4I N t he
trap handler. The cunul ative effort wasted ile waiting to take traps of

this class at the wite-back stage in a suptrscal ar out-of-order processor

can be signifj W uniﬁ E e
enconpasses a%%ggg?ﬁéo? or ec'ﬂ: 3 §ng§g§%‘g‘;%§ m i nsl,t?‘\réu%%hgﬂt of
har dwar e and %PF%-F%gt?a‘fﬁﬂ'r‘f'P‘%F ﬁ?r BgFRRC ?%essor operating on a 15
plurality of pipelined Imstuwtﬂmtioﬁhethpponhy qsenattt;u(m- ftakdhgmRans

for fetchin t t C, ry, an
st 1 et on FHEERUHES €Fep ddiBdtad AF Bl Baﬁﬁé? Seaq, 4d AMaiRll Wiy
neans, %nd an“f‘-ﬁ@?\’u@‘ﬁ%ﬁﬁ JSRe No: ARSTEYFLieNS AR P it ithes from the
20 FI FO rr&ﬁetyucﬂimosueim.ce Bttt betaasecthéi imstgsctivn Shel¥dis a

I nstructions ' t tyr. 0 f tiQ

Tosponse to i QUAPERGASILe, Whddl 1iNahy HEe) Shotdd MRS Ritnaal.
flushes from &Reif| #® theHtaRh [0F Antexvalcto Jreep Ahe execution I'n
the present igragei pisy ey athd mmodeaghammgcwmﬁdaﬁr dwar e

ot r URL1 on ¢ AnpRRaBtihe, e Hariiey) #3) R a8tevdis Yl ke Wontary ape
those that hate hewing cte it daxkhey tepst Fﬁgﬂi%#q“brﬂo gath tehghease of a
30 sof t waegettBon | stdge \Wauts thidd pehBeti' ok SEL11Hd WRidH N ess than
waiting for the trap instruction to get to the Write-back
stage.

15 In order to be able to detect privilege violations
at the decode stage, the invention executes the change to and
from supervisor mode at the entry and exit of a trap handler
in the decode stage, rather than in the execute stage.
Similarly, in order to be able to detect register set overflow

20 traps at the decode stage, the invention executes the register
set changes made for subroutine call and return in the decode
stage, rather than in the execute stage.

The invention and objects and features thereof will
be more readily apparent from the following detailed

25 description and appended claims when taken with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates the primary data flow of a
simplified diagram of the architecture of a superscalar
30 processor in which the invention can be employead.
Figure 2 is a block diagram including additional
components of the architecture;
Figure 3 is a flow chart illustrating branch
execution operation; and
35 Figure 4 illustrates a schematic block diagram of
apparatus for handling faults in accordance with the
invention.
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order to get the trap handl er address conputed, and flushes all follow ng
instructions. It saves the address of the trapping instruction in a copy of
the specified trap address register. It sets the node to supervisor node,
switches to a 35 new regi ster set, and forces the fetch stage to start
fetching instructions fromthe trap handl er as soon as the trap handl er
address i s WOMM3ISThe trap handl er address is given by thePCBUS2a3sM4t i on of
the trap base register, TBR, and either WO 96/ 34335

PCT/ US96/ 04504 6 constant trap type nunbe? for a hardware trap or the

result of executing a sgid r ﬁﬂﬁf r‘z*% fﬁmentlon t he

only penalty for takin %ﬁl?fdﬂé‘%ﬂ gghdgtigcte at ecode stage is a
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nterval toffecassRe Alsbiokbucly Zé%%hiﬂ@ﬁwi%ﬂ%&oﬁﬁé? 897! csumes
i ssuithg 10 07/5i2|39§P§et BUREa. TFRe ign fetehexaPe (FP&pPgEWQ'P%aQ er,
due to havi agd Q)V\@rht&eabwreﬁrempm rwta Wellekpown! AnkBeuskEen! tathe

t , but |

Thotruct | on MRy bk, RABR) | spd Crétipiiad SpecitibctBnk' 89:k8h LS GhARe
be able to asmwsw prP@PngEtbF§I§¥$Q#EPQ§ptﬁh?(iﬁﬁﬁh@rbﬁayerfpﬁuslAvent|on
execut es th@mﬁqm@namﬁn&tmmsumw plje i# ahhdngkirurtdsd exmhoef a

S MY, e derehe 2908 Eh%Fast el “%”ca RRABE EBRhAE% |,
at the decodperaies tohbringean ms'em@tmrs fxem ﬂ@g sedn instruction
memory (not shown) for transfer 100 to the instruction cache.
Once in the cache the instruction is fetched 102. Other
examples of "throttling" functions performed by the fetchar 9

15 include managing instructions that require multiple clock
cycles to dispatch, and managing instructions that cannot be
fetched for some reason, for example, identification codes
that are not available for assignment to an instruction 103.

As shown in Figure 2 the fetcher 9 supplies the

20 dynamic register file 11 with the instructions fetched from
cache. The dynamic register file holds all non-branch
instructions pending within the processor. Aas the
instructions 8 are fetched from cache, they are assigned 105
an identification code 29, or ID, by a counter (not shown)

25 which assigns strictly sequential ID values to each
instruction that is fetched in the order fetched. These
sequential IDs contain a "color" bit which is the most
significant bit, and is used for magnitude comparisons. By
comparing the color bits, and, if necessary, the magnitudes of

30 two instruction IDs, the instruction fetched earlier can be
determined. This provides an "age" comparison between two
instructions, that is, it provides the relative order of when
the instructions 8 were fetched from memory.

As shown in Figure 2, the fetcher 9 also manages

35 branch execution in a manner so that the fetcher 9 does not
stop if a branch cannot be executed. For a branch to be
executed, it must have valid condition codes 109. The
condition codes are set by instructions that modify the
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set changes nade for subroutine call and return in the decode stage, rather
than in the execute stage. The invention and _objects and features thereof
will "be nore readily apparent fromthe follow ng detailed 25

description and appended cl ains when taken with the draw ngs. BRI EF
DESCRI PTI ON OF THE DRAWNGS Figure 1 illustrates the primary data flow of a

sinplified dWQA6@4335f the architecture of a superscalar 30 PCTUSPHMSMsor in
whi ch the invention can be enployed. Figure_2 is a bl ock diagram i ncl udi ng
addi ti onal conponents of the architecture; %igure 3is a flowchart

illustrati ' ti . .
11 st 1 at oo o CORRABABHCEHAGED CRSEY W ard Cui8 whep an inspructiddithat
accor dance wi medifiesngendition codgs ds f4spatched, the fetcher 9
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of Figures 1 dt f s leQlUl @3 '

over.vi ew of t%gq rggcie'lgéor ?s%%%i%%{%ﬁnhaﬁﬁﬁf@%%%é%iﬁ ll\“foﬁks
07/ 622,893, s ed the raaditier sPdet c sonddEipn Eede stays) Ipcked
preferably isuntinl edatoifisvebtticwinisties execationhandrupdatds Q13 pen) |

and receives i [ LO %Qg?gﬁ n t i,QNS,
the fetcher 9‘%2‘?!18’?’#}? gadgh%%gﬁ'%%& Ct?'unc |o$&¥'E,ocr xg?rglggi%°%gi%%

i nstructi on caede: 10 _ be fetched frpn1the instruction cache, then the
fetcher 9 operates to bfhaJcefitéht ds Aite dndiPiohe cole Nrédidteas i adPiga ¥

(not 598““) fq&n%%%gafﬁgrégg Lﬁeﬁhftiéﬁﬁé“ﬁéé‘ylfiisﬁetne state of the
processor when updated sequentially, like the register file
and memory. For the time when the condition codes are locked
117, there is an instruction that indicates the need to modify
the condition code. This prevents a following branch from

15 using the condition code to make a decision. Therefore, the
fetcher puts such a following branch instruction in branch
shelver 13 together with the ID of the instruction that locked
the condition code 112. Only the result of that locking
instruction provides valid condition codes for the branch.

20 In the branch shelver 13, the branch instruction
waits until the condition codes become available, i.e., the
branch instruction waits until the instruction that locked the
condition codes completes execution and updates the condition
codes. When a branch is shelved, the fetcher 9 will decide

25 112, based on prediction bits, which direction down the
instruction stream to proceed from that location, in other
words, the most probable direction for continued execution of
the program. The fetcher 9 will continue to fetch
instructions “on speculation" along the predicted path. When

30 the condition codes that a shelved branch instruction is
waiting on become valid, then the branch decision is re-
evaluated 115 and compared 116 with the initial decision. 1If
that comparison indicates that the branch was properly
executed, it is removed 122 from the shelf. If the decisions

3s are different on comparison 118, the predicted decision was
wrong and the processor must proceed along another not
predicted branch. Theraefore, the program must resume
execution from the branch instruction in another direction.
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once in the cache the instruction is fetched 102. O her exanples of
"throttling" functions perfornmed by the fetcher 9 15 i ncl ude_managi ng
instructions that require nmultiple clock cycles to dispatch, and managi ng
i nstructions that cannot be fetched for sone reason, for exanple,

I dentification codes that are not available for assignnment to an

I nstructi omwa923433%s shown in Figure 2 the fetcher 9 suppl i BCIU$RSHOIDS
dynam c register file 11 with the instructions fetched fromcache. The
dynanic regi ster file holds all non-branct? instructions pending within the

rocessor. As the ins hLan eLch el ssigned
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the relative,order of en the instructiopns 8 were fetched .fro ry. As
shown in Fi gﬁ?eg}? ‘&‘fb‘% a&gra.sgeil §giﬁanég%s' Y “M%%Fgﬁxl n a
manner so thaottupdsted the Stagesofomepory yYeta (Fhat funotion,beadledut ed.

For rancheb@edee qxx*ﬁuﬂy ' ideg GN
cgnd?1 Poﬁ gogif ar eﬂgf%iﬁigc?ggﬁgﬁﬁgd%ﬁ _ 3{%%%5?%95
pcT/ 3806/ 0456418 RARRLD hefganey; PYpgran a’ﬁ-g’n uMhish
that nodi fi eiscamditentry cegisterdifdpet that containg dthe agidresses of the
instructions in the dynamic register file 11, indexed by their
IDs. If the processor needs to restart by re-fetching a
branch instruction, the ID of the branch is used to index into
15 the sane program counter file 15 and obtain its program
counter 119. That program counter is used to rastart the
processor from that point forward. '
In the case 118 when the branch was predicted
incorrectly, some number of instructions were put into the
20 execution stream and may have generated results which are in
the dynamic register file 11, but have not yet updated the
register file 17. They have not been allowed to reach
completion by the sane state controller 19 because they are
speculative. Upon determination that a branch was incorrectly
25 predicted, a flushing mechanism flushes 119 from the dynamic
register file 11 all instructions and their results that were
executed in reliance on the incorrect prediction.
The sane state controller 19 receives from the
branch shelver 13 the ID of the shelved branch instruction, or
30 in the case of multiple shelved branches, the ID of the oldest
of all the shelved branches (as determined by the order in
which they were fetched). The sane state contreocller 19 does
not allow instructions which have an ID that is more recent
than the ID of the oldest shelved branch to update the state
38 of the processor, and therefore stops the completion of
instructions at that point. This enables the processor to
maintain its sane condition by not allowing the speculative
results to alter the state of the processor.
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I nvalidates 117 a condition code register by putting a | ocked bit on it.
The fetcher stores the ID of the instruction _that 5 | ocked the
condition code. The condition code stays |ocked until that instruction
fini shes execution and updates 113 the condition code register, thereby
unl ocking 120 the condition code. The content of the condition code

regi ster i s WO9sS48350 "insane" herein when it does not PCINUESI0450ke
state of the processor when updated sequenhioal ly, like the register file
and nmenory. For the time when the condition codes are | ocked 117, there is

an instruction that indpgdtSseddiedicamy! 81880kb¥eaPe LA tﬂ@’éés%%teIEiaﬁa

prevents a follomﬁggngianch from the condi.tion code to ma

15 SIN
deci sion. Th&F8Po Fion 2% AR mgcﬁngemﬁw P BHRIPEESE: 1 uct i on
in branch shelineluddst tyap bogie (21 wkdchDprbvidlesi tise ratates) aththel ocked

the condition caf et cki ) Nsdrdi®iionn
provi des valigeggn %%?o% COdzgngg???ﬁgbnggﬁhgef%%ﬁ £ tfap ] th%ﬁ tﬁ%e
branch Zhel ve®P18f the Frapping nstrug bgﬁ“wg?t used te ohkain, the PreoEdlcs
becone avai | abanterefronhthédrsame programc coanteai £51ents) the instruction
that | ocked the conditi I execu i t

condi tion codes. ,\Wen aﬂ€$%s sﬁé%\t/gg?ﬁ &é %e%(??ler %ﬁﬁ‘eglggrzg
112, based onifr édiuetEated Qf appaxatus Lor; bandling  FAnlta 1in acgcerdanceam
to proceed fraithhthel faeéntioni N THd aajor ¢ompbhent® sineghniw e dieteht i On

for c I nued utkQn t ch L N to

fetch%\structsiq%ﬁg k%ﬁ'sg%%uﬁg?%%{noﬁﬁhé%feg#%?%#%% %elr?%gd and
t he conditiont86d8§1iﬁﬂin§.%$E§¥EHFQ§%§F§¥ﬁ"ﬁstEBEt?EPP?%#Q&Ft#9ﬂ}5§¢rb8ééwe
valid, then tghebEnabbedFPToSt Dg+point (EF) weyidtétSzeasd teAa®ntl6 with

o]y oxeoioRoRpotkebl OB ™AL < Wloatobdfia el AR 48R,
are different the TsapaPrsenRegistenTHR(i268«dandcthe ocFramType register

15 266. _

As described above, the Fetch stage fetches
instructions from either an Instruction Cache or main memory
(not shown). It ocutputs up to four instructions per clock
cycle over wires 211A-D, fetched from consecutive addresses

20 starting at the Fetch Address 260. The Fetch stage also
implements a Memory Management Unit (MMU) function. The MMU
function divides the main memory address space intoc pages. It
assigns certain attributes to each page. Those that are
pertinent to the present invention include:

25 1. Was there a physical memory error encountered
in attempting to fetch this instruction?

2. Is a copy of the page currently in main memory?

3. Is it permitted to fetch instructions from that
page?

30 4. Is it permitted to execute instructions fetched
from that page when not in supervisor mode (i.e. when
Supervisor bit 261 is 0).

Since all four imstructions output by the Fetch
stage at a clock cycle are constrained to be on the same page,

35 the Fetch stage outputs a single set of four Access bits 212,
one indicating the answer to each of the above questions for
the page containing those instructions.
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wrong and the processor nust proceed al ong anot her not predicted branch.
Therefore, the program nmust resunme_execution fromthe branch instruction in
another direction. WD 96/ 34335

PCT/ US96/ 04504 9 For the processor to change direction follow ng an
incorrectly predicted branch decision 118, the processor nust be

rest art abl eWQ®64IFS poi nt. For exanpl e, assune that there aPETSHMESMuUCti ons
~allowed in the processor and that there are 5 i nstructions which are
fetched, but not execut ed The processor st be able to restart with any

I nstruction that is i e [ struction

t hat has not updated the 3‘%@4{02 rnermq"rﬂ:lb 535 kﬁl‘tﬁ '3% té‘”ifi&éc‘a” ed
restarting, LDSETRESHIPREHARMY Wittﬁ’e% 9"693& B#Eﬁrmcﬁﬁi%ﬁs ®pr eadh | ¢
herein ter nednblguction. [(Togrinstrusctions’ ihethe, FIRO chre scons Mdrdd M:o

regi ster fil S t

dyglam' C relgl gfe&%ﬂ?@& @n&r%é}iedd%{a%tsﬁ'% r%&aﬁftgﬁéey%él)%@e}%g needs?ft o]
restark by r@#e?&ﬁ?ng"ﬁi%M |%trPMP§nfiFﬁ§rl tsothe oldest'ty iwhideed
to index intenéSinstrafeicon gt RYrADIGOWREeh Wil Adtabé PhIGVEY IBéEore

rom that poRflt PERRESe. is EAF ABGRLY. | Indd Rechle SRAGE 214 richies "'
i ncorrectly, fromezavabte fHour ninstmatiens.srompthe headt ftheoldestexecut i on
fsftlream a”g t”!ﬁs@ﬂiétﬂ@ﬂﬁ @%h[&%%l% 'th Q'ha FEtéHes'éH @erﬂt'?étse%s
al §vaéﬁ’to“rea§§eeﬁa%¥€4mﬁ AR i Fa. ded) Blogk, fyfle, demiiering he,
are specul at nusbepof ﬂmwmns)mm Fexcbhstage hasravailablis and
predicted, atheUpthber 5 enbEy Iddatitnel bt thethiE S¥NéHeCrIFo after

the removals from the head.

The instruction 211A at the Fetch stage whose

15 address is the Fetch Address 260 is considered the oldest, and
will be the one added to the FIFO if only one is added. If a
second instruction is added to . the FIFO, it will be the one
211B at the next higher address, and so on. The FIFO is also
capable of being completely flushed, removing eve:q'r entry.

20 All of the instructions added at a clock cycle get a copy of
the four Access bits input on wires 212. The Instruction FIFO
alsc keeps track of the address of each instruction stored in
it.

The Decode stage examines in parallel the four
25 oldest entries in the Instruction Decode FIFO 221A-D. 221A is
the oldest, 221D the youngest. For each entry that contains
an instruction, the Decoder stage determines the presence of
any of several possible trapping conditions. It also looks
for any non-trapping instruction that modifies one of the
30 state registers on which the Decode stage depends: the
Supervisor bit, the EF bit, the CWP, the WIM, or the TBR.
These state registers are modified by two classes of
instructions. The State-register-writing instructions perform
an operation on the contents of arbitrary general-purpose
as registers and write the results of that operation to one of
the state registers (in'the preferred embodiment, all three of
the Supervisor, EF, and CWP registers 261-263 are written by a
single State~-register-writing instruction). The second class
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register file 11 all instructions and their results that were executed in
reliance on the incorrect prediction. The sane state controller 19 receives
fronmthe branch shelver I3 the ID of the shelved branch instruction, or 30
in the case of multiple shelved branches, the ID of the oldest of all the
shel ved branches (as determ ned by the order in which they were fetched).
The sane st atyvpoensdasol | er 19 does not all ow instructions whirchnisssesen | D
that is nore recent than the I D of the ol dest shel ved branch to update the

state 35 of the processor, and t her ef or¥ st ops the conpl etion of

I nstructions at that oi nt . @E% enaé;{fs t rac gor to nt ain its sane
condition by @ ﬁé PRCERAE AP X/é“t”g‘gilrfg PEeEPt2r®t e state of the
processor. inorefmedtdlsmodifiers. These either set the register to a

PCT/ US96/ 04504.o1dehlne BEoRBaReY EHY :ﬁlﬁhr{teiﬁﬁhb s&t srcbaseaﬁ@unt ers a trap
condition or an externa %Si £%¥ zggggFPces acﬁ?g a tra ic 21
whi ch provides the staté?eﬁ b ﬁErB peim un ing a
trap cosditi osuptrwisor bit| 26df is modifingd ap mnsudecetcactsoﬁsthbtnatﬂnnain
the program Qi :%p ge ) SERECRICE ) G Bet! en&t‘a pief r¢ng to

Fig. 4, a schematic

d of
faults in acclrrrend \W\if'ﬁ"f'h@ g‘ﬁ%n%%tsl%?' %ﬁﬁ ; gﬁ% Zh¥§ ’ic‘)é?’&gg thgg

Fetch 10 ividigatihg whiiehl register cseﬁzliiommat, hésDéeoﬂemenm KB@ne
d the foll t

Ezabl eeFI gat ?ng§%0|e§ttd% EE?E?ESIESEEI? %?e rc;_%‘ibnr S\?Xgiéabffnt er

263, tR8 W ndem mﬁathe\mm (-'—OH/) 2641‘ ‘trﬁ? RSLIREhioppxequls 265'!

and the Trap Tgiirdt@dne eethrn has €hé.side etfect of incrementing the Cwp
263 by one, as does the RETT instruction.
The Decode stage 230 checks each of the four
instructions 221A-D to see if it modifies one of the State
is registers. If any of the instructions writes certain of these
State registers, then certain other instructions following
that one cannot have. their trapping conditions evaluated until
the result of the State-register-writing instruction is known.
Therefore, the Decode stage will not issue any such
20 instruction following such a State~register-writing
instruction until that latter instruction's result is
available at the output of the Execution stage.
The present invention detects the availability and
value of the result of a State~register=-writing instruction
25 for which it is waiting by taking advantage of the fact that
each instruction is assigned an instruction ID by the Decode
stage, as described above. This ID is guaranteed to be unigue
for each instruction that has cleared the Decode stage and has
not yet cleared the Execution stage. Whenever the Decode
30  stage issues a State-register-writing instruction, it records
the fact that the register to be written is locked, i.e. the
register cannot be accessed since its correct contents are
unknown. The Decode stage also records the ID of the
State-register-writing instruction, known as the locker ID of
35 that State register.
The Update bus 251 comes from the output of the
Execution stage. The Update bus consists of a Valid bit which
is 1 just when the Update bus carries the result of an
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As descri bed above, the Fetch stage fetches instructions fromeither an

I nstruction Cache or main nmenory (not shown). It outputs up to four

i nstructions per clock cycle over wires 211A-D, fetched from consecutive
addr esses 20 starting at the Fetch Address 260. The Fetch stage al so
I mpl enments a Menory Managenent Unit (MMJ) function. The MMJ function

di vi des t havoeé/3senory address space into pages. |t assi gRETUSI6NA504
attributes to each page. Those that are pertinent to the present invention
i ncl ude: 25 . Was there3® physical nenory error -

encountered i,n t n? f the
page current I"f? %%{'ﬁg%h {«ES&P ‘.B{Lét |itln %%El%\%ﬁbg ?%df%l?% ﬂgﬁl")f I ons

from that pag¥ecsting that instructd.on- | yhmeyerntbeeaev;edemﬂe sees a

i nstructi ons vagiahsgel 6pm t St eHe Apadtan bual 251, S iBcevhpRFedOEse (Ip &n WheN

othge at a clBEE Bye addinst fls %&%J ) BY B 180Ead bhte Negtind "
Fetch Bt age 3t pumatehsinfetectedy the Decodessthgescopies dthe crifrent ng
the answer t ﬁe@aﬁ?hlﬁé EP6m 2ERY Capprspridte bits! B¢ BRACUSANES | Mid Uit The

I nstructions

PCT/ US96/ 0456291'?9’??@ ?né??’g%‘? ats Feinter,and rpsehs e 1okedicti ons,

along with tkkenddtdes.bits and address for each instruction. The
Itﬂztlruczlrogtsl o L Flafﬁeﬁﬂdf Gf’”&iéiefc{i%etﬁals*%%n@’tﬂshﬂdzéh e rermved t#frst
is t "o:Jdeg‘e, gﬁﬁf’aﬁ fﬁﬁg?n£? R ANFF ”ctﬁ‘g f“\é\laf"%iﬁﬁl 9# i FratRt be
renoved bef oregister, the Decode stage itself executes that instruction.
It does so by reading the current value of the corresponding
physical State register 261 or 263 and then applying the
modification indicated by the instruction. The modified value
15 is used both to evaluate potential trapping conditions for any
younger instruction among the four during this clock cycle and
to update the physical register 261 or 263 at the end of the
clock cycle at which that instruction is issued.
For example, if the third oldest instruction 221C is
20 a privileged instruction, which cannot be executed unless in
Supervisor mode, and the physical Supervisor register 261
contains a 1, then the instruction does not have a trapping
condition unless an older instruction (221A or 221B) is a RETT
instruction, which has the side effect of setting the
25 Supervisor mode to 0. If, e.g., 221A is a RETT instruction,
then the trapping condition of 221C is indicated because there
is an older RETT instruction in the FIFO, until such time as
the instruction 221A is removed from the FIFO by issuing it.
At the clock at which that oldest RETT instruction is removed,
30 the physical Supervisor register 261 is set to 0 via wire 231,
so that on subsequent clocks, that privileged instruction will
be seen to have a trapping condition, based on the contents of
the physical register 261 being 0.
If the Decode stage detects more than one
35 instruction among 221A~D that incrementally modifies the same
State register 261 or 263, it processes them one at a time.
For example, if the CWP register 263 contains the number four,
221A is a Save instruction, and 221C is a Restore instruction,
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any others, is the "youngest". The Decode stage 230 renoves fromzero to
four instructions fromthe head (the ol dest instructions) each clock cycle.
The Fetch stage 210 wites as 10 many instructions as it can each clock
cycle, considering the nunber of instructions that the Fetch stage has

avai l abl e and the nunber of enpty locations at the tail of the FIFO after

t he renoval SWOPEM3dhe head. The instruction 211A at the FetR¢I/E3%6H450hose
15 address is the Fetch Address 260 is gonsi dered the ol dest, and will
be the one added to the FIFOif only one i% added. If a second instruction

is added to t éwidl' %nbe;ﬁeezaééﬁxé&aﬁge awtighb%agr wAbf SSe

and so on. SO _capa renovi ng

every ent ry. :g@strucinqn o 224 Rgt Fﬁ’E?Y% S Q"@i“&&k E?cFErﬁﬁ?t
copy of the fealudosfCWIifior itheutinstructien 2iip. zznlm isngomret i cheFr&lael so

keeps track o f I t €,
stage exan nes .%%%é%ﬁ%#hg‘%%ﬁ""ﬁﬁmf iR 3P e dve intRfubESH %in
Instru®ion tRete MG ¢hem Angremented; Ry pRe Py dhe RestorendnydaigestButror
each entry t hehe codt il ralue BslenUubyi Instidetime @D dsagdvdet ceRNegLEdE

f | | ooks f
By non-t rappi b Fogf e UnErBhEntbanby "ehd Mileddl'3n W2 2 ook Tof
regi sters on which the Ae®oRt %gé“ﬂﬁﬁ\éﬁﬁi‘mtwhsdﬂﬁwaﬂﬂy npaifies
bit, Ithe CUP, atdiivell Mtate iegyiEBBr tansbesisived qursicliovkaicycred f![ﬁdtlbé!
two cl.asses o u ak e=l.L9 stLuc
perform an opé’r‘%ﬁioé C#’tqg anIx%,?: eg% E,S?{;EE E{I ngg%ér%%a ﬂp&‘rg é&
regi sters andimswed, twhich sipdatesf tbﬁaphﬁﬁéﬁ?hl |@¥Pt@‘l§ﬁé’-&3‘f 263c tot &h@ee

regi sters (invidewir&fzis ed cnrsaseaguent abloéks pettdn,! kheSReatvrgor, EF,
o vt o) SLEErER A LA AWl bhE"eBY e Shi! Cord el o kile®Li {1 10
register 263, three, yielding the correct value of four for
15 the instructions following the Restore instruction.

The trapping conditions detected at the Decode stage
must be prioritized, as more than one condition could be
satisfied by the same instruction. The conditions detected
are listed below, in order of decreasing pridrity, along with

20 the manner in which they are determined. For any condition
that depends on the value of a State register, the value used
is that in the corresponding physical register 260-264,
incrementally modified by any older instruction among the
four, unless that State register is locked. If a State

25 register on which an examined instruction depends is locked,
then the dependent instruction and those following it are held
in the FIFO until the State register becomes unlocked.

1. Physical memory access error. This is detected
by the fetch stage and output on one of the Access wires 212

30 when the instruction is fetched.

2. Page fault. This is detected by the fetch
stage and output on another one of the Access wires 212 when
the instruction is fetched.

3. Privilege violation. This is signalled by a

3s third Access bit 212 output by the Fetch logic indicating that
no instruction on the page can be executed unless in
Supervisor mode, and the Supervisor bit being 0.
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I nstructions that nodify state registers are the increnental mpdifiers
These erther set the register to a constant or nodify the current val ue by
a constant. Specifically, in the preferred enbodi nent, the 5 Super vi sor
bit 261 is nodified as a side effect of the Return from Tr%’é‘RETT)

i nstructi oRVOWWM3IS sets that bit to 0. The Current- W ndow $96/045025 3
which is a three-bit index indicating whi gg register set is in use, is
decrenented by one as a side effect of th&€ Save instruction (typically

e?ecut eg 10t' ont a sy_lﬁro%d&&gjdn) F,iolxhgoﬁzgst-pﬁgsiﬁtdé,\ﬁ]&gygv\%&g@%ggd
at a subroutine return has si,de effect of jncrenentin e y
one, as doesTehEh#539¢ ARG lﬂﬂe‘?“lﬁ? °T‘h§£‘5e%8'd1§d§t3 e (ﬂ?;‘?ﬁ?&é’ié’fénz t he
four instrucﬁhenstﬂﬁlﬂnittqntinniﬁ# Ebtnhdﬂiies one pf the State 15
registers. If any of ihe ifSiyiiGdedindtrhetioh! ! MR1S! 14 Netectied By
regi sters, then certain g{é;gﬂdéktl'u%%lﬁngﬁfolIowgﬂg g{at one cannot “have
thei r & r appi AgCedHY (TRA etermipeEpRt 1t iR one of those
St at e-r egi st thatr can ngever tbe cixerutied knless TheSepereisonranddecode st age
will not iss ' t o] L 00

(Fefi¥alils ob the pdde® i WichOit WhRGeStited) ang tne

St at e-regi st atter 1nstruction s result
i s avai | abl eSUPeT¥Esextit® ¥ Qhe Execution stage. The present invention

detects the availabiliéy artllegale ivistirietienul t Thisais detected by _
avarthge of SpREBihiTEhg "EASHEIAKIbE to derethifil Eflat 1t S1dthdy W) dbedb 0
by the Decoddnstryetiem. described above. This IDis guaranteed to be uni que
for each instruction that heroftimy-gdinteddsapledst aprisnis histdttied By
cleared the Eésgaiﬁantﬁéafﬁétéﬂgﬂfgﬁﬂhé:QefQQQQQEg-point instruction énd

the EF bit 262 is 0.

15 8. Window overflow. This is detected by adding
one to the contents of the CWP register 263 and using the
result as a bit index into the WIM register 264; a trapping
condition is indicated by a 1 in the indexed bit position of
the WIM.

20 9. Window underflow. This is detected by
subtracting one from the contents of the CWP register 263 and
using the result as a bit index into the WIM register 264; a
trapping condition is indicated by a 1 in the indexed bit
position of the WIM. :

25 10. Software trap.

Whenever the Decode stage 230 detects one of the
above trapping conditions on any of the instructions 221B-D
that is not the oldest instruction, the Decode stage will not
issue that or any younger instructions. It will issue all the

30 instructions older than the oldest trapping instruction in the
normal fashion.

] As soon as the Decode stage detects that the oldest
instruction 221A has a hardware trapping condition, the Decode
stage starts performing the following actions:

35 1. Wait, if necessary, for the CWP register to
become unlocked, then decrement its current value by one via
wires 232 and force the Supervisor register content 261 to a 1
via wire 231.
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30 stage issues a State-register-witing instruction, it records the
fact that the register_to be witten is |locked, i.e. the register cannot be
accessed since its correct contents are unknown. The Decode stage al so
records the ID of the State-register-witing instruction, known as the

| ocker ID of 35 that State register. The Update bus 251 conmes fromthe
out put of tT¥OP& 33 i on stage. The Update bus consists of aPCEUINOEOE which
is 1 just when the Update bus carries the sult of an WO 96/ 34335

PCT/ US96/ 04504 13 instruction, the ID of that instruction, and the result

of executing that instquctiQQIEMheaaveﬁdtigsﬁknxxysgﬁauyanseeﬁceiahIid bi t

Pocier 1 b of SREA AR, %Ztas‘q%?‘f’?ée&é@ed&’eré““a%{nﬂ%‘*-ﬁgﬁgz [gbe Firo.

Decode stage m.wacwe aforexesuting thiscosewdetins aBctpi 8AVef t he

Update bus ingga f th@ruﬂt&ulc&cibada&aﬁ&@s I Dot tte meﬁ:eaeb&riabeel ocked
O

condi ti_on. If an I nstructions 221A-D exam ned by 10 t he
Decode 5st age ¥9 M- nodi f¥er of a State register, the Decode
stage itself executes tiwu |Eimwhu¢haoantirecﬁnﬁtxnﬂtipnwﬁilpnQZDhetberOEMt

val ue of the gof LeHRENHIAY dﬂy%zfagg:.ﬁ&alﬁsffﬂéﬁ&i 2 N 2pdsaNgnhben

appl ying the nmodificatlon indic by the instruction. The nodified val ue
15 i s useBORIP% i%r eval uate potential trapping conditions for any

younger instruction anphg tfnaﬂhnminduthegconrectlQnde(ﬁpﬁ<thsnd to update
the physical ﬁfﬁbé&@ pPftr g Bofifift b | B¢ 1flas HeirC il Bakb:
that Tnstruct}o t:I 2 tI:issue andF wr:.te r\T'Bag codet :Tnto 1':!&(-9 '.l'.(')x'.l'a(%)eS'.'l:[yplenS:"tergsl.s&I 2"
221C is instruction,
266 via wires 233.
5. Wait, if necessary, for the Trap Base Register
_ to be unlocked, then signal the Fetch stage, via wire 234, to
15 update the Fetch Address 260 to be egual to the value on wires
267, which is the concatenation of the contents of the Trap
Base Register 265 and the Trap Type register 266.

As soon as the Decode state detects that the oldest

instruction 221A has a software trapping condition, the Decode
20 stage performs the same Steps 1 and 2 above, followed by the
following steps:

3. Issue the oldest instruction 221A, recording
its instruction ID, and flush the remaining instructions from
the Instruction FIFO. :

25 4. Monitor the Update bus 251 waiting for a Valid
signal concurrent with an instruction ID matching the recorded
ID of the trapping instruction. When that happens, capture
the correct code from the data portion of the Update bus and
write it into the Trap Type register 266 via wires 252,

30 followed by the same step 5.

The identification of trap conditions in
ingtructions at the decode stage and the use of state
registers to identify trap conditions expedites the handling
of traps while reducing execution bandwidth wasted on

35 instructions following a trapping condition and which must be
flushed. While the invention has been described with
reference to a specific embodiment, the description is
ililustrative of the invention and is not to be construed as
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20 a privileged instruction, which cannot be executed unless in

Supervi sor_node, and the physical Supervisor register 261_contains a 1,
then the instruction does not have a trapping condition unless an ol der _
instruction (221A or 221B) is a RETT instruction, which has the side effect
of setting the 25 Supervisor .node to 0. If, e.g., 221Ais a RETT

i nstructi oWO 96338 he trappi ng condition of 221C is indi careniusasmaseae t here
is an older RETT instruction in the FIFQ _until such tinme as the
instruction 221A is renoved fromthe FIFC y issuing it. At the clock at

whi ch that o gesd; ' LOoNn i £ORY :1??3 e physi cal

Super vi sor ?jégl s,tlg‘raE%fl ?‘Z‘bssgteg'tbg'o ?/?% W rgﬂ:z csag'j'tohlagt agxﬁ subsequent

cl ocks, that3RR}IFALIGNS mAY: PEERY oko \Fhose skidded dmthe art ¥isheyt
condition, hiepkting Fromothentsuef spieiphysd copecdifstthie Anventiog 8s | f

t he Decode % %ﬂﬁé instruction anong 221A-D
t hat i'ncrerr:é] a é}??&fﬂﬁeggb?ﬁgaggngf ate register 261 or 263, it

processes themone at a tinme. For exanple, if the CWP register 263 contains
t he nunber four, 221A is a Save instruction, and 221Cis a Restore

i nstruction, WO 96/ 34335

PCT/ US96/ 04504 14 then 221C and all follow ng instructions are ignored
until the instruction in 221A is renoved. That is because the correct val ue
of CWP for the instruction in 221D is four: the value in register 263,
decrenented by one by the Save instruction in 5 221A, and then

i ncrenented by one by the Restore in 221C. But the actual val ue seen by
instruction 221D is five: the value in register 263 increnented by the
Restore in 221C. At nost one instruction that increnentally nodifies a
given State register can be issued per clock cycle. In the
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10 exanpl e, 221C cannot be issued until after 221A has been issued,

whi ch updates the physical CWP register 263 to three via wre 232. On
subsequent clocks, then, the Restore instruction will add one to the new
contents of the CMP register 263, three, yielding the correct value of four
for 15 the instructions following the Restore instruction. The trapping
condi tions WO&6/B4335 at t he Decode stage nust be prioritizedPCHUSOAM4t han
one condition could be satisfied by the saqg instruction. The conditions
detected are |isted below, in order of decreasing priority, along with 20

t he manner i nEEA¥cIBt CLAIMED I8t erni ned. For any condition that depends on
the value of a State register, the value used is that in the corresponding
physi cal register 260-264, increnentally nodified by any ol der instruction
among thd four, unless that & t“!ﬁte“’ge %@FPF@‘#B %% tygpping gopditions

regi ster 20n mhhch pﬁpckﬁmudmnbnpuﬂmmucsadd depputier i conpriedhg ideverale
dependents | NSpEHEbLRInG Wrddiine ifr@].lu%‘i”nﬁga' befbe "Stabd edd xdaliining! bt e

State reglste econes Ica

access error
Us dot cotled b§AERCCoEk CETLR P18, ST HO5E LDREEUEELANS 1£Fok & Seanense 9f2 30
when t he 8 nst ﬁ.nstructiené ptaiakchn Zxeculiga ktagé. coﬂ'ﬂrned It dalidr dedoly t he

fetch stgge a t ggcgﬂpﬁgn%e f the
|nstruct?%n |§q?§? ﬁ r1vi eggBVF%Pat|o€§§ﬁﬁ' Sléﬁg| ed by a
35 thrd Aeceds 51:?9?&25%%& sfing, whetber-apK p§52id dacoded\g that no

i nstruct in odnkBeuetens agatisFiear Wnyd ofnhcseti afawmp/ix@rcdna:im::aad t he

Supervi s bi ej .
PCT/USQG%%450 §5bggf9rm1ngvx)é§gé¥¥i§é trap action for any instruction

10 that does satisfy any of said set,

11 said method comprising the steps of:

12 a) assessing whether any instruction being

13 exanined at the decode stage satisfies any of a set of

14 issue-time trapping conditions, said set of issue~time traps
15 being a subset of said set of trapping conditions; and

16 b) when any instruction so assessed at the decode

17 stage is determined to satisfy a trapping condition, then
18 performing the substeps of:

.19 (i) preventing the first such instruction in said
20 segquence, as well as all of the one or more instructions that
21 follow said first such instruction in said sequence, from
22 being supplied to the execution stage; and
23 {ii) performing a specified trap action.
b 2. The method according to claim 1 in which said
2 computer includes a fetch stage for reading in each clock
3 cycle one or more instructions from an instruction memory at
4 consecutive addresses starting with that contained in a fetch
5 address register; and
6 said specified trap action includes forcing the
7 address contained in said fetch address register to be a trap
8 handler address.

(L
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4. Protection violation. This is detected by the fetch stage and out put on
the fourth of the Access wires 212 when the instruction is fetched. 5.

Privileged instruction. This is detected by 5 decodi ng the instruction
to determine that it is one of those that can never be executed unless in
Supervi sor node (regardl ess of the page fromwhich it was fetched) and the
Super vi sor WPP6R433Y. 6. Illegal instruction. This is detPSEUSH6Q$H0410
decoding the instruction to determ ne thatqgt is not a defined instruction.
7. Floating-point disabled, This is detected by decoding the instruction
as a floating-point i ns:t.r ucmanmetuoahacEErdbingZ&Q ¢laih 213n which:

8. W ndgw overfl ow. t fﬁ&é dnids s of the
CWP r egqi gter 263 and u5| n e@rﬁegﬁ%ﬁg e Q?Qn’gg(hl nto t &p&h%?r edi ster
2647 a t Bappi FRMREAR%Q (ﬁ‘q §~“PHP€§@EB B?“ani and ¥R #tageit i on
of the VWM 20 the fetth stijedwritingrénever ﬂihrs afs tdﬁtect ed by

subt ract ing herEXPeh &Y %dﬁ?f

resul t ag a bﬂF én ex%%@%ﬁggdégg E%g iﬁétrappl ng con t|on |s

i ndi cat e by @lack FYqke inte:aig dng FFbﬂno’Puﬁér\RWl

10.  Sof pwar ecy¢pe; \Wenever the Decode stage 230 detects one of the above

trappi nggcondi tions on (?S'I L3 mbiat E*{g“ﬁ.ggéigg&%ﬁl & id Sa% Ser

ol dest instruction, the St age wi I Ssue or an
i nst r uct Pons. examingd |by s*wedmodehetsge at epghteleek o’-ﬂeclcﬁ deingh amonge

ol dest 4bappi tHokd Seontedirtia iim the dastBuctdchi Bareds; @ as the Decode
stage dgpﬁ‘“s that the ol f¥rap abtish' 2Hcftdfng2end ANRE Sdap?RY "9

condi ti t he Decode
emptying the instruction buffer and preventing any more

13 instructions from being written into the instruction buffer
14 before said fetch-address-forcing step has been completed.

4. The method according to claim 2 in which:

each member of said set of trapping conditions has a
relative priority,

said trap handler address is a function of the
highest priority amohg all the trapping conditions satisfied
by said first such instruction in said sequence, and

when said first such instruction in said sequence
satisfies any issue-time trapping condition, then the highest
priority among all the trapping conditions satisfied by said
first such instruction is an issue-time trapping condition.

O 0 N 60 0 e NP

-
o

5. The method according to claim 4 in which the
specified trap action includes the further step of writing
into a trap type register a number uniguely identifying said
highest priority among all the trapping conditions satisfied
by said first such instruction in said sequence.

U s WV

6. The method according to claim 2 in which said
specified trap action includes the further step of writing the
instruction memory address from which was read said first such
instruction into a trap address register.

> W N
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stage starts performng the follow ng actions: 35 1. Wit,

I f necessary, for the CWP reqgister to becone unl ocked, then decrenent its
current value by one via wires 232 and force the Supervisor register
content 261 to a 1 via wire 231. WD 96/ 34335

PCT/ US96/ 04504 16 2. Formul ate and i ssue a pseudo-instruction containing
the address wD9%M4385 0ol dest instruction in the FIFO The effRBCI/USSH/0850¢cut i Ng
this pseudo-instruction is to save that trgpping instruction address into

t he general - purpose 5 regi ster location. 3. Flush the entire

| nstructpon FI FO 220, ther eimhednbthodagemdinge tor sppimgéi intwhidh dtheand

all thosg th T S t .rﬁuﬁ]ﬁﬁ CtasC t 10
hi ghest - gri o?é%éyoﬁér %\g&b%gpégﬁgltggoﬁﬁat 0 s(#%ﬁ’ %’X egfﬁég{"i%@% ruction,
and wité thBURRIFENG e the exacutioR stage @ pseydoyinstrpetions o
Wait, ifa4necaseittaining’ saie Insprietiomasemdry address,nbat@ed, then signal

he. F ' ] b
cqual t o5t he WEguRs-AndieBctifn bluding end el BRRGR €0 kErpe i | 0 00
of the Tfap Binrtmsticncmemgryaaddress Tinte the trap addresgoregiste®dn as

the Decode state detects that the ol dest instruction 221A has a software
Sbove. 131 1 owed byt he ol | AienBetped SoSRA o Blati®y PRl AR a4 T 2
221A, re@or dicepputen dnciundesos piurakity |of state registexs raupleditens
from 3 the decode stage for indicating the operating state of the
computer, each issue-time trapping condition depending on
values in some of said state registers, and

said assessing step includes examining the contents
of the state registers.

N o

9. The method according to claim 8 in which, for
each state register, certain instructions in said seguence of
instructions modify said state register, and the value in saia
state register used in assessing the trapping conditions for
any instruction in said sequence depends only on the result of
executing the instruction most immediately preceding said
instruction in said sequence that modifies said state
register.

W 300 0 & WV

10. The method according to claim 9 and including
the further steps of: _

c) recognizing all instructions among said
instructions examined at the decode stage that modify any of
the state registers upon which depend any issue-time trapping
conditions; and

a) for any modifying instruction so recognized,
refusing to supply from the decode stage to the execution
stage any instruction following said modifying instruction in
said segquence whose trapping conditions depend on any of the
state registers modified by said recognized modifying
instruction, until such time that the results of the modifying
instruction have been written into said state registers.

(-2 I - S B A A
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the Instruction FIFO 25 4. Monitor the Update bus 251

wai ting for a Valid signal concurrent with_an instruction |ID matching the
recorded I D of the trapping instruction. Wen that happens, capture the
correct code fromthe data portion of the Update bus and wite it into the
Trap Type register 266 via wires 252, 30 foll owed by the same step 5.
The identi W33 of trap conditions in instructions at tRETVYBWHAW4st age
and the use of state registers to identifygltrap conditions expedites the
handl i ng of traps whilg redyci ng .execution.bandw dt sfed on ;35 .

i nst ructh ons follomdngl%ftﬂgﬂbi GFFPSHRQﬁdgﬁﬁ?iﬁﬁghiﬁa1&§¥%ﬁﬁ&%§i¥9
Wil e ti2e i nthet fornthers skam afscri bed with reference to a specific

enbodi mgnt, the descrigfionedss ddptiadl ¥ ¥aiaf ré86ghiveN Ui fihg S Not to
be tonstrued,as V¥$96

/ \
PCT! USod 0a5ARsETuCtoRs y PEEAFY ina ¥he, Ftate, FRRLsher; Roditication g

app! i cats onsspagifiedrby cthat sinstithidtden mot Aatert than the iz tthaty theom
the trugs plv\%hggggg%g@ PEs Uuppier dd 1R ih" aesods’ E£8ge o L Hife ABRGASSN

gc% USOd) 0458%398- VAT 1S CLAIMVED | S: 1 1. A method of
responding to trapping conditions 2 In a pipelined conputer, said
conput ery Conpri sing seygralmgs mdl i BticdFaihgIes clith Us! Ak A ANGRARSt age
for examnin gtfurther step of: _

£) recognizing among said one or more instructions
examined at the decode stage certain of the instructions that
nodify state registers upon which depend any issue-time
trapping conditions; and

the assessing step including for any of said
instructions examined, considering the effect on the state
register values of any modifying instruction so recognized
that precedes said assessed instruction in said sequence.

O 0 N 00 0 b W N

1

(-]

13. Apparatus for detecting and executing program
instruction traps in a superscalar processor operating on a
plurality of pipelined instructions, said apparatus
comprising:

a fetch means for fetching consecutive instructions
from an instruction cache and a main memory,

- an instruction FIFO memory for storing fetched

instructions from said fetch means, and

' an instruction decode means for removing
instructions from said FIFO memory in accordance with the
relative ages of instructions stored in said FIFO memory, said
decode means examining said instructions removed from said
FIFO memory for trapping conditions, and flushing from said
FIFO memory all younger instructions in response to
identification of a trap in an instruction.

W 0 NN O bW

v o
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4  each clock cycle one or nore instructions froma sequence of 5

I nstructions; and an execution stage coupled to said decode 6 stage for
recei ving decoded instructions supplied by the 7 decode stage, assessing
whet her any of said decoded 8 instructions satisfies any of a set of
trappi ng conditions, 9 and performng a specified trap action for any

i nstructi on WO%%343@%t does satisfy any of said set, 11 PCT/US96/04504 ai d
nmet hod conprising the steps of: 12 _ a) .assessing whether any
instruction being 13 exam ned at the decqde isfies any of a set
of 14  i%ksue-tine trappfng AMPRFATYS, a8 g&%& étg§f°f§£‘heut Lh té‘/‘zf&‘

bei ng a RAbsetineluding acplufalitiypifhgtadedregdsterantotcindicating the b)
uhen any 3 ! byeka®ing Opelee Sof il ftﬂaee%%?des&ia dﬁé@&& neéarftl 'Sl dg! ©

satisfy a trap cond|t| e substeps

(i) prevkenti ﬁgifihénFFFg? g% RYi ﬁa be regiftans andk el |
as all of5thebleekdngnthe im:rm:n |qmarduhgbr2 1nsti'n¢:tbms aint il resistaten

i nstructign i &eaaséeéeﬁusrﬁ? rﬁmﬁ%cti%l nqssuaa§l ggeé&ﬁ‘e £ % n

st age; and 23 er or ecl frap 'action.

2. " he et nFAYAEEEF PRLPY clodkadnand Inpfcensibin Yntil wpdated bX| udes a
fetch st &e fexecaadongofnthacinsﬂnudtxbn. cycle one or nore instructions
froman instruction nenory at 4 consecutlve addresses startlng mnth t hat
contained in a fetch 5 address register;

specifiedttrap action i k8t uchRPIRATYS, @8 H’Gﬁ“edahﬂr%%i’&o?ﬁ aﬁhﬁ!!!imﬂad-dd
fetch add ess stagesregistebs iné¢luie & superviebragdgister, an/'\RfMHI¥ 335

PCT/ US96/045041 b3t ing-point (EF) register, a current window pointer (CWP)

4 register, and a window invalid mask (WIM) register.

1 i6. Apparatus as defined by claim 15 and further

2 including a trap base register and a trap type register which
3 are concatenated to form an address for said fetch means in

4 accessing a trapping instruction.

h § 17. Apparatus as defined by claim 16 wherein said
2 fetch means includes memory management means for supporting

3 paging of main memory.

1l 18. Apparatus as defined by claim 16 wherein said
2 decode means distinguishes between hardware traps and software
3 traps. '

1 19. Apparatus as defined by claim 18 wherein in

2 response to a hardware trap instruction said decode means

3 a) waits for said CWP register to become unlocked,
4 decrements the CWP register current value by one, and forces
5 said supervisor register to one,

6 b) formulates and issues a pseudo-instruction

7 containing an address of the oldest instruction in said FIro
8 memnory,

9 c) flushes all contents of said FIFO memory,

10 thereby deleting the trapping instruction and all younger

11 instructions,

—— ]



1 _ 3. The nethod according to claim2 in which: 2
said fetch stage includes an instruction buffer, 3 _ coupled_to the

i nstruction nenory and to the decode stage; 4 the fetch stage
witing one or nore of the 5 instructions that it reads fromthe
instruction nenory in a 6 clock cycle into said instruction buffer at the
end of thaWQ96/3433sc|l e; 8 the one or nore instreCLNMH4I40m sai d
sequence 9 exam ned by the decode stagez2at each clock cycle being among
10 those contained in the instruction buffer; and 11 sai d
trap adt on includi ng dhe fdeterminescp sprrect code \fox) a highestruct i on

buf f er :Eand PpLYSPLE Q:oh'aitibas tb&caamsuifmé&elﬁﬁwnmact&ba
the.in ructloa bu{f‘ °f$for ali dif e%ch addr ess- f%rm ng tep has been
conpl et 5 ailP 1%&?’1188 gc BPRi A em i and i ch: 2

each mslrﬁ)er of said see)of signalisngaddndetrbnweans to updats &haléepchorl ty,
. 16 ad&ﬁﬂstéawrﬁuﬂaﬁﬂi‘ﬂ&&t&& be aoﬁue:]gﬁs 351% Cgaigh%ﬁ dﬂfi‘sﬁh?St ]
priori anopn he 0 | satisfie y sai irst suc
|nstruét|on %9§§* ?él %E?rg%§? %gb egls%g *when said first such
instruction in said sequence 8 satisfies any issue-tinme trapping
condi tign, then t he highestagbardtusOals! He%ﬂﬁ&& By | cldn tYRRMYRIGPRNH L1 ONS
satisfied by said 10 first_such instr s an_issue-ti t rappi ng
condi t |§ 1response to a software frap,4n % ‘?’bf‘i ‘fﬁ‘?ﬂ‘{; "f?ﬂﬂ%pch t he
2 spe@ified trap actapn iwadtsicon Isaiﬂucwneregie‘penftawhsconge Sinlockied, a
trap tyRe reghgtghafics the! cl Mifilstardan gam;negfeew ond)l WP ted¥ded | 1Y
anong aé & ggpg ondltquisa I sfie said first suc
i nstructd on Fﬁ gﬁﬁ@ﬁ%ere © one, g The net hod according to
claim26n which said B) sfeonilates and dssiues anpsemido-instructiilomr step

of writiqng tRgnainiRg! AN ChddFeds BY X:h%dggﬁﬁtf LASEIRECb e THAG FHFO
first such 4 Instruction into a trap address register.
8 memo ‘
9 c) issues the oldest instruction to an execution
10 means, records an identification of said oldest instruction,
11 and flushes all remaining instructions from said FIFO memory,
12 d) monitors an update bus from the execution means

13 for a valid signal concurrent with an instruction
14 identification matching the recorded identification,

15 e) captures a code for a data portion from the
16 execution means and write said code into said trap type

17 register, and

18 £) signals said fetch means tc update the fetch
13 address as the concatenation of contents of said trap base

20 register and said trap type register.

21. Apparatus as defined by claim 13 and further
including a trap base register and a trap type register which
are concatenated to form an address for said fetch means in
accessing a trapping instruction..

B, W N

22. Apparatus as defined by claim 13 wherein saiad
fetch means includes memory management means for supporting
3 rpaging of main memory.

A
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WD 96/ 34335 IR PCT/ US96/ 04504 20 1
7. The net hod according to claim®6.in which.the 2 decode stage perforns

said further step by creating and 3 supplying to the execution stage a
pseudo-i nstruction 4 containing said instruction nenory address, said 5
pseudo-i nstruction causing the execution stage to wite the 6 i nstruction
menory addnessedsnsso the trap address register. 1 PCT/USH6/04504 he

met hod according to claiml1l in which said 2 conmputer includes a plurality
of state registers coupled to 3 t he dé&¢ode stage for indicating the
operating state of the 4 conputer, each issue-tine trapping condition
depending on 5 val ues in sone of said state registers, and 6

sai d assessing step includes exam ning the conte
registers. 1 9. The nethod accordi nQSWEE'P ﬁn‘WrﬁWh for

2 each state regi stgr—certarmrpstructions in said seqyence of 3
instructions nodify }saiBiSBHERFe r rer—angThevarten said 4 state

register used in as appi ng conditions for w i nstruction
in said sequence depends gnly on the result of 6 exec ﬂ‘ﬁg he
[ [ [ [ tructlonlrasald

instruction nost imedigptpPRRMEPT eceding said 7 3’ ns

sequence that nodifi esmp%%sate 8 p £6gi-5i-6¢ ———ad e - l] The
met hod according to clalm9Y-and inclu f {7 Sl

c) recognizing all_ BAFLORN ons Q%ﬂEEEE!@ ' z: m ned at
t he decode stage that nodify any of —ﬂrmm V\:hl ch
depend any issue-}ine trapping g c¢rd| ti F iﬁli I

any nodi fying insgruction so r

|
M sum : i
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8 refusing to supply fromthe decode stage to the execution 9 stage any
I nstruction follow ng said nodifying instruction in_10 sai d_sequence

whose trappi ng conditions depend on any of the 11 state registers

nodi fi ed by said recogni zed nodifying 12 instruction, until such tinme
that the results of the nodifying 13 I nstruction have been witten into
sai d state WOP6S4335s. WO 96/ 34335 ' PCT/US96/04504

PCT/ US96/ 04504 21 1 11. Th@/4ret hod according to claim 10 and
including 2 .the further step of: 3 e) for certain of said
recogni zed nodi fying 4 I nstructions, effecting the state register

nodi fication 5 specified by that instruction no later than the tine that
the 6 instruction is suppli by the decode stage to the execution 7
stage. 1 12, The method according to claim9 and including 2

the further step of: S0 0 izing;annng said one or nore
i nst ructions 4 exam fatr erégi of the instructions
that 5 nmodi fy stat ¢ 3ssuet|me 6

trappi ng conditions; es’.s ﬁ tep including for

any of said 8 I nst fucti ons exadkrmne g.effect on the state
9 regi ster val ues ¢f any nndlfyl - Jmmer il rlsbgggsognlzed 10 t hat
precedes said assességd i nstruction s = erige e é&.
Apparatus for detectigng and executi i ndtruction traps a
super scal ar proc& & | ofl pi pelined

a fetch ans
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6 froman instruction cache and a main nenory, 7 an

I nstruction FIFO nmenory for storing fetched 8 instructions fromsaid
f etcirmeans, and 9 an I nstruction decode neans for renoving 10

instructions fromsaid FIFO nmenory in accordance with the 11 relative
ages of instructions stored in said FIFO nenory, said 12 decode neans

exam ni Nng Sd skdqasst ructions renoved fromsaid 13 FI FO mepexyysdsoases r appi ng
conditions, and flushing fromsaid 14 Elé‘go menory all younger -

instructions in response to 15 identiffCation of a trap in an
i nstruction. WD 96/ 34335 ,
PCT/ US96/ 045 gz 00 =< . #e—tlef i ned by claim13 .and
further 2 ' ' -GG 3
operating st& exam ning 4 sai d
I nstructions for nod fylng sald state regl.ters and 5 bl ocki ng the
| ssuance of younger ijnstructions KO£ 1 thﬁ?r regi ster nodifying
i nstructi on has been execut ed, the gtaPe egfster being | ocked and
i naccessi bl e until updated by 8 he instruction. 1
15. Apparatus as defi ) 2 state registers
I ncl ude a supervi sor reg%, fI ot| ng- poi nt (EF) register,
a current w ndow poi pter ) ‘and/a wi ndow invalid mask
(WM register. 1 fined by claim15 and
further 2 including a trap base r egd (@ rap type register whi¢h
3 are concatenated to form an addre:smguqmld fetch neans in 4
accessing a trapping instruction. 1 17. Apparatus as defingd
by claim 16 wherein said 2 fetch neans { ncl udjemrrermry managenent neahs
for supporting ) '

— 0" sparch on conp )

[ B A0
GONDITION DETERNINE |
(se-ser wsme ) COOE VALID? DIRECTION [
w A [ M2
GONDITION PREDICT DIRECTION
wgﬁ CODE PLACE BRANCH M B-SHELF
=SET_ID WITH CC_LOCK 1D
L
NEW GO
[ UPDATE?
UNLOCK ¢C fES 15
WITH ALL LOCK.IDS I B_SHELF
WHERE RE-EVALUATE
(s I THE SHKE AS PREVICTED? )
VES 12 e
FLUSH
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3 pagi ng of main nmenory. 1 18. Apparatus as defined by
claim 16 wherein said 2 decode neans di stingui shes bet ween hardware

traps and software 3 traps. 1 19. Apparatus as defined by
claim18 wherein in 2 response to a hardware trap instruction said
decode neans 3 a) waits for said CWP regi ster to becone

unl ocked, 4woggagdsnents the CWP register current val ue by renrmaseemgod or ces
5 sai d supervisor register to one, 6 b) formul ates and

| ssues a pseudo-instruction 7 containing an address of the ol dest

I nstruction in said FIFO 8 menory, fl ushes al
contents of said FIFO nenory, 10 thereby ﬁ@letlng iraﬁﬁlng

i nstruction and all younger 11 % uctions,

PCTF US96/ 04504 23 12 NE”RY deternines a corrSAGliE:ode for a

hi ghest- 13 priority trapping dgongtion for said hardma e trap
I nstruction 14 and Wites SajthdeoatomimiitnGumS-gmblmtet. and 15
e) signals said fetch neans fo Update the fetch 16 address as the
concat enation of contents of shid fkrap base 17 regi ster and said tr4

type register. 1 Appar at gy Hﬂ@l gi m 18
12§7a ﬁr'!a” |nstruct|on sal c'inesgngg [r?e‘ans 3

in 2 response
a) waits for said pr to becone unl SCARYd, 4 decrenents the CWP
regi ster current valu

one, 6

-234
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8 1 nenbry, 9 - + - ¢) issues the oldest instruction to §%Q7&4ﬁ°°4
execution 10 neans, records an identification of _said oldest_jnstruction,

11 and flushes all

d) nonitors an update bus fromthe execution neans 13
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(54) Title: APPARATUS FOR DETECTING AND EXECUTING TRAPS IN A SUPERSCALAR PROCESSOR

(57) Abstract

Apparatus for detecting and executing trapping program
instructions in a superscalar processor operating on a plurality of
pipelined instructions includes a fetch stage for fetching consec-
utive instructions from an instruction cache (210) or from main’
memiory, an instruction FIFO memory (220) for storing fetched
instructions from the fetch stage, and an instruction decode stage
(230) for removing instructions from the FIFO memory (220}

| in accordance with relative ages of instructions stored in the

FIFO memory (220). The decode stage examines instructions re-
moved from the FIFO memory (220) for trapping conditions, and
flushes all younger instructions from the FIFO memory (220) in
response {o identification of a trap in an instruction. The decode
stage (230) distinguishes between hardware traps and software
traps. A software trapping instruction is forwarded to an execute
stage for execution. The decode stage (230) immediately causes
the feich address to be changed to the appropriate trap handler
address.
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